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ABSTRACT

This study examined herbivory rates and chemical defense mechanism in leaves of Miconia cabucu Hoene (Melastomataceae)
at different development stages and environments. We also identified variations of these data in relation to seasonality and climatic
factors. Young and mature leaves from 40 individuals were sampled at the border and the interior of a remnant area for the
herbivory analysis. The chemical analysis was accomplished in order to detect secondary metabolites also in young and mature
leaves of different development stages and environments. Young individuals were generally more attacked than adults. Higher
herbivory rates were observed for mature leaves of young individuals, for both edge and interior. The chemical analysis presented
positive results for phenolic compounds, flavonoids, tannins, and coumarins. Mature leaves showed higher phenolic compounds
and flavonoids concentration. For the border area,higher contents was detected on summer, and for the interior, higher contents
on winter. The relative air humidity and pluviosity were positively correlated with herbivory rates, while insolation and photoperiod
were negatively correlated. The results of herbivory and their secondary metabolites demonstrate the importance of these
relationships in Miconia cabucu, and its value for preservation and biodiversity.

Key Words: Insect-Plant Interaction; Herbivory Rates; Secondary Metabolites; Fragmentation; Seasonality.

INTRODUCTION

Plants and insects are the most representative groups on
earth; their interaction dates back for more than 430
million years now, and includes a variety of ecological
systems (Schoonhoven et al. 1998).The interactions
include mutualisms, pollination, dispersal, predation,
competition and herbivory (Del-Claro and Torezan-
Silingardi 2012, Herrera and Pellmyr 2002, Schoon-
hoven et al. 1998). Herbivory is described as an inter-

action of an animal obtaining its energy by feeding out
on plants (Herrera and Pellmyr 2002, Sevegnani 2007).

Different insect species, from different stages of
development or environmental conditions may require a
high or varied nutritional demand from plants. Some
plant characteristics determinewhat is valid for consump-
tion; the most common is leaf hardness, which can affect
feeding habits and the growth of herbivorous insects
(Schoonhoven et al. 1998). Usually, newer leaves are
more consumed than older ones, because it offers greater
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palatability, more nutrients, and is softer to insects’
mouth parts due its low fiber content. However, new
leaves generally contain higher concentration of
metabolites, which explains the preference of specialist
insects for these leaves. Generalist insects end up
choosing older leaves, because despite the hardness, they
do not accumulate high amounts of metabolites (Corne-
lissen and Fernandes 2001, Schoonhoven et al. 1998).

Plants develop several mechanisms to defend their
organs and tissues against the attack of the herbivorous
insects (Herrera and Pellmyr 2002). The nature and the
amount of plant defenses can be determined by the
availability of resources from the habitat, and their
mechanisms of action, explained according to their
physical and chemical properties (Chen 2008, Corne-
lissen and Fernandes 2001). A single plant can be quite
heterogeneous in its chemical composition; it can also
vary among its different tissues (Herrera and Pellmyr
2002, Schoonhoven et al. 1998). There are several
factors that can influence the chemical composi-tion of
a plant, such as age, soil configuration and seasonality
(Del-Claro and Torezan-Silingardi 2012). The produc-
tion of chemical constituents for the defense against
herbivory may commit other important functions of the
plant, because it requests matter and energy, its synthesis
and storage will demand some cost (Cornelissen and
Fernandes 2001). The chemical production can influence
plant growth by redirecting resources that once could be
used on differentiation processes, such as sprouting and
leaf production, will then be used for defense
(Cornelissen and Fernandes 2001, Del-Claro and
Torezan-Silingardi 2012). Some studies suggest that the
effort for preventing herbivorous insects can reduce the
reproductive success and the fitness of their host plant
(Maron and Gardner 2000, Marquis 1984, Zvereva and
Kozlov 2001)

Gurevitch et al. (2009) point out that the effects of
herbivory on a community level can increase or reduce
plant diversity, bringing intense consequences for the
richness, composition and abundance ofa community.
Others suggest that insects can influence on evolution,
space distribution, and on plant population dynamics
(Barbosa et al. 2005,Gurevitch et al. 2009, Herrera and
Pellmyr et al. 2002). One of the main problems affecting
the interactions between insects and plants, are the
impacts from human actions; eventually the dynamics of
interactions will suffer from the advances of forest
fragmentation and consequently, forest biodiversity
(Costa 2003, Rocha et al. 2006).

Many authors include a species from the Melasto-

mataceae family, Miconia cabucu, as a potential plant
for reforestation, biomonitoring of pollution,
recuperation of riparian forest, rural construction, as well
as its importance as ecological attribute for the fauna
(Carvalho 2008, Citadini-Zanette 1995, Lorenzi 2009).
This evergreen species is native from Brazil, pioneer and
of rapid growth, reaches up to 15 m high and blooms
between August and November.

To contribute to the studies related to fragment-
ation, herbivory and plant defense mechanisms, the main
goal of this paper is to understand how leaf consumption
influences the production of chemical metabolites on
Miconia cabucu and, to associate this influence with
different environments. More specifically, it evaluates:
(1) the herbivory rates of newer and older leaves from
young and adult plants of different environments; (2) the
detection of secondary metabolites from newer and older
leaves, comparing between young and adult plants, and
between the different environments; (3) the analysis of
variation between herbivory rates and the secondary
metabolites concentration, and its relations with
seasonality and abiotic factors.

MATERIALS AND METHODS
Study Site

The study was carried out during the year 2011 on a
19,000 m? remnant area of the Parque Estadual da Serra
Furada (PESF) conservation unit, located between the
cities Orleans and Grao-Para, Santa Catarina, Brazil (28°
08' 13" S, 49°25'17" W, and 28° 11' 36" S, 49° 22' 58"
W) (Figure 1). The unit belongs to the Montane Dense
Rainforest region of the Atlantic Forest biome in South
of Brazil, abridging an area of 1,330 ha (Plano de
Manejo PESF 2009).The climate of the region is
classified as Cfa according to Koppen (1931). The
observations and sampling were made inside and at the
border area of the remnant.

Sampling

A total of 40 individuals of Miconia cabucu were
sampled for herbivory rates. For both interior and border
area, 10 young plants and 10 adult plants were marked
with an identification code for a monthly evaluation
throughout one year. Conditions such as reproductive
age, flowering or fructification, were used as charac-
terization criteria of which plants were considered adult.
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Figure 1. Geographic location of Santa Catarina (green) and Parque
Estadual da Serra Furada (area in red).

For leaf analyses, the classification ascribed by Corréa
(2007) was implemented, in which newer leaves were
considered those occurring before the fourth knot,
counting from the apex of the branch, and older leaves
between fourth and eighth knots. All leaves from young
plants and the leaves from two branches of adult plants
were analyzed every month.

Herbivory rates were measured by calculating the
percentage of leaf area consumed by defoliating insects,
following the Dirzo and Domingues (1995) categories of
classification: 0 = no herbivory; 1=1to 12.5%;2=12.5
to 25%; 3 = 25 to 37.5%; 4 = 37.5 to 50%; 5 =50 to
62.5%; 6 = 62.5 to 75%; 7 = 75to 87.5%; 8 = 87.5 to
100% of the leaf area consumed by herbivorous insects.

For the extraction of secondary metabolites, four
new and four old leaves were sampled for one young and
one adult plant each from the interior and border areas at
the end of each season. Plants used for phytochemical
analyses were selected apart from the ones observed for
the herbivory rates. The same adult plant from the
different areas was sampled throughout the year.
However, since younger plants may go through a high
level of stress and alter their chemical composition, it
was decided to collect leaves from different young
plants, yet close to each other, for each season, in an
attempt to reduce possible abiotic factors that could alter
the analysis.

Phytochemical Analyses
Secondary metabolites from M. cabucu were analysed

from leaves collected in each season. All leaves were
dried at 40°C for approximately seven days. Each sample

was properly identified according to leaf age, plant age
and area; weighed on an electronic precision scale (Mars
AL 500) and stored in plastic containers with controlled
conditions for light, temperature and humidity until the
moment of analysis.

Phenolic compounds (polyphenols, flavonoids,
tannins, anthraquinones and coumarins) were detected
qualitatively by the methods proposed by the official
methods of analysis of the Association of Official
Analytical Chemists (AOAC 2010). The qualitative
detection for terpenes (saponins and cardiotonic
glycosides) and alkaloids were also achieved following
the methods proposed by the AOAC (2010). The latter
were conducted with the Dragendorff, Bertrand, Mayer
and Bouchard reagents, and confirmed through thin layer
chromatography (Wagner and Bladt 1996)

Statistical Analyses

Herbivory index (HI) was obtained by calculating the
rates of defoliation according to the formula proposed
by Dirzo and Domingues (1995):

HI=X (nix i)/N

where ni = number of leaves per category;
i = herbivory category (0 - 8) and
N= total number of leaves for each individual.

