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    Abstract     A morphotype can be defi ned as a specimen that illustrates a  morphological 
variation within a species or, in the case of galls, a characteristic neo-formed plant 
organ generated by the interaction between a gall-inducing organism and a host plant. 
Once each gall morphotype is unique and derived from a species-specifi c  interaction, 
there is a great confi dence in using them to identify the different galling systems. 
In the Neotropics, where the biodiversity is high but somewhat unknown from the 
taxonomical point of view, the use of morphotypes helps assessing the abundance and 
richness of galling herbivores. This kind of knowledge would remain inaccessible if 
its report depended strictly on the taxonomic identifi cation of the involved taxa. 
An effort on the standardization of the nomenclature used for inventories in the 
Neotropics revealed that some tridimensional shapes such as the globoid, ellipsoid, 
and lenticular are quite common, and may be the result of a series of similar events 
of cell division and expansion. When these morphotypes concomitantly occur on 
super-hosts of galling herbivores, special attention should be given to the possibility 
of overestimations, because variables such as the developmental stage of the gall, the 
age of the host organ by the time of oviposition, as well as morphological variations 
related to the sex of the inducer may be diffi cult to be visualized. In specifi c cases, the 
phenological and anatomical analyses are crucial to avoid misinterpretations.  
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4.1         Why Standardizing the Gall Morphotypes 

 A morphotype can be defi ned as a specimen that illustrates a morphological  variation 
within a species (Allaby  1999 ) or, in the case of galls, a characteristic neo- formed 
plant organ generated by the species-specifi c interaction between an inducing organ-
ism and a host plant (Isaias et al.  2013 ). Given that each gall- inducing insect is able 
to alter the morphogenesis of an organ of defi nite growth in very conservative pat-
terns (Rohfritsch  1992 ), the morphotypes may be a confi dent mode of referring to 
several types of plant galls. The specifi city between the involved taxa is strongly 
linked to the choice of the site of oviposition, which requires an effi cient mode of 
attachment to plant surfaces (Eigenbrode and Jetter  2002 ). In fact, this event may be 
preceded by a series of contacts between the gall inducing organism and the plant 
surface leading to the recognition of the adequate host plant, beginning with host 
cell, host tissue and consequently host organ. In the temperate region, due to its rela-
tively low biodiversity in comparison to the tropics (Fernandes and Price  1988 ; Price 
et al.  1998 ; Espírito-Santo and Fernandes  2007 ), the gall inducer – host plant systems 
are already well explored on the taxonomical basis ( cf. Quercus  spp. – Hymenoptera, 
 Salix  spp. – Diptera,  Fagus  spp. – Diptera systems). Therefore, studies in this region 
have advanced to the evaluation of global contexts (Kamata et al.  2002 ,  2006 ; Irwin 
and Lee  2003 ), trophic relationships among the gall inducer and the associated guild 
(Abrahamson and Weis  1997 ; Craig et al.  2007 ), and the search for experimental 
evidence of various gall traits (Inbar et al.  1998 ; Gish and Inbar  2006 ). On the 
other hand, the Neotropical region still presents a great unexplored biodiversity 
(see Espírito-Santo and Fernandes  2007 ), where new gall systems are frequently 
discovered and studied, generally bringing up a series of undescribed species of gall-
inducing insects ( cf . Arduin et al.  1991 ; Kraus et al.  1996 ,  2002 ; Motta et al.  2005 ). 
The lack of knowledge on the taxonomy of galling herbivores in Neotropical fauna 
could constitute a barrier for the correct identifi cation and reference of the systems in 
further publication. This barrier can be somewhat surpassed by the use of morphot-
ypes in the inventories of abundance and richness of galls and galling herbivores, as 
proposed by many authors ( cf . Carneiro et al.  2009 ). Nevertheless, a brief view on the 
inventories reveals a large and sometimes confusing terminology, which is used to 
refer to similar shapes or morphotypes (Table  4.1 ).

   An effort to standardize this terminology seems to be useful and is here presented 
based on the list of the most common morphotypes reported in the Neotropical lit-
erature (Maia and Fernandes  2004 ; Oliveira and Maia  2005 ; Maia et al.  2008 ; 
Carneiro et al.  2009 ; Santos et al.  2011 ,  2012 ) (Table  4.1 ). 

 The patterns extracted from this list are generated considering the most com-
mon and recurrent forms found in literature concerning Neotropical galls. Also, 
some possible causes of overestimations when super-hosts are included in the 
inventories are discussed. As it can be seen, nomenclature standardization of the 
approximate forms of the galls, i.e. their morphotypes, is necessary in order to 
avoid confusing and redundant terminology. Also, special attention is called to 
practical and methodological ways of avoiding overestimations by using phenologi-
cal and  developmental approaches.  
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4.2     Patterns for Gall Morphotypes in the Neotropics 

 The description of gall morphotypes usually follows some common and naturally 
established procedures. In order to standardize the description of gall morphotypes, 
some procedures and terminologies are recommended: (1) identifi cation of the host 
plant, (2) identifi cation of the galling herbivore to the lowest possible taxonomical 
level, (3) description of the host organ, which should precise which organ is attacked 
and where in this organ the galls are located ( sensu  Bell  2008 ), (4) description of the 
neo-formed organ (i.e., the gall), classifying it into sessile (when it is inserted in the 
host organ) or pedunculated (with a narrow stalk which connects it to the host organ, 
making the gall easily detachable), (5) precise color description using a standardized 
color chart (  http://www.immigration-usa.com/html_colors.html    ), (6) geometrical form 
approximation made by comparison to standard spatial forms ( sensu  Radford et al. 

    Table 4.1    Morphotypes of 
neotropical gall systems as 
reported by Maia and 
Fernandes ( 2004 ), Oliveira 
and Maia ( 2005 ), Maia et al. 
( 2008 ), Carneiro et al. ( 2009 ), 
and Santos et al. ( 2011 ,  2012 )  

 Morphotypes 
 Galls per 
morphotype 

 (n = 613 galls)  (n)  (%) 

 Amorphous  16  2.61 
 Bivalve-shaped  1  0.16 
 Blister-shaped  1  0.16 
 Circular  19  3.10 
 Clavate  3  0.49 
 Conical  40  6.53 
 Cylindrical  8  1.31 
 Discoid  59  9.62 
 Elliptical  156  25.45 
 Fusiform  9  1.47 
 Globoid  169  27.57 
 Horn-shaped  1  0.16 
 Leaf fold  2  0.33 
 Legume  7  1.14 
 Lenticular  16  2.61 
 Mamiliform  1  0.16 
 Marginal roll  7  1.14 
 Ovoid  5  0.82 
 Pine-shaped  1  0.16 
 Pocket-shaped  1  0.16 
 Rosette  2  0.33 
 Spheroid  35  5.71 
 Spot  1  0.16 
 Star  1  0.16 
 Succulent  1  0.16 
 Swelling  42  6.85 
 Triangular  3  0.49 
 Tubular  3  0.49 
 Not described  3  0.49 
 Total  613  100 

4 Gall Morphotypes in the Neotropics and the Need to Standardize Them
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 1974 ). For instance, conical galls have the format of a true cone, ellipsoid galls with 
axes in the proportion of 2:1 and 3:2, globoid galls with the axes in the proportion of 
5:6, lenticular galls with the axes in the proportion of 1:3 – 1:6, and amorphous galls as 
those with no standard morphological pattern or approximated geometrical format. 

 For host leaves, the galls may occur just on one surface or protrude to both sides 
of the lamina, being considered extralaminar or intralaminar (Fig.  4.1 ). Even the 
precise topographical position may be adequately referred as apical (distal end), 
medium or basal (proximal end), in veins or in the regions between the veins (out of 
the veins) (Fig.  4.2 ).

    The most common morphotypes listed in Neotropical inventories are the conical, 
ellipsoid, globoid and lenticular galls (Table  4.1 ). Some of the morphotypes are not 

  Fig. 4.1    Mature galls on  Psidium myrtoides  O. Berg (Myrtaceae) ( a–b ) and  Rollinia laurifolia  
Schltdl. (Annonaceae) ( c–d ). ( a ) Extralaminar leaf gall. The peduncle is formed by a small contact 
area between the gall base and the leaf lamina. ( b ) Schematic diagram of the extralaminar leaf gall 
on  P. myrtoides  in cross section evidencing the  continuum  between the gall and the non-galled leaf 
tissues. This gall protrudes from the abaxial leaf surface. ( c ) Intralaminar leaf gall. There is a rela-
tively large contact area between the leaf lamina and the base of the gall. ( d ) Schematic diagram of 
the intralaminar leaf gall on  R. laurifolia  in cross section evidencing the  continuum  between the 
gall and the non-galled leaf tissues.  GC  gall cortex,  L  non-galled leaf tissues,  La  larva,  LC  larval 
chamber. Bars = 0.5 cm       
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strictly geometrical, because they are constituted by grouped galls, or present an 
object-like shape. In these cases, the terminology may indicate the similarity to a 
resembling object as exemplifi ed by the horn-shaped, cup-shaped or crown-shaped 
galls (Fig.  4.3 ).

    Gall size, ornamentation and color generally confer conspicuousness to arthro-
pod galls (Inbar et al.  2010 ). In the Neotropical region, galls tend to be as not as 
large as in some systems of the temperate region ( cf . galls associated to  Pistacia  
species that reach 25 cm) (Inbar et al.  2010 ). Nevertheless, insects with long life 
cycles should tend to induce larger galls when compared to those with short life 
cycles. It occurs because of the longer interaction with host cell genotype which 
imposes a long lasting chemical battle between the associated species (Price et al. 
 1987 ). The variation in size may be also a response to the number of developing 
larvae (Arduin et al.  1989 ), i.e., the maximum gall size attained refl ects the interac-
tion of insect and plant genome and the environment (Weis and Abrahamson  1985 , 
 1986 ; Weis and Gorman  1990 ; Egan et al.  2011 ). As proposed by Rohfritsch ( 1971 ), 
Stone et al. ( 2002 ) and Egan et al. ( 2011 ), in many species of gall inducers, gall 
growth is maintained by active larval feeding. Thus, gall maximum size is attained 
at the completion of the larvae active feeding prior to pupation or it may be inter-
rupted in case the larvae succumbs to the effects of natural enemies, host plant 
defenses, or pathogens (Mani  1964 ). 

  Fig. 4.2    ( a–c ) Leaves evidencing the possible sites for gall induction. ( a ) Division of leaf lamina 
in apical ( Ap ), medium ( Me ) and basal ( Ba ) region. ( b ) The leaf veins are indicated by  reddish 
lines . ( c ) The leaf region between the veins are indicated by  reddish areas        
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  Fig. 4.3    Object-like gall morphotypes induced on  Copaifera langsdorffi i . These shapes do not fi t 
any common geometrical shape. ( a ) Horn-shaped galls. ( b ) Crown-shaped gall. ( c ) Cup-shaped 
gall. Bars = 1 cm       

 Even though it is an easy trait to be recorded, the color of 37.7 % of the gall 
morphotypes is unreported in the inventories. The great majority are referred as 
greenish (37.7 %), 15.8 % are brownish, 5.3 % are yellowish, 2.3 % are reddish, 
0.8 % whitish and just 0.4 % are black (Maia and Fernandes  2004 ; Oliveira and 
Maia  2005 ; Maia et al.  2008 ; Carneiro et al.  2009 ; Santos et al.  2011 ,  2012 ). This 
variation in color is due to changes in the accumulation of plant pigments (Fig.  4.4 ). 
According to Inbar et al. ( 2010 ), the color of galls may change during development, 
especially from green to red. Dias et al. ( 2013 ) measured the levels of pigments of 
the leaf galls on  Schinus polygamus  (Cav.) Cabrera. (Anacardiaceae), and demon-
strated that the color change occurred due to gall senescence when the carotenoids 
and anthocianins are not masked by chlorophyll content anymore. This phenome-
non is also common in other gall morphotypes (Fig.  4.4a ,  b ). Chlorophyll concen-
tration may also increase with gall age, which turns from red to green (Fig.  4.4c ,  d ). 
Sometimes, the color of the same gall morphotype may vary from dark to yellowish 
green, reaching the red and even the brown tones, depending on the stimuli of the 
gall inducing insect and environmental conditions (Fig.  4.4e ,  f ), such as the expo-
sure to sun light (Carneiro et al.  2013 ; Dias et al.  2013 ). 

 Gall covering may vary considerably. In fact, it can be constituted of an unaltered 
 continuum  with the host organ epidermis or may be transformed in several ways. In 
Neotropical galls, 72.8 % of the galls do not cause macroscopic alterations in their 
host plant epidermis, and consequently has no differentiation of a singular indumen-
tum. For 16 % of the morphotypes, no report on gall covering is presented, and just 
11.2 % has conspicuous alterations. A cork (phellem) covering may develop either 
in stem or leaf galls, which may confer brown color, as is common in some  Copaifera 
langsdorffi i  Desf. (Leguminosae Caesalpinioideae) galls (Oliveira et al.  2008 ) and 
was also observed in leaf galls on  Struthanthus vulgaris  Mart. (Loranthaceae) (Kraus 
et al.  2002 ). Also, gall surface may be either completely glabrous or densely hairy. 
Other common traits are a great variety of projections, such as emergences and even 
small leaves. All these structures may confer some protection against natural ene-
mies and alter the fi nal color of the gall morphotypes (Stone et al.  2002 ). To avoid 
some kind of overestimation or misleading with gall morphological variation during 
fi eld evaluations of gall morphotypes, only mature galls with larvae next to pupation 
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or in its last instar should be taken into account. The documentation of such mor-
phological aspects should help identifying and accounting precisely the number of 
gall morphotypes of a given area.  

4.3     The Most Common Morphotypes in Neotropical 
Inventories 

 In the Neotropical inventories of galling herbivores and their related galls, only a 
few reports identify the systems at the species level. The classifi cation of the mor-
photypes is generally based on their geometric shapes, color, indumentum, and 

  Fig. 4.4    Color variation in gall morphotypes. ( a–b ) Gall induced by a Lepidoptera on an unidenti-
fi ed host plant evidencing color change from  light greenish  to  dark reddish  due to gall senescence. 
( c – d ) Galls induced by a Cecidomyiidae on  Andira humilis  evidencing color change from  deep red  
to  greenish brown  due to tissue maturation. ( e–f ) Gall induced by a Triozid on  Psidium myrtoides  
evidencing color variation as an evidence of the presence ( green gall ) or absence ( red gall ) of para-
sitoids. Bars = 1 cm       
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position on the host plant (Maia and Fernandes  2004 ; Oliveira and Maia  2005 ; Maia 
et al.  2008 ; Carneiro et al.  2009 ; Santos et al.  2011 ,  2012 ). In these inventories, 
52.6 % of the galls occurred on leaves, 35.2 % on stems, 5.2 % on apical meristems, 
4.9 % on buds, 2 % on reproductive organs, and just 0.1 % on roots (Table  4.2 ). This 
may be partly due to the greater availability of some plant organs all over the year, 
which allow more interactions to be established or even the lack of fi eld observa-
tions on some sites of oviposition which are diffi cult to check.

   Considering the available inventories on the diversity and richness of galling 
herbivores, it can be noticed that some tridimensional shapes are recurrent while 
others are rare. Also, some shapes may be grouped to avoid inconsistencies and 

    Table 4.2    Distribution of gall morphotypes on neotropical plant host organs   

 Morphotypes 

 Host organs 

 Leaf  Stem  Buds  Reproductive organs  Roots 

 N °  (%)  N °  (%)  N °  (%)  N °  (%)  N °  (%) 

 Amorphous  10 (3.1)  –  5 (7.69)  1 (10)  – 
 Bivalve-shaped  –  –  1 (1.54)  –  – 
 Blister-shaped  1 (0.31)  –  –  –  – 
 Circular  19 (5.90)  –  –  –  – 
 Clavate  –  3 (1.40)  –  –  – 
 Conical  34 (10.56)  2 (0.93)  4 (6.15)  –  – 
 Cylindrical  7 (2.17)  –  1 (1.54)  –  – 
 Discoid  57 (17.70)  –  2 (3.08)  –  – 

 – 
 Elliptical  38 (11.80)  104 (48.37)  13 (20)  –  1 (100) 
 Fusiform  3 (0.93)  4 (1.86)  1 (1.54)  1 (10)  – 
 Globoid  70 (21.74)  73 (33.95)  23 (35.38)  3 (30)  – 
 Horn-shaped  1 (0.31)  –  –  –  – 
 Leaf fold  2 (0.62)  –  –  –  – 
 Legume  7 (2.17)  –  –  –  – 
 Lenticular  16 (4.97)  –  –  –  – 
 Mamiliform  1 (0.31)  –  –  –  – 
 Marginal roll  7 (2.17)  –  –  –  – 
 Ovoid  1 (0.31)  –  2 (3.08)  2 (20)  – 
 Pine-shaped  –  –  1 (1.54)  –  – 
 Pocket-shaped  1 (0.31)  –  –  –  – 
 Rosette  –  –  2 (3.08)  –  – 
 Spheroid  30 (9.32)  2 (0.93)  3 (4.62)  –  – 
 Spot  1 (0.31)  –  –  –  – 
 Star  1 (0.31)  –  –  –  – 
 Succulent  –  1 (0.47)  –  –  – 
 Swelling  10 (3.11)  25 (11.63)  6 (9.23)  1 (10)  – 
 Triangular  2 (0.62)  –  –  1 (10)  – 
 Tubular  2 (0.62)  –  1 (1.54)  –  – 
 Not described  1 (0.31)  1 (0.47)  –  1 (10)  – 
 Total  322 (100)  215 (100)  65 (100)  10 (100)  1 (100) 
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facilitate the standardization of terminologies to be used in future inventories. 
The most common morphotypes referred in the literature for the Neotropics are 
the cylindrical, the globoid, and the lenticular galls (Fig.  4.5 ). In fact, globoid mor-
photypes are similar to the globose and spheroid, while ellipsoid, elliptical and 
ovoid means the same tridimensional shapes, and the lenticular morphotypes have 
been commonly referred as circular or discoid.

   A closer look at the descriptions of gall morphotypes reveals that the lack of stan-
dardization may provide confusing data, although it reveals some peculiar aspects of 
the relationship between the occurrence of galls and their form in specifi c host 
organs. As it is seen in Table  4.2 , leaves are the most affected host organs referred in 
the Neotropical inventories, accounting 321 gall systems with several shapes, hence 
being the most plastic organ. On the other hand, stems host a considerable number of 
galls (215 galls), but with few variations in shape. This is believed to be due to the 
constraints imposed by the host organ over the morphogenesis of the gall, since 
stems are considered to be less plastic organs when compared to leaves (Valladares 
et al.  2006 ). Galls in buds and reproductive organs are more diffi cult to be accounted 
since these organs are not always present or active in the plant body. Even though 
they are poorly reported as host organs, they still present a considerable amount of 
morphotypes, which is probably due to the great morphogenetical potentialities con-
ferred by the meristematic tissues. Roots seem to be the most diffi cult host organs to 

  Fig. 4.5    Common shapes of Neotropical gall morphotypes. ( a ) Cylindrical galls induced by a 
Cecidomyiidae on  Eschweilera ovata  (Cambess.) Miers (Lecythidaceae). ( b ) Globoid galls 
induced by a Cecidomyiidae on  Apeiba tibourbou  Aubl. (Tiliaceae). ( c ) Cylindrical galls on 
 Matayba guianensis  Aubl. (Sapindaceae). ( d ) Lenticular galls on an unidentifi ed host plant. Bars 
= 1 cm       
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be reported, probably due to their common underground position, which constitutes 
a barrier to the majority of galling insects, or even diffi cult the observation. 

