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1. INTRODUCAO

A partir da exploracdo do ambiente terrestre pelastas ha cerca de 460
milhdes de anos, surgiram importantes caracteasstadaptativas, entre as quais a
formacdo de uma membrana extracelular continudreflibica, imprescindivel para a
manutencéo do balanco hidrico, denominada cut(s@&ATTUKUDY, 1980).

A importancia da cuticula para os vegetais vai afanprotecdo contra a
desidratacdo, uma vez que, como a superficie mdesna, representa a interface
multifuncional entre a planta e o ambiente, semgoattribuidas diversas outras funcgoes,
como controle da radiacéo e da temperatura, tratesge substancias, hidrofobicidade,
reducdo da aderéncia de particulas, protecdo colainas mecanicos, poluentes e
patogenos (BARTHLOTT e NEINHUIS, 1997; KOGC#1 al, 2009). No entanto, para
compreender a multifuncionalidade da cuticula \egé&t necessario conhecer as
propriedades fisicas e quimicas das ceras cutesu{dMULLER, 2006).

A cuticula recobre a superficie primaria das paateeas das plantas vasculares
e algumas bridfitas, sendo formada por uma matsaliivel de cutina e uma mistura de
lipidios soluveis denominados coletivamente ceras.

As ceras mais internas e incorporadas a cutinals@ominadas intracuticulares
e as mais externas, epicuticulares (BARGHIlal, 2006). Sobre a cera epicuticular é
comum a presenca de cristais em forma de filamebé&stdes, plaquetas, tubos, crostas,
estruturas dendriticas, amorfas ou ainda formaidwes finos (KOLATTUKUDY,
1980; JEFFREE, 1996; BARTHLOT®t al, 1998; HEREDIA, 2003). A arquitetura
desses cristais € determinada, sobretudo, pelo @mnfe quimico predominante na
cera, indicando a aparéncia da superficie cutiQEBF TER e RIEDERER, 1995).

Do ponto de vista quimico, as ceras representam conglexa mistura de
hidrocarbonetos de cadeias alifaticas longas (B0 atomos de carbonos) composta
principalmente pom-alcanos, acidos graxos livres, alcodis primarioseeundarios,
cetonas, aldeidos, ésteres, além de compostososidomoatriterpenos e flavondides
(SHEPHERD et al, 1995, RIEDERER e MARKSTADTER, 1996; MULLER e
RIEDERER, 2005). E bem aceito que o padrdo quint@mcteriza uma espécie
vegetal, parte da planta ou fase de desenvolvim@AKER, 1982), podendo, assim,
ser usada como ferramenta taxonomica. No entamersds estudos tém demonstrado

variacbes nas propriedades quimicas e fisicasipliogok cuticulares de acordo com
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uma série de fatores enddgenos e exogenos (BONDARA 1996; EIGENBRODE e
JETTER, 2002; FELDHAARet al, 2003; OLIVEIRA et al, 2003; FEDERLE e
RHEINDT, 2005; MULLER e RIEDERER, 2005; KIMt al, 2007; KOSMAet al,
2009).

A cuticula representa ainda substrato para asdaaiateracdes das plantas com
herbivoros, especialmente o0s insetos, entre o0ssgoai indutores de galhas,
caracterizando seu importante papel ecoldgico. gélkas sdo alteragbes no tecido
vegetal caracterizadas por hiperplasia/hipertrotiaierminado por agentes como
insetos, nematoides, virus, bactérias, fungos @a¢&ANI, 1964).

A familia Euphorbiaceae é a segunda mais reprdasentes tropicos, sobretudo
em regibes semi-aridas, destacando-se por suaciglade, diversidade morfol6gica e
amplo espectro de metabdlitos produzidos (FEDERIEHEINDT, 2005; SIMPSON,
2006).

Nesse contexto, o presente estudo visa invespg#a,primeira vez, os lipidios
cuticulares deCroton adamantinudiull. Arg., C. argyrophyllusKunth, C. grewioides
Baill., C. blanchetianusBaill., C. glandulosusL., C. heliotropiifolius Kunth, C.
urticifolius Lam., Cnidoscolus pubescer®hl, C. urensPohl, C. vitifolius (Mill.) Pohl,

C. quercifoliusPonhl, C. loefgrenii (Pax & K.Hoffm.), Jatropha mollissimaBaill., J.
mutabilis Baill. e J. ribifolia (Pohl) Baill.), em individuos estabelecidos no gear
Nacional do Catimbau (semiarido, NE, Brasil) quaatccomposi¢cdo quimica e a
micromorfologia, além de avaliar a utilidade dofippeguimico dosn-alcanos como
ferramenta taxonémica para a familia Euphorbiacdagestigou-se também a
frequéncia de insetos galhadores associados aiesgiecEuphorbiaceae estabelecidas
em diferentes areas do PARNA do Catimbau.

O trabalho aqui apresentado é constituido por degstulos, nos quais seréo
abordados dados mais recentes da literatura, adoletpa utilizada, os resultados das
analises e sua discussao. O primeiro capitulounmZevantamento da ocorréncia de
galhas em 1.600 individuos de 15 espécies de Ebiglcene estabelecidas em quatro
areas do Parque Nacional do Catimbau. O capitutodtdalha os métodos de obtencéo
das ceras epicuticulares e analise da classe guiiogn-alcanos através de métodos
cromatograficos. Neste capitulo, o perfil quimioo gotencial quimiotaxondmico de 15
espécies de Euphorbiaceae serédo apresentadogiddisai testados pela primeira vez.

12
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O terceiro capitulo apresenta dados da ultraessrutas ceras epicuticulares, obtidos

por Microscopia Eletronica de Varredura, para Zeies de Euphorbiaceae.
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2. FUNDAMENTACAO TEORICA

2.1.Composicdo quimica das ceras cuticulares

A cuticula vegetal esta presente na maioria daggdderrestres, representando
a primeira superficie de contato da planta com bieme e atuando na regulacdo
hidrica, controle da radiacéo solar, aderénciaatigcqoilas, protecