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ABSTRACT

Little is known about galling insects in the Amazonian rainforest, despite its 
renown as a highly biodiverse ecosystem. In an effort to fill this knowledge 
gap, we compiled data from existing studies of gall‑inducing insects and their 
host plants in the Amazon biome. A total of 32 studies focusing on insect galls 
and their host plants in the Amazon were assessed. Taxonomy, inventory, and 
ecology emerged as the most prominently represented areas of investigation. 
We found 31 species of Cecidomyiidae, from seven tribes and 21 genera, 
reported in the Amazon Forest. The richness of gall‑inducing insects exhibited 
a positive correlation with the size of their associated plant families, while 
showing no significant correlation with the age of those families.

KEYWORDS: Cecidomyiidae, host plant, insect galls, insect‑plant interaction, 
rainforesty

DOI: https://doi.org/10.24841/fa.v33i1.734 01Vol. 33 (1) 2024. e33734



Contribution to the knowledge of gall-inducing insects in the Amazon forest

DOI: https://doi.org/10.24841/fa.v33i1.734 Vol. 33 (1) 2024. e33734

CONTRIBUCIÓN AL CONOCIMIENTO DE LOS INSECTOS 

INDUCTORES DE AGALLAS EN EL BOSQUE AMAZÓNICO

RESUMEN

Se conoce poco sobre los insectos agalladores en el bosque amazónico, a pesar de su 
fama como un ecosistema altamente biodiverso. En un esfuerzo por llenar esta 
brecha de conocimiento, compilamos datos de estudios existentes sobre insectos 
inductores de agallas y sus plantas hospederas en el bioma amazónico. Se evaluaron 
un total de 32 estudios que se enfocaban en agallas de insectos y sus plantas 
hospederas en la Amazonia. Taxonomı́a, inventario y ecologı́a surgieron como las 
áreas de investigación más prominentemente representadas. Encontramos 31 
especies de Cecidomyiidae, de siete tribus y 21 géneros, reportadas en el bosque 
amazónico. La riqueza de los insectos inductores de agallas exhibió una correlación 
positiva con el tamaño de sus familias de plantas asociadas, mientras que no mostró 
una correlación significativa con la edad de esas familias.

PALABRAS CLAVE: Cecidomyiidae, planta hospedera, agallas de insectos, interacción 
insecto‑planta, bosque tropical
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INTRODUCTION

Galls are abnormal growths of plant cells, tis‑
sues, or organs formed by hyperplasia (increa‑
se in the number of cells) and/or hypertrophy 
(increase in cell size); they can be induced by 
an array of agents—including fungi, viruses, 
bacteria, nematodes, mites, and insects (Fer‑
nandes et al., 2012). Among these gall‑inducing 
organisms, insects account for the greatest di‑
versity of galls (Ozaki et al., 2007; Grandez‑Rios 
et al., 2015; Miller III & Raman, 2019). Six in‑
sect orders include gall‑inducing species: Co‑
leoptera, Diptera, Hemiptera, Hymenoptera, 
Lepidoptera, and Thysanoptera (Nieves‑Aldrey, 
1998; Shorthouse et al., 2005; Coutinho et al., 
2019, Araújo et al., 2021). However, the Ceci‑
domyiidae (Diptera) are the most common gall 
inducer in all zoogeographical regions (Gagné & 
Jaschhof, 2021). These insects can induce galls 
on any part of the plant, including both vegeta‑
tive and reproductive organs, but are most pre‑
valent in leaves and stems (Mani, 1964; 
Bergamini et al., 2017; Araújo et al., 2021; Flor 
et al., 2022). Gall‑inducing insects are conside‑
red the most specialized herbivores on the pla‑
net, exhibiting high specificity to their host 
plants (Carneiro et al., 2009; Araújo, 2013a; 
Araújo et al., 2017). The most of cecidogenic 
species induces a unique gall morphotype on 
the host plant, with the gall considered the ex‑
tended phenotype of the inducing insect (Stone 
& Schönrogge, 2003).

The Amazon rainforest is the world's largest 
tropical forest, covering an area of 7.5 million 
km2 across nine South American countries. 
Brazil has the largest area of the forest, accoun‑
ting for 60% of this vast area, followed by Peru 
with 13%. The other countries sharing the 
Amazon have smaller extents, including Colom‑
bia, Bolivia, Ecuador, French Guiana, Guyana, 
Suriname, and Venezuela (Silva‑Souza & Souza, 

2020). This forest holds 20% of the planet's 
freshwater supply, significant carbon reserves, 
and a vast diversity of flora and fauna. It is esti‑
mated that the Amazon harbors at least 25% of 
the planet's biodiversity, with about 50,000 
plant species and 2.5 million insect species. Ho‑
wever, despite the extraordinarily high plant di‑
versity only 2% of known Cecidomyiidae 
species come from the Amazon (Julião, 2007).

Reports of insect galls in the Amazon date 
back to the early 20th century. The first studies 
were published by notable taxonomists such as 
Rübsaamen (1905, 1915a, 1915b), Felt (1915, 
1921), and Kieffer (1913), who described a lar‑
ge number of gall‑inducing insect species in this 
biome (Maia, 2021). Additionally, a study by 
Berlin & Prance (1978) reported that the Agua‑
runa tribe in the Peruvian Amazon used galls 
from the plant species Moquilea cecidiophora 
(Prance) Sothers & Prance (Chrysobalanaceae) 
to make necklaces for decoration. Very little was 
added to this body of knowledge until the early 
21st century, when a resurgence of interest in 
galling insects among Brazilian workers promp‑
ted several wide‑ranging studies (Araújo, 2018). 
These took various approaches to the topic, va‑
riously focusing on inventories, taxonomy or 
ecology (e.g., Maia & Vásquez, 2006; Maia, 2011; 
Julião et al., 2014). Nevertheless, the Amazon re‑
mains one of the least studied biomes in the 
Neotropical region.

Various hypotheses have been proposed to 
explain patterns of gall‑inducing insect richness 
(Fleck & Fonseca, 2007). Some consider the pos‑
sibility that plant diversity influences gall diver‑
sity both temporally and spatially. These include 
the “plant taxon size hypothesis” and the “plant 
taxon age hypothesis” (Fernandes, 1992). The 
first predicts that more diverse host taxa should 
have higher gall richness, considering each host 
species as a potential niche for insects (Men‑
donça, 2007). The second hypothesis proposes 
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MATERIALS AND METHODS 

The study was conducted through a survey 
of data on gall‑inducing insects and their host 
plants in the Amazon, available on scientific da‑
tabases. Articles were searched using the onli‑
ne databases SciVerse Scopus, Portal Capes, and 
Google Scholar between June and July 2023, 
using the following keyword combinations: 
(galls* OR insect galls*) AND (Cecidomyiidae*) 
AND (Amazon*) AND (rainforest*). Data from 
master's dissertations and doctoral theses were 
included only when it was explicitly indicated 
that the study was conducted in the Amazon.

Data from inventories of gall‑inducing in‑
sects and their host plants in the Amazon forest 
were obtained from papers published up until 
2023. These studies compiled all published sur‑
veys for the Amazon that included taxonomic 
information on host plants and gall‑inducing in‑
sects, totaling seven articles (Supplementary 
Material 1). Additionally, all information obtai‑
ned underwent rigorous review, including veri‑
fication of botanical names and synonyms, as 
well as detailed revision of gall and inducer 
morphology. Botanical families were updated 

that older host taxa should have more gall‑in‑
ducing species, as longer evolutionary time 
leads to more speciation events (Fernandes, 
1992).

Existing studies have contributed to the un‑
derstanding of gall diversity and the ecology of 
interactions between gall‑inducing insects and 
host plants in the Amazon. This study aims to 
identify the principal topics in the study of gall 
insects and their associated host plants, and to 
test the taxon size and plant taxon age hypothe‑
ses in the Amazon. In order to do that, we 
analyze the correlations between gall‑inducing 
insect richness and the size and age of their 
host taxa.

04

according to the classification system proposed 
in APG IV (2016). The number of species in each 
family was checked on the APG website (Ste‑
vens, 2001; APG IV, 2016). The age of families in 
the orders Malpighiales and Myrtales were ob‑
tained from Xi et al. (2012) and Berger et al. 
(2016), respectively, while the age of the Conna‑
raceae and Siparunaceae families was extracted 
from Baas et al. (2017) and Renner, 2004, res‑
pectively. For the remaining families, Wikström 
et al. (2001) was used.

All compiled studies were categorized based 
on the topic or field of knowledge to which they 
were most related, according to the title and 
abstract (or full text if necessary). Topics inclu‑
ded: ecology (investigation of ecological factors 
at the population, community, or biogeographi‑
cal level); inventory (lists of galls and host 
plants); taxonomy (systematics, species descrip‑
tions, and reviews of gall‑inducing species); con‑
servation (habitat restoration and bioindicators 
of habitat quality); and ethnobotany (human‑
plant interaction through ancestral knowledge).

To relate the richness of gall‑inducing insects 
to the size and age of the plant taxon, Spearman 
correlations were used, because the distribution 
of residuals did not follow a normal distribution 
when analyzed by the Shapiro‑Wilk test. The 
analyses were performed using the R software 
version 4.3.1 (R Core Team, 2023), using the 
cor.test function from the pspearman package.

RESULTS

A total of 32 articles (Supplementary Mate‑
rial 1) on insect galls and their host plants in the 
Amazon were compiled, covering various topics 
(Figure 1). Among them, taxonomy (13 articles), 
inventory (n = 9), and ecology (n = 7) were the 
most frequent, collectively representing 91% of 
all publications. The topics of the remaining ar‑
ticles were conservation (n = 2) and ethnobo‑
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and Sapindales hosted the highest number of 
galling insect taxa: 180 morphotypes in Malphi‑
giales; 156 in Fabales; and 154 in Sapindales. 
“Superhost” families included Fabaceae (153 
morphotypes); Burseraceae (89); Bignonaceae 
(58); Sapotaceae (43); and Lauraceae (37) (Ta‑
ble 2).

The richness of gall‑inducing insects ranged 
from 1 to 153, as assessed by gall morphotypes. 
Richness was positively correlated with the size 
of the plant family in terms of species number 
(RSpearman = 0.30, n = 68, p = 0.0127, Figure 
2a). However, the age of botanical families was 
not correlated with the richness of gall‑inducing 
insects (p = 0.90, Figure 2b).

05

Figure 1. Number of publications about insect galls reported in the Amazon, arranged by area of knowledge.

tany (n = 1). Despite an extensive search for pu‑
blications in different databases, articles were 
found only for areas of the Amazon rainforest in 
Brazil (n = 30) and Peru (n = 2), with no publi‑
cations on the subject for the other countries 
where this biome extends.

In total, 31 species of Cecidomyiidae from se‑
ven tribes and 21 genera were reported in the 
Amazon (Table 1). The best‑represented tribes 
were Lopesiini and Asphondyliini, each with se‑
ven species. The other tribes had lower values: 
Clinodiplosini (four); and Anadiplosini, Alycau‑
lini, Cecidomyiini, and Dasineurini, each with 
one specie.

Plants in the orders Malpighiales, Fabales, 

Figure 2. Effects of A) host plant family size (number of species) and B) host plant family age (in millions of years) on 
the richness of gall-inducing insects in the Amazon forest.
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Table 1. Gall-inducing insect species of the family Cecidomyiidae (Diptera) reported for the Amazon 
forest. The hyphen indicates species not placed in a tribe.

Tribe

Alycaulini

Cecidomyiidae genera

Alycaulus

Cecidomyiidae species

Alycaulus mikaniae Rübsaamen, 1915a

Alexomyia ciliata Felt, 1921

Asphondylia fructicola Maia, 2009

Asphondylia tournefortiae Rübsaamen, 1915a

Bruggmannia depressa Kieffer, 1913

Bruggmannia longiseta Kieffer, 1913

Macroporpa peruviana Rübsaamen, 1915a

Macroporpa ulei Rübsaamen, 1915b

Perasphondylia reticulata Möhn, 1960

Contarinia gemmae Maia, 2003

Clinodiplosis cecropiae, Proença & Maia 2020

Clinodiplosis eupatorii Felt, 1911

Iatrophobia brasiliensis Rübsaamen, 1908

Schismatodiplosis lantanae Rübsaamen, 1908

Dasineura theobromae Maia, 2006

Lopesia aldinae Fernandes & Maia, 2010

Lopesia caulinaris Maia, 2003

Lopesia conspicua Maia, 2003

Lopesia similis Maia, 2004

Lopesia elliptica Maia, 2003

Lopesia linearis Maia, 2003

Lopesia maricaensis Rodrigues & Maia, 2010

Frauenfeldiella coussapoae Rübsaamen, 1905

Haplopalpus serjaneae Rübsaamen, 1915b

Haplusia braziliensis Felt, 1915

Megaulus sterculiae Rübsaamen, 1915b

Ouradiplosis aurata Felt, 1915

Parkiamyia paraensis Maia, 2006

Uleia clusiae Rübsaamen, 1905

Heterodiplosis peruviana Maia, 2010

Dactylodiplosis heisteriae Rübsaamen, 1915b

Alexomyia 

Asphondylia 

Asphondylia 

Bruggmannia

Bruggmannia

Macroporpa

Macroporpa

Perasphondylia

Contarinia

Clinodiplosis

Clinodiplosis

Iatrophobia 

Schismatodiplosis

Dasineura

Lopesia

Lopesia

Lopesia

Lopesia

Lopesia

Lopesia

Lopesia

Frauenfeldiella

Haplopalpus

Haplusia

Megaulus

Ouradiplosis

Parkiamyia

Uleia

Heterodiplosis

Dactylodiplosis

Anadiplosini

Asphondyliini

Asphondyliini

Asphondyliini

Asphondyliini

Asphondyliini

Asphondyliini

Asphondyliini

Cecidomyiini

Clinodiplosini

Clinodiplosini

Clinodiplosini

Clinodiplosini

Dasineurini

Lopesiini

Lopesiini

Lopesiini

Lopesiini

Lopesiini

Lopesiini

Lopesiini

-

-

-

-

-

-

-

-

-
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Table 2. Number of plant species, plant genera and galling insect species recorded for different host plant families 
and orders in the Amazon. Family size obtained from Stevens (2001).

Order
Number of plant 

genera
Galling-insect 

richness

Number of plant 
species

Family

Fabales Fabaceae 76619,580 153

Sapindales Burseraceae 19818 89

Lamiales Bignoniaceae 110790 58

Ericales Sapotaceae 531,188 43

Laurales Lauraceae 502,675 37

Myrtales Melastomataceae 1765,858 33

Malpighiales Chrysobalanaceae 18530 32

Ericales Lecythidaceae 25353 26

Sapindales Sapindaceae 1441,925 24

Malpighiales Malpighiaceae 681,250 23

Gentianales Rubiaceae 61413,465 21

Magnoliales Annonaceae 1102,430 20

Malpighiales Euphorbiaceae 2186,499 20

Laurales Siparunaceae 275 17

Sapindales Meliaceae 58740 16

Malpighiales Hypericaceae 9534 15

Malpighiales Salicaceae 541,200 15

Rosales Moraceae 391,137 14

Gentianales Apocynaceae 4004,828 13

Malvales Malvaceae 2434,225 13

Sapindales Anacardiaceae 80873 13

Myrtales Myrtaceae 1315,900 12

Malpighiales Humiriaceae 763 11

Rosales Urticaceae  542,625 11

Malpighiales Violaceae 341,126 11

Dilleniales Dilleniaceae 11360 10
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Malpighiales Ochnaceae 33650 9

