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the gall inducer and its host plant species. The aim of this study was to expand the geographical distribution of
cecidomyiids — usually known only to the type-locality - in species of AndiraLam. (Fabaceae) distributed in Brazil,
through the presence of their gall morphotypes in host plants. We searched for records of gall morphotypes in Andira
species in all inventories of insect galls in Brazilian biomes and in virtual herbaria in Brazilian and abroad institutions.
We found six species of Andira with forty-nine registers of 20 morphotypes of galls induced by cecidomyiids. They
were from 35 localities; of those, 15 Municipalities, five States and the Federal District are new points of occurrence.
We found three new registers for the fusiform gall in A. fraxinifolia, four registers for the fusiform gall in A. humilis,
two new registers for the lenticular gall in A. nitida, and six new registers for three morphotypes in A. vermifuga.
No new records were found for the morphotypes of A. cujabensis and A. surinamensis. These results indicate that
digital tools, combined with well-illustrated inventory data, are capable to expand knowledge about the distribution
of cecidomyiids through the recognition of their specific marker, the morphotypes.
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Introduction

Galls are the result of an abnormal growth process of cells, tissues
or vegetal organs in response to the activity of biological agents as
viruses, bacteria, nematodes, and insects (Shorthouse and Rohfritsch,
1992; Shorthouse et al., 2005; Carneiro et al., 2009).

The gall-inducer insects have a highly specific interaction with
host plants (Isaias et al., 2014), generating unique morphotypes that
allow identifying it through specific characteristics, such as organ of
occurrence, shape, color, size, indumentum number of internal locus
(Isaias et al., 2014). In the case of cecidomyiids, 92.4% of the species
are monophagous (Carneiro et al., 2009), which allow us to assume the
identification of the gall inducer through the presence of its morphotype
in the specific plant species (Skuhrava et al., 2014). The external
morphology of the gall is a reliable marker of this association (Espirito-
Santo and Fernandes, 2007).

Arriola et al. (2016) and Lima and Calado (2020) showed the overlap
in the distribution of the host plant and the gall inducer, which allows
us to infer that the distribution of the gall inducer cecidomyiids species
are circumscribed to the host plant distribution. The geographical
occurrence of gall inducers may not be uniform due to several factors,
including variation in natural plant composition and geographical
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position, especially in the North-South axis, with latitude-related
variations (Skuhrava and Skuhravy, 2009).

The genus Andira Lam. belongs to Fabaceae, one of the richest
families of the world with 3,033 species and in Brazil, with 1,578 species
(Pennington, 2003). Andira has 29 species in the tropical regions of
America, 20 of them confirmed in all Brazilian regions. Andira species
occur in Amazonia, Caatinga, Cerrado, Atlantic Forest phytogeographic
domains. They are very diverse and occupy various habitats such as
Caatinga, Campinarana, Cerrado, Riparian Forest, Amazon flood forests,
Dry Seasonal Forests, Ombrophile Forest, Restinga, as well as anthropized
areas. They have habits such as shrubs and trees that grow in different
soil fertility conditions, from nutrient-rich soils to poor rocky soils
(Ramos et al., 2020).

Currently, four species of cecidomyiids are known inducing galls
in Andira: Lopesia indaiensis Maia and Oliveira, 2018, gall inducer in
A. fraxinifolia Benth. recorded in Minas Gerais (Dores do Indaid) in
Cerrado and in Pernambuco (Tamandaré), Rio de Janeiro (Mangaratiba),
and S3do Paulo (Bertioga) in Atlantic forest (Maia, 2021); Lopesia
andirae Garcia et al., 2017 gall inducer in A. humilis Mart. ex Benth.
occurring in Cerrado areas in Mato Grosso (Chapada dos Guimaraes),
Bahia (Barreiras), and Sdo Paulo (Luiz Ant6nio) (Garcia et al., 2017); L.
chapadensis Garcia and Urso-Guimardes, 2018 inductor in A. vermifuga
(Mart.) Benth. occurring in a Cerrado area of Mato Grosso (Chapada
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dos Guimardes) (Garcia and Urso-Guimardes, 2018), and Andirodiplosis
bahiensisTavares, 1920 inductor of “sinuous” leaf galls in an unidentified
species of Andira in Bahia (Tavares, 1920).

Considering: (i) the high specificity of gall inducer and host plant
species interaction, (ii) that the morphotype is a reliable marker of
the interaction; and (iii) that the distribution of the gall inducer is
circumscribed to the distribution of the host plant, in this work we aimed
to verify matching between distribution of the cecidomyiids species
and the Andira species in Brazil and to register the new geographical
records using literature and virtual herbaria data.

Material and methods

The review of literature and exsiccates in virtual herbaria are
important tools to increase the scope of search for distribution data of
host plants and, consequently, to the associated gall inducer as showed
by Arriola et al. (2016). In our study, we used the Web of Science, Scielo,
Periddicos Capes, and Google Scholar as tools to search using the words
“inventarios de galhas”, “Andira”, “galhas Andira” “Cecidomyiidae Andira”
in English and in Portuguese by December 2020 with no limitation
on time period. All registers found were included. For searching gall
morphotypes in Andiraspecies we used the virtual herbaria in Brazilian
and abroad institutions through the tools INCT Herbério Virtual da
Flora e dos Fungos (http://inct.florabrasil.net/category/reflora/) and
SpeciesLink (http://splink.cria.org.br/tools) using the word “Andira”.

The herbaria where the exsiccates with Andira galls were found
are as follows: Herbario da Embrapa CENARGEN (CEN), Herbario do
Jardim Botanico do Rio de Janeiro (JBJR), Royal Botanic Gardens, Kew

(K), Herbario do Museu de Biologia Prof. Mello Leitdo (MBML), Muséum
National d’Histoire Naturelle (MNHN), New York Botanical Garden
Herbarium (NY), Herbério da Universidade Federal de Campinas (UEC), and
Herbario Rondoniense Jodo Geraldo Kuhlmann, da Universidade Federal
de Rondonia (RON). We checked the world catalogue of Cecidomyiidae
(Gagné and Jaschhof, 2021) for the species of cecidomyiid associated
to the Andira species. The maps were built with Qgis program (QGIS
Development Team, 2020) using a shapefile from Brazil (IBGE, 2019) and
the coordinates found in the inventories and data on digital collection
of herbaria. The morphotype nomenclature was updated based on the
proposal of Aradjo et al. (2021).

Results

The searches carried out in virtual herbaria including 241 exsiccates
of A. cujabensis, 1,105 of A. fraxinifolia, 502 of A. humilis, 291 of A.
nitida, 185 of A. surinamensis, and 274 of A. vermifuga. Among them,
we found 49 records of 20 morphotypes of galls in the six species of
Andira. The data of morphotypes, cecidomyiid species associated, and
the occurrence points are summarized in Table 1.

All the six species of Andiradiscussed in this paper are native and
endemic from Brazil, except for A. surinamensis, also distributed in
Trinidad and Tobago, Colombia, Venezuela, Guiana, French Guiana,
Suriname, Ecuador, Peru, and Bolivia, and A. vermifuga distributed in
Peru and Bolivia.

Andira cujabensis is widely distributed in Brazil, in Amazonia and
Cerrado phytogeographic domains (Ramos et al., 2020) (Fig. 1). Despite
this, only one inventory of insect galls registered the four morphotypes
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Figure 1 Distribution of Andira cujabensis Benth. in Brazilian states and the point of occurrence of the gall morphotypes induced in the species.



E.A.M. Silva, M.V. Urso-Guimaraes | Revista Brasileira de Entomologia 65(4):e20210071, 2021 3-12
Table 1
Previous and new records of galls on Andira species (Fabaceae) in Brazil.
Number of gall S .
Host plant Organ/ morphotype Gall inducer i pality] Phytogeog_raphlc Coordinates Reference Figure
Morphotype (GM) State domain
Andira cujabensis Leaf/Conical GM1 Undetermined sp Mineiros/GO Cerrado 17°49' -18°28'S/52°39'- Aradjo et al. Unavailable
Benth. 1 (Cecidomyiidae) 53°10'W (2014)
Leaf/Fusiform GM2 Undetermined sp Mineiros/GO Cerrado 17°49' -18°28'S/52°39'- Aradjo et al. Unavailable
2 (Cecidomyiidae) 53°10'W (2014)
Leaf/Lenticular GM3 Undetermined sp Mineiros/GO Cerrado 17°49' -18°28'S/52°39'- Aratjo et al. Unavailable
3 (Cecidomyiidae) 53°10'W (2014)
Stem/Globoid GM4 Undetermined sp Mineiros/GO Cerrado 17°49' -18°28'S/52°39'- Aradjo et al. Unavailable
4 (Cecidomyiidae) 53°10'W (2014)
Andira Leaf/Fusiform GM5 Lopesia Dores do Indaia/ Cerrado 19°3018.99"” S/45°41'00.88" Maia and de Fig. 3A
fraxinifolia Benth. indaiensis MG W Oliveira (2018)
(Cecidomyiidae)
Leaf/Fusiform GM5 Lopesia Bertioga/SP Atlantic Forest 23°51' 16" S/46° 08'19” W Maia et al. Fig. 3B
indaiensis (2008)
(Cecidomyiidae)
Leaf/Fusiform GM5 Lopesia Mangaratiba/R] Atlantic Forest ~ 23°3'57.34"S/43°59'31.01"W,  Rodrigues et al. Fig. 3C
indaiensis 23°3'27.08"5/43°59'28.63"W (2014)
(Cecidomyiidae)
Leaf/Fusiform GM5 Lopesia Barra de Marica/ Atlantic Forest 22°54'00"S/ 42°53'23"W Maia et al. Unavailable
indaiensis (2002)
(Cecidomyiidae)
Leaf/Fusiform GM5 Lopesia Tamandaré/PE Atlantic Forest 8°44'54"S[35°6'14"W Maia and de Unavailable
indaiensis Oliveira (2018)
(Cecidomyiidae)
Leaf/Fusiform GM5 Lopesia Tamandaré [PE Atlantic Forest 8°43'30” S,35° 10" 40" W Santos et al. Fig. 3D
indaiensis (2012b)
(Cecidomyiidae)
Leaf/Fusiform GM5 Lopesia Sao Francisco do Atlantic Forest 26°17'S[48933'W New record Fig. 3E
indaiensis Sul/SC (Arriola and de
(Cecidomyiidae) Melo Jinior,
2016)
Leaf/Fusiform GM5 Lopesia Cananéia/SP Atlantic Forest 25° 1’ 28" S/47° 55’ 56"W New record Fig. 3F
indaiensis (MNHN)
(Cecidomyiidae)
Leaf/Fusiform GM5 Lopesia Lengbis/BA Atlantic Forest 12° 33 47" S[41° 23’ 24" W New record Fig. 3G
indaiensis (JBRJ)
(Cecidomyiidae)
Leaf/Globoid GM6 Asphondyliasp.l ~ Mangaratiba/R] Atlantic Forest ~ 23°2'34.83"S/43°57'30.80"W, Rodrigues et al. Fig. 3H
(Cecidomyiidae) 23°4'4.85"5/43°59'39.41"W (2014)
Leaf/Globoid GM6 Asphondyliasp.l ~ Santa Teresa/ES Atlantic Forest 19° 09’ S/40° 36'00” W Maia et al. Fig. 31
(Cecidomyiidae) (2014)
Leaf/Globoid GM6 Asphondylia sp.1 Bertioga/SP Atlantic Forest 23°51' 16" S/46° 08'19” W Maia et al. Fig. 3]
(Cecidomyiidae) (2008)
Leaf/Globoid GM6 Asphondylia sp.1 Tiradentes/MG Cerrado 21°203-07'S/44° 06- 13'W Maia and Fig. 3K
(Cecidomyiidae) Fernandes
(2004)
Leaf/Globoid GM6 Asphondyliasp.1 ~ Sao Francisco do Atlantic Forest 26°17’ S/48°33 ‘W Arriola and de Fig. 3L
(Cecidomyiidae) Sul/SC Melo Janior
(2016)
Leaf/Globoid GM6 Meunieriella sp.1 Araruama, Atlantic Forest 22052’ 22"S[420 20" 35" W, Carvalho- Fig. 3M
(Cecidomyiidae)  Arraial do Cabo, 220 57'58"S/420 01’ 40"W,  Fernandes et al.
Cabo Frio, Sdo 220 52" 46"S[420 01’ 07"'W, (2016)
Jodo da Barra, 21038’ 25"S/410 03’ 04"W,
Saquarema/R] 22055’ 12"S/420 30’ 37"
Leaf/Globoid GM6 Meunieriellasp.l  Barra de Marica/ Atlantic Forest 22°54'00"S/ 42°53'23"W Maia et al. Unavailable
(Cecidomyiidae) RJ (2002)
Stem/Globoid GM7 Undetermined sp ~ Tamandaré /PE Atlantic Forest 8°43'30" S, 35° 10" 40" W Santos et al. Fig. 3N
5 (Cecidomyiidae) (2012b)
Stem/Fusiform GM8 Undetermined sp  Santa Teresa/ES Atlantic Forest 19° 09’ S/40° 36'00” W Maia et al. Fig. 30
6 (Cecidomyiidae) (2014)
Stem/Fusiform GM8 Undetermined sp  Tiradentes/MG Cerrado 21°03-07'S/44° 06- 13'W Maia and Fig. 3P
6 (Cecidomyiidae) Fernandes
(2004)
Andira humilis Leaf/Fusiform GM9 Lopesia andirae Chapada dos Cerrado 15 - 26 10 S/055°47 23 W Garcia et al. Fig. 5A
Mart. ex Benth. (Cecidomyiidae) Guimardes/MT (2017)
Leaf/Fusiform GM9 Lopesia andirae Barreiras/BA Cerrado 11°37 and 12°25’S/44°34’  Lima and Calado Fig. 5B
(Cecidomyiidae) and 46°23'W (2018)
Leaf/Fusiform GM9 Lopesia andirae  Luiz Antonio/SP Cerrado 21° 30’ and 21° 40’ S/47° 40 Saito and Fig. 5C
(Cecidomyiidae) and 47° 50' W Urso-Guimaraes
(2012)
Leaf/Fusiform GM9 Lopesia andirae Jodo Pessoa/PB Atlantic Forest 70 07’ 42"S/340 59’ 05"W New record Fig. 5D-E
(Cecidomyiidae) (MNHN)
Leaf/Fusiform GM9 Lopesia andirae Januéria/MG Cerrado 15°29'15"S/ 44°21°'40"W New record Fig. 5F
(Cecidomyiidae) (Luz etal, 2012)
Leaf/Fusiform GM9 Lopesia andirae Caldas/MG Cerrado 21055’ 25"S/460 23’ 10"W New record Fig. 5G
(Cecidomyiidae) (MNHN)
Leaf/Fusiform GM9 Lopesia andirae Prata/MG Cerrado 19°17'56" S/48° 54' 51"W  New record (NY) Fig. 5H

(Cecidomyiidae)
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Table 1
Continued...
Number of gall - .
Host plant Organ/ morphotype Gall inducer Munidpality] Phytogeog‘raphm Coordinates Reference Figure
Morphotype (GM) State domain
Andira nitida Leaf/Lenticular GM10 Undetermined sp Guarapari/ES Atlantic Forest ~ 20° 33'-20° 38'S/40° 23'-40°  Bregonci et al. Fig. 7A
Mart. ex Benth. 7 (Cecidomyiidae) 26'W (2010)
Leaf/Lenticular GM10 Undetermined sp Vila Velha/ES Atlantic Forest 20°27°44.0"S/40°20'36.0"W New record Fig. 7B
7 (Cecidomyiidae) (MBLB)
Leaf/Lenticular GM10 Undetermined sp Prado/BA Cerrado 17°16'20.0"S/39°14'30.0"W New record Fig. 7C
7 (Cecidomyiidae) (UEC)
Leaf/Marginal roll GM11 Undetermined sp Guarapari/ES Atlantic Forest ~ 20° 33'-20° 38'S/40° 23'-40°  Bregonci et al. Fig. 7D
8 (Cecidomyiidae) 26'W (2010)
Leaf/Globoid GM12 Undetermined sp Guarapari/ES Atlantic Forest ~ 20° 33'- 20° 38'S/40° 23’- 40°  Bregonci et al. Fig. 7E
9 (Cecidomyiidae) 26'W (2010)
Andira Leaf/Cylindrical GM13 Undetermined Porto Trombetas/ Amazonia 1° 40’ S/56° 27° W Almada et al. Fig. 8B
surinamensis sp 10 PA (2011)
(Bondt) Splitg. ex (Cecidomyiidae)
Amshoff
Andira vermifuga Leaf/Fusiform GM14 Undetermined Caldas Novas/GO Cerrado 17°42'397S/48°38'27"W Santos et al. Unavailable
(Mart.) Benth. sp 11 (2012a)
(Cecidomyiidae)
Leaf/Laminar GM15 Undetermined Caldas Novas/GO Cerrado 17°42'397S/48°38'27"W Santos et al. Fig. 10A
sp 12 (2012a)
(Cecidomyiidae)
Leaf/Globoid GM16 Undetermined Caldas Novas/GO Cerrado 17°42'397S/48°38'27"W Santos et al. Unavailable
sp 13? (2012a)
(Cecidomyiidae)
Leaf/Globoid GM17 Lopesia Chapada dos Cerrado 15.4093°S/55.8330°W Garcia and Fig. 10B
chapadensis Guimardes/MT Urso-Guimaraes
(Cecidomyiidae) (2018)
Leaf/Globoid Lopesia Ipameri/GO Cerrado 17°43'00.0"S/48°09'00.0"W New record Fig. 10C
chapadensis (CEN)
(Cecidomyiidae)
Leaf/Globoid GM17 Lopesia Alvorada do Cerrado 14° 30’ 41” S/46° 46’ 14" W New record Fig. 10D
chapadensis Norte/GO (JBRJ)
(Cecidomyiidae)
Leaf/Globoid GM17 Lopesia Brasilia/DF Cerrado 15°46'46.9"S/47°55'46.9"W  New record (NY) Fig. 10E
chapadensis
(Cecidomyiidae)
Leaf/Globoid GM17 Lopesia Missdo Velha/CE Cerrado 7°10° 54" S[3°4’ 3" W. New record Fig. 10F
chapadensis (JBRJ)
(Cecidomyiidae)
Leaf/Lenticular1 GM18 Undetermined Caldas Novas/GO Cerrado 17°42'397S/48°38'27"W Santos et al. Unavailable
sp 14 (2012a)
(Cecidomyiidae)
Leaf/Lenticular 2 GM19 Undetermined Goiania/GO Cerrado 16°38'11.79"S/48°39'50.82"W  Bergamini et al. Fig. 10G
sp 15 (2017)
(Cecidomyiidae)
Leaf/Lenticular 2 GM19 Undetermined Nova Xavantina/ Cerrado 14°40'23.97S/52°21'11.2"W New record Fig. 10H
sp 15 MT (JBR])
(Cecidomyiidae)
Leaf/Lenticular 3 GM20 Undetermined Goiania/GO Cerrado 16°38'11.79"S/48°39'50.82"W  Bergamini et al. Fig. 101
sp 16 (2017)
(Cecidomyiidae)
Leaf/Lenticular 3 GM20 Undetermined Niquelandia/GO Cerrado 14°31° 14”S - 14° 31’ 14"S/48°  New record (K) Fig. 10]
sp 16 9'8"W-48°9'8"
(Cecidomyiidae)

of this species, all induced by unidentified species of Cecidomyiidae.
Aradgjo et al. (2014) found them in the Parque Nacional de Emas located
in Mineiros, South of State of Goias (Fig. 1). The absence of morphotype
figures in the original inventory did not allow the comparison with
literature or exsiccates and, consequently, no new records were found.

Andira fraxinifolia Benth. has A. parvifolia Mart. ex Benth. as a
synonym and both names were searched for association with insect
galls. The species is widely distributed in Central and East coast region
in Caatinga, Cerrado, and Atlantic Forest phytogeographic domains
(Ramos et al., 2020) (Fig. 2).

Review of literature presented four morphotypes: fusiform and
globoid exclusively in leaves and globoid and fusiform in stems.
Lopesia indaiensis (Cecidomyiidae) is the inducer of fusiform leaf
galls in A. fraxinifolia, originally recorded in Minas Gerais (Dores do

Indaid) in Cerrado and in Pernambuco (Tamandaré), in Rio de Janeiro
(Mangaratiba), and in Sdo Paulo (Bertioga) in Atlantic Forest (Maia
and de Oliveira, 2018) (Fig. 3A-C). Additional records of the fusiform
morphotype (Fig. 3D-G) and its gall inducer were found in Sdo Paulo
(Cananéia), in Bahia (Leng6is), and in Sdo Francisco do Sul/SC (Arriola
and de Melo Jtnior, 2016) (Fig. 2). For the other morphotypes (Fig. 3H-P),
there is no confirmation of the gall inducer species, so we presented
the details about them in Table 1.

Andira humilisis widely distributed in all regions of Brazil, present
in the phytogeographic domains of Amazonia, Caatinga, and Cerrado
(Ramos et al., 2020) (Fig. 4). The only morphotype recorded to A.
humilis is fusiform, green with placement in the adaxial surface of
leaves (Fig. 5). The gall is induced by Lopesia andirae (Cecidomyiidae)
originally recorded to Chapada dos Guimardes/MT, Barreiras/BA, and Luiz
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Occurrence of Andira fraxinifolia
Benth. in Brazilian states
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Figure 2 Distribution of Andira fraxinifolia Benth. in Brazilian states and the points of occurrence of the gall morphotypes induced in the species.

Figure 3 Morphotypes of insect galls in Andira fraxinifolia Benth. from several localities. A-G. Fusiform leaf galls, A. Dores do Indaia/MG (Maia and de Oliveira, 2018); B. Bertioga/
SP (Maia et al., 2008); C. Mangaratiba/R] (Rodrigues et al., 2014); D. Tamandaré/PE (Santos et al., 2012b); E. Sdo Francisco do Sul/SC (Arriola and de Melo Junior, 2016); F. Exsiccate
from Cananéia/SP (Photo: D. A. Grande et al.); G. Exsiccate from Lengdis/BA (Photo: E. Pereira, 1956); H- M. Globoid leaf galls, H. Mangaratiba/R] (Rodrigues et al., 2014); I. Santa
Teresa/ES (Maia et al., 2014); J. Bertioga/SP (Maia et al., 2008); K. Tiradentes/MG (Maia and Fernandes, 2004); L. Sdo Francisco do Sul/SC (Arriola and de Melo Jtnior, 2016); M.
Araruama, Arraial do Cabo, Cabo Frio, Sdo Jodo da Barra, Saquarema/R] (Carvalho-Fernandes et al., 2016); N. Globoid stem gall from Tamandaré/PE (Santos et al., 2012b); O. Fusiform
stem gall from Santa Teresa/ES (Maia et al., 2014); P. Tiradentes/MG (Maia and Fernandes, 2004).
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Occurrence of Andira humilis
Mart. ex Benth. in Brazilian states
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Figure 4 Distribution of Andira humilis Mart. ex Benth. in Brazilian states and the points of occurrence of the gall morphotypes induced in the species.

Figure 5 Fusiform insect gall on leaves of Andira humilis Mart. ex Benth. from several localities. A. Chapada dos Guimardes/MT (Garcia et al., 2017); B. Barreiras/BA (Source: Lima
and Calado, 2018); C. Luiz Antonio/SP (Saito and Urso-Guimardes, 2012); D-E. Jodo Pessoa/PB (Photo: R. Schnell, 1958); F. Januaria/MG (Luz et al., 2012), G. Caldas/MG (Photo: A.

F. Regnell); H. Prata/MG (Photo: R. Caborial, 1949).

Antdnio/SP (Garcia et al., 2017). New records were obtained in digital
herbaria to Caldas/MG, Prata/MG, and Jodo Pessoa/PB and from literature
to Januaria/MG (Luz et al., 2012), (Fig. 4). This is the first record of the
fusiform morphotype in A. humilis to the Paraiba state. Through the

search tool in virtual herbaria it was possible to verify a new distribution
point in northeastern Brazil, corroborating the hypothesis of Lima and
Calado (2020) that there was suitability habitat for the occurrence of
Lopesia andirae in areas of Cerrado, Caatinga, and Atlantic Forest in
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Occurrence of in Andira nitida
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Figure 6 Distribution of Andira nitida Mart. ex Benth. in Brazilian states and the points of occurrence of the gall morphotypes induced in the species.

Figure 7 Morphotypes of leaf insect galls in Andira nitida Mart. ex Benth. from several localities. A-C. Lenticular. A. Guarapari/ES (Bregonci et al. 2010); B. Vila Velha/ES (Photo:
F.A.R. Matos et al., 2006); C. Prado/BA (Photo: D.M. Neves et al., 2014); D. Marginal roll. Guarapari/ES (Bregonci et al. 2010); E. Globoid. Guarapari/ES (Bregonci et al. 2010).

Brazil. This new register of the gall morphotype allow us to extend the
distribution of the Lopesia andirae from the north of S3o Paulo State
to, at least, the Atlantic Forest region on the coast of Paraiba State and
the Central region of the State of Mato Grosso.

Andira nitida Mart. ex Benth. is distributed in the coastal regions
from the north of the State of Espirito Santo to Rio Grande do Norte,
in the phytogeographic domain of Atlantic Forest (Ramos et al., 2020)
(Fig. 6). The morphotypes registered in the literature were lenticular,

marginal roll, and globoid on leaves (Fig. 7), induced by undetermined
species of Cecidomyiidae family from Guarapari/ES (Bregonci et al.,
2010). New records to the gall were found in digital herbaria to Prado/
BA and Vila Velha/ES (Fig. 6). This is the first record to the lenticular
morphotype in A. nitida to the Bahia state.

Andira surinamensis is distributed in the Central-North regions
of Brazil in the Amazonia, Caatinga, and Cerrado phytogeographic
domains (Pennington, 2003; Ramos et al., 2020) (Fig. 8A). One cylindrical
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Figure 8 A. Distribution of Andira surinamensis (Bondt) Splitg. ex Amshoff in Brazilian states and the point of occurrence of the gall morphotype induced in the species. B. Cy-
lindrical leaf gall in A. surinamensis found in Porto Trombetas/PA (Almada et al., 2011).
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Figure 9 Distribution of Andira vermifuga (Mart.) ex Benth. in Brazilian states and the points of occurrence of the gall morphotypes induced in the species.

