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Abstract: Galls are structures produced by plants in response to the activity of several types of organisms.
Gall-inducing species have a close relationship with their host plant, as their habitat is largely restricted to the
gall and the plant organ in which it develops. All plant organs are susceptible to gall induction by insects, the
leaves being the most vulnerable. Knowledge about interactions between gall-inducing insects and plants is
fragmented and incomplete in Argentina. In this study, we completed an inventory of galls induced by insects
on plants in Cordoba (central Argentina) using information from field surveys and a review of the literature.
We also focused on the frequency of plant-insect taxonomic associations and plant organs most commonly
attacked by gall-inducing insects. Field surveys were performed systematically in 26 sites of Chaco Serrano,
which were visited five times in two consecutive years, and in 17 sites of the province, which were sampled
one or two times each. A comprehensive literature search of electronic and conventional databases was also
conducted to complete the inventory. A total of 99 gall morphospecies on 58 plant species (21 families and 44
genera) were recorded through both field surveys and a literature review, enlarging the list of species available
for the region by almost 50 %. Asteraceae and Fabaceae were the plant families most attacked by galling insects,
in partial concordance with the most species-rich plant families in the region. Diptera, particularly the family
Cecidomyiidae, was the most species-rich group in the community of galling insects, which is in agreement
with different studies across the globe. Baccharis was the genus displaying the highest number of gall morpho-
types, followed by Acacia, Condalia, Geoffroea, Prosopis and Schinus. Almost 60 % of the morphotypes were
stem galls, a pattern uncommon in the literature. Fusiform and globoid-shaped galls were predominant. Our
study highlights the scarce knowledge there is about the interactions between plants and gall-inducing insects
in Argentina, particularly those involving species of Cecidomyiidae, with more than 30 undescribed species.
Possible mechanisms involved in the predominance of stem galls in central Argentina are discussed. Rev. Biol.
Trop. 66(3): 1135-1148. Epub 2018 September 01.
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Galls are structures produced by plants
in response to the activity of several types of
organisms, such as nematodes, mites, bac-
teria, fungi and mainly insects (Mani, 1964;
Shorthouse, Wool, & Raman, 2005). Among
the latter, the orders Diptera and Hymenoptera
contain the highest number of gall-inducing
species (Espirito-Santo & Fernandes, 2007;
Mani, 1964).

Plant galls arise mostly by hypertrophy
(overgrowth) and hyperplasia (overprolifera-
tion) of vegetal cells, and usually by the forma-
tion of tissues that are absent in ungalled host
plants (Mani, 1964; Raman, 2011). Galls dis-
play great complexity and an incredible variety
of forms, allowing insects to take nutrients
and shelter simultaneously (Shorthouse et al.,
2005). All plant organs are susceptible to gall
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induction by insects, the leaves being the most
frequently attacked. This pattern has arisen in
different localities and vegetation types at a
global scale (Felt, 1940; Mani, 1964; Short-
house & Rohfritsch, 1992; Blanche & Ludwig,
2001; Nieves-Aldrey, Ibanez, & Medianero,
2008; Kuzmanich, Altamirano, & Salvo, 2015;
Mendonga & Stiling, 2017). A few studies have
reported stems as the most affected organs
(Veldtman & McGeoch, 2003; Carneiro, Borg-
es, Aratjo, & Fernandes, 2009; Coelho, Car-
neiro, Branco, Borges, & Fernandes, 2013;
Fernandes et al., 2002; Toma & Mendonga,
2013). The resultant galls have been classified
according to their shapes, the organs they affect
and other features, in a high number of mor-
phological types (Isaias, Carneiro, Oliveira, &
Santos, 2013; Arriola, Melo, & Isaias, 2015).

Some local and regional patterns have
been observed in the distribution of insect
galls on host plant families and galled plant
organs. Regarding the taxonomy of the host
plant, some local features of vegetation such
as species composition, plant density and rich-
ness, together with historical factors, such as
the number of species of each plant family
occurring in the region, may have contributed
to the richness and radiation patterns of the
galling insects observed (Gongalves-Alvim
& Fernandes, 2001; Aratjo, Scareli-Santos,
Guilherme, & Cuevas-Reyes, 2013; Araujo,
2017; Bergamini, Bergamini, Santos, & Arat-
jo, 2017; Mendonga & Stiling, 2017). Thus,
in different regions of the world, different
families of plants have been mentioned as the
most attacked by gall inducing insect species.
For example in North America and Europe,
the dominant family of galled plants is Faga-
ceac (Mani, 1964), while in South America,
the most attacked plant families are Astera-
ceae and Fabaceae (Fernandes & Santos, 2014;
Mani, 1964).

In the Southern part of the Neotropical
region, knowledge of insect gall communi-
ties is rather poor. In Argentina, most of the
taxonomic studies were performed in the early
twentieth century (Kieffer & Jorgensen, 1910;
Tavares, 1915; Brethes, 1916; Jorgensen, 1917,

Houard, 1933). Nonetheless, the number of
studies dealing with taxonomic and ecologi-
cal aspects of galling insects in Argentina is
growing (Fernandes et al., 2002; Carabajal
De Belluomini, Castresana, Salim, & Notario,
2009; Martinez, Altamirano, & Salvo, 2011;
Quintero, Garibaldi, Grez, Polidori, & Nieves-
Aldrey, 2014; Kuzmanich et al., 2015; Mal-
com, Oggero, Arana, Tordable, & Boito, 2015;
Altamirano, Valladares, Kuzmanich, & Salvo,
2016). In spite of these advances, the informa-
tion is still fragmented and incomplete. In this
context, the goals of the present study were
to advance the inventory of galls induced by
insects on plants in Cordoba (central Argen-
tina) and to analyze some taxonomic and
ecological aspects of these plant-insect interac-
tions. We particularly focused on the frequency
of plant-insect taxonomic associations and on
the plant organs most commonly attacked by
gall-inducing insects, using information from
field surveys and a literature review.

MATERIALS AND METHODS

Study Area: The study area includes the
province of Coérdoba (Argentina), (31° 25’ S &
64° 10’ W), which covers ca. 161000 km? and
comprises three major biogeographical units.
The Pampa, located in the Southeast extreme,
is dominated by grasslands, whereas the Espi-
nal and Chaco biogeographical provinces cover
most of the province and are dominated by
seasonally dry forests (Cabrera, 1976). The
Pampa grasslands, the Espinal forests and
the Eastern lowland area of Chaco are now
reduced to small and isolated patches increas-
ingly surrounded by a matrix of soybean, while
the Chaco in the Western lowland area of
Cordoba is, in general, covered by closed and
open forests and shrublands in different succes-
sional stages (Hoyos et al., 2013; Cabido et al.,
2018). Finally, the mountain region of Chaco
(commonly named as Chaco Serrano), is com-
posed of a complex matrix of native open and
closed woodlands, shrublands and grasslands,
including also monospecific stands of exotic
woody species (Cingolani, Renison, Zak, &
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Cabido, 2004; Giorgis et al., 2017). This area
constitutes the main reservoir of biodiversity in
Cérdoba (Zak & Cabido, 2002).

A highly seasonal subtropical climate with
important variation along the latitudinal and
altitudinal gradient characterize the studied
area (see Tecco et al. 2016 and Cabido et al.
2018 for more details). Precipitation is coupled
with temperature to define the growing and
flowering season, which mainly occur between
October and April (Giorgis, Cingolani, Teich,
& Renison, 2010; Giorgis, Cingolani, Gurvich,
& Astegiano 2015).