The significance of the regression coefficient was
tested using the General Linear Model (GTL") with
gamma distribution and considering the Wald (W)
statistics, with the help of Statistica software
(STATSOFT 2004).

The secondary metabolites composition of newer
and older leaves from the same plant, from different
plant age, and from different areas of the remnant was
evaluated by indicating the presence or absence of these
metabolites. The concentration data for total polyphenols
and flavonoids were analysed with ANOVA, followed
by the Test of Tukey using the PAST software version
2.04 (Hammer et al. 2001).

Most of the Brazilian territory, in the south
hemisphere, does not have a well-established seasonality,
however, the south region presents the four seasons
defined, where spring begins in September, summer in
December, autumn in March and winter in June
(Simepar 2017). The information regarding the averages,
minimum and maximum for climatic data, along with the
climatological normal for every month, was obtained
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from the Experimental Station of EPAGRI/Urussanga,
Santa Catarina, Brazil.

RESULTS
Herbivory Damage

The related variables for leaf and plant ages were
demonstrated as an important source of variation for the
herbivory rates in Miconia cabucu. The herbivores
preference for older leaves (W () = 237.441; p < 0.001)
was responsible for 20% of the total variation in the
herbivory rates despite the plant age. Furthermore, the
preference for young plants (W ,=131.791; p <0.001)
was observed, which was responsible for 15% of the
total variation. There was no significant variation among
months (W ;;,=17.829; p = 0.085) or between different
environments (W ;, = 0.620; p = 0.430) (Figure 2).

For each season of the year, the averages from
herbivory rates were calculated, and comparisons made
between environments, leaf, and plant ages. The average
rates for summer, autumn and winter seasons were
generally higher for leaves from the border area, leaves
from the interior were higher only in spring. Significant
differences between newer and older leaves were detec-

30

ted for all plants and areas, expect for young plants from
the interior area during winter.

Phytochemical Analysis

Positive results were detected for phenolic substances
such as tannins, flavonoids and coumarins. The presence
of anthraquinones, saponins, cardiotonic glycosides and
alkaloids was not confirmed.

The results for quantitative analyses to determine
the total concentration of polyphenols and flavonoids
were calculated from a correlation coefficient (R?) at a
level of significance of 5%. The equation of line found
from the standard curve was y = 0.0013x + 0.0148 for
total polyphenols and y = 0.0065x + 0.0271 for flavo-
noids. The values obtained for the concentrations are
shown in Tables1 and 2. Polyphenol concentrations were
significantly different between the seasons (F [3,28]
=146.5,p <0.01); spring was significantly different from
others and the autumn different from summer and winter.
For the flavonoids concentrations, summer was signifi-
cantly different from other seasons, and the autumn
different from winter and spring (F [3,28] =21.27, p
<0.01) (Table 3). The flavonoid concentrations were
higher for leaves in the summer, except for newer leaves
of adult plants, which showed higher values in winter
and spring.
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Figure 2. Monthly variation of herbivory rates in Miconia cabucu. A, young plants; B, adult plants.
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Tablel. Concentration of total polyphenols (mg L") in
the leaves of Miconia cabucu. B = border; 1 =
interior; Y= young; A= adult; n= newer leaf; o=

older leaf.

Environment/ Season

Sample Summer  Autumn Winter  Spring
BYn 179.4 64.8 139.4 24.8
BYo 197.1 80.2 159.4 27.1
BAn 154.8 61.7 134.0 23.2
BAo 153.2 84.0 126.3 30.2
IYn 148.6 58.6 150.2 41.7
IYo 162.5 60.2 131.7 20.2
TIAn 135.5 57.1 174 27.8
T1Ao 162.5 61.7 180.9 24.0

Table 2. Flavonoid concentration (mg L) in the leaves
of Miconia cabucu. B = border; 1 = interior; y =
young; a = adult; n = newer leaf; o = older leaf

Environment/ Season
Sample Summer  Autumn Winter  Spring

BYn 78.9 15.5 39.2 30.6
BYo 78.6 19.7 51.2 44.9
BAn 63.2 14.6 31.1 46.4
BAo 82.8 16.3 36 47.4
IYn 46.6 11.2 29.7 17.7
IYo 59.5 5.8 19.1 22.6
IAn 65.1 7.8 72.9 65.7
TAo 67.4 7.4 66.9 49.5

Table 3. Results of Tukey’s Tests for polyphenols and
flavonoids concentrations among the seasons.