Sapindales Simaroubaceae 21110 9

Malpighiales Clusiaceae 14800 9

Magnoliales Myristicaceae 20503 8

Boraginales Boraginaceae 941,793 7

Malpighiales Calophyllaceae 13460 7

Piperales Piperaceae 53,615 7

Caryophyllales Nyctaginaceae 32405 6

Asterales Asteraceae 162025,040 5

Myrtales Vochysiaceae 8250 5

Oxalidales Connaraceae 12180 5

Malpighiales Lacistemataceae 217 5

Celastrales Celastraceae 941,410 5

Malpighiales Peraceae 5135 4

Malpighiales Goupiaceae 12 4

Myrtales Combretaceae 10500 4

Malpighiales Dichapetalaceae 3165 4

Fabales Polygalaceae 291,236 3

Malpighiales Passifloraceae 271,035 3

Santalales Coulaceae 33 3

Oxalidales Elaeocarpaceae 12635 3

Ranunculales Menispermaceae 71442 3

Rosales Cannabaceae 10117 3

Icacinales Icacinaceae 23178 3

Sapindales Rutaceae 1612,085 3

Santalales Erythropalaceae 440 3

Table 2. Continue.

Order
Number of plant 

genera
Galling-insect 

richness

Number of plant 
species

Family

Solanales Solanaceae 1022,280 2
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Solanales Convolvulaceae 591,770 2

Ericales Ebenaceae 4855 2

Malpighiales Erythroxylaceae 4240 2

Malpighiales Achariaceae 30133 2

Malpighiales Caryocaraceae 227 2

Lamiales Verbenaceae 32775 2

Ericales Primulaceae 582,615 1

Caryophyllales Polygonaceae 551,115 1

Santalales Loranthaceae 77930 1

Table 2. Continue.

Order
Number of plant 

genera
Galling-insect 

richness

Number of plant 
species

Family

DISCUSSION

With respect to the areas of knowledge cove‑
red in the studies, taxonomy constitutes 41% of 
all publications, playing a fundamental role in 
describing the diversity of gall‑inducers—espe‑
cially within the Cecidomyiidae family, which is 
the most relevant group of gall‑inducing insects in 
the Neotropical region and worldwide (Gagné & 
Jaschhof, 2021). Inventories accounted for 28% 
of the compiled articles; these focused on the oc‑
currence and morphological characterization of 
insect galls, with notes on host plants and vege‑
tation types in different regions. These studies 
are crucial for describing the diversity of insect 
galls in various locations and providing relevant 
information for the development of other re‑

search lines (Araújo, 2018). Although inventories 
of insect galls have been conducted in various vege‑
tation types and geographic regions, large areas re‑
main unexplored or unsampled. This leads to an 
underestimation of the diversity of insect galls pre‑
sent in the Amazon. 

Additional important theme in study on insect 
galls in the Amazon included the field of ecology, 
which accounted for 22% of the publications. 
These included studies addressing patterns of di‑
versity among gall‑inducing insects as a function 
of floristic diversity (plant richness hypothesis), 
as well as structural characteristics of vegetation 
(vertical stratification hypothesis) and aspects of 
the physical environment (hygrothermal stress 
hypothesis) (Fleck & Fonseca, 2007).