Field surveys and literature review: Two
types of field surveys were performed: i) sys-
tematic surveys restricted to a region of Chaco
Serrano, located approximately 35 km North
of Cordoba City (31° 07 S & 64° 23> W),
which contains 26 sites that were visited five
times each in two consecutive growing seasons

(October to April, 2014-2016). In each site and
sampling date, all plants in plots of 20 x 20 m
were carefully observed to detect gall occur-
rence; and ii) complementary surveys, which
consisted in just one or two visits to 17 sites
in the Espinal and Chaco provinces (Fig. 1). In
each site and date, the vegetation was searched
for insect galls for approximately one hour
(Price et al., 1998), totalizing a number of
109 sampling hours. In both systematic and
complementary surveys, galls were collected
and taken to the laboratory in order to rear
adult insects. Part of the material (insects and
galls) was kept in alcohol 70 % for dissection
and posterior conservation. Voucher specimens
of gall morphotypes obtained by field surveys
were deposited at the Entomological Collection
of the National University of Cordoba.

The identification of the galling insects
was done to the lowest possible taxonomic
level through identification keys (White &

D Chaco

Fig. 1. Cordoba province with area in which 26 sites for systematic samplings (star symbol) and 17 sites for complementary
samplings (point symbols) were located. Chaco, Espinal, and Pampa regions are marked with white, light grey and dark

grey, respectively.
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Hodkinson, 1985; Stehr, 1987; Burckhardt &
Basset, 2000; Nieves-Aldrey & Blas, 2015) and
in comparison with reference material, using
compound (Olympus CX31) and stercoscopic
(Zeiss, Stemi dV4) microscopes. Gall morphot-
ypes were classified in one of the following cat-
egories: clavate, conical, cylindrical, fusiform,
globoid, lenticular, rosette, bivalveshaped,
hornshaped, leaf fold, marginal roll and pocket
shaped, according to Isaias et al. (2013). Other
categories were proposed when necessary. A
comprehensive literature search of electronic
databases (Scopus, Scielo and Google Scholar)
was conducted, searching all published papers
containing simultaneously the phrases “insect
gall” and “Cordoba, Argentina”, in the period
from 1980 to 2017. Additionally, the largest
entomological libraries of the country (located
at La Plata and Bernardino Rivadavia Museums
and Darwinion Botanic Institute) were visited
to get access to unavailable digital resources,
particularly those published at the beginning of
the century. Species names were updated fol-
lowing several taxonomic databases available
on the internet (http://www.floraargentina.edu.
ar, https://www.hemiptera-databases.org/psyl-
list/, http://eol.org/).

RESULTS

In the Cordoba province, a total of 99 gall
morphotypes on 58 plants species belonging
to 21 families and 44 genera were recorded
through both field surveys and a literature
review (Table 1). From all gall records, 55 %
were registered for the first time in Cordoba
province and 49 % constitute new records for
Argentina (Table 1). Sixteen of the morpho-
types registered through field surveys were
previously mentioned in the literature for the
province, whereas 28 % of the interactions
were recorded as literature citations, not cor-
roborated by field observations. A total of 18
published studies provided information useful
to the inventory.

The botanical families most frequently
involved in interactions with galling insects
were Asteraceae (27 morphotypes on 17 plant

species), Fabaceae (22 morphotypes on six
plant species) and Anacardiaceae (eight mor-
photypes on two plants species), whereas the
rest of the families had fewer than seven mor-
photypes each (Table 2). Baccharis was the
genus displaying the highest number of gall
morphotypes (16), with seven species acting as
hosts. Other plant genera frequently attacked
by galling insects were Acacia, Condalia,
Geoffroea, Prosopis and Schinus, which had
seven morphotypes each, in three or fewer
host plant species. Three plant species may
be considered as superhosts (sensu, Veldtman
& McGeoch, 2003): Geoffroea decorticans
(Gillies ex Hook. & Arn.) Burkart (Fabaceae)
and Schinus fasciculata (Griseb.) I. M. Johnst.
(Anacardiaceae), which displayed seven gall
morphotypes each; and Baccharis salicifolia
(Ruiz & Pav.) Pers., with six galling-insect
species. For the first time, the plant genera Nas-
sella (Poaceae) and Angelphytum (Asteraceae)
were reported as hosting gall-inducing insects.

Galls occurring in Cordoba were classified
into 11 morphotypes (Table 1), the most com-
mon shapes being fusiform (35 % of total gall
morphotypes registered) and globoid (34 %)
(Table 1). Other forms were represented by 6 %
or less of the total gall morphotypes.

Stems were the most affected plant organs,
accounting for 58.6 % of the gall morphot-
ypes, whereas a noticeably lower represen-
tation was observed for leaf (19.1 %) and
bud (14.1 %) galls. Other organs like thorns,
petioles, flowers and spines were less affected.
Only a very small fraction of galling-insect
species was found developing in two different
organs (Table 3).

Regarding the insects, 41.4 % of the gall-
inducing species were Diptera, 11.1 % Hemip-
tera, 7 % Lepidoptera and 6 % Hymenoptera.
Cecidomyiidae was the family with the highest
number of galling species (38.3 %) whereas
Cynipidae, Tephritidae, Aphididae, Calophy-
idae and other families were less-well repre-
sented. The absence or very low number of
insects reared from more than 75 % of the gall
morphotypes prevented the taxonomic identi-
fication of the insect inductor. Seven percent

1138 Rev. Biol. Trop. (Int. . Trop. Biol. ISSN-0034-7744) Vol. 66(3): 1135-1148, September 2018



*
*

x L1 €101
FARARIIRIIR
xw
LT TLIT 016
*

*

*
*
xTLI190T %6
*
xL1 01
*

LT 0T
xL101%%6°C
*

*

AN
LT 1 TL 11201 °€
x Pl
bl
b1
xv
*

*
;5901108

anesoy
P10qo[H
[01 feurSIe|y
P10qorH
WIOJISN |
wLIoyIsn g
anesoy
p1oqo[H
WIOJISN,|
WIOJISN |
IB[NONUST
4 WIOJISDY O} ProqolH
wIoyIsn
WIOJISn |
WIOJISN |
WIOJISN |
uLoyIsn
[101 [euISIe|N
[eoupuIA)
snoydioury
[eoLIpuIAD)
[eoLpur[£))
P10qorH
[ea1u0)
13004
1101 JeuISIel\
IB[NONUST
P10qo1H
P10qo[H
(2deys [[en

wolg
wolg
Jedal
wolg
Jeda]
wolg
wolg
wajg
wolg
wolg
Jedy
wolg
wajg
wolg
wolg
wg
wolg
Jedal
png
wolg
png
wolg
wog
Jeal
Jea]
Jedo]
Jeda
wolg
wajg
uedi0

umouwyu()
umowyun
(@ wpIeypIng 's19d "WoD) 1yorquials 33 nzowi] ‘erndimey
('ualior % Pory) stdjndissv.o vijdpuoydspoyy ‘erndiq
“ds misapyv.o0) “eraydiq
("udB10[ 2 "Jory]) S1LI02DUL0 DIAUIODYIIDG
umouwyun)
umouwyun
e1odoprdo
sepnuyday, ‘erndiq
uMowyu()
umowyun
seprAwoproa) ‘erdndiq
(‘uadiof % ‘Pory) sisuaqop.10d vifuioivy2ong ‘erNdiq
umowyu
exaydopido
sepuAwoprod)) ‘endiq
epipiydy “qoid,
(‘youe|qg) avutiadsopidsp sisojdipoydspuy ‘erndiq
umowyun)
umowyu)
SAURIY p]ja132.43100 sasoun.oiq ‘eddoprday
N ppwaLa sasop1a)) ‘erdydopida
preppIng (109S) avnvanp vdydoip)
108skg 29 IpIRYdING pjodI Y PAYdon)
JpreyIng ppip.os sdipuny ‘erdidiuoy
jasseq 2 IpreypIng v.adynan)o vdydoyny) ‘erdidiusy
sepuAwoprod) ‘edndiq
seprAwoprod) ‘erdndiq
3035l 120Npuy

BUNUASIY [BIIUSD WOIJ S[[eS joosuf
1 419VL

QLAILIAISY
9LIIRIAISY
2L2IRIAISY
9LAIRIAISY
9LAIRINISY
QLAILIAISY
ELERARIN
ELERARINY
9LAIRIAISY
9LAIRINISY
QLAIRINISY
9LAILIAISY
ELERARINY
2LAIRIAISY
9LAIRINISY
9LQIRINISY
QLAILIAISY
ELERARIN

aedoeukd0dy
9LAIRIPIEIRUY
QLQIRIPIEIRUY
QBAIRIPIBOBUY
QLAIRIPILIBUY
9LAIRIPIEIRUY
9LAIRIPIBIBUY
QLAIRIPIEIRUY
QBAIRIPIBOBUY
QrARIJUBIRWY

ABAJRYIULIY

Arurey juerd 3so

'$194d (‘ARd 2 ZINY) D1]OJ101IDS SLIDYIING
'S194 (‘ARd 29 ZINY) D1]Of1O1DS SLIDYIINYG
'S194 (‘A 2 ZINY) v1]0fid1DS SLIDYIIDG
'S19d (‘A % ZINY) v1]0fidNDS SLIDYIIDG
'S19J (‘A{ % ZIY) D1]0fidNDS SLIDYIIDG
'S10d (‘AR 29 ZIMY) D1]Of101IDS SLIDYIING
‘Bua1dg suaosafint s1py2oDg

‘Suaidg suaosafini sLvy2IDg

“Suaidg suaosafini s1vyIDg

“Suaidg suoosafini s1vyIDg

‘0 pav.duid s1vyoong

"Iy 2 OOH pIv]jaquyf sLvYy2oDg

"0 PIjofipliod sLpy2Ing

"0 PIjofipliod sLpy2IDg

'S10J (W) DI SLIDYIING

TIIAyoof (‘Sueids) puayv stvy2ong

'qoy ‘H (‘qasun) saproyidsp wnidydjaSuy

" 01D} DISOAQUIY
‘IPIYDS 0oupjq-oyov.iganb vuLiadsopidsy
asuyor ‘N T (\qsuD) vipno1osnf snuiyog
asuyof ‘W T (\qesun)) vivyno1osnf snuiyog
sugof "N T (‘QaSLD) viwjno1asnf snuiyog
suyof "N T (‘QaSLD) piwpno1asnf snuiyog
asuyor ‘N T ('qesuD) vipno1dsnf snuiyog
asuyor ‘N T (\qesuD) vipno1dsnf snuiyog
asuyor ‘N T (\qesun)) vipyno1osnf snuiyog
“18ug ([1oA) saproajjous vav.uyry

‘PIIIM X2 ‘1duog % quiny vsnffip auisa.f
SOON DSo.LIvNbS 21117

jueld 150y

1139

@ Rev. Biol. Trop. (Int. J. Trop. Biol. ISSN-0034-7744) Vol. 66(3): 1135-1148, September 2018



NARI
NARI

xL1:T1°01°6
x €1
*
*

*

919

919
ARG

sL101

*

;Se0mog

proqor
P10qo[H

P10qorH
P10qorH
WLIOJISN,]
WIOJISN |
P1oqo[H
P1oqorH
WLIOJISN ]
P10qorH
VIN
19004
WwIoJISn |
WIOJISN |
P10qorH
P10qo[H
, WI0JISNJ 0] p10qo[D)
P10qoIH
P1oqorH
P10qorH
ULIOJISN,]
P10qo[H

WIoJISN |
P10qo[H
P10qo[H
WLIOJISN

[eoLIpur[£))
(odeys e

png

wag

png

w)g
wa)g
woy L,
Jea]

wolg
woyy
wo)g
png

Jea]

Jea]

wolg
Jeo]

wa)g
wajg
Jea]

png

w)g
wa)g
wajg

png
wolg
wolg
wolg

wolg

uesiQ

aeprAwoprod)) ‘e1ddiq

aepuAwoprod) ‘edndiq

“UdBIQ[ 29 “[ory] vssv.o sisopdipoyyy ‘erndiq

uMOwu()
umouwyun)

umouwyun

seprAwoprod) ‘edndiq

“IKeIN] 2D10DID SNA2D0IDYISTT

uMouwyu()

“IKRIN 201000D Sn122010YIsT ‘e1doudwAy
aeprAwoproa) ‘erdydiq

umouwyun

seprAwoprod) ‘erdndiq

sepuAwoprod)) ‘e1ddiq

sepuAwoprod)) ‘edndiq

aepuAwoprod)) ‘edndiq

seprAwoprod) ‘edndiq

©IPIO[[Asq ‘eroydIuoy

umowyu)

uMOwu()

sepuAwoprod) ‘endiq

umouwyun

sepnuyday, ‘erndiq
sepuAwoprod)) ‘edndiq
umowun

seprAwoprod) ‘edndiq

“ds saupyoop1oa) “erndiq
302sUI 120npuf

(penunuo)) 1 419VL

deadeqe]
deddeqe]

ELERIR
ELER A
ELER R
ELER R
ELERI R
ELERIR
9a0RqR,]
ELER R

aedoeiqioydng
seooeIqioydnyg
aeooeIqioydnyg
ELERIVIIElS)
2820BPN[)
2820BPN[2)
sedoe[nuedwe)
9822EPLIDQIdY
9BAIRIAISY
9LAIRINISY
28OIRIDISY
9BOIRIDISY

QBOOBIOISY
QBIOBIISY
QBIOLIASY
9BIOLIA)SY

QBAJRIASY

Ajrurey juerd 3soH

uexing (‘ury % oOoH Xa sol[[In)
SUDD1LI029p D20.4[J02LD)

MexIng (‘ury % OoH X9 SaIf[ID)
SUD21.1002p D20.fJ02D)

Heng (‘ury % SooH X9 SaIID)
SUDDILI0D2P D20[J0ID)

BUI[O (BUI[OIA]) U24DD DIODIY

BUI[OJA (BUI[OIA]) U2ADD DIDDIY

BUI[OJN (BUI[OJN)) U2ADD DIV}

RUI[OI (BUI[OIN]) U2ADD DIDDIY

BUI[OA (BUI[OIA]) U2ADD DIODIY

"UIY 29 OOH XA SAI[[ID) 0Ul0.D DIIDIY
"UIY 29 OOH X2 SAI[[ID) 00D DIIDIY
"QasLID) ApUDIAPOP VISV

I1eq sndyovisouyon) uoro.)

“SIV NN Snunuasin 101047

wqar] (YozI01y]) puvisioqualya sija)
wqa] (YIZ)0[Y) vubisiaqualya s131a))
wqaI] (YIZ)0[Y) vuvisiaqualya s11a)
"0 'V (W) saprowwui) visiaqualyny
"We DIjofidsnd S1IqIdg

BZIIY (Z)U0107) poffiuupiydng viuouixay

BZIIY (Z)Ud107]) pAojfiuupiydng viuowxoy

“UIY )2 "YOOH] X3 UO(] “(J PULISSI[JOUl DIUOU.I3,

e1a1qe) snuvaduind 0122uag

ning g % preyiH (weT)
wngjofiyyun.1oyd wnippydousopnasg
‘sse)) (‘boer) appaopnt wnjdydotog
ane1] g 'S anda.iqpd wnipydpur)
I[ep g (‘239Y) Sisua.ppuns zAuo)
90y 'H % Sury ‘WY

("qestID)) puvIIOULD DUID]OULOLY)

juerd 1s0H

o
=
Q
=
L
<
g
L
2
o
L
%2}
o
%
=
)
o
=
~
o
<
N=3
=3
°
=
—
g
I
=
i
<
[sa)
=
<
Z
7]
%)
Z
=
m
=%
2
=
—_
=
=
=
=%
o
2
=
=
m
=
L
e~

1140



L1401

*

*

*
LT TL 01
NAR)I
L1401
*

*
SLT 0T
AR
*

*®

x 81
919
919
XS %

XW m*
x9S

L1 01

L1 01

LT 01
£$901M0g

VIN
progon
uLoyIsn,g
uLoyIsn g
uLojyisng
wojisnj
ULIoyIsn,{
uLoyIsn,g

4 WIOJISNY 0} PI0qo[D)

VIN
VIN
[eaLIpur[£))
wojisng
progon
goﬁms g
progojn
progojn
progon
uojisng
:Coﬁm.: g
progon
progojn
pIoqo[o

wIojIsn,|
P1oqorH
wiIojIsn,|

WIoJISn |
(2deys 60

wolg
png
png
wolg
png
png
Jea]
wolg
wolg
Jeo]
ToMO[
wolg
wolg
3[0na pue Walg
wolg
wolg
wolg
png
aroned
wolg
wolg
Jea]
wolg

wag

wolg

wag

wolg
uedio

"wsney wn.is1un] puiosory erdiusy
umowyu
umowyu)
uMOwu()

exaydopida

seprAwoprod) ‘erdndiq
seprAwoprod) ‘edndiq
umowyu)

sepuAwoprod)) ‘e1dndiq
aepuAwoprod) ‘endiq
seprkwoprod) ‘erdndiq
umouwyun)

umowyu)

sepuAwoprod)) ‘e1dndiq
umouwyun)

IKRIN aD10DID SNA20IDYIST]
IKRIN] 2D10DID SNA2D0IDYIST]
umowyu

umowyup)

sepuAwoprod) ‘ediq
aepuAwoprod) ‘edndiq
seprAwoprod) ‘erdndiq

KRN 2D10DID SNLI2I0IDYIST
umouwyun
umowyu

exdydoprda

e1aydopido
302SUT 120Npu]
(panunuo)) | A14VL

2820850y
QBRI
RLERANTN |
QBOORULIEIRY
QBAORULIERIRY
QBAORULIERLY
QBRI
RLERI NN
2e20RU03A[04
2e20eU034]04
98a0BU03A[0
282080
QBORIYIAT
QBRI
QORI ]
ELER R
ELERI R
ELERIR
ELERIR
ELER R
ELER R
ELERI R
ELERI R

Qeaoeqe,
9Ba0BqR,]
QeaoeqR

deadeqe]

Amuey juerd 3soH

“prog vonsauop snppy
1S8)) Y DUDIOU DIDPU))

IS8 Y DUDIOU DIDPUO))

IS8 Y DUDIUOU DIDPUO))

‘AR DjjAydo.otu vippuo)

‘ae)) vjjdydo.onu vippuo)

"Ae)) vjjAydo.otu vippuo))

ASSIOY p10fixng pippuUo)

‘PP Dyviadp vipydaidny

*QOSLID) DAD20A121p PUIUUOJY

*QSLID) pdun20A121p PUIUUOP]
yomyeq (1dny 2 "uLl]) puvisaau vjjasSLN
Nty (uny) vyofinps viutiapy
Sundg (\qasun) vpvyj1oni4 SAyovIsOYIUIN
Sundg (yueg) vpungriolf viurydaday
"U0JAIH (qasuD)) n.a31u s1dosoug
‘zung (OIN) szsuajiyo sidosodq
*qosHID) g s1doso.

"qQasLID) pqv s1doso g

*qasLID) g s1dosodq

*qasLIn) g sidosolq

*qosLID) vqp s1dosouq

*qosUID) g s1dosou

uexIng (‘ury % OOH X Sol[[ID)
SUD1LI0I2P D20.4[J02L)

HeyIng (‘ury % SOOH X9 SAI[ID)
SUD11I029p D20.4[J0IL)

MexIng (‘ury % ooH X9 Sal[[In)
SUD21.1009p D20.1fJ020)

peyng (WY 3 oo X2 sAIID)
SUDDILI0DAP D20[J0ID)

jueld 3504

1141

@ Rev. Biol. Trop. (Int. J. Trop. Biol. ISSN-0034-7744) Vol. 66(3): 1135-1148, September 2018



SUOT)ORIONT SAJBOIPUI X, ‘AYdeIS0r1[qIq o) Ul pauonuAW SUOT)ORISIUI SAJEOIPUI  §,, “BqOPIO)) JOJ UOILIAIUI (OB JO PIOIOI MAU SAJBIIPUT

"(2007) oryoueg 29 ‘op[e3Az ‘eyedey ‘sorepef[eA (81) (S161) soreAe], (L1)
“(ST0T) serd 2 A2Ip[y SOAdIN (91) “(1107) 'Te 30 zounaeN (ST) “(ST0T) ‘T8 30 W0d[EN (#1) “(ST0T) Te 10 yoruewzny (¢1) (0T6T) UOSUSSIQL 29 IJJATY (TT) “(LT6T) USSUSSIOL
(11) “(¢g61) prenoH (01) (L10T) Joyydser 23 usen (6) “(661) uSeD (8) “(2007) T 10 sapueurd (L) “(0861) zeid (9) “(6007) e 10 rurwon[ag ap [efeqese) (5) (000T) 19ssed
2 preyppIng (4) ‘(9161) soyiig (€) “(8€61) preyoue[d (2) “(9107) ‘Te 310 ourIiwe)y () SIOqUINU U USAIS oIe SOOUIJY "dINeId)I| ul os[e pue ssurjdwes p[oly ur paId)sigor

(13,21

:SPI0OAI SUOTJORIOIUI UO SAOINOS 7

"9[qe[reAe jou sem odeys [[eS ynoqe UOIBULIOJUI Jey) SJBdIpUI . /N, PUe sioyine oy} Aq pasodoid adeys e sejeorpur 4, (€107) ‘Te 30 Seres] woij udye) a1om sadeys [[en |

sL101
sL101

xSI
x L1°01

LT 01
AR
£$901M0g

wLIoyIsn
13004
[eo1uo)
WIOJISN |
uLoyIsn
P10qo1H
P10qo[H

IB[NONUS|
4 Te[nqny 01 wuoyIsn g
wIojIsn,{
p1oqoin
wIoyIsn |
[eoLIpUIAD)
snoydioury

P1oqo[H
VIN
(2deys 60

walg
Jea]

WS pue jeo|
png
wolg
Jeo]
wo)g

Jeo]
wolg
wolg
png
wolg
wolg

wolg

Jondd
Jeda]
uedio

umowyu)
©opIO[[Asq ‘eroydIuoy
seprAwoprod) ‘edndiq
aepuAwoprod)) ‘e1ddiq
umouyun)

umowyu)

aeprAwoprod) ‘erddiq

umouyu)
sepuAwoprod)) ‘edndiq

(soyug) vwpuasiy vaajdorsvjoan erndiq
seprAwoprod) ‘erdndiq

umouyun

ZOUIIRIN SISU2GOP.0D $n30Y.10]]y “e10)dOUdWAH]

(BIORSUL,

Koy sns.oasup.gyndod sn3nyduag erndiuay
(9LL1 Ioz[ng) av21s.iad avoisiad snzdApyeoidiuoy
303SUI 120Npu]
(penunuo)) [ ATAVL

aedoe[[Aydo3Lz
9BIIRUAGIA
9BIIRUIGIA
9BIIRUIGIIA
QLOIRUIGIA
9BIIRUAGIA
9BIIRUGIA

9LAIRUIGIOA
ELERHEN
ELERHIEN
ELERIE(IN
ELERA (N
ELERA (N

ELERI LN

Bl N
9BI0BSOY

Amuey juerd 3soH

"ARD) DIDILIDAID D2LIDT
‘Ae)) (ne[ed) pL0po.10 DUIGID/

"qosHID) prpu1q.ny viddry

*qasLID) pppu1qing viddry

TIORQOSIIS “TeA 103§ 11y{IDGISLLS DUDJUDT
-ou01], (‘Sudidg) vonuvjodp3aw puvyuny
‘ouol], (‘Suads) onunjodp3aw vuvjuny
"uo1], (OOH X2 JOOH 2 SAH[1D)
puirssyp.3 visdopy

O[[I'] 2 JONIG WnuRUISID WNUD]OS

" psoasia sysdyg

SNWAUOIAIY $2P10.41520 Y Wnin3uoja unioAy
IPYOS wngpigd winid

‘[PHYOS Sap1041520 un1dA

‘UIy % OOH p1j0fiquioy.L utpor

MUY (UONY)
paafipuow ~dsqns saproyjap snndoq

SaY0)S wo1sdad snun.g

jueld 3504

o
=
Q
=
L
<
g
L
2
o
L
%2}
o
%
=
)
o
=
~
o
<
N=3
=3
°
=
—
g
I
=
i
<
[sa)
=
<
Z
7]
%)
Z
=
m
=%
2
=
—_
=
=
=
=%
o
2
=
=
m
=
L
e~

1142



TABLE 2

Number of plant host species and number of gall morphotypes per plant families in Cordoba (central Argentina)

Botanical family

Asteraceae 27 (27.27)
Fabaceae 22 (22.22)
Anacardiaceae 8 (8.08)
Rhamnaceae 7(7.07)
Verbenaceae 7(7.07)
Solanaceae 5 (5.05)
Celtidaceae 3(3.03)
Euphorbiaceae 3 (3.03)
Polygonaceae 3(3.03)
Lamiaceae 2 (2.02)
Rosaceae 2 (2.02)
Acanthaceae 1(1.01)
Amaranthaceae 1(1.01)
Apocynaceae 1(1.01)
Berberidaceae 1(1.01)
Campanulaceae 1(1.01)
Lythraceae 1(1.01)
Poaceae 1(1.01)
Salicaceae 1(1.01)
Santalaceae 1(1.01)
Zygophyllaceae 1(1.01)
Malvaceae -
Caryophyllaceae -
Brassicaceae -
Cactaceae -
Cyperaceae -
TOTAL 99 (100)

Number of gall morphotypes (%)

Plant host species (%)  Number of plant species'

17 (29.31) 269
6 (10.34) 107
2 (3.45) -
3(5.17) -
5 (8.62) -
5 (8.62) 58
1(1.72) -
3(5.17) 65
2 (3.45) .
2 (3.45) .
2 (3.45) §
1(1.72) -
1(1.72) -
1(1.72) -
1(1.72) -
1(1.72) -
1(1.72) -
1(1.72) 308
1(1.72) .
1(1.72) §
1(1.72) -
- 39
- 33
- 36
- 36
- 72
58 (100)

! Number of species for the ten most abundant plant families in the region, taken from Zuloaga et al. (1999).

TABLE 3
Plant organs in which galls are induced by insects, in
Cordoba (central Argentina)

Organs Number Relative
of morphotypes  frequency (%)
Stem 58 58.6
Leaf 20 20.2
Bud 14 14.1
Thorn 2 2
Petiole 2 2
Flower 1 1
Leaf and stem 1 1
Stem and petiole 1 1

of the other 25 % of the interactions (in which
the insect inductor was identified), belonged
to Cecidomyiidae. From these figures, it is
evident that there is a need of an increased
sampling effort to obtain adults of unidentified
species, in order to attain a better knowledge of
gall inducing insects in the region.

DISCUSSION

On the basis of the results obtained from
field surveys and a literature review, our study
provides a list of 99 interactions between
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species of plants and gall-inducing insects
in the Coérdoba province. It is interesting to
note that more than half of these records con-
stitute new citations for Cordoba, and 49 %
are reported for the first time in Argentina,
which highlights the scarce knowledge there
is about these interactions in the region. The
number of galls reported here is rather high in
comparison with the ones reported in the few
studies available on gall-inducing insects in
Argentina, which covered different geographic
areas and employed different sampling efforts
(Fernandes et al., 2002; Quintero etal., 2014;
Kuzmanich et al., 2015).

Our results identify Diptera, particularly
the family Cecidomyiidae, as the most species-
rich group, which is in agreement with dif-
ferent studies from across the globe (Mani,
1964; Fernandes et al., 2002; Espirito-Santo
& Fernandes, 2007; Quintero et al., 2014,
Gagné & Jaschhof, 2017; Urso-Guimaraes,
Castello, Kataoka, & Kochk, 2017). Specific
identification of gall midges is very difficult
given the scarce knowledge there is about the
group in South America (Maia, 2012). In Cor-
doba, only seven out of 38 gall morphotypes
induced by Cecidomyiidae are species properly
described, the rest being unknown, even at the
generic level.

The plant families hosting the highest
number of galls were Asteraceae (27.2 % of
interactions) and Fabaceae (22.2 %). Several
studies conducted in the Neotropical region
reported Asteraceae (Carneiro et al., 2009;
Coelho et al., 2013; Arriola et al., 2015; Kuz-
manich et al., 2015) and Fabaceae (Fernandes
et al., 2002; Coelho et al., 2009; Carvalho-Fer-
nandes, Silva De Almeida-Cortez, & Ferreira,
2012; Urso-Guimaraes et al., 2017) as the fami-
lies most frequently attacked by galling insects.
In Cordoba, the families best represented in
the vegetation are Poaceae, Asteraceae and
Fabaceae, in that order (Zuloaga, Morrone, &
Rodriguez, 1999; Giorgis et al., 2011); the pre-
dominance of the last two plant families in our
records is partially concordant with the “plant
family size hypothesis”, which predicts a posi-
tive correlation between the high number of