 Despite the great variability in structures, no relationship could be established 
between the most common gall shapes and groups of host plants or insect  taxa . 
What they are and why these repetitive processes lead to these convergent patterns 
is still unknown.  

4.4     Super-hosts for Galling Herbivores: The Same House 
for Several Inducers 

 The development of gall structures requires a continued physical contact and tuned 
relationship between the host plant and the galling insect. Some of the important 
parameters that may defi ne the possibility of gall formation are the co-occurrence of 
both taxa, the feeding habit of the galling herbivore, plant local abundance (Crawley 
 1989 ; Fernandes and Price  1991 ; Fernandes  1992 ; Gonçalves-Alvim and Fernandes 
 2001 ), and the systems of recognition established by plant surface traits (Eigenbrode 
and Spellie  1995 ; Eigenbrode and Jetter  2002 ). The diversity of shapes, sizes and 
colors makes the gall-inducing insects some of the most bizarre and interesting liv-
ing organisms (Espírito-Santo and Fernandes  2007 ). 

 Even though the majority of the host plants, 64.5 % in the Neotropical invento-
ries (Maia and Fernandes  2004 ; Oliveira and Maia  2005 ; Maia et al.  2008 ; Carneiro 
et al.  2009 ; Santos et al.  2011 ,  2012 ), are associated to just one  taxon , some may 
support two or more galling herbivores and will be herein referred as super-hosts. 
This diversity of associated insects is intriguing for host plant-galling herbivore 
systems are, largely, species-specifi c (Dreger-Jauffret and Shorthouse  1992 ; 
Carneiro et al.  2009 ). According to Hardy and Cook ( 2010 ), gall-inducing insects 
are more host-specifi c than their non-galling relatives, even though there is no gen-
eral signifi cant increase in the diversifi cation rate in galling herbivores. Gall induc-
tion on plants has evolved multiple times among insects, with over 13,000 species 
currently described (Hardy and Cook  2010 ). However, the perspective is of over 
132,000 species in a global perspective including the undescribed taxa (Espírito- 
Santo and Fernandes  2007 ). More than taxa specifi c, gall-inducing herbivores seem 
to be exceptionally tissue specifi c, which make the super-hosts excellent models for 
the study of plant morphogenetical potentialities (Oliveira et al.  2008 ). The same 
specifi c host organ tissues respond distinctly to the stimuli of several and different 
biotic signalers. The galling herbivores are certainly very successful because the 
gall represents new tissues, at least initially, enemy-free (Price et al.  1987 ; Stone 
and Schönrogge  2003 ; Hardy and Cook  2010 ). 

 The alterations observed among four gall morphotypes co-occurring on  Copaifera 
langsdorffi i  (Fabaceae) revealed that the distinct responses are consequence of the 
wide morphogenetical potentialities of the host plant (Oliveira et al.  2008 ). Each of 
the galling associated herbivores manipulated its host tissues in a peculiar mode, 
and generated particular qualitative responses in divergent patterns, resulting in the 
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variety of morphotypes. More than denoting the specifi city of the relationship, this 
peculiarity makes the insect galls important taxonomical tools (Floate et al.  1996 ), 
either in the botanical or entomological level (Fernandes et al.  1997 ). Curiously, the 
insects associated to  C. langsdorffi i  are Cecidomyiidae, which represent such a 
diverse group of very specialized galling insects (Gagnè  1994 ). The number of 
Cecidomyiidae associated to this host plant species may range from 5 to 23 (Oliveira 
et al.  2008 ; Costa et al.  2010 ), and the generated morphotypes may occur either on 
leaves or stems. 

 The analyses of some inventories in Brazil (Maia and Fernandes  2004 ; Oliveira 
and Maia  2005 ; Maia et al.  2008 ; Carneiro et al.  2009 ; Santos et al.  2011 ,  2012 ) 
have accounted for 128 systems on super-hosts but it seems like there are no rela-
tionships between these plant  taxa  and their higher susceptibility to the attack by 
galling arthropods. A common host plant in the Neotropics,  Lantana camara  L. 
(Verbenaceae), hosts three  taxa  of galling arthropods (Moura et al.  2009 ). All these 
taxa explore the leaves and fl owers of  L. camara  and induce very distinct galls. The 
diversifi cation of the morphotypes does not permit misidentifi cation of each system. 
 Asphondylia camarae  (Diptera: Cecidomyiidae) explores a very special niche, the 
fl owers and consequently must have a peculiar life cycle adjusted to that of its host 
plant.  Schismatodiplosis lantanae  (Diptera: Cecidomyiidae) and  Aceria lantanae  
(Acarina: Eriophyiidae) explore the leaves and may occur concomitantly on the 
same lamina, but are easily distinguishable (Moura et al.  2008 ). 

 When the super-host plants are found in nature, special attention should be given 
to the possibility of overestimations, because variables such as developmental stage 
of the gall, the age of the host organ by the time of oviposition, as well as morpho-
logical variations related to the sex and alternation of generations of the gall induc-
ers may be diffi cult to be visualized. In specifi c cases, the phenological and 
anatomical analyses are crucial to avoid misinterpretations.  

4.5     Phenological and Anatomical Analysis: Special Care 
to Avoid Overestimations 

 The relationships between host plants and gall inducing insects are subjected, 
most times, to a highly complex net of ecological relationships. Besides the para-
sitic relationship established upon gall induction, the host plant – gall inducer 
systems can be the base for many other associated trophic levels, such as preda-
tors and parasitoids ( cf . Sanver and Hawkins  2000 ; Espírito-Santo et al.  2004 ; 
Santos et al.  2010 ). Parasitoids are known to disturb and/or stop the feeding activ-
ity of the gall inducers, since they can cause their premature death. Since gall 
development and structure directly depend on the action of the gall inducer, inter-
ferences such as those imposed by parasitoids should signifi cantly affect the 
structure of the gall (Fernandes et al.  1987 ; Wiebes-Rijks and Shorthouse  1992 ). 
Yet, it should be taken into account that gall development can be either fast or 
slow, depending on the rate of cell division, growth and differentiation in each 
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specifi c gall system. During this process, gall shape may present great variance, 
which without phenological and developmental analyses, could be understood as 
different gall morphotypes, unrelated whatsoever. For instance, the cup-shaped 
gall on  C. langsdorffi i  is red when mature, and may occur either on the abaxial or 
adaxial leafl et surface, with a membranous texture. The larval chamber is located 
at the basal portion of the gall which is monotalamous (Oliveira et al.  2008 ). This 
gall is structurally very simple and its development lasts 2–3 days, when it changes 
from light green to red. At the beginning of its development, the gall is globoid 
and closed, but it elongates axially and opens in its apical portion along linear 
preexisting scars. The alteration in shape is so drastic that these morphotypes 
could be easily misinterpreted as two distinct ones if the temporal variable is not 
evaluated. Another  C. langsdorffi i  gall morphotype that may lead to this kind of 
overestimation in fi eld studies is the horn-shaped gall, which can be either green 
or red when mature. It may occur in the abaxial or adaxial leafl et surface, and is 
pedunculated. The development of this gall morphotype lasts about 1 year. At the 
very beginning of its development, the gall assumes a volcano shape, from whose 
inner portion fi rstly emerges a large amount of trichomes. Secondarily, two hairy 
projections develop and form the gall body. Towards maturity, the basal portion 
develops originating the peduncle (Fig.  4.6 ). These two morphotypes indicate the 
importance of periodic fi eld observation to follow the phenotypical changes along 
gall development.

