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ABSTRACT. Within tree distribution of a gall-inducing Eurytoma (Hymenoptera, Eurytomidae) on Caryocar brasiliense
(Caryocaraceae). For the first time, we identified the insect herbivore that induces one of the most conspicuous galls on
the leaves of Caryocar brasiliense Camb. (Caryocaraceae), a widespread, typical cerrado woody plant of large economic
importance. The gall inducing organism is a new and undescribed species of Eurytoma sp. (Hymenoptera, Eurytomidae).
Furthermore, we recorded its spatial distribution within C. brasiliense trees. More Eurytoma galls were found on the
eastern tree slope, followed the southern and northern slopes. More galls were found in the interior of the tree crown,
i.e., on the proximal portion of the stems compared to the terminal portion. At the leaf level, more galls were found on
the median region compared to the distal or proximal, perhaps due to the lower trichome density found in there. Leaf
colonization by Eurytoma sp. may initiate at the leaf margin but after colonization reaches 50% the central portion
starts to be colonized.
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RESUMO. Distribui¢do espacial de galhas induzidas por Eurytoma (Hymenoptera, Eurytomidae) em plantas de Caryocar
brasiliense (Caryocaraceae). Pela primeira vez foi identificado o inseto herbivoro que induz uma das galhas foliares mais
conspicuas em Caryocar brasiliense Camb. (Caryocaraceae), uma planta amplamente distribuida no Cerrado brasileiro e
de relevante importancia econémica. O galhador identificado, preliminarmente, como uma nova espécie ainda ndo
descrita de Eurytoma (Hymenoptera, Eurytomidae). Além disso, foi observado a distribuicao espacial desse galhador na
copa das drvores de C. brasiliense. O lado leste da planta apresentou maior abundancia de galhas de Eurytoma sp. seguido
pelos lados sudeste e nordeste. No interior da copa houve um maior nimero de galhas em relacdo a por¢cao mais externa.
Em relagao as folhas, a maior abundincia ocorreu na por¢ao mediana comparada as regides proximal e distal, provavelmente
devido ao menor nimero de tricomas na por¢do mais central da folha. Apés colonizar cerca de 50% das folhas marginais

Eurytoma sp. inicia a colonizag@o das folhas na porcdo central da folha.

PALAVRAS-CHAVE. Cerrado; distribuicdo espacial de insetos; insetos indutores de galhas; pequi; tricomas.

Insect galls are known to distribute differentially within
host organs. Many galling larva achieve higher density, size,
and even higher performance at the proximal portion compared
to more distal portion of the leaf. For instance, Pemphigus
betae Doane (Hemiptera, Aphididae) individuals that induce
galls on the most proximal portion of the leaves of Populus
angustifoliae James (Salicaceae) reach higher fitness compared
to those that attack the distal parts of the leaves (Whitham
1978; but see Auslander et al. 2003). The mechanism that
influences this differential within leaf distribution was argued
to be the more rapid and efficient interceptation of plant
photosynthates at the leaf base (Whitham 1978). In a similar
way, galls induced by the beetle Collabismus clitellae
Boheman (Coleoptera, Curculionidae) are also more abundant
and larger at the basal portion of the stems of its host plant
Solanum lycocarpum St. Hil. (Solanaceae) (De Souza et al.
1998, 2001); where galls reach larger sizes perhaps due to
stronger sinks in this region of the plant.

Insect galls may also distribute differentially between

habitats as well as within the host crown. Plants in sunny
habitats are known to support higher density of galls compared
to plants in shaded habitats (Hartman 1984; Fernandes & Price
1992; Auslander et al. 2003). The abundance of a lepidopteran
gall on Tetradymia DC. (Asteraceae) was higher on the
sunlight-exposed foliage (Hartman 1984). Differential sun
exposure may influence the quality of the host plant tissue as
well as the gall tissue or even the plant ability to find and elicit
induced responses to the invading organism (see Fernandes
1990; Fernandes et al. 2000, 2005). Furthermore, natural enemies
could also be strong selective forces against galling on more
favorable, shaded habitats (see Fernandes & Price 1992).
Therefore, differential selection could lead to female preference
and larval performance for foliage in sunny habitats.
Caryocar brasiliense Camb. (Caryocaraceae) is one of the
most common and important plant species in the dry and harsh
semi arid vegetation of Brazil, called cerrado. It is host to a
large number of invertebrate and vertebrate herbivores (e.g.,
Oliveira 1997; Lopes et al. 2003). Among the insect herbivores
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that attack C. brasiliense, a gall-inducing hymenopteran is
the most abundant species in the cerrado of northern Minas
Gerais State, Brazil. This gall is induced by a still undescribed
species that cause premature leaf abscission when at high
density (Oliveira 1997).

In an effort to initiate ecological studies in this system, we
reared adults of this galling insect herbivore to identify the
inducing species and obtained the first data on its spatial
distribution at the tree level. We asked whether gall abundance
would differ among the leaflets on a single leaf and observed
the effect of foliage slope orientation on gall abundance. Then
we described the distribution of the galls on the leaves along
the host stem (within tree). Because the grouping of galls on a
given leaf portion may indicate site preference (Whitham 1978),
we analyze the within leaf (longitudinal and transversal)
distribution of galls and observed whether leaf gall distribution
was influenced by leaf trichome abundance.

MATERIALAND METHODS

The study was done at a locality known as “Abdboras”, in
Montes Claros, MG, Brazil (43° 55'7.3" W, 16°44'55.6"S, 750m
a.s.l.). The north of Minas Gerais State has a climate Aw: tropical
of savanna, according to the classification of Koppen, with
dry winter and rainy summer. The vegetation is Cerrado
(savanna) under several human disturbances, and the soil is
red dystrophic yellow latosoil of loamy texture. During the
field study the average temperature was 22.7°C; air relative
humidity 68.7%, year round accumulated precipitation of
1292.6mm; winds prevailed from the northeast at an average
speed of 2.36m/s; insolation 8.0 h.

e |

One of the most conspicuous species of the Cerrado
vegetation is the tree Caryocar brasiliense Camb.
(Caryocaraceae), locally known as “pequi” (Sano & Almeida
1998). This species is widely distributed in the Cerrado
(Brandao & Gavilanes 1992). Its wood is used in house and
furniture construction due to its durability, while its fruit
represents an important economic resource (Almeida er al.
1998; Ribeiro 2000, Lopes et al. 2003).

To obtain the adult gall and associated insects we collected
100 highly infested leaves of 10 haphazardly selected trees in
the field (n = 1,000 leaves). Leaves were placed in plastic jars
and rearing took place in an incubator at a constant
temperature of 25°C. Observations were made every week for
a month. Reared insects were placed in vials containing 70%
alcohol and sent for identification by taxonomists. To ascertain
the identity of the gall-inducing insect we caged two mating
pairs of the species with young C. brasiliense individuals
under greenhouse conditions. Cages (n = 3) were constructed
of plastic bottles (2 litter) covered with fine nylon mesh (at the
bottom) to avoid insects to leave the plastic cage or enter it.
Plants were carefully examined for galls prior to the beginning
of the experiment. Galls were successfully induced two days
later and from 30-40 days later only eurytomids emerged from
them.

As the gall density of our study species per leaf was highly
variable among leaves, all data were reported considering the
area of the leaf taken by the galls. Caryocar brasiliense has
three leaflet compound leaves. To evaluate the distribution of
galls within the tree crown we recorded the number of galls on
the compound leaves of C. brasiliense of four randomly
selected stems positioned (Fig.1A) on north, south, east, and

Fig. 1. A. Position of leaves on a stem, Lf 1: leaf 1, Lf 2: leaf 2, Lf 3: leaf 3, and Lf 4: leaf 4; B. leaflet position on leaf, L: left, C: central, and R: right;
C. Longitudinal regions on a leaflet, D: distal, M: median, and P: proximal; D. Transversal position on a leaflet, B: border, C: central, and NMV: near the
mid vein; E. Young galls induced by Eurytoma sp. on Caryocar brasiliense; F. old galls induced by Eurytoma sp. on Caryocar brasiliense.
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Fig. 2. Abundance of galls induced by Eurytoma sp. on Caryocar
brasiliense. A, number of leaf galls induced according to stem orientation.
B, number of galls induced on the three leaflets of Caryocar brasiliense.

Averages followed by the same letters or without letters did not differ
statistically.

west facing sides of ten adult trees (average height: 4.9 + 0,1
m; average crown width: 3.2 + 0,1 m). The leaflets censused
were classified according to the percent of the leaf area covered
by the galls as 0, 5, 10, 20, 30, 40, 50, 60, and 70 %. To evaluate
the distribution of galls among the leaflets we recorded: i) gall
abundance according to foliage orientation (slope); ii) the
differential abundance of galls on the right, central and left
leaflets (Fig.1B); iii) gall abundance on the distal, median, and
proximal region of a leaflet (Fig.1C); and iv) gall abundance on
the leaflet border, central area, and adjacent to the mid leaf
vein of the leaflet (Fig.1D). 4,320 leaflets of 1,440 leaves were
censused for galls.

To evaluate the possible effects of trichomes on the
distribution of galls among the leaf zones we recorded the
density and type of trichomes present on the adaxial and abaxial
leaf laminas. One leaf on each stem position (one to four) was
sampled at each slope orientation (n= 10 individuals). On nine
squares of 0.60 mm?, we recorded the type and density of
trichomes of the three leaflet longitudinal zonation (distal,

median, and proximal). The same observations were done for
the trichomes along the leaf transverse zonation (border,
central, adjacent to the midvein). All data were analyzed by
analysis of variance and followed by the Tukey test at the
significance level of o= 0.05.

RESULTS

Galls were induced by a new species of Eurytoma
(Hymenoptera, Chalcidoidea, Eurytomidae) (MAP Azevedo,
pers. com.). Identical galls of those found in the field were
induced by mating pairs of Eurytoma sp. in the caging
experiment, indicating that this species is indeed the galling
organism. No other insect emerged from these galls induced
inside cages.

Galls are induced on young, expanding leaves of C.
brasiliense. The gall is spheroid, yellowish, with short hairs
on the adaxial leaf surface (Fig.1E, F). It has only one chamber
where a single larva is found. Wasp females were easily seen
ovipositing on unfolded leaves in the field. Approximately
two days later the inducing site became reddish and a visible
gall was observed a few days later. Many insects emerged
from the galls collected in the field, as follow: Sycophila sp.
(Hymenoptera, Eurytomidae) - Eurytoma parasitoid); Ablerus
magistretti (Hymenoptera, Aphelinidae) - Eurytoma
parasitoid); Quadrastichus sp. (Hymenoptera, Eulophidae) —
probably a hyperparasitoid of Sycophila sp; and finally one
single individual belonging to the tribe Alycaulini (Diptera,
Cecidomyiidae) - probably a gall inquiline.

The average number of galls varied according to slope
orientation of the tree crown. More galls were found on the
eastern slope compared to the other slopes (Fig. 2A) while
fewer galls were found on the foliage in the northern slope. On
the other hand, the average number of Eurytoma galls did not
differ statistically among the three leaflets of C. brasiliense
(right =0.25, central = 0.24, left =0.21, Fig 2B).
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Fig. 3. Number of galls induced by Eurytoma sp. on the first four leaves
of Caryocar brasiliense according to the percentage of leaf area covered
(occupied) by the galls. Averages followed by the same letters or without
letters did not differ statistically.
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Fig. 4. Number of galls induced by Eurytoma sp. on the border, center
and near the mid vein leaflet portions of Caryocar brasiliense according
to the percentage of leaf area covered (occupied) by the galls. Averages
followed by the same letters or without letters did not differ statistically.

More galls were found on the leaves in the interior of the
tree crown than at the border on all categories of leaf area
taken by the galls. Leaf positions 3 and 4 supported 66.7% of
all galls sampled (Fig. 3).

A trend existed for more Eurytoma galls on the leaf margin
(0.52) compared to the other transversal leaf areas (Fig. 4).
Only after the percent cover of galls reached 50%, the central
portion of the leaf began to be colonized. No gall was found
near the mid vein.

More galls were found on the median region of the leaf
compared to the other areas (Fig. 5). Otherwise, under a severe
infestation level (70% of the leaflet area taken by the galls)
galls became abundant on the distal leaf portion.

All trichomes of C. brasiliense are non-glandular, simple
and multicelular. They were on average 176.67 um long in the
adaxial lamina while they averaged 241.21 pm on the abaxial
lamina. The density of trichomes was higher on the leaf margin
than on the other tranversal leaf portions (Fig. 6). The distal
and median leaf portions presented lower trichome density
than the proximal portion (Fig. 6).

DISCUSSION

Galls were induced by a new species of Eurytoma,
indicating that the other insects reared from galls collected in
the field can be regarded as parasitoids and/or inquilines.
Species of the genus Eurytoma can be gallers (Askew & Blasco-
Zumeta 1998), parasitoids (De Santis & Fernandes 1989;
Edwards 1998; Eliason & Potter 2001; Georgiev & Stojanova
2003; Johannesen & Seitz 2003), hyperparasitoids (Tagawa &
Fukushima 1993), or even gall inquilines (Roininen et al. 1996;
Hayman et al. 2003). Yet in some cases Eurytoma species may
have both an entomophagous and phytophagous behavior.
For instance, Hale et al. (2004) reported a cynipid gall parasitoid,
Eurytoma brunniventris Ratzeburg, feeding both on the gall
inhabitants and gall tissue.
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As eurytomids are generally small insects, there is a
possibility that wind may have played an important role in
their within tree distribution. The dispersion of many insects
is strongly influenced by wind direction (Pathak et al. 1999;
Tixier et al. 2000; Schooley & Wiens 2003; Feng et al. 2004,
2005). As the prevalent winds in the region are northeasterlies/
easterlies (data from the Main Climatic Station of Montes
Claros), we postulate that the foliage on the eastern slope of
the host trees are the most exposed to higher winds and strong
sunlight. These observations corroborate previous findings
in which gallers are most abundant on sunlight-exposed foliage
(see Hartman 1984; Fernandes & Price 1988). At a smaller scale,
no difference in gall abundance was found when the leaflet
position was taken into account. Otherwise, future studies
shall address the differential success and mortality of gallers
within the crown to elucidate the mechanisms involved.

More galls were found on the leaves in the interior of the
tree crown than at the border on all categories of leaf area
taken by the galls. Several mechanisms may influence the trend
found. First, differential mortality caused by parasitoids,
predators, and even differential plant resistance could diminish
the galling success on the more proximal region of the stems.
Even if females prefer leaves at the border, stronger selective
pressures would impair their success at such habitat. An
alternative hypothesis is that the most distal leaves (leaves 1
and 2) were too young to be found by the gallers while leaves
3 and 4 were exposed to galling for a longer period. Only more
detailed field studies would solve this question.

A trend existed for more Eurytoma galls on the leaf margin
compared to the other transversal leaf areas. Although the
density of trichomes was higher on the leaf margin than on the
other tranversal leaf portions, extrafloral nectaries were also
mostly frequent on the leaf margins (Rezende 1998). The role
of extrafloral nectaries on the host plant interaction with galling
insects is not known. Otherwise, we postulate that they might
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Fig. 5. Number of galls induced by Eurytoma sp. on the distal, median,
and proximal leaflet portions of Caryocar brasiliense according to the
percentage of leaf area covered (occupied) by the galls. Averages
followed by the same letters or without letters did not differ statistically.
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influence the Eurytoma female preference as they may have
an indirect positive role in protecting the galling insects against
natural enemies by attracting ants. Ants were reported to be
associated with the leaf trichomes of Caryocar (Oliveira 1997)
and in the studied plants they were commonly seen associated
with the leaf extrafloral nectaries. Although rarely studied, ants
have an interesting and important role with gall inducing
insects, worth to be studied in detail (see Fernandes 1994;
Fernandes et al. 1999).

More galls were found on the median region of the leaf
compared to the other areas. The higher abundance of galls
on the leaf lamina could be influenced by trichome density.
Females may prefer to oviposit on leaf regions where trichomes

are at lower density as reported for the leafminer Liriomyza
trifollii (Burgess) (Diptera, Agromyzidae) (Hawthorne et al.
1992). Lower oviposition and adult feeding by L. trifollii on
wild tomato Lycopersicon pennellii (Corr.) D’ Arcy (rich in
trichomes) and its F1 hybrid with L. esculentum (Mill.) have
been recorded compared to cultivated tomato, L. esculentum
(poor in trichomes). Leaf miners are also negatively affected
by latex and density of trichomes in Asclepias spp. (Agrawal
2004). Leaf trichomes are known to have a strong influence on
the behavior, selection, and performance of insect herbivores
(Norris & Kogan 1980; Woodman & Fernandes 1991;
Fernandes 1994). Otherwise, more work will be necessary to
observe the effects of trichome density during site selection
by Eurytoma females.
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