plant species and the number of associated gall
morphotypes (Fernandes, 1992). It is notable,
however, that just one association was recorded
between a gall-inducing insect and a species of
Poaceae. Similar disproportionate low numbers
of gall morphotypes in Poaceae, in spite of a
high availability of species in the flora, were
observed in Brazil (Maia, 2001; Arriola &
Ferreira, 2016). Among Asteraceae, the genus
Baccharis had the highest number of species
(7) associated with galling insects and dis-
played the highest number of gall morphotypes
(16). The vulnerability of this genus to galling
insects has previously been reported in the
Neotropical region, and it has been observed
particularly for Cecidomyiidae inducers (Fer-
nandes et al., 2014; Gagné, 1994).
Surprisingly, stems were the organs most
frequently affected by galling insects in Cor-
doba. This result disagrees with the general
trend of leaves being the preferred organ for
galling insects (Mani, 1964; Shorthouse &
Rohfritsch, 1992; Quintero et al., 2014; Arriola
et al., 2015; Kuzmanich et al., 2015; Maia &
Carvalho-Fernandes, 2016). Just a few studies
have reported a greater number of galls on plant
stems (Fernandes et al., 2002; Veldtman &
McGeoch, 2003; Carneiro et al., 2009; Coelho
et al., 2013;), and in some of these cases, they
were restricted to a single insect taxon, such
as Coleoptera (Maia & Oliveira, 2004). Even
when some studies explored the mechanisms
of gall induction (see Stuart, Chen, Shukle, &
Harris, 2012; Giron, Huguet, Stone, & Body,
2016), to our knowledge, no studies to date
have explored the mechanisms by which galls
tend to be induced in leaves, stems or other
plant organs. It is known that young and undif-
ferentiated tissues are necessary for plant gall
induction (Rohfritsch, 1992; Weis, 1988). In
tropical latitudes, being climate and resources
favorable to a continuous growth of the plant,
the active meristematic tissues tend to be more
available in leaves than in stems throughout the
year, and this may be the reason explaining the
usually reported predominance of foliar over
stem galls (Shorthouse & Rohfritsch, 1992).
The opposite tendency could be expected at
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higher latitudes, where most of the plants
display a seasonal foliage loss and regrowth,
thus caulinar meristematic tissues became a
more stable resource available for gall-induc-
ing insects. However, the scarce studies in
which stem galls predominate were conducted
at both, tropical (Carneiro et al., 2009; Coelho
et al., 2013) and subtropical (Fernandes et al.,
2002; Veldtman & McGeoch, 2003; Toma &
Mendonga, 2013) localities. It could be also
possible that foliar galls are exposed to early
leaf-abscission, which may be incremented by
hydric stress (Veldtman & McGeoch, 2003)
under arid and semiarid climates, as in central
Argentina. Moreover, more stable temperatures
(Carneiro et al., 2009) and hydric conditions
in stems than in leaves could be favoring the
induction of galls in stems. Evidence support-
ing this idea was observed for one species of
Erioccoccidae, whose adults normally induce
leaf galls, but before leaf fall, they induce a
second gall morphotype in stems to undergo
dormancy throughout the dry season (Gon-
calves, Gilson, & Isaias 2009).

Our study highlights the scarce knowl-
edge that exists about plants and gall-induc-
ing insects in Argentina, especially regarding
interactions between plants and gall-inducing
Cecidomyiidae, with more than 30 undescribed
species noted in our study. The galling insect
community deserves further taxonomic and
biological studies, especially considering the
speed of deforestation of native forests in cen-
tral Argentina (Hoyos et al., 2013; Cabido et al.
2018). Finally, in our opinion, understanding
the mechanisms by which galls tend to pre-
dominate in leaves or stems in a given region
is certainly a future challenge.
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RESUMEN

Agallas de insectos en Cordoba, Argentina: un
caso en el que predominan las agallas caulinares. Las
agallas son estructuras producidas por las plantas en res-
puesta a la actividad de diversos tipos de organismos, los
cuales establecen una estrecha relacion con sus especies
hospedantes, ya que su habitat esta restringido en gran
medida a la agalla y al 6rgano vegetal donde la agalla se
desarrolla. Todos los 6rganos vegetales son susceptibles a la
induccion de agallas por insectos, siendo las hojas los mas
frecuentemente atacados. En Argentina, el conocimiento
de estas interacciones es fragmentando e incompleto. En
el presente estudio, se realiz0 un inventario de agallas
inducidas por insectos utilizando informacion obtenida de
muestreos a campo y revision bibliografica. También nos
enfocamos en las asociaciones taxonOmicas insecto-planta
mas frecuentes y en los 6rganos vegetales mas atacados
por los insectos cecidogenos. Se realizaron muestreos a
campo en 26 sitios localizados en el Chaco Serrano, que
fueron visitados cinco veces en dos afios consecutivos y en
otros 17 sitios, distribuidos en la provincia de Cordoba, que
fueron visitados una o dos veces. Ademas se realizd una
exhaustiva revision bibliografica en bases de datos electro-
nicas (disponibles en internet) y convencionales. Un total
de 99 agallas en 58 especies vegetales (21 familias y 44
géneros) fueron registradas a través de los muestreos en el
campo y la revision bibliografica, ampliando el nimero de
interacciones previamente conocidas en al menos un 50 %.
Las familias vegetales mas atacadas fueron Asteraceae
y Fabaceae, coincidiendo con las familias vegetales mas
diversas de la region. La familia Cecidomyiidae (Diptera)
present6 el mayor nimero de especies, en concordancia
con diversos estudios alrededor del mundo. Baccharis fue
el género vegetal que mayor nimero de morfotipos de
agallas alberg6, seguido por Acacia, Condalia, Geoffroea,
Prosopis 'y Schinus. Al menos el 60 % de morfotipos
registrados se presentaron en tallos, un patréon poco comun
en la bibliografia. Las formas predominantes fueron fusi-
forme y globoide. Nuestra investigacion revela el escaso
conocimiento sobre la comunidad de insectos cecidogenos
y sus agallas en Argentina, particularmente de las inducidas
por especies de la familia Cecidomyiidae, con mas de 30
especies atin no descritas. Se discuten posibles mecanismos
involucrados en la predominancia de agallas caulinares en
el centro de Argentina.

Palabras clave: Asteraceae; Cecidomyiidae; interaccion
insecto-planta; insectos cecidogenos; inventario.

Rev. Biol. Trop. (Int. . Trop. Biol. ISSN-0034-7744) Vol. 66(3): 1135-1148, September 2018 1145



REFERENCES

Altamirano, A., Valladares, G., Kuzmanich, N., & Salvo, A.
(2016). Galling insects in a fragmented forest: inci-
dence of habitat loss, edge effects and plant availabi-
lity. Journal of Insect Conservation, 20(1), 119-127.

Araujo, W. S. (2017). Plant species richness mediates the
effects of vegetation structure, but not soil fertility, on

insect gall richness in a savanna in Brazil. Journal of

Tropical Ecology, 33, 197-204.

Aratijo, W. S. de, Scareli-Santos, C., Guilherme, F. A.
G., & Cuevas-Reyes, P. (2013). Comparing galling
insect richness among Neotropical savannas: Effects
of plant richness, vegetation structure and super-
host presence. Biodiversity and Conservation, 22(4),
1083-1094.

Arriola, A., & Ferreira, C. (2016). Richness of insect galls
on shrub-tree restinga of a coastal plain of Southern
Brazil. Acta Biologica Catarinense, 3(2), 121-137.

Arriola, I. A., Melo, I. C. F., & Isaias, R. M. S. (2015).
Questioning the environmental stress hypothesis for
gall diversity of restinga vegetation on dunes. Revista
de Biologia Tropical, 63, 959-970.

Bergamini, B. A. R., Bergamini, L. L., Santos, B. B. dos,
& Aratjo, W. S. de. (2017). Occurrence and charac-
terization of insect galls in the Floresta Nacional de
Silvania, Brazil. Papéis Avulsos de Zoologia (Sdo
Paulo), 57(32), 413-431.

Blanchard E. (1938). Descripcion del cecidomiido pro-
ductor de la agalla del Quebracho blanco. Revista
Chilena de Historia Natural, 42, 173-176.

Blanche, K. R., & Ludwig, J. A. (2001). Species richness
of gall-inducing insects and host plants along an alti-
tudinal gradient in Big Bend National Park, Texas.
The American Midland Naturalist, 145(2), 219-232.

Brethes, J. (1916). Estudio fito-zooldgico sobre algunos
Lepidopteros Argentinos productores de agallas. Ana-
les de la Sociedad Cientifica Argentina, 82, 113-118.

Burckhardt, D., & Basset, Y. (2000). The jumping plant-
lice (Hemiptera, Psylloidea) associated with Schinus
(Anacardiaceae): systematics, biogeography and host
plant relationships. Journal of Natural History, 34(1),
57-155.

Cabido, M., Zeballos, S. R., Zak, M., Carranza, M. L.,
Giorgis, M. A., Cantero, J. J., & Acosta, A. T. (2018).
Native woody vegetation in central Argentina: Clas-
sification of Chaco and Espinal forests. Applied Vege-
tation Science. doi: 10.1111/avsc.12369

Cabrera, A. L. (1976). Regiones fitogeogréficas argentinas.
Enciclopedia Argentina de Agricultura y Jardineria,
2, 1-85.

Carabajal De Belluomini, M. V, Castresana, L., Salim, V.,
& Notario, A. (2009). The diversity of galls and their
occurrence in productive forest systems of Prosopis
alba (Griseb.) in Santiago del Estero, Argentina.
Boletin de Sanidad Vegeal Plagas, 35, 255-265.

Carneiro, M. A. A., Borges, R. A. X., Aratjo, A. P. A., &
Fernandes, G. W. (2009). Insetos indutores de galhas
da por¢ao sul da Cadeia do Espinhaco, Minas Gerais,
Brasil. Revista Brasileira de Entomologia, 53(4),
570-592.

Carvalho-Fernandes, S. P., Silva De Almeida-Cortez, J.,
& Ferreira, A. L. N. (2012). Riqueza de galhas
entomogenas em areas antropizadas e preservadas de
caatinga. Revista Arvore, 36(2), 269-277.

Cingolani, A. M., Renison, D., Zak, M. R., & Cabido, M.
R. (2004). Mapping vegetation in a heterogeneous
mountain rangeland using Landsat data: an alterna-
tive method to define and classify land-cover units.
Remote Sensing of Environment, 92(1), 84-97.

Coclho, M. S., Almada, E. D., Fernandes, G. W., Carneiro,
M. A. A, Santos, R. M., Quintino, A. V., & Sanchez-
Azofeifa, A. (2009). Gall inducing arthropods from a
seasonally dry tropical forest in Serra do Cip0, Brazil.
Revista Brasileira de Entomologia, 53(3), 404-414.

Coelho, M. S., Carneiro, M. A. A., Branco, C., Borges,
R. A. X., & Fernandes, G. W. (2013). Gall-inducing
insects from Campos de Altitude, Brazil. Biota Neo-
tropica, 13(4), 139-151.

Diaz, N. B. (1980) Cinipoideos galigenos e inquilinos de la
republica Argentina. Revista la Sociedad Entomdlogi-
ca Argentina, 39, 221-226.

Espirito-Santo, M. M., & Fernandes, G. W. (2007). How
many species of gall-inducing insects are there on
earth, and where are they? Annals of the Entomologi-
cal Society of America, 100(2), 95-99.

Felt, P. E. (1940). Plant galls and gall makers. Annals of
the Entomological Society of America. Orange Street,
London: Constable And Company Ltd 10.

Fernandes, G. W. (1992). Plant family size and age effects
on insular species richness. Global Ecology and Bio-
geography Letters, 2(3), 71-74.

Fernandes, G. W., & Santos, J. C. (2014). Neotropical
Insect Galls. Dordrecht: Springer Netherlands.

Fernandes, G. W., Silva, J. O., Espirito-Santo, M. M.,
Fagundes, M., Oki, Y., & Carneiro, M. A. A. (2014).
Baccharis: A Neotropical Model System to Study
Insect Plant Interactions. In G. W. Fernandes & J.
C. Santos (Eds.), Neotropical Insect Galls (pp. 193-
219). Netherlands: Springer.

Fernandes, G. W., Varela, O., Bucher, E. H., Chani, J.
M., Echevarria, A. L., Espirito Santo, M. M., ...
Lima, J. (2002). Gall-forming insects on woody

1146 Rev. Biol. Trop. (Int. . Trop. Biol. ISSN-0034-7744) Vol. 66(3): 1135-1148, September 2018



and herbaceous plant species of the semi-arid chaco
forest, Argentina. Lundiana, 3(1), 61-66.

Gagné, R. J. (1994). The gall midges of the Neotropical
region. New York: Cornell University Press, Ithaca.

Gagné, R. J., & Jaschhof, M. (2017). A Catalog of the Ceci-
domyiidae (Diptera) of the World. Digital.

Giorgis, M. A., Cingolani, A. M., Chiarini, F., Chiapella, J.,
Barboza, G., Ariza Espinar, L., ... Cabido, M. (2011).
Composicion floristica del Bosque Chaqueiio Serrano
de la provincia de Cordoba, Argentina. Kurtziana,
36(1), 9-43.

Giorgis, M. A., Cingolani, A. M., Gurvich, D. E., &
Astegiano, J. (2015). Flowering phenology, fruit
set and seed mass and number of five coexisting
Gymnocalycium (Cactaceae) species from Cordoba
mountain, Argentina. Journal of the Torrey Botanical
Society, 142(3), 220-230.

Giorgis, M. A., Cingolani, A. M., Gurvich, D. E., Tecco, P.
A., Chiapella, J., Chiarini, F., & Cabido, M. (2017).
Changes in floristic composition and physiognomy
are decoupled along elevation gradients in central
Argentina. Applied Vegetation Science. doi:10.1111/
avsc.12324

Giorgis, M. A., Cingolani, A. M., Teich, 1., & Renison, R.
(2010). Do Polylepis australis trees tolerate herbi-
vory? Seasonal patterns of biomass production and
its consumption by livestock. Plant Ecology, 207,
307-319.

Gongalves-Alvim, S. J., & Fernandes, G. W. (2001). Biodi-
versity of galling insects: Historical, community and
habitat effects in four neotropical savannas. Biodiver-
sity and Conservation, 10(1), 79-98.

Gongalves, S. J. M. R,, Gilson, R. P. M., & Isaias, R. M.
S. (2009). A unique seasonal cycle in a leaf gall-
inducing insect: The formation of stem galls for
dormancy. Journal of Natural History, 43, 843-854.

Giron, D., Huguet, E., Stone, G. N., & Body, M. M.
(2016). Insect-induced effects on plants and possible
effectors used by galling and leaf-mining insects to
manipulate their host-plant. Journal of Insect Physio-
logy, 84, 70-89.

Houard, C. (1933). Les zoocécidies des plantes de
I’Amérique sud et de I'’Amérique centrale. Paris:
Hermann et Cie.