morphotype was recorded on A. surinamensis leaves in Brazil Andira vermifugais synonym of A. paniculataBenth and both names
(Fig. 8B) in Porto Trombetas/PA (Almada et al., 2011). The gall inducer were searched for association with insect galls. The species is distributed
is not determined, and no similar gall was found in the examined in all regions of Brazil, except for South in the phytogeographic domains
exsiccates. Further studies are needed to understand the geographical of Amazonia, Caatinga, Cerrado, and Atlantic Forest (Ramos et al., 2020)
limits of this morphotype, as well as to study the life cycle and identity (Fig. 9). Although there are many references to the galls in A. vermifuga,
of the gall inducer. most inducers are unknown at the species level. Six leaf morphotypes
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Figure 10 Morphotypes of insect leaf galls in Andira vermifuga (Mart.) ex Benth. from several localities. A. Laminar from Caldas Novas/GO (Santos et al., 2012a); B-F. Globoid.
B. Chapada dos Guimarades/MT (Garcia and Urso-Guimardes, 2018); C. Ipameri/GO (Photo: T.B. Cavalcanti, 1995); D. Alvorada do Norte/GO (Photo: A.C. Sevilha et al., 2003); E.
Brasilia/DF (Photo: W.R. Anderson, 1973); F. Missdo Velha/CE (Photo: A.P. Fontana et al., 2014); G-H. Lenticular 2 from G. Goiania/GO (Bergamini et al., 2017); H. Nova Xavantina/
MT (Photo: B.S. Marimon, 1999); I-]. Lenticular 3. I. Goidnia/GO (Bergamini et al., 2017); ]. Niquelandia/GO (Photo: D. Alvarenga et al., 1998).
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Figure 11 Geographical distribution of the Cecidomyiidae species (Diptera) and gall morphotypes induced in Andira Lam. (Fabaceae) in Brazil.

are described: fusiform, laminar, three types of lenticular, and globoid
(Santos et al., 2012a; Bergamini et al., 2017) (Fig. 10). One gall inducer is
described for the globoid morphotype (Fig. 10B), Lopesia chapadensis,
from Chapada dos Guimardes/MT. The other is identified only at family
level and also belongs to Cecidomyiidae. New records were found for the
globoid morphotype from Ipameri/GO, Alvorada do Norte/GO, Missao
Velha/CE, and Brasilia/DF (Fig. 10C-F), and to the lenticular from Nova
Xavantina/MT and Niquelandia/ GO (Fig. 10H, 10J).

Discussion

From 49 records of 20 distinct morphotypes of insect galls in Andira,
24 are referred as cecidomyiids, with three of them identified in species
level. A map with the synthesis of all records of the gall inducers in
Andiraspecies is presented in the Figure 11. The fusiform morphotype
of A. fraxinifoliainduced by Lopesia indaiensis(Cecidomyiidae) has an
expansion of distribution from four to six states (new records to the
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states of Bahia and Santa Catarina), and three new sampling points (Sdo
Francisco do Sul/SC, Cananéia/SP, and Lencéis/BA). In A. fraxinifolia, the
leaf globoid gall induced by an unidentified species of Asphondylia
has an inquiline, Meunieriella sp., both from Cecidomyiidae family
was recorded to the states of Rio de Janeiro, Espirito Santo, Sdo Paulo,
Minas Gerais, and Santa Catarina, but further studies are needed to
confirm the identity of the inductor.

The fusiform morphotype of A. humilisinduced by Lopesia andirae
(Cecidomyiidae) was recorded in the states of Bahia (Lima and Calado,
2018), Mato Grosso (Garcia et al., 2017), and Sdo Paulo (Saito and Urso-
Guimardes, 2012). Five new records were found, three in the state of
Minas Gerais (Luz et al., 2012) and two in Paraiba (exsiccates).

Three leaf morphotypes were registered to Andiranitida in Guarapari,
State of Espirito Santo, induced by undetermined species of cecidomyiids
(Bregonci et al., 2010): lenticular, marginal roll and globoid. Two new
registers were found in exsiccates to the lenticular morphotype: one
in Espirito Santo State (Vila Velha) and the other in Bahia State (Prado).

From the six morphotypes of galls in A. vermifuga, we found
new registers to three of them, the globoid one and two lenticulars.
The globoid leaf gall induced by Lopesia chapadensis has four new
records, two to Goias State (Alvorada do Norte and Ipameri), one
to Ceard (Missdo Velha), and one to the Federal District (Brasilia).
The previous distribution included only the type-locality, in the Mato
Grosso State (Garcia and Urso-Guimardes, 2018). Two lenticular types
found originally only in Goidnia (Goias State), gained new records:
the type 2 to Nova Xavantina, Mato Grosso State, and the type 3 to
Niquelandia (Goias State).

Most of the morphotypes found in these species induced galls in
leaves. This is a widely reported pattern in the literature (Mani, 1964;
Maia et al., 2008; Saito and Urso-Guimardes, 2012; Santos-Silva and
Aragjo, 2020) found in all Brazilian regions (Aradjo et al., 2019) and also
recovered in different biogeographic regions (Stone and Schénrogge,
2003; Veldtman and McGeoch, 2003; Cuevas-Reyes et al., 2004). This
pattern is attributed to the abundance and constancy of leaves in
plants, besides the continuous flow of nutrients to the leaves for the
maintenance of photosynthesis being used by larvae (Whitham, 1979).
Only two species presented galls in stems, Andira cujabensis and A.
fraxinifolia. In both cases, the inducer is unidentified at species level.

The Southeast region is the best sampled in Brazil, because in this
region were made the first studies on ecological and taxonomic aspects
of gall-inducing insects and also where the first training centers of
researchers were developed. New sampling efforts for gall-inducing
insects need to be made throughout Brazil, because even in Southeast,
the majority of gall-inducing species are unknown, despite the efforts
made in the last 30 years (Aratjo et al., 2019).

The high resolution photos of the exsiccates provided by the virtual
herbaria and in the inventories made possible to detect new records of
occurrence for six morphotypes of galls and gall inducers in four Andira
species: three new registers for the fusiform gall in A. fraxinifolia, four
registers for the fusiform gall in A. humilis, two new registers for the
lenticular gall in A. nitida, and six new registers for three morphotypes
in A. vermifuga. No new records were found for the morphotypes of A.
cujabensis and A. surinamensis.

A. fraxinifoliahas distribution registered in seventeen Brazilian states,
in eight of the nine states of the Northeast region, two in the Midwest
region (GO and MS), and in all states of the Southeast and South regions
(Ramos et al., 2020) (Fig. 2). On the other hand, the morphotypes that
occur in this species were found in only seven Brazilian states, two in
the Northeast (one new in Bahia), all states of the Southeast region,
one in South region (Santa Catarina, new record) and no one in the
Midwest region (Fig. 2).

A. humilis has distribution registered in eight Brazilian states
(Fig. 4), but the morphotype of this species were found in five of them,
two in the Northeast (one new to Paraiba, where the species was not
recorded either), two in the Southeast (new to Minas Gerais with three
new points of occurrence), and one in South region (Fig. 4).

A. nitidahas a restricted distribution to six states of the Northeast
region and Espirito Santo, in the Southeast region, all located on the
East Coast of Brazil (Fig. 6); with the lenticular morphotype found in
two Brazilian states, one in the Northeast (Bahia, new register) and the
other in the Southeast (Espirito Santo, new point of occurrence) (Fig. 6).

A. vermifugahas been registered or has records in eleven Brazilian
states in all regions, except for the South (Fig. 9). Three morphotypes
have new registers: the globoid induced by Lopesia chapadensis (one
in Ceara State, two in Goias and one in the Federal District), and the
lenticulars 2 and 3 with new points of occurrence in Mato Grosso and
Goias, respectively (Fig. 9).

Although the six Andira species studied are distributed in large
regions of Brazil, we did not find records of gall morphotypes for all
Brazilian states in which the species are registered, indicating that
the distribution of gall inducers depends on other factors besides the
presence of the host plant. Anyway, after our searches, the points of
occurrence of gall morphotypes in Andiraspecies passed from 15 to 30,
the occurrence in states, from 12 to 17, plus the Federal District (Fig. 11).

Some actions could be adopted by herbaria to increase the possibility
of detecting gall morphotypes. Not all exsiccates present in the herbaria
are available in the online database, limiting the results. A low number
of exsiccates with galls or herbivore marks are deposited, possibly due to
the storage criteria of the herbaria, which tend to select samples without
insect damages, that could potentially contaminate other herbarium
samples. Even though, these digital tools help to increase the records
of cecidomyiids through the recognition of their morphotypes, because
the morphotypes found in exsiccates are reliable markers of the gall
inducers’ presence in locations are still unpublished. It is possible to
perceive the great potential of the use of online herbaria for studies of
expansion of the geographical distribution of plant species, and also to
the species-specific interaction between host plants and gall inducers.

Even considering that the storage and conservation of exsiccates
have a bias that often avoids gall records in herbariums and that there
are many regions of Brazil little explored by inventories with the main
objective of finding galls and their inducers, our results indicate the
distribution of gall inducers depends on other factors besides the
presence of the host plant that need to be investigated in new studies.
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