Season Summer  Autumn Winter Spring
Summer - 0.00016 0.3907 0.00016
- 0.00016 0.00781 0.003
Autumn - 0.00016 0.00027
- 0.00081 0.00199
Winter - 0.00016
- 0.9806

Figures in bold are for polyphenols.

Interactions, Biotic and Abiotic Factors

The Pearson correlations among monthly averages of
herbivory rates and the climatic data, were positively
significant for: relative air humidity with newer leaves
from young plants (r = 0.670; p = 0.016) and newer
leaves from adult plants (r=0.582; p = 0.046) both from
the border area, and also with older leaves from adult
plants from the interior area (r = 0.822; p = 0.001).
Rainfall also had positive correlation with newer leaves
from adult plants (r = 0.620; p = 0.031) from the border.

Correlations with insolation were significantly
negative between new and old leaves from adult plants
from the border (r = -0.635; p =0.026 and r =-0.636; p
=0.026 respectively), and older leaves from adult plants
from the interior (r = -0.658; p = 0.019). The photo-
period was also negatively correlated for older leaves
from adult plants from the interior (r=-0.624; p=0.029).
Seasonal averages of herbivory were also correlated with
climatic data but none was significant,.

The concentrations of polyphenols and flavonoids
obtained in each season were correlated with the climatic
averages but no significant correlations were found.
However, flavonoids showed significant and positive
correlation with rainfall for newer leaves from the young
plants ofthe border area (r = 0.952 p = 0.047) and
interior area (r = 0.993 p = 0.006).

DISCUSSION
Herbivory Damage

A study conducted by Medeiros and Morretes (1995) on
herbivory in Miconia cabucu reported that the rates of
herbivory were considerably lower (0.5 to 50.2%) than
those observed in the present study (0 to 95%). The
higher rates found in our study may be explained by the
conditions found in the region in which the analysis were
carried out. According to Coley et al. (1985), the annual
consumption of plants from natural communities by
herbivores can reach an average of 10%, and in tropical
forests, this average can vary from 0.0003 to 0.8% daily,
depending on the attacked species.

According to Santos et al. (2007), young plants
usually have lower rates of herbivory than adults, and
this might be due to the fact that they are less attractive
to herbivores, and because they have greater amount of
newer leaves they are usually chemically best defended.
Medinaceli et al. (2004), studying herbivory in a
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Montane tropical forest, did not detect significant
differences on the herbivory rates between areas with
different exposures; however, adult plants were shown
to be more attacked than the young ones for both areas.
The herbivory averages found in the present study point
out that young plants, regardless of the environment, or
season, have higher herbivory rates than the adult plants,
contradicting the results found by Medinaceli et al.
(2004) and Santos et al. (2007).

Phytochemical Analysis

According to Rodrigues (2007), phytochemical studies
for the Melastomataceaec family are still scarce.
However, for some studied species it was possible to
verify groups of secondary metabolites; flavonoids and
tannins are more common, whereas terpenes and
quinones are rarely found. Similar results were reported
by Serpeloni et al. (2008) who found that polyphenols,
flavonids and tannins were the main compounds in the
methanol extract of M. cabucu. All secondary
metabolites found in our study are corroborated by the
previous studies. Bernays et al. (1984) conducting tests
on a few species of Miconia observed that it is possible
to find quinones acting as alimentary deterrent in six
species of insects. Other species of Miconia such as M.
fallax DC., M. stenostachya DC., M. sellowiana Naudin
and M. ligustroides (DC.) Naudin, have triterpene acids
in their extracts (Cunha et al. 2003, Cunha et al. 2006).

Phenolic compounds may vary and increase when
related to different environments or wounding, and their
concen-tration can be significantly influenced by
seasonality (Liimatainen et al. 2012). A study conducted
by Yariwake et al. (2005) found significant seasonal
variations in the concentrations of polyphenols and
flavonoids from leaves of Maytenus aquifolium Mart.
(Celastraceace), both presenting low values for winter and
summer, and higher values for spring and autumn. The
results of our study do not agree with the ones found in
literature, since the concentrations for polyphenols and
most of the flavonoids were higher for summer and
winter and were much lower (~70% lower) for spring
and autumn.

Studying two species of /nga (Fabaceae), Brenes-
Arguedes et al. (2006) found newer leaves as chemically
more protected, and they also observed that flavonoid
concentration decreases as leaves grow older. According
to Kogan and Paxton (1983), a higher photosynthetic and
metabolic rate in newer leaves, which results in a higher
accumulation of nutrients and, consequently, greater

production of secondary metabolites acting as defense,
could explain the higher rates of herbivory on older
leaves. However the results obtained for Miconia cabucu
analyzed in our study, differ from what is proposed
above, as the older leaves presented higher concen-
trations of secondary metabolites and were also the most
consumed by the herbivores.

Interactions, Biotic and Abiotic Factors

Plant-herbivore interactions can be affected by pathogens
or previous attacks from herbivores or even by several
environmental factors such as temperature, solar
radiation and hydrous stress, humidity and rainfall
(Koogan and Paxton 1983). In our study, Miconia
cabucu plants from the border areas had delayed
production of the secondary metabolites as compared
with the plants from the interior, suggesting that this
difference could be related to climatic factors. Because
border environments are usually more propitious to
variations of climatic factors (Ribeiro et al. 2009), plants
from this area may suffer some influence on the
synthesis and concentration of the secondary metabolites
(Koogan and Paxton1983).

Liimatainen et al. (2012) show that the production
of secondary metabolites could be regulated by plants
when in different environments. According to Ribeiro et
al. (2009) border arecas can be subject to greater
variations in the climatic conditions such as temperature,
luminosity, and air and soil humidity among other factors
that may cause changes in the structure of a remnant
interaction. Although only a few differences for the
climatic data (except for rainfall) were found in this
study, Murcia (1995) points out that variations in
microclimate occurring on border of fragmented areas
may act as a stimulating way to the changes in biotic
interactions of the environment, because physical
conditions that directly affect the plants can also alter the
density and activity of some species of animals as, for
instance, pollinators, disperses and herbivorous insects.
The positive relation between flavonoid concentration
and rainfall found in our study does not support the
results obtained in other studies. Peixoto Sobrinho
(2009), analyzing the border effects and rainfall on
flavonoid concentrations, did not find significant
correlations in Fabaceae species, Bauhinia cheilantha
(Bong.) Steud. Furthermore, Luengas-Caicedo et al.
(2007) evaluated the seasonal and intraspecific variation
of flavonoids in the leaves of Cecropia glaziovi Sneth.
and reported higher concentrations during the dry season
compared with rainy periods.
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Final Considerations

The chemical composition of a plant may be used as a
mechanism of defense, and most of the time this is
efficient. However, herbivore insects evolved in a way so
that they can sometimes, avoid, modify, or even use
those defenses for their own benefit. Some insects
acquired a behavioral capacity to avoid consumption and
oviposition on toxic plants; others have the capacity of
detoxification, and there is also the possibility of
"kidnapping" toxins, in which the insect can adapt to the
poisonous effect and use it for immunity against their
predators (Herrera and Pellmyr2002). Those adaptations
developed by herbivorous insects are relatively common,
and it could explain the high herbivory rates in plants
with high concentrations of secondary metabolites, as
was found for the older leaves of M. cabucu in this
study.

High rates of herbivory were found for winter and
autumn, on border and interior areas respectively,
meanwhile the highest concentrations for polyphenols
and flavonoids were found in summer and winter, in
those same areas. According to Eyles et al. (2010),
feeding habits and oral secretions from herbivores can
affect the production of induced chemical defense of a
plant; and since the values for secondary metabolites
were higher for the seasons that come after the ones with
greater herbivory rates; the relationship between M.
cabucu and its herbivores shows an example of defense
mechanism, probably of the induced type, where the
production of metabolites would be activated following
the attack from herbivores (Chen 2008).

The importance of fragmentation and border effects
are demonstrated by our study, showing differences on
the chemical composition and herbivory when different
environments of a forest remnant are analyzed. The
Melastomataceae, despite being a well-known family,
lacks phytochemical and animal-plant interaction studies.
Further studies with M. cabucu can offer subsidies for a
better understanding of these issues, preserving and
preventing further fragmentation.
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