Hoyos, L. E., Cingolani, A. M., Zak, M. R, Vaieretti, M. V.,
Gorla, D. E., & Cabido, M. R. (2013). Deforestation
and precipitation patterns in the arid Chaco forests of
central Argentina. Applied Vegetation Science, 16(2),
260-271.

Isaias, R. M. S., Carneiro, R. G. S., Oliveira, D. C., & San-
tos, J. C. (2013). Illustrated and Annotated Checklist

of Brazilian Gall Morphotypes. Neotropical Entomo-
logy, 42(3), 230-239.

Jorgensen, P. (1917). Zoocecidios argentinos. Physis, 3,
1-29.

Kieffer, J. J., & Jorgensen, P. (1910). Gallen und gallentie-
re aus Argentinien. Parasitenkunde und Infektions-
krankheiten, 27, 362-444.

Kuzmanich, N., Altamirano, A., & Salvo, A. (2015). Aga-
llas de insectos de la region Rioplatense, Buenos
Aires, Argentina. Revista de La Sociedad Entomolo-
gica Argentina, 74, 47-56.

Maia, V. C. (2001). The gall midges (Diptera, Cecidomyi-
idae) from three restingas of Rio de Janeiro State,
Brazil. Revista Brasileira de Zoologia, 18, 583-629.

Maia, V. C. (2012). Coleopterous galls from the Neotropi-
cal region. Papéis Avulsos de Zoologia (Sdo Paulo),
52, 175-184.

Maia, V. C., & Carvalho-Fernandes, S. P. (2016). Insect
galls of a protected remnant of the Atlantic Forest
tableland from Rio de Janeiro State (Brazil). Revista
Brasileira de Entomologia, 60(1), 40-56.

Maia, V. C., & Oliveira, J. C. D. E. (2004). Coleoptera
Associated With Galls From South America With
New Records. America, 62(2), 179-184.

Malcolm, M., Oggero, A. J., Arana, M., Tordable, M. C.,
& Boito, G. T. (2015). Los insectos galicolas en
Schinus fasciculata (Anacardiaceae) en el Espinal
del centro de Argentina. lheringia, Série Zoologia,
106(1), 133-139.

Mani, M. S. (1964). Ecology of Plant Galls. Netherlands:
Dr. W. Junk Publishers, the Hague.

Martinez, J. J., Altamirano, A., & Salvo, A. (2011). New
species of Allorhogas Gahan (Hymenoptera: Braco-
nidae) reared from galls on Lycium cestroides Schltdl.

(Solanaceae) in Argentina. Entomological Science,
14(3), 304-308.

Mendonga, M. D. S., & Stiling, P. (2017). Subtropical
interactions: comparing galling insect and host plant
diversity in Southern Brazil and Florida. Neotropical
Entomology. doi: 10.1007/s1374

Nieves-Aldrey, J. L., & Blas, G. S. (2015). Revision of the
neotropical genus Eschatocerus Mayr (Hymenoptera,
Cynipidae, Eschatocerini) with biological notes and
the first description of the terminal larva. Zootaxa,
4012(1), 135-155.

Nieves-Aldrey, J. L., Ibafiez, A., & Medianero, E. (2008).
Richness and composition of gall-inducing arthro-
pods at Coiba National Park, Panama. Revista de
Biologia Tropical, 56(3), 1269-1286.

Rev. Biol. Trop. (Int. . Trop. Biol. ISSN-0034-7744) Vol. 66(3): 1135-1148, September 2018 1147



Price, P. W., Fernandes, G. W., Lara, A. C. F., Brawn, J.,
Barrios, H., Wright, M. G., ... Rothcliff, N. (1998).
Global patterns in local numbert of insects galling
species. Journal of Biogeography, 25, 581-591.

Quintero, C., Garibaldi, L. A., Grez, A., Polidori, C., &
Nieves-Aldrey, J. L. (2014). Galls of the Temperate
Forest of Southern South America: Argentina and
Chile. In G. W. Fernandes & J. C. Santos (Eds.),
Neotropical Insect Galls (pp. 429-263). Dordrecht:
Springer Netherlands.

Raman, A. (2011). Morphogenesis of insect-induced plant
galls: Facts and questions. Flora: Morphology, Dis-
tribution, Functional Ecology of Plants, 206(6),
517-533.

Rohfritsch, O. (1992). Patterns in gall development. In J.
D. Shorthouse & O. Rohfritsch (Eds.), Biology of
insect-induced galls (pp. 60-86). New York: Oxford
University Press.

Shorthouse, J. D., & Rohfritsch, O. (1992). Biology of insect-
induced galls. New York: Oxford University Press.

Shorthouse, J. D., Wool, D., & Raman, A. (2005). Gall-
inducing insects - Nature’s most sophisticated her-
bivores. Basic and Applied Ecology, 6(5), 407-411.

Stehr, F. W. (1987). Immature Insects (Vol. 1). Michigan:
Kendall.

Stuart, J. J., Chen, M. S., Shukle, R., & Harris, M.
0. (2012). Gall Midges (Hessian Flies) as Plant
Pathogens. Annual Review of Phytopathology, 50(1),
339-357.

Tavares, J. S. (1915). Cécidologie argentine. Brotéria,
Série Zoologica, 13, 88-126.

Tecco, P. A., Pais Bosch, A. 1., Funes, G., Marcora, P.,
Zeballos, S. R., Cabido, M., & Urcelay, C. (2016).
Mountain invasions on the way: are there climatic
constraints for the expansion of alien woody species

along an elevation gradient in Argentina? Journal of
Plant Ecology, 9, 380-392.

Toma, T. S. P, & Mendonga, M. D. S. (2013). Gall-
inducing insects of an Araucaria Forest in Southern
Brazil. Revista Brasileira de Entomologia, 57(2),
225-233.

Urso-Guimardes, M. V., Castello, A. C. D., Kataoka, E. Y.,
& Koch, 1. (2017). Characterization of entomogen
galls from Mato Grosso do Sul, Brazil. Revista Bra-
sileira de Entomologia, 61(1), 25-42.

Valladares, G., Zapata, A., Zygaldo, J., & Banchio, E.
(2002) Phytochemical induction by herbivores
could affect quality of essential oils from aromatic
plants. Journal of Agricultural Food Chemistry, 50,
4059-4061.

Veldtman, R., & McGeoch, M. A. (2003). Gall-forming
insect species richness along a non-scleromorphic
vegetation rainfall gradient in South Africa: The
importance of plant community composition. Austral
Ecology, 28(1), 1-13.

Weis, A. (1988). Reactive plant tissue sites and the popu-
lation biology of gall makers. Annual Review of
Entomology, 33(1), 467-486.

White, I. M., & Hodkinson, I. D. (1985). Nymphal taxo-
nomy and systematics of the Psylloidea (Homoptera).
Bulletin of the British Museum (Natural History)
Entomology, 50(2), 153-301.

Zak, M. R., & Cabido, M. (2002). Spatial patterns of the
Chaco vegetation of central Argentina: Integration of
remote sensing and phytosociology. Applied Vegeta-
tion Science, 5(2), 213-226.

Zuloaga, F. O., Morrone, O., & Rodriguez, D. (1999).
Analisis de la biodiversidad en plantas vasculares de
la Argentina. Kurtziana, 27(1), 17-167.

1148 Rev. Biol. Trop. (Int. . Trop. Biol. ISSN-0034-7744) Vol. 66(3): 1135-1148, September 2018