In relation to the ecological patterns tested in 

09

Aquifoliales Aquifoliaceae 1453 1

Malpighiales Linaceae 7268 1

Liliales Smilacaceae 1233 1

Malvales Bixaceae 421 1

Lamiales Lamiaceae 2367,280 1

Malpighiales Phyllanthaceae 662,330 1
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this study, the hypothesis that host plant taxon 
size is a determinant of galling insect richnes 
was broadly supported, as the number of galling 
species observed in a host plant family was posi‑
tively correlated with the taxonomic richness of 
that family. It is important to emphasize that this 
pattern was strongly influenced by the Fabaceae 
family (excluding this family, the correction is 
not significant). This pattern has also been seen 
in habitats outside the Amazon, including the Ce‑
rrado (Araújo et al., 2013b), Atlantic forest (Fer‑
nandes et al., 2001), rocky fields (Coelho et al., 
2013), deciduous seasonal forests (Coelho et al., 
2009), and subtropical forests (Mendonça, 
2007). For instance, Gonçalves‑Alvim & Fernandes 
(2001) found higher species richness of gall‑indu‑
cing insects among plant families with a larger num‑
ber of species in the Brazilian Cerrado. In that study, 
the size of host plant families explained 50% of the 
variation in gall‑inducing insect species richness. Fa‑
baceae, Asteraceae, Myrtaceae, Malpighiaceae, and 
Erythroxylaceae hosted about 65% of identified gall‑
inducing insect species. In another study, the num‑
ber of gall‑inducing insects increased with the size of 
the plant family in the Atlantic forest. In that case, 
Asteraceae and Melastomataceae were the most im‑
portant botanical families, together accounting for 
44% of gall‑inducing insect species richness (Flor et 
al. 2022). These results suggest that species‑rich 
plant families provide more niches for gall forming 
taxa (Mendonça, 2007).

In contrast to taxon size, taxon age was not a 
good predictor of gall‑inducing insect diversity in 
the Amazon. Evolutionarily older families did not 
exhibit greater diversity of gall‑inducing insects. Si‑
milar results were reported by Araújo (2011) from 
Brazilian cecidomyiids. Contrary to the predictions 
of the plant taxon‑age hypothesis, relatively young 
families, such as Fabaceae and Burseraceae, sho‑
wed higher diversity of gall‑inducing insects than 
older taxa in the Amazon. This may be attributed 
to the adaptive opportunism of gall‑inducing in‑

sects. These insects can be found across many host 
plant families. For instance, gall‑inducing genera 
like Dasineura and Asphondylia have been recor‑
ded in 85 plant families in the neotropical region 
(Price, 2005). Host‑switching seems to be favored 
in more species‑rich plant families—likely becau‑
se species in those families are more recently di‑
verged, and exhibit similar chemical‑ and 
phenological characteristics. Considering that gall‑
inducing insects exhibit host organ specificity and 
depend on the occurrence of specific hosts for gall 
induction, a higher number of species within a 
host taxon increases the likelihood of synchronous 
development. This may provide greater opportu‑
nity for speciation through host‑switching (Araújo 
& Santos, 2009; Flor et al., 2020).

CONCLUSION

The present study documents that some well‑
studied topics, especially related to the taxonomy, 
inventory, and ecology of gall‑inducing insects, 
have contributed to the description and explana‑
tion of diversity patterns of gall‑inducing insects 
in the Amazon forest. The results obtained also 
reinforce the importance of taxon size hypothe‑
ses in the diversity of gall‑inducing insects in the 
Amazon forest, but not for the age of the plant ta‑
xon. Furthermore, it highlights the need to ex‑
pand studies to improve our understanding of 
gall‑inducing insect diversity across the Amazon 
biome.
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Araújo, W.S. 2011. Size, age and composition: 
characteristics of plant taxa as diversity 
predictors of gall‑midges (Diptera: 
Cecidomyiidae). Revista de Biología Tropical, 
59 (4), 1599–1607.
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Rübsaamen, E.H. 1915a. Beitrag zur Kenntnis 
aussereuropäischer Gallmucken. Sitzungsberichte 
der Gesellschaft Naturforschender Freunde zu 
Berlin 1915, 431–481.
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