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The influence of Ditylenchus (Nematoda) galls and shade on the

fluctuating asymmetry of Miconia fallax (Melastomataceae)
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AssTrACT. Fluctuating asymmetry (FA) can be defined as small, random deviations from bilateral symmetry in
structures that are bilaterally symmetrical and can estimate a population’s inability to buffer its growth against
perturbations of environmental origins. Another important issue about FA is whether biotic factors may also
induce stress in organisms. Therefore, in this study I aimed to investigate the influence of both the abiotic (light
exposure) and biotic (Ditylenchus sp. galls) factors accounting for increased FA in Miconia fallax leaves. Galls
are known as parasites and a major cause of leaf stress. Additionally, since M. fallax is a pioneer plant species,
individuals in the shade were supposed to present high levels of FA relative to plants on the edges exposed to
direct sunlight. Results showed no concomitant interaction between gall abundance, light exposure and FA.
Separate analysis showed that plants in the shade presented the highest level of FA, almost 25% higher than
plants on the edges, indicating that plants growing in places with little sunlight were in stressful condition.
The presence of galls did not cause alterations in FA relative to leaves without galls. The lack of relationship
between galls and leaf FA indicates that M. fallax can tolerate and buffer the presence of these leaf parasites,
revealing the high homeostasis ability of this plant species against a biotic stress.

[Keywords: edge effect, light exposure, pioneer plant, Cerrado]

ResumMeN. La influencia de las agallas de Ditylenchus (Nematoda) y 1a sombra en la asimetria fluctuante de
Miconia fallax (Melastomataceae): La asimetria fluctuante (AF) se refiere a las pequefias desviaciones al azar
en la simetria bilateral de las estructuras y érganos que son bilateralmente simétricos, y permite estimar la
incapacidad de una poblacién cualquiera para corregir su crecimiento de acuerdo con disturbios y tensiones
ambientales. Una consideracion importante en los estudios de la AF es si los factores biticos también pueden
causar estrés en la planta. Por lo tanto, el objetivo de este estudio fue investigar la influencia conjunta de factores
abidticos (exposicién solar) y bidticos (presencia de agallas de Ditylenchus sp.) en la asimetria de las hojas de
Miconia fallax. Las agallas de las hojas son parasitos, y como M. fallax es una planta pionera, los individuos
que se encuentran en la sombra pueden presentar niveles altos de AF en comparacién con los de los bordes,
expuestos a la luz solar directa. El anélisis no mostré ninguna interaccién entre la abundancia de agallas, la
exposicion al sol y AF. El analisis separado revel6 que los individuos a la sombra tenfan niveles mas altos de
la AF, aproximadamente 25% mads alto que los individuos en los bordes, lo cual muestra que los individuos de
M. fallax con poca luz se encuentran en condiciones de estrés. La presencia de agallas no causé ningtin cambio
o aumento de la AF en comparacién con las hojas sin agallas. La falta de relacién entre la presencia de agallas
y AF indica que los individuos de M. fallax tienen una gran capacidad para mantener la homeostasis, ya que
la planta ha tolerado estos parasitos sin cambios significativos en la AF de las hojas.

[Palabras clave: efecto de borde, exposicién a la luz, planta pionera, Cerrado]

INTRODUCTION

Fluctuating asymmetry (FA) can be defined
as small, random deviations from bilateral
symmetry in structures that, typically,
are bilaterally symmetrical (Cornelissen
& Stiling 2005). Asymmetries in bilateral
traits are widely recognized to estimate a
population’s inability to buffer its growth
against perturbations of environmental origins
(Meller & Swadle 1997).
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This occurs because the left and right parts
of an individual share the same genome.
However, when subjected to external stressing
factors, the body parts will suffer small
random perturbations of cellular processes,
which eventually will accumulate in the
developing organs on the left and right sides
separately, leading to asymmetries during
development (Wilsey et al. 1998; Woods et
al. 1998). In this sense FA analysis performs
an important function because it can be used
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to monitor the quality of organisms living
under different environments (Kozlov et al.
1996). Moreover FA can be used to anticipate
decrements in species fitness (Moller 1997).

The environmental causes which increase FA
may include changes in temperature, climate,
nutrients and light exposure (Markow 1995;
Hédar 2002). Light conditions during plant
growth may considerably alter the structure
of leaves from individuals growing in the
sun relative to those growing in the shade
(Meller 1995). For instance, for pioneer plant
species sunlight is a very important resource
promoting its growth, consequently plants
located in the shade or understory would be
subjected to a stressful condition (Pearson et
al. 2003). This tension may in turn be reflected
as elevated levels of leaf FA. This occurs
because structures such as leaves, with large
functional importance are normally under
strong selective pressures (Cowart & Graham
1999).

Plants are good models to monitor
morphological traits that may vary along
plant distribution range. In face of different
environmental stresses, plants show
differences in development and in leaf FA.
Cornelissen & Stiling (2010) observed that
the stress rates suffered by two oak species
in Florida depended on whether individuals
were growing in center sites (inland) or on
the coast. On the coast FA was 20-30% higher,
possibly due to nutritional and/or water
stresses in this location.

One important consideration about
studies assessing leaf asymmetry is whether
biological interactions may also induce stress
on the plant, resulting in elevated FA levels.
Zvereva et al. (1997a) showed that leaf FA
in Salix borealis (Fries) Nasarow (Salicaceae)
was related to herbivory caused by beetles and
Mpller (1996) showed that several herbivores
were related to leaf FA as well in many other
plant species.

Up to 130000 organisms induce plant
galls (Espirito-Santo & Fernandes 2007).
However except by few studies (Olofsson
& Strengbomand 2000; Cornelissen & Stiling
2005), the influence of galls on leaf asymmetry
has been neglected as stressors, despite the
fact that galls are rigorously parasitic (Weis &
Kapelinski 1984), causing severe decrements
in plant growth and reproduction (Price et
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al. 1987). In this sense Zvereva et al. (1997b)
in agreement with Moller (1995) suggested
that FA is a useful and objective measure of
stress levels experienced by plants in studies
of insect-plant interactions as FA could be
detected before any significant reduction in
plant fitness.

To test the hypothesis that galls increase
leaf FA, I compared the asymmetries
between leaves with and without Ditylenchus
sp. (Nematoda) galls in Miconia fallax DC.
(Melastomataceae). I also predicted that
M. fallax individuals living along the forest
edge and exposed to direct sunlight, would
present less FA. M. fallax is pioneer plant
species and therefore sunlight is an essential
environmental resource for its growth. Hence
this study permits one to examine whether the
concomitant intensity of biotic and abiotic
factors caused stress in this plant species.
According to Puerta-Pifiero et al. (2008) the
majority of studies consider only one single
stressful condition at a time as the cause of FA.
However organisms in natural conditions are
under simultaneous stresses, both biotic and
abiotic. Thus in this study I aimed to compare
the relative strengths of different stressing
factors on M. fallax.

METHODS

Fieldwork was carried out in May and
April of 2010, in an area of Brazilian savanna
vegetation at the Panga Ecological Station
(PES: 19°10" S, 48°24’ E), located about 30 km
from Uberlandia city, in the state of Minas
Gerais, Brazil. Cerrado sensu strictu is the main
vegetation type in the reserve. This vegetation
is dominated by trees and shrubs (0.4-5 m tall)
and a fair amount of herbaceous vegetation.
The climate in the region presents two well
characterized seasons, a dry winter (April to
September) and a rainy summer (October to
March). For more details about the study area,
see Cardoso et al. (2009).

The genus Miconia Ruiz & Pav.
(Melastomataceae) is a group of pioneer plants
which are very common at the secondary
successional vegetation of PES. The genus
presents rapid resprouting capacity, higher
seed production rate in forest gaps, absence
of small seedlings from the understory and
strong responses of seedlings to variation in
light, which is also a limiting factor for seed
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germination (Dalling et al. 2001; Pearson et al.
2003). M. fallax is a woody shrub (<2 m) which
grows well in cerrado vegetation (Maruyama
et al. 2007). At PES the range of M. fallax
occurrence is limited to 20 m from the edge
limit to the forest core. Some individuals grow
well at the borders, receiving sunlight most
part of the day, while others are located in
understory and covered by the canopy of large
trees. M. fallax young leaves possess sessile to
short-stalked, non-glandular stellate trichomes
which occur on both surfaces, forming a dense
cover. On the other hand, the adaxial surface of
mature leaves is glabrous and highly reflexive
(Milanez & Machado 2011).

Galls are formed by the nematode
Ditylenchus sp. (hereafter Ditylenchus) and
occur throughout the leaf blade of M. fallax.
Galls are round, about 0.14 mm in diameter
and grow on the abaxial surface of leaves,
where several globes develop and form small
protuberances (Figure 1A). This paper will
focus on the influence of Ditylenchus galls
in M. fallax FA rather than their biology.
Substantial information about its life histories
can be found in Seixas et al. (2004a) and Seixas
et al. (2004Db).

A total of 35 M. fallax individuals were
tagged along an area of approximately 1.5
ha within PES. I chose only one block, which
corresponded to the area where M. fallax was
most abundant (about 50 individuals per
hectare). Individuals were located along the
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Figure 1. Abaxial side of Miconia fallax leaves. (A) Globose
galls occur along the leaf blade. (B) Ungalled leaf with the
indication of the way that measurements were taken in
order to assess fluctuating asymmetry. RW: right width;
LW: left width.

Figura 1. Lado abaxial de las hojas de Miconia fallax. (A)
agallas globosas se producen al largo de la hoja. (B) hoja
sin agallas con la indicacién de cémo las medidas fueron
hechas con el fin de examinar la asimetria fluctuante. RW:
ancho de la derecha; LW: ancho de la izquierda.
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edge and within a range of 20 m from the
forest edge. After 30 m distant from the edge
no individual was found.

From each tree I collected 20 leaves, totaling
700 leaves. To assess leaf FA, widths of all
leaves were measured on both the right (RW)
and left sides (LW), from the leaf edge to the
midrib, at the middle point of the leaf, which
corresponds to its widest part (Figure 1B). In
order to measure the leaves with precision I
placed them under a section of transparent
glass and photographed them with a digital
camera. These photos were then transferred
to a computer and measurements were
made with the Image Tool software (sensu
Cornelissen & Stilling 2005).

To test the accuracy of the measurements,
a subsample of 300 leaves was remeasured
and compared with the original RW and LW
measurements. The second measurements
were made in order to test the reliability of the
first. FA represents small deviations of perfect
symmetry so previous analyses are required in
order to examine the degree of measurement
error (Woods et al. 1998). The repeatability of
measurements indicates whether leaf sides
and their asymmetries were measured with
sufficient precision to allow for the use of
subsequent analyses.

A two factor analysis of variance (ANOVA)
was used to determine whether the between-
sides variation was significantly larger than
the measurement error. The variables used
were the individuals of M. fallax and the sides
of leaves (RW and LW). FA dependence on
leaf size was tested through linear regression
with the absolute difference of the right minus
left measurements and leaf length (Woods et
al. 1998).

According to Palmer & Strobeck (1986) it is
necessary to discriminate FA from other kinds
of asymmetry. Thus, I checked whether the
kind of bilateral asymmetry found among
M. fallax leaves could be considered true FA.
Directional asymmetry (significant differences
in size between leaf sides) was checked by
testing that the average RW-LW value did
not differ from zero (invariably P>0.05, one
sample Student’s t-test). To check for anti-
symmetry (significant differences on the
RW-LW distribution from the normal curve),
the right minus left values were tested
with the Kolmogorov-Smirnov normality
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test (sensu Meller 1995). Finally, once the
tests for directional asymmetry and anti-
symmetry were not statistically significant,
I could evaluate FA, calculated as the mean
difference between the right and the left side
[i.e., FA =[C | RW-LW)| /n] (Palmer & Strobeck
1986)]. Absolute FA is measured in milimeters
in this syudy.

All leaves collected had the number of
Ditylenchus galls counted and the result is
presented as mean=+1 standard deviation. I
also examined the side of the leaf in which galls
were more abundant and the comparison was
made with the Wilcoxon test. The number of
galled leaves per tree is displayed as mean=1
standard deviation. The Wilcoxon test was
used to compare the number of galled and
ungalled leaves per tree.

In order to examine the effects of the sun and
shade on leaf FA, M. fallax, individuals were
separated in two groups according to plant
location. The group “sun” was composed
of trees on the edge and subjected to direct
(vertical and lateral) sunlight most part of the
day. The group “shade” was composed of
trees in understory, about five to 20 m away
from the edge and receiving low lateral and
no vertical light during the day (adapted from
Puerta-Pifiero et al. 2008).

To examine whether gall abundance and tree
location were concomitantly responsible for
leaf FA, I conducted a general linear model
(GLM) test. FA values were considered as
the dependent variable. Gall abundance per
leaf and plant location were assumed as
independent variables. In addition I performed
another GLM to check whether leaf width was
related to gall abundance and plant location.
The continuous variables (FA, gall abundance
and leaf width) were log+1 transformed to fit
normal distributions.

To check for a possible alteration in leaf FA
according to gall abundance I performed a
Pearson correlation test. This test was also
used to check for alterations in leaf width
according to the number of Ditylenchus galls
per leaf. In these correlations only leaves with
Dytilenchus were used.

To analyze M. fallax between-tree variation
of gall abundance I ranked the mean number
of galls per tree as follows: rank was equal to
“1” if the mean number of galls in a tree ranged
from 0 to 0.99; 2=1-1.99; 3=2-2.99; 4=3-3.99;
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5=4-4.99; 6=5-5.99; 6=7-7.99; 7=8-8.99; 8=9-9.99;
10=more than 10 galls per leaf within a tree.
Between-tree variation was checked with the
Kruskal-Wallis test. This same test was used to
analyze M. fallax between-tree variation of FA
levels. Data ranking was chosen as it provides
a better visualization of data in this analysis.

This study is not experimental, thus the plant
location (sun/shade) and the number of galls
were not manipulated, but rather examined
in field conditions. All statistical procedures
were made in accordance with Zar (1984)
using the softwares Systat 10.2. and GraphPad
Prism 5.0.

REsutts

Among the 700 leaves collected from M.
fallax, 17 of them presented large variations in
RW-LW values due to herbivory or unknown
biological/physical causes and were discarded
insubsequent analyses or otherwise, could bias
the results. The measurement error of leaves
was insignificant, as indicated by the side
versus individual effect on two-way Anova
(F=7.17; df=1.299; P<0.0001). One sample
Student’s t test revealed no differences in the
mean of RW-LW measurements, consequently
directional asymmetry was discarded (t=0.017;
df=682; P>0.05). Antisymmetry was rejected
according to the non significant Kolmogorov-
Smirnov normality test (P>0.05). Thus in
this study FA was confirmed in M. fallax.
Additionally, no relation was observed
between leaf length and the absolute FA [RW-
LW] (r2=-0.0006; df=1.298; P>0.05). Therefore
the measurements were considered reliable. It
means that FA is not dependent on leaf size
and thus can be assessed unambiguously in
subsequent tests.

Ditylenchus galls were present in 63% of
leaves (n=453). The number of galled leaves
per tree varied from 7-18 and the Wilcoxon
test revealed statistical significant differences
between the number of galled and ungalled
leaves (T=19; P<0.0001) (Figure 2). The number
of galls per leaf varied from 0-29. No difference
was found between the abundance of galls and
leaf sides (galls right side 1.91+3.17; left side
1.96+3.28) (T=38025; P>0.05).

Among the 35 M. fallax individuals sampled,
20 of them were located in the shade and 15
were found in the sun. The GLM analysis did
not show interaction between leaf FA, the
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Figure 2. Mean and standard deviation of number of M.
fallax galled and ungalled leaves.

Figura 2. Media y desviacién estandar del niimero de
hojas de M. fallax con y sin agallas.

number of galls and plant location (F=0.3262;
df=1.679; P>0.05), so the independent variables
were examined separately. The testrevealed an
important finding that Dytilenchus galls were
not responsible for elevated levels of FA in
M. fallax leaves. This result is interesting since
the FA was 5% higher in leaves with galls,
however it was not statistically significant
(F=0.8952; df=1.679; P>0.05).

On the other hand plant location accounted
for a highly statistical significant difference
and was the main cause of increased FA in
M. fallax. Individuals in the shade presented
the highest level of FA, almost 25% higher
than plants in the sun, indicating that plants
growing in places with low sunlight were
in stressful condition (F=16.3584; df=1.679;
P<0.0001) (Figure 3).

The other GLM test did not show any
interaction between gall abundance, leaf
width and plant location (F=3.57; df=1.679;
P>0.05). Leaves with Ditylenchus galls were
in average 4% wider than leaves without galls
(52.22+8.89 and 50.39+8.68 cm, respectively)
and this difference was significant (F=3.769;
df=1.679; P<0.05) (Figure 3). Plant location
was also responsible for differences in leaf
width. M. fallax individuals in the shade had
their leaves wider than those on the edge
exposed to sunlight, and this difference was
significant (F=14.53; df=1.679; P<0.001). In
respect to Ditylenchus galls, the two GLM tests
showed that galls do increase leaf width but
donotincrease leaf FA at the extent of causing
differences in leaf right or left widths.

Pearson correlation test revealed that neither
leaf FA or leaf width were influenced by the
number of Ditylenchus galls per leaf (r=0.02;
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P>0.05and r=0.05; P>0.05 respectively). Leaves
with elevated abundance of Ditylenchus were
not more asymmetrical or wider than leaves
with few nematodes.

The variation between trees was markedly
significant for gall abundance (H=140.56;
P<0.0001). The ranks established for the mean
number of galls per tree showed differences
depending on the FA values for each tree
(H=17.92; P<0.05), however it was revealed
that trees with higher gall abundance did not
present elevated levels of FA (Figure 4).

In sum, the results showed so far that leaves
with galls were not more asymmetric than
leaves without galls and that higher gall
abundance did not inflict higher levels of
FA. Thus it seems unlikely that galls were
a stressing factor for M. fallax and the levels
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Figure 3. Leaf FA, width and gall abundance in M. fallax
individuals located in the sun and in the shade.

Figura 3. AF de las hojas, ancho y agallas de individuos
de M. fallax situados en sitios con sol y sombra.
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Mean number of galls per leaf within a tree (Ranks)
Figure 4. Mean and standard deviation of FA levels
between trees according to the number of Ditylenchus
galls. There was no relationship between these two
variables, that is, trees with high gall abundance did
not present high FA levels. Ranks of the mean number
of galls: 1=0-0.99; 2=1-1.99; 3=2-2.99; 4=3-3.99; 5=4-4.99;
6=5-5.99; 6=7-7.99; 7=8-8.99; 8=9-9.99; 10=more than 10
galls per leaf within a tree. Thirty five M. fallax individuals
were analyzed.

Figura 4. Media y desviacién estdandar de las variaciones
en los niveles de AF entre los individuos de M. fallax de
acuerdo con las agallas de Ditylenchus. No se encontrd
relacion entre estas dos variables, es decir, las plantas con
gran abundancia de agallas no presentaron altos niveles
de AF. Rangos de la media de agallas: a 1=0-0.99; 2=1-1.99;
3=2-2.99; 4=3-3.99; 5=4-4.99; 6=5-5.99; 6=7-7.99; 7=8-8.99;
8=9-9.99; 10= mas de 10 agallas por hoja en una planta.
Se analizaron 35 individuos de M. fallax.

of FA observed cannot be attributed to
gall presence. Therefore the other variable
measured, the plant location, was supposed to
account for most of the FA variation evidenced
in M. fallax.

M. fallax individuals located in the sun
presented more Ditylenchus galls per leaf than
plants in the shade (U=49620; P<0.01) (Figure
3). This result only reinforces the fact that the
effects of galls on M. fallax FA were too subtle
and not responsible for elevated stress rates.
If leaf FA was caused by gall presence, plants
on the edge would present the highest FA
levels. That is the reason why the GLM tests
did not show interaction between the number
of galls and the plant location, since FA was
caused in the most part by plant location and
not by galls.

Discussion

Several species of parasitic nematodes are
recognized to cause a negative impact on
their host plants (Hussey 1989). In this sense
it would be expected to find high levels of FA
in M. fallax leaves supporting Ditylenchus galls.
Although galled leaves were larger, no relation
was observed between FA and the presence
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of galls, given that leaves bearing Ditylenchus
galls presented similar stress rates to ungalled
ones.

According to Meller & Pomiankowski
(1993) morphological traits subjected to
stress for many generations are expected to
show low variability in FA. When these traits
are important for survival, the population
may be facing stabilizing selection in which
departures from the optimum phenotype
are minimized. This happens because large
modifications in traits which are important
for growth and development may influence
negatively the population survival and fitness
(Loménaco & Germanos 2001).

Another hypothesis that could explain the
lack of gall effect in M. fallax FA is the plastic
potential of the species. Phenotypic plasticity
(PP) is the ability of an organism to alter its
physiology or morphology as a response to
an unstable and heterogeneous environment,
in order to maintain its vigor (Debat & David
2001). As shown by Lomoénaco & Germanos
(2001) biotic factors are also involved in
the mechanisms underlying PP. In this
sense, morphological alterations in M. fallax
provoked by galls may have been buffered to
maintain the species vigor.

In one study involving M. prasina (Sw.)
DC, the presence of Ditylenchus galls was
found not to affect the plant vigor, such as
plant height, number of shoots and leaves
(Santos et al. 2009). The authors agreed
that M. prasina could tolerate the nematode
impact by compensation, where damaged and
undamaged plants had the same fitness.

Even though PP and compensatory effects
may be important for a species, when the
environment condition is too harsh the
population may be incapable of maintaining
its homeostasis or buffer its growth against
these conditions. This stress is then reflected as
high FA. FA levels among a population living
in different environments or in a continuum
may be indicative of which condition is more
stressful.

The main cause of FA in M. fallax was plant
location in that individuals in the shade
presented the highest levels of stress. Since M.
fallax is a pioneer plant species, high FA levels
were expected in individuals in the shade.
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Shade alters the growth, vigor, physiology,
metabolism and productivity of several plant
species and is a known form of stress (Lee
et al. 1990; Gordon et al. 1994). In regard to
pioneer plants, shade may also alter their
occurrence, establishment and reproduction
(Dalling & Hubbell 2002; Pearson et al. 2003)
and some studies have revealed that the lack of
sunlight also influences shade tolerant plants.
For instance Puerta-Pifiero et al. (2008) showed
that light significantly affected leaf FA of the
mediterranean oak Quercus pyrenaica Willd.
(Fagaceae) in that FA was higher in the
shade than in the sun. Furthermore, shade-
treated plants showed the worst seedling
performance in all cases. The larger leaves of
M. fallax individuals in the shade may be a
compensation for the lack of light, where leaf
area increases in order to capture more light
for photosynthesis (Farnsworth et al. 1996;
Van Hinsberg & Van Tiendere 1997; Lentz &
Cipollini Jr 1998).

