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Abstract: The damage types and herbivory rate in mature leaves of Avicennia schaueriana
Stapf & Leechm ex Moldenke, Laguncularia racemosa (L.) Gaertn, and Rhizophora mangle L.
were evaluated in three mangrove forests adjacent to hypersaline flats in the state of Paraiba,
Northeast Brazil. Nine damage types were identified: holes, fungal spots, galls, undefined
damage, margin damage, mining, necrosis, eggs, and rasping. Laguncularia racemosa exhibited
a higher damage frequency and herbivory rate (3.17 to 7.07%) than Rhizophora mangle (0.77 to
1.76%) and Avicennia schaueriana (0.36 to 0.91%). Laguncularia racemosa had tougher leaves
(wet weight/foliar area ratio) than the remaining species. The leaf herbivory percentages were
low compared to other mangrove forests, most likely due to the high values of interstitial
salinity.
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Abstract: Danos foliares em trés florestas de mangue no Nordeste do Brasil. Os tipos de
danos e a taxa de herbivoria em folhas maduras de Avicennia schaueriana Stapf & Leechm ex
Moldenke, Laguncularia racemosa (L.) Gaertn e and Rhizophora mangle L. foram avaliadas em
trés florestas de mangue adjacentes a planicies hipersalinas no Estado da Paraiba, Nordeste do
Brasil. Nove tipos de danos foram identificados: buracos, fungos, galhas, indefinidos, danos nas
margens, minas, necrose, ovos e raspagem. Laguncularia racemosa exibiu maior frequéncia de
danos e taxa de herbivoria (3,17 a 7,07%) em relagdo a Rhizophora mangle (0,77 a 1,76%) e a
Avicennia schaueriana (0,36 to 0,91%). Laguncularia racemosa teve maior dureza foliar (razdo
peso umido/ area foliar) em relagdo as demais espécies. Os percentuais de herbivoria foliar
foram mais baixos quando comparados a outras florestas de mangue, provavelmente devido aos
altos valores de agua intersticial.

Palavras-chave: espécies de mangue, percentual de herbivoria, danos foliares

Introduction

Mangrove forests are some of the most
carbon-rich forests in the tropics (Donato et al.
2011). The increased primary production of these
ecosystems supports the productivity of the adjacent
coastal waters through export of particulate and
dissolved organic matter (Adame & Lovelock 2011).
These ecosystems also exhibit increased herbivore
richness, and these animals use mangrove leaves
directly as food sources or as reproductive sites
(Burrows 2003, Giri et al. 2011). Herbivores play an

important part in nutrient cycling and energy transfer
between trophic levels. However, herbivory can also
negatively affect plant fitness, patterns of nutrient
and energy transfer through food chains, and
organism diversity within communities (Coley &
Barone 1996).

Herbivory percentages in mangrove forests vary
between 1 and 47% of total leaf area consumed
(Lacerda et al. 1986, Robertson & Duke 1987, Feller
1995, Saur ef al. 1999, Erickson et al. 2004, Romero
etal. 2006, Tong et al. 2006, Feller & Chamberlain
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2007, Kihia et al. 2012, Santos 2014). Insects and
crabs are the herbivores with the highest impact on the
structure and functioning of mangrove forests
(Cannicci et al. 2008, Feller et al. 2013). These
organisms depend on the quantity and quality of the
plants for their growth, development, and reproduction,
which may have a significant impact on the ecosystem
(Begon et al. 2007).

Most studies report moderate insect impact,
which accounts for approximately 10% of canopy
biomass loss (Alongi 2009), but episodes of severe
defoliation have been reported (e.g., Anderson & Lee
1995, Menezes & Mehlig 2005). The percentage of the
immediate decrease in foliar area caused by chewers or
drillers is the type of herbivory most often studied in
mangrove forests. However, other types of leaf
damage, such as necrosis, rasping, galls, and fungal
spots, may compromise ecosystem productivity
(Lacerda et al. 1986) due to loss of photosynthetically
active leaf area. However, few studies have recorded
these types of leaf damage in mangrove forests
(Romero et al. 2006, Menezes & Peixoto et al. 2009).

The effects of herbivory tend to be
quantitatively small when the populations of the
groups involved share an evolutionary history. Plants
develop resistance against attacks by herbivores,
decreasing their detrimental effects. This resistance is
generally associated with the development of physical
structures and production of chemical components that
protect the plants more effectively, decreasing damage
caused by herbivores (Aoyama & Labinas 2012). High
leaf tannin and lignin concentrations have been shown
to protect mangrove leafs from herbivores, whereas
high levels of nitrogen and carbohydrates promote
increased herbivory rates (Lacerda et al. 1986, Loyola
& Fernandes 1993, Feller & Chamberlain 2007). High
interstitial salinity increases secondary metabolite

production  (Petridis 2012) and sclerophylly
(toughness) in plants, which decreases their
palatability.

Mangrove forests adjacent to hypersaline flats
may exhibit high interstitial salinity. Brazil has large
areas of mangrove forests, but few studies have been
conducted on their herbivory (Lacerda et al. 1986,
Aratijo 2002; Menezes & Mehlig 2005, Ignacio et
al. 2005, Menezes & Peixoto 2009), and there are no
studies of mangroves adjacent to hypersaline flats.

The objective of this study was to evaluate the
damage types and quantify leaf herbivory rates in
three mangrove forests in the state of Paraiba,
Northeast Brazil, to determine the occurrence of
interspecific variations in mangroves adjacent to
hypersaline flats. Considering that the mangrove

W. ALVES DA SILVA ET AL.

species exhibit differences in the physical and
chemicals characteristics of their leaves (Lacerda et
al., 1986; Bernini et al., 2006) it is expected that
rates of herbivory differ among species.

Material and methods

The study was performed in three mangrove
forests adjacent to hypersaline flats in three estuaries
in the state of Paraiba, Northeast Brazil.

Site 1 was located at the Gramame River
estuary (7°14°72” S and 34°48°43” W) in the
Southern Coast of the state of Paraiba. The region of
the Gramame River basin has as tropical wet climate
according to the Koeppen climate classification,
with a rainy season from June to August. The mean
annual rainfall varies between 800 and 1800 mm
(Fonseca 2008). The plant cover along the watershed
is very degraded due to the mining, baking, and
pottery industries as well as to real estate
speculation, and only some remnants of mangrove,
Atlantic forest, Cerrado (Brazilian savanna), and
floodplains are left (Fonseca 2008).

Sites 2 and 3 were located at the Mamanguape
River Bar Environmental Protection Area (EPA)
(Area de Protecio Ambiental [APA] da Barra do rio
Mamanguape) on the North Coast of the state of
Paraiba. Site 2 was located at the Mamanguape
River estuary (6°47°67” S and 34°55°68” W), and
Site 3 was at the Miriri River estuary (6°51°31” S
and 34°54°74” W). The region's climate is hot and
humid, with a rainy season from June to August and
1634 mm mean annual rainfall (Silvestre et al.
2011). The Mamanguape River Bar EPA includes
one of the largest and best preserved areas of
mangrove forest in Northeast Brazil.

The selected mangrove forests are basin
mangrove forests that occur in inland depressions
(Lugo & Snedaker 1974) and are characterized by
low structural development (mean tree height
approximately 2.5 m). The interstitial salinity was
48.3£2.9 for Site 1, 47.0£2.7 for Site 2, and
45.0+0.8 for Site 3.

In February 2014, 50 mature leaves (third leaf
pair) exposed to sunlight were collected from 10
trees of each studied species (4. schaueriana, L.
racemosa and R. mangle) from each study site. The
leaves were placed in a Styrofoam box containing
ice, and leaf damage was later identified according
to classification of Romero ef al. (2006) and
Menezes & Peixoto (2009) (Table I). Of the types of
damage identified, only holes and margin damage
directly resulted in total or partial loss of leaf
material.
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Table I: Description of the types of damage caused by herbivores. Adapted from Romero ef al. (2006) and Menezes &

Peixoto (2009).
Type of damage Description
Holes Predation of part of the leaf limb without damage to the leaf margins
Fungal spots Dark spots on leaves
Galls Blisters caused by arthropods
Leaf-margin Predation of the leaf margins

Leaf-mining

Predation of the mesophyll, keeping the cuticle whole

Necrosis Necrosis of leaf tissue

Eggs Small cuts in the central vein
Rasping Loss of surface layer (epidermis)
Undefined

Does not fully fit into any of the classes described

This type of damage was classified as structural
damage. The remaining types of damage were
classified as surface damage because they affected the
leaf surface without causing direct and/or immediate
loss of leaf area (Romero ef al. 2006). Leaf wet weight
was quantified for subsequent calculation of the wet
weight/foliar area ratio, which is an indication of leaf
toughness (Feller 1995).

The leaves were scanned, and the borders of
leaves exhibiting damage at the margins were traced,
following the original leaf shape, using the software
program Paint. The total leaf area and area consumed
by herbivores (considering holes and margin damage)
were then estimated using the software program Image
J 1.47. The percent herbivory was calculated as
follows:

%herbivory=100 * consumed area / total area (1)

A chi-square test (%) was performed to test the

differences between damage type and plant species and
between damage type in each species and the study
site. Herbivory data and the leaf wet weight/foliar area
ratio were compared with permutational multivariate
analysis of variance (PERMANOVA) using random
permutations (999), followed by Dunn’s test for
analysis of inter- (within each study site) and
intraspecific (among study sites) differences. We used
the R environment (2013) to perform the analysis.
PERMANOVA  was  performed wusing the
RVAideMemoire package (Hervé 2008).

Results

Nine types of leaf damage were identified. The
results of the y” test for the association between type of
damage and plant species at each study site are
presented in Table II, and the percentages of damaged
leaves are presented in Figure 1.

Table II: o test results for different types of leaf damage analyzed in three mangrove forests of the state of
Paraiba. Asterisks (*) indicate a significant association (p < 0.05) between leaf damage and plant species at

each site.
Site 1 Site 2 Site 3

Damage R s R

X P X p X P
Holes 24917 0.000* 20.861 0.000* 29.268 0.000*
Fungal spots 3.804 0.149 15.643 0.000* 19.149 0.000*
Galls 2.013 0.365 - - 3.596 0.166
Leaf-margin 27.380 0.000* 24.139 0.000* 60.263 0.000*
Leaf-mining 2.983 0.225 11.230 0.004* 16.432 0.000*
Necrosis 1.500 0.472 5.018 0.081 48.904 0.000*
Eggs 2.013 0.365 2.013 0.365 - -
Rasping 27.592 0.000* 31.977 0.000* 7.955 0.019*
Undefined 4.113 0.128 4.113 0.128 3.648 0.161
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Overall, L. racemosa exhibited a higher
percentage of holes, margin damage, and rasping,
and A. schaueriana exhibited a higher occurrence
of fungal spots than the remaining species.
Rhizophora mangle at Site 2 and L. racemosa at
Site 3 exhibited a higher percentage of mining. At
Site 3, necrosis was higher for R. mangle than for
the remaining plant species.

The intraspecific comparison is presented in
Table III and Figure 1. Avicennia schaueriana
exhibited a higher percentage of galls, undefined
damage, and rasping at Site 3 than at the
remaining study sites. L. racemosa exhibited a
higher frequency of holes and margin damage at
Sites 1 and 3 and a higher percentage of mining at
Sites 2 and 3. Rhizophora mangle exhibited a
higher percentage of holes, margin damage, and
mining at Site 2, fungal spots at Site 1, and
necrosis at Site 3.

The mean leaf area consumed, represented by
holes and margin damage (structural damage),
varied between 3.17 and 7.07% in L. racemosa, 0.77
and 1.76% in R. mangle, and 0.36 and 0.91% in A.
schaueriana. PERMANOVA results indicated
interaction between site and species, ie, there were
significant differences in herbivory percentage
among the species depending on the site (Fig. 2 and
Table 1V). Laguncularia racemosa exhibited higher
herbivory percentages at Sites 1 and 3 and 4.
schaueriana showed a lower herbivory percentage at
Site 2 than the remaining species. The herbivory rate
of L. racemosa was higher at Site 3 than at Sites 1
and 2, and the herbivory rate of R. mangle was
highest at Site 2 and lowest at Site 1 (Fig. 2 and
Table 1V).

PERMANOVA results indicated interaction
between site and species, ie, there were significant
differences in leaf wet weight/foliar area ratio
among the species depending on the site (Fig. 3 and
Table V). Overall, L. racemosa exhibited a higher
leaf wet weight/foliar area ratio than the remaining
species. Avicennia schaueriana and L. racemosa
exhibited lower leaf wet weight/foliar area ratios at
Site 3 than at the remaining study sites, and
Rhizophora mangle exhibited a higher ratio at Site 1
and an intermediate ratio at Site 3 (Fig. 3 and Table
V).

Discussion
Laguncularia racemosa exhibited a higher
percentage of leaves with holes and margin damage
than the remaining studied species. Similar results
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were reported for mangrove forests in the state of
Rio de Janeiro (Menezes & Peixoto 2009) and in the
Mamanguape River estuary, state of Paraiba (Santos
2014). These types of leaf damage are mainly caused
by caterpillars or adult insects but can also be caused
by crabs and fungi (Aratjo 2002). Caterpillars such
as Junonia evarete (Lepidoptera: Nymphalidae) and
Hyblaea puera (Lepidoptera: Hyblaeidae) have been
responsible for severe defoliations in some
mangroves (Arajo 2002; Menezes & Mehlig 2005,
Menezes & Peixoto 2009). Severe defoliation events
have been observed for A. germinans at the upper
estuary of the Mamanguape River (Santos 2014).
However, this phenomenon was not observed in the
forest studied in the present study (lower estuary).
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Figure 1: Frequency of leaf damage in mangrove species
at Site 1 (A), Site 2 (B), and Site 3 (C) located in the state
of Paraiba.
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Table III: o test results for different types of leaf damage analyzed in three mangrove species in the state of Paraiba.

Asterisks (*) indicate a significant association (p < 0.05) between leaf damage and the study sites for each species.

Avicennia schaueriana

Laguncularia racemosa

Rhizophora mangle

Damage R R R

X P X p X P
Holes 1.042 0.594 6.941 0.031* 27.083 0.000*
Fungal spots 0.893 0.649 1.014 0.602 10.345 0.006*
Galls 6.122 0.047* - - 2.013 0.365
Leaf-margin 2.723 0.256 8.672 0.013* 11.213 0.004*
Leaf-mining 3.005 0.222 10.32 0.005%* 18.257 0.000%*
Necrosis 2.551 0.279 3.596 0.176 39.917 0.000*
Eggs 2.013 0.365 2.013 0.374 - -
Rasping 11.356 0.003* 3.345 0.198 1.655 0.437
Undefined 6.522 0.038* 0.817 0.677 1.210 0.546
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0 Median [125%-75% I MinMax Site 1; S2: Site 2; S3: Site 3. Different upper case letters

g s indicate significant differences for the same species

IS
=

Ba
ABb

Herbivory (%)
w
(=

Bb
Ba

n
=)

Aa

TIThanl]

As-51 AsS2 AsS3 Lg-51 Lg-52 Lg-S3  Rh-51 Rh-52  Rh-S3

o

Figure 2: Leaf herbivory % of mangrove species
analyzed at the three study sites in the state of Paraiba.
As: Avicennia schaueriana; Lg: Laguncularia racemosa,
Rh: Rhizophora mangle; S1: Site 1; S2: Site 2; S3: Site 3.
Different upper case letters indicate significant
differences for the same species among different sites, and
different lower case letters indicate significant differences
among different species within each site (p<0.05).
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Figure 3: Leaf wet weight/foliar area ratio of mangrove
species analyzed at three study sites in the state of Paraiba.
As: Avicennia schaueriana; Lg: Laguncularia racemosa,

among different sites, and different lower case letters
indicate significant differences among different species
within each site (p<0.05).