  Fig. 4.6    Variation in shapes in two gall morphotypes induced by Cecidomyiidae on  Copaifera 
langsdorffi i . ( a–b ) Horn-shaped gall, passing through four distinct developmental stages. 
( a ) Young dome-shaped gall. ( b ) Protrusion of two horns at the early growth and developmental 
stage. ( c ) Developed horns at the late growth and developmental stage. ( d ) Mature horn-shaped 
galls. ( e–f ) Development of the cup-shaped gall, passing through two distinct stages. ( e ) Ellipsoid 
galls at the growth and developmental stage. ( f ) Mature cup-shaped gall. Bars = 1 cm       
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   Another peculiar case concerns the relationship between  Rollinia laurifolia  
(Annonaceae) and the gall inducer  Pseudotectococcus rolliniae  (Erioccocidae) 
(Gonçalves et al.  2005 ,  2009 ). In this system, a reckless observer is subjected to 
committing several mistakes on the description of the galls. At the fi rst sight, two 
different gall morphotypes can be accounted, being one of them larger and round 
and the other, smaller and conical. These two morphotypes could also be under-
stood as two different developmental stages of the same gall, due to their relative 
size. However, anatomical, phenological and entomological analyses helped elu-
cidating the occurrence of sexual dimorphism on these galls. In this specifi c case, 
females are sessile and spend their whole lives inside the gall chamber, while 
males are ephemeral and spend little time inside their galls, before leaving them 
to fertilize the females. The time spent by each gender of  P. rolliniae  inside their 
galls is believed to be the main determining factor of the distinct gall phenotypes 
(Gonçalves et al.  2005 ). Still, the phenological studies performed for this system 
indicated a lag-time between the adult forms and the nymphs that induce the galls 
of the following year. The nymphs could not host themselves on the leaves of their 
host plant, which is deciduous, shedding all its leaves during the winter. A third 
gall morphotype, resembling a lenticel, was found on the shoots of the host plant, 
in which the fi rst instar nymphs induce a gall for dormancy (Gonçalves et al. 
 2009 ) (Fig.  4.7 ). This case illustrates an especially complex insect life cycle and 

  Fig. 4.7    Gall morphotypes induced by  Pseudotectococcus rolliniae  on  Rollinia laurifolia . 
( a ) Host leaf with female induced ( white arrows ) and male induced galls ( black arrows ). ( b ) Detail 
of a male induced gall. ( c ) Detail of a female induced gall. ( d ) Stem galls for dormancy induced by 
fi rst instar nymphs resembling enlarged lenticels ( white arrows ) compared to the true regular sized 
lenticels ( black arrows ). Bars = 1 cm in a, d; 0.25 cm in b, c       
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evidences the importance of phenological and anatomical analyses for the reli-
ability of gall morphotyping.

4.6        Conclusions and Remarks 

 The standardization of the nomenclature used in the inventories of the diversity of 
galls in the Neotropics should facilitate future comparative analyses of galling her-
bivores distribution, and patterns of gall development in Brazilian biomes. By prop-
erly accounting the gall morphotypes from the Neotropics, ecological parameters 
such as richness and abundance of galling herbivores should be accessed, and 
increase the knowledge on the biodiversity in such areas. The most common tridi-
mensional morphotypes reported, the globoid, ellipsoid, and lenticular ones, are 
repetitive on several distinct systems which reinforces the necessity of taxonomical 
identifi cation of the organisms to the lowest possible level, whenever it is possible. 
As well, the repetitiveness of these shapes elects such host plants-gall inducers sys-
tems for developmental studies in cytological level so as to explain how plant cell 
morphogenesis is manipulated in such convergent patterns. 

 It is particularly evident that the alterations in host plant organs, and the develop-
ment of the morphotypes should be studied taking into consideration the develop-
mental stage of the gall, the age of the host organ by the time of oviposition, as well 
as morphological variations related to sex and alternation of generations of the 
 inducers. These characteristics may be diffi cult to be visualized in fi eld conditions 
but may be key elements which allied to phenological and anatomical analyses would 
help avoiding misinterpretations or overestimations of gall diversity in nature.     
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