As shown above M. fallax individuals located
in the shade presented the highest levels of
stress. However Ditylenchus galls were more
abundant on plants at the borders, exposed
to direct sunlight. By means of comparison,
Fernandes & Price (1992) studied the influence
of xeric and mesic habitats in galling insects
and noted that galling populations were
significantly larger in xeric habitats compared
to mesic habitats for six out of eight species
studied (Tscharntke 1989). According to the
authors this pattern is widespread in nature,
since gall formers may experience high levels
of parasitism and fungal diseases in mesic
habitats. This is presumably the reason why
Ditylenchus galls were more abundant on the
edge, given that plant-parasitic nematodes are
commonly favored by higher temperatures that
allow for a rapid increase in their populations
and are less susceptible to fungus diseases
and moisture as well (Crow & Dunn 2005).

In this work I considered only two factors
accounting for the stress in M. fallax (i.e., the
number of galls and plant location). The choice
of the variables which accounts for the most
stress in a given organism is not arbitrary, buta
result of field observations and the knowledge
of the life history of that organism.

For M. fallax, shade was considered as a
stressing factor because this is a pioneer
plant species. Additionally galls are parasitic
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herbivores and thus were supposed to inflict
a high degree of stress on leaves, which would
be reflected as high FA levels. Other possible
biotic and abiotic effects were disregarded as
I had no evidence that they could play a role
in M. fallax asymmetry. In respect to biotic
effects no other herbivores than Ditylenchus
were sampled.

It is possible that not only the sun, but also
other abiotic factors on the edge might be
affecting M. fallax, such as wind, soil content
differences and low moisture. However these
variables are often highly correlated and
intermingled on the edges (see Matlack 1994;
Gehlhausen et al. 2000; Harper et al. 2005),
so their relative roles could not be assessed
without ambiguity. Therefore individual
analyses about these effects on leaf FA would
be redundant.

The influence of biotic factors on leaf FA has
received little attention, and the few studies
have so far showed contrasting results.
Cornelissen & Stiling (2005) concluded that
insect miners did not inflict FA on two oak
species. On the other hand Maeller (1995)
demonstrated that leaves with mines of the
curculionid beetle Rhynchaenus rufus (Schrank)
(Curculionidae) were significantly more
asymmetrical than the nearest neighbouring
leaf without a mine. In both cases it seems that
the relationship between foliar asymmetry and
herbivory is causal, since increased levels
of asymmetry caused by environmental/
experimental treatments gave rise to an
increase in the abundance of leaf miners..
Usually stressed plants present elevated levels
of free nitrogen and low levels of secondary
defense compounds, thus benefiting insects
through bottom-up forces (White 1984).

Alternatively another question that remains
is whether herbivores themselves directly
cause high stress levels on plants. Cuevas-
Reyes et al. (2011) found a high positive
relationship between leaf herbivory and FA
in Heliocarpus pallidus Rose (Tiliaceae) but
they were unable to state whether previously
stressed leaves were more susceptible to
herbivores or if FA was a result of leaf area
loss. In contrast Cornelissen & Stiling (2011)
found a causal relationship between FA and
gall formers. Nevertheless, the relation was
weak and marginally significant.
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In this study it is unclear whether
Ditylenchus infects previously asymmetric
leaves. However, I have a reason to believe
that gall induction is random. If infection
occurred in previously asymmetric leaves,
then gall development would maximize leaf
asymmetries and there would be a difference
between the FA for galled and ungalled
leaves.

To sum up this study showed that shade and
galls did not cause simultaneous stress in M.
fallax. Plant location was the main cause of
stress since individuals in the shade had the
highest FA values. This study showed that
Ditylenchus galls were not at all a stressing
factor on the plant, as indicated by similar
FA in leaves with and without galls. Data
regarding the association between FA and
herbivory is still scarce and long term studies
are necessary to uncover the mechanism
underlying this relationship.
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