Fungi were observed in the three analyzed
species, with a higher percentage in A. schaueriana.
Menezes & Peixoto (2009) studied the same three
mangrove species and observed fungal damage only
in L. racemosa, caused by Septoria sp., which most
likely infests the plant following insect attacks. In
contrast, Romero et al. (2006) observed fungal spots
in A. germinans and Rhizophora sp. but not in L.
racemosa.

The variations may be related to the use of
different quantification methods or to temporal
changes in the environmental conditions that
influence herbivory rates (Menezes & Peixoto
2009). The observed differences in damage
frequency and percentage of consumed leaf area
may be attributed to physical and chemical
characteristics of the different mangrove species
(Lacerda et al. 1986, Feller 1995, Saur ef al. 1999,
Erickson et al. 2004, Tong et al. 2006).

Laguncularia racemosa exhibited a higher
percentage of consumed leaf area, followed by R.
mangle and A. schaueriana. Similar results were
reported for other mangrove forests in Brazil
(Ignacio et al. 2005, Menezes & Peixoto 2009,
Santos 2014). However, Lacerda et al. (1986)
observed a higher herbivory rate in R. mangle and
Romero et al. (2006) observed a higher rate in A.
germinans than in the remaining studied species
(Table VI). Studies performed in other mangrove
forests worldwide have also shown variable leaf
consumption rates (Table VI).
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Gall-forming insects induce formation of

meristematic tissues in host plants to supply food
with better nutritional quality that is free of
defense compounds to their caterpillars.
These insects have been used as bioindicators for
environmental quality in mangrove forests and
other ecosystems (e.g., Atlantic Forest) due to
characteristics such as high sensitivity to changes
in the host plants and the environment and being
highly affected by leaf salinity and toughness
(Fernandes & Santos 2014).

In the present study, the interstitial salinity
was lower at Site 3, which could explain the
occurrence of galls in leaves of A. schaueriana
and R. mangle observed at this study site.

In general, leaf mining is performed by
insects of the family Agromyzidae, which cause
linear shaped damage, with or without a defined
pattern on the leaf blade (Romero ef al. 2006). In
the present study, a larger percentage of this
damage was present in L. racemosa and R.
mangle. Santos (2014) and Romero et al. (2006)
also observed a higher frequency of leaf mining in
L. racemosa.

Rhizophora mangle exhibited a higher
percentage of necrosis than the remaining species.
Similar results were reported by Menezes &
Peixoto (2009). These authors observed that leaf
necrosis at a mangrove forest in the state of Rio de
Janeiro was caused by Reduviidae (Hemiptera).
The rasping of leaf epidermis observed at the
Mamanguape River Bar EPA has been reported to
be caused by the fungus Colletotrichum
gloeosporioides (Penz.) (Araujo 2002) but may
also be caused by insects of the order
Thysanoptera (Family: Phlaeothripidae),
gastropods of the family Littorinidae, and the crab
Aratus pisonii (Family: Grapsidae) (Romero et al.
2006). The higher occurrence of rasping in L.
racemosa observed in the present study was also
observed by Santos (2014) at the Mamanguape
River Bar EPA.

Increased leaf toughness (wet weight/foliar
area) may decrease leaf consumption by
herbivores (Coley 1987). However, L. racemosa
exhibited higher leaf toughness and an increased
herbivory rate compared to the remaining species,
indicating that other factors may be more
important for defense against herbivores.
Rhizophora mangle leaves have a high C:N ratio
and soluble tannin concentration (Robertson &
Duke 1987, Lacerda et al. 1986), which confer
resistance to herbivore attacks. The lower
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herbivory rate in the genus Avicennia may be
related to the presence of salt crystals originating
from glands at the leaf epidermis that decrease its
palatability (Newbery 1980).

A higher leaf nitrogen concentration results
in higher herbivory rates (Onuf et al. 1977, Coley
1983). Leaves of A. schaueriana have been
reported to have high nitrogen concentrations
(Bernini et al. 2006, Cuzzuol & Rocha 2012).
However, the quality of the available nitrogen is
more important for herbivores than its quantity.
Not all nitrogen found in leaves is available for
herbivores because a portion is located in the
vacuoles as electrolytes or in the cytoplasm as
compatible solutes (Lacerda et al. 1986, Medina &
Francisco 1997).

The studied mangrove forests are adjacent
to hypersaline flats and have high interstitial
salinity. Biosynthesis of phenolic compounds
instead of growth may occur in plants under
conditions of environmental stress, e.g., high
salinity (Petridis, 2012). High salinity causes
oxidative stress and the formation of reactive
oxygen species (ROS), which causes cell damage
and inhibits photosynthesis (Jithesh et al. 2006).

ROS are unstable and extremely reactive
molecules, capable of transforming other
molecules with which they interact. Plants
therefore produce large amounts of antioxidant
compounds to eliminate or detoxify ROS.
Phenolic compounds act as antioxidants,

protecting plants against damage caused by the
increase in the levels of ROS due to salt stress,
which also protects plants against herbivory
(Jithesh et al. 2006, Petridis et al. 2012). The high
interstitial salinity could therefore explain the
intraspecific differences and low herbivory rates
observed in the present study. However,
monitoring of interstitial salinity is needed to
better understand the relationship between salinity
and herbivory levels.
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Table IV: PERMANOVA results for leaf herbivory of mangrove species analyzed at the three study sites in the state of
Paraiba. Asterisks (*) indicate a significant p value (p < 0.05).

Sum Sq Df Mean Sq F value Pr (>F)
Site 185.7 2 92.84 4.00059 0.008*
Species 1487.0 2 743.51 32.0811 0.001*
Site:Species 281.0 4 70.25 3.0313 0.0019*
Residuals 10220.6 891 23.18

Table V: PERMANOVA results for leaf wet weight/foliar area ratio of mangrove species analyzed at three study sites in
the state of Paraiba. Asterisks (*) indicate a significant p value (p <0.05).

Sum Sq Df Mean Sq F value Pr (>F)
Site 0.015430 2 0.0077148 41.601 0.001*
Species 0.054124 2 0.0270618 145.928 0.001*
Site:Species 0.01860 4 0.0046699 25.182 0.001*
Residuals 0.165232 891 0.0001854
Table VI: Leaf herbivory percentages in mangrove forests worldwide and in Brazil.
Site Species Herbivory (%)  Reference
North Queensland, Rhizophora, Brughiera 18-7.6 Robertson &
Australia and Ceriops ’ ’ Duke (1987)
iﬁgttlrla%;eensland, Avicennia marina 8.8-12.0 %312:??%%%
Belize, Central America Rhizophora mangle 1.0-5.2 Feller (1995)
. Avicennia germinans 09-49 Saur ef al.
French Antilles Rhizophora mangle 0.2 (1999)
Northern Queensland ;Zl;i’;;,fr;}fg?oia gg ] i; Burrows (2003)
Tampa Bay, Florida Rhizophora mangle 0-—47 Erickson et al.
(2004)
Avicennia germinans 4.9 Romero ef al
Colombian Pacific Coast Laguncularia racemosa 4.7 ’
- : 2006
Pelliciera rhizophorae 2.1
%(?111;(1)(21111(; Ting Kok Kandelia obovata 2.1-6.5 21"20(;10g6§t al.
Feller &
Twin Cays, Coast of Belize  Rhizophora mangle 2.7-10.3 Chamberlain
(2007)
Ceriops tagal 8.1
. . Rhizophora mucronata 5.5 Kihia ef al.
Gazi Bay, Kenya, Africa Avicerl:nia marina 12.5 (2012)
Bruguiera gymnorrhiza 8.3
Brazil
Rio de Janeiro Avicennia schaueriana 05-1.5 Lacerda et al.
Laguncularia racemosa 32 (1986)
Rhizophora mangle 55-6.2
Mamanguape River Bar Avicennia schaueriana 33-7.1 Aragjo (2002)
EPA, Paraiba Rhizophora mangle 23-5.6
Laguncularia racemosa 3.8-10.7
Sepetiba Bay, Rio de Laguncularia racemosa 12.1 Menezes &
Janeiro Avicennia schaueriana 8.3 Peixoto (2009)
Rhizophora mangle 6.2
Mamanguape River Bar Avicennia germinans 0.2-3.6 Santos (2014)
EPA, Paraiba Laguncularia racemosa 1.8-12.1
Gramame River, Avicennia schaueriana 0.36-0.91 Present study
Mamanguape River and Laguncularia racemosa 3.17-7.07
Miriri River Rhizophora mangle 0.77-1.76

Pan-American Journal of Aquatic Sciences (2015), 10(3): 239-248



246

References

Adame, M. F. & Lovelock, C. E. 2011. Carbon and
nutrient exchange of mangrove forests with
the coastal ocean. Hydrobiologia, 663: 23 -

50.
Aesa - Proposta de Instituicio do Comité das
Bacias Hidrograficas do Litoral Sul,

conforme resolucdo n.ol, de 31 de agosto de
2003, do Conselho Estadual de Recursos
Hidricos do Estado da Paraiba. Acessivel em
<http://www.aesa.pb.gov.br/comites/litoral_su
1/proposta.pdf>. (Acessado 29/11/2013).

Alongi, D. M. 2009. The Energetics of Mangrove
Forests. Springer, 216 p.

Anderson, C. & Lee, S. Y. 1995. Defoliation of the
mangrove Avicennia marina in Hong Kong:
Cause and consequences. Biotropica, 27(2):
218 - 226.

Aratjo, D. C. B. 2002. O processo de herbivoria e os
organismos causadores de danos foliares em
plantas de mangue na 4rea de protegdo
ambiental da Barra do rio Mamanguape,
Estado da Paraiba, Brasil. Dissertacao de
Mestrado. Universidade Federal da Paraiba,
Jodo Pessoa, 138 p.

Aoyama, E. M. & Labinas, A. M. 2012.
Caracteristicas estruturais das plantas contra a
herbivoria  por insetos. Enciclopédia
Biosfera, 8(15): 365 - 385.

Begon, M., Townsend, C. R. & Harper, J. L. 2007.
Ecologia: de individuos a ecossistemas.
Artmed, Porto Alegre, 752 p.

Bernini, E., Silva, M. A. B.,, Carmo, T. M. S. &
Cuzzuol, G. R. F. 2006. Composi¢do quimica
do sedimento e de folhas das espécies do
manguezal do estuario do Rio Sdao Mateus,
Espirito Santo, Brasil. Revista brasileira de
Botanica, 29(4): 689 - 699.

Brauko, K. M., Camargo, M. G. & Lana, P. C. 2011.
A new method to assess herbivory levels on
Rhizophora mangle L. fruits in mangrove with

different degrees of forest complexity.
Pan-American Journal of Aquatic Sciences,
6(1): 9 -15.

Burrows, D. W. 2003. The role of insect leaf
herbivory on the mangroves Avicennia marina
and Rhizophora stylosa. PhD. Thesis.
University James Cook, Australia, 287 p.

Cannicci, S., Burrows, D., Fratini, S., Smith, T. J.
I, Offenberg, J. & Dahdouh-Guebas, F.
2008. Faunal impact on vegetation structure
and ecosystem function in mangrove forests: a
review. Aquatic Botany 89: 186-200.

W. ALVES DA SILVA ET AL.

P. D. 1983. Intraspecific variation in
herbivory on two tropical tree species.
Ecology, 64(3): 426 - 433.

Coley, P. D. & Barone, J. A. 1996. Herbivory and
plant defenses in tropical forests. Annual
Review of Ecology and Systematics, 27: 305
- 335.

Choong, M. F., Lucas P. W,, Ong, J. S. Y., Pereira,
B., Tan, H. T. W. & Tuener 1. M. 1992. Leaf
fracture toughness and sclerophylly: their
correlations and ecological implications. New
Phytologist, 121(4): 597-610.

Cuzzuol, G. R. F. & Rocha, A. C. 2012. Interacdo do
regime hidrico com as relagdes nutricionais
em ecossistema manguezal. Acta Botanica
Brasilica, 26 (1): 1-19.

Donato, D. C., Kauffman , J. B., Murdiyarso, D.,
Kurnianto, S., Stidham, M. & Kanninen, M.
2011. Mangroves among the most carbon-rich
forests in the tropics. Nature Geoscience, 4:
293 - 297.

Elster, C., Perdomo, I., Polania, J. & Schnetter, M.
L. 1999. Control of Avicennia germinans
recruitment and survival by Junionia everete
larvae in a disturbed mangrove forest in
Colombia. Journal Tropical of Ecology, 15:
791- 805.

Embrapa. 2008. Gestdo Ambiental Territorial na
Area de Protecio Ambiental da Barra do Rio
Mamanguape (PB). Boletim de Pesquisa e
desenvolvimento, Jaguaritina, SP, 91 p.

Erickson, A. A., Susan, S. B. & Dawes, C. J. 2004.
Does mangrove leaf chemistry help explain
crab herbivory patterns? Biotropica, 36(3):
333-343.

Feller, I. C. 1995. Effects of nutrient enrichment on
growth and herbivory of dwarf red mangrove
(Rhizophora mangle). Ecological
Monographs, 65(4): 477-505.

Feller, I. C. & Chamberlain, A. 2007. Herbivore
responses to nutrient enrichment and
landscape heterogeneity in a mangrove
ecosystem. Oecologia, 153: 607-616.

Feller, I. C., Chamberlain, A. H., Piou, C., Chapman,
S. & Lovelock, C. E. 2013. Latitudinal
patterns of herbivory in mangrove forests:
consequences of nutrient over-enrichment.
Ecosystems, DOI:
10.1007/s10021-013-9678-8.

Fernandes, G. W. & Santos, J. C. 2014. Neotropical
Insect Galls. Springer, New York-London,
547 p.

Fonseca, F. 2008. Efeito do turismo na demanda de

Coley,

Pan-American Journal of Aquatic Sciences (2015), 10(3): 239-248


http://www.nature.com/ngeo/journal/v4/n5/full/ngeo1123.html#auth-6
http://www.nature.com/ngeo/journal/v4/n5/full/ngeo1123.html#auth-5
http://www.nature.com/ngeo/journal/v4/n5/full/ngeo1123.html#auth-4
http://www.nature.com/ngeo/journal/v4/n5/full/ngeo1123.html#auth-3
http://www.nature.com/ngeo/journal/v4/n5/full/ngeo1123.html#auth-2
http://www.nature.com/ngeo/journal/v4/n5/full/ngeo1123.html#auth-1

Herbivory on mangrove leaves

agua da bacia do rio Gramame - estudo de
caso. Dissertacdo de Mestrado. Universidade
Federal de Campina Grande, 143 p.

Giri, C. E., Ochieng, E., Tieszen, L.L., Zhu, Z.,
Singh, A., Loveland, T., Masek, J. & Duke, N.
2011. Status and distribution of mangrove
forests of the world using earth observation
satellite  data. Global Ecology and
Biogeography, 20(1): 154-159.

Godoy, S. A. P, Mayworm, M. A. S., Kurt, L.O.V,,
Salatino, A. & Schaeffer-Novelli, Y. 1997.
Teores de ligninas, nitrogénio e taninos em
folhas de espécies tipicas do mangue. Revista
Brasileira de Botanica, 20(1): 35-40.

Hadlich, G. M. & Ucha, J. M. 2009. Apicuns:
aspectos gerais, evolugdo recente ¢ mudancas
climaticas globais. Revista Brasileira de
Geomorfologia, 10(2): 13-20.

Hervé, M. 2008. RVAideMemoire: Diverse Basic
Statistical and Graphical Functions.
https://cran.r-project.org/web/packages/RVAid
eMemoire/index.html, R package version
09.50.

Ignacio, G. M., Domingues, D., Kotler, L., Lana,
P.C. & Carrilho, J. C. 2005. Variagdo nos
niveis de herbivory foliar em dois manguezais
da Baia de Paranagud (Paranda - Brasil).
Brazilian Journal of Aquatic Science and
Technology, 9(2): 1-4.

Jansen, D. H. 1974. Tropical Blackwaters Rivers,
Animals, and Mast Fruiting by the
Dipterocarpaceac. The Association for
Tropical Biology and Conservation, 6(2):
69-103.

Jithesh, M. N., Prashanth, S. R, Sivaprakash, K. R.
& Parida, A. 2006. Monitoring expression
profiles of antioxidant genes to salinity, iron,
oxidative, light and hyperosmotic stresses in
the highly salt tolerant grey mangrove,
Avicennia marina (Forsk.) Vierh. by mRNA
analyses. Plant Cell Rep, 25(8): 865-876.

Kihia, C. M., Mathooko, J. M., Ruwa, R. K. &
Shivoga, W. A. 2012. Leaf Herbivore
preference in a tropical mangrove forest
impacted by human physical disturbance.
International Journal of Ecology &
Development, 22(2): 52-62.

Lacerda, L. D., José, D.V., Rezende, C. E.,
Francisco, M. C. F., Wasserman, J. C. &
Martins, J. C. 1986. Leaf chemical
characteristic affecting herbivory in a New
World mangrove forest. Biotropica, 18(4):
350-355.

247

Lacerda, L. D., Silva, C. A. R., Rezende, C. E.
&Martinelli, L. A. 1991. Food sources for the
mangrove crab Aratus pisoni: a carbon
isotopic  study. Revista Brasileira de
Biologia, 51(3): 685-687.

Lacerda, L. D. 2002. Mangrove Ecosystems
Function and Management. Springer
Science & Business Media, New York, 292 p.

Lima, C. S., Boeger, M. R. T, Carvalho, L. L.,
Pelozzo, A. & Soffiatti, P. 2013. Sclerophylly
in mangrove tree species from South Brazil.
Revista Mexicana de Biodiversidade, 84:
1159-1166.

Loyola, R. J. & Fernandes, G. W. 1993. Herbivory
em Kielmeyra Coreacea (Guttiferae): efeitos
da idade da planta, desenvolvimento e
aspectos qualitativos das folhas. Revista
Brasileira de Biologia, 53(2): 295-304.

Lugo, A. E. & Snedaker, S. C. 1974. The ecology of
mangroves. Annual Review of Ecology and
Systematics, 5: 39-64.

Medina, E. & Francisco, A. M. 1997. Osmolaty and
d13C of leaves tissues of mangrove species
from environments of contrasting rainfall and
salinity. Estuarine, Coastal and Shelf, 45:
337-344.

Mendonga, 1. V. S. & Cortez, J. S. A. 2007.
Caracterizagao da gall induzida por acaro em

Laguncularia  racemosa  (L.)  Gaertn
(Combretaceaec). Biota Neotropica, 7(3):
163-170.

Menezes L. F. T. & Peixoto, A. L. 2009. Leaf
damage in a mangrove swamp. Revista
Brasileira de Botanica, 32(4): 715-724.

Menezes, M. P. & Mehlig, U. 2005. Desfolhagio
macica de arvores de Avicennia
germinans (L.) Stern 1958 (Avicenniaceae)
por Hyblaea puera (Lepidoptera: Hyblaeidae),
nos manguezais da Peninsula de Braganca,
Para, Brasil. Boletim do Museu Paraense
Emilio Goeldi. Série Ciéncias Naturais, 1:
221-226.

Moreira, J. F. 2008. Legislagdo ambiental e conflitos
socio-ambientais: o caso da atividade de
carcinicultura na APA da barra do rio
Mamanguape - PB. Dissertacio de
Mestrado. Universidade Federal da Paraiba,
Jodo Pessoa, 157 p.

Neilson, M. J., Giddins, R. L. & Richards, G. N.
1986. Effects of tannins on the palatability of
mangrove leaves to the tropical sesarminid
crab Neosarmatium smithi. Marine Ecology,
34(27): 185-186.

Pan-American Journal of Aquatic Sciences (2015), 10(3): 239-248


https://cran.r-project.org/web/packages/RVAideMemoire/index.html
https://cran.r-project.org/web/packages/RVAideMemoire/index.html

248

Newbery, D. 1980. Infestation of the Coccid, Icerya
seychellarum (Westw.) on the Mangrove
Avicennia marina (Forsk.) Vierh. on Aldabra
Atoll, with Special Reference to Tree Age.
QOecologia, 45: 325-330.

Onuf, C. P, Teal, J. M. & Valiela, 1. 1977.
Interactions of nutrients, plant growth and
herbivory in a mangrove ecosystem. Ecology,
58(3): 514-526.

Paludo, D. & Klonowski, V. S. 1999. Barra de
Mamanguape - PB: estudo do impacto do uso
de madeira de manguezal pela populagdo
extrativista e da  possibilidade de
reforestmento and manejo dos recursos
madeireiros. Série Cadernos da Reserva da
Biosfera da Mata Atlantica, Conselho
Nacional da Reserva da Biosfera da Mata
Atlantica, Sdo Paulo, n, 16.

Parida, A. K. & Jha, B. 2010. Salt tolerance
mechanisms in mangroves: a review. Trees,
24(2): 199-217.

Pellegrini, J. A. D. 2000. Caracterizagao da planicie
hipersalina (Apicum) associada a um bosque
de mangue em Guaratiba, Baia de Sepetiba,
Rio de Janeiro — RJ. Dissertacio de
Mestrado. Universidade de Sao Paulo, 101 p.

Petridis, A., Therios, 1., Samouris, G. & Tananaki, C.
2012. Salinity-induced changes in phenolic
compounds in leaves and roots of four olive
cultivars (Olea europea L.) and their
relationship to antioxidant activity.
Environmental and Experimental Botany,

79: 37-43.
R Development Core Team. 2013. R: A Language
and Environment for Statistical

Computing. R Foundation for Statistical
Computing: Vienna, Austria.

Reis, C. R. G. 2013. Dindmica de Nitrogénio em
Manguezal de Franja e de Bacia na Ilha do

W. ALVES DA SILVA ET AL.

Cardoso, Sudeste do Brasil. Dissertacdo de
Mestrado. Universidade de Brasilia, 74 p.

Robertson, A. 1., Duke, N. C. 1987. Insect herbivory
on mangrove leaves in North Queensland.
Australian Journal of Ecology, 12: 1 - 7.

Romero, I. C., Cantera, J. R. & Pefia, E. J. 2006.
Consumo de hojas por herbivoros en
manglares Del estudrio Del Rio Dagua, Costa
Pacifica Colombiana. Revista Biologia
Tropical, 54(4): 1205-1214.

Santos, M. A. 2014. Danos foliares em uma floresta
de mangue na APA da barra do rio

Mamanguape - PB. Monografia.
Universidade Federal da Paraiba, Rio Tinto,
Brasil, 22 p.

Saur, E., Imbert, D., Etienne, J. & Mian, D. 1999.
Insect herbivory on mangrove leaves in
Guadeloupe: effects on biomass and mineral
content. Hydrobiologia, 413: 89-93.

Silvestre, L. C., Farias, D. L. S., Silva, J. D. L.,
Barros, S. C. A., Braga, N. M. P. 2011.
Diagnostico dos impactos ambientais advindo
de atividades antropicas da APA da Barra do
Rio Mamanguape. Enciclopedia Biosfera,
Centro Cientifico Conhecer - Goidnia, 7(12):
1-11.

Souza, D. G., Santos, B. A., Wirth, R., Leal, I. R. &
Tabarelli, M. 2013. Community-level patterns
of insect herbivory in a fragmented Atlantic
forest landscape. Environmental
Entomology, 43(3): 430-437.

Tomlinson, P. B. 1986. The Botany of Mangroves.
Cambridge University, New York, 170 p.

Tong, Y. F., Lee, S. Y. & Morton, B. 2006. The
herbivore assemblage, herbivory and leaf
chemistry of mangrove kandelia obovata in
two contrasting forest in Hong Kong.
Wetlands Ecology and Management, 14:
39-52.

Received: June 2015
Accepted: September 2015
Published: November 2015

Pan-American Journal of Aquatic Sciences (2015), 10(3): 239-248



	Paludo, D. & Klonowski, V. S. 1999. Barra de Mamanguape - PB: estudo do impacto do uso de madeira de manguezal pela população extrativista e da possibilidade de reforestmento and manejo dos recursos madeireiros. Série Cadernos da Reserva da Biosfera da Mata Atlântica, Conselho Nacional da Reserva da Biosfera da Mata Atlântica, São Paulo, n, 16.
	Parida, A. K. & Jha, B. 2010. Salt tolerance mechanisms in mangroves: a review. Trees, 24(2): 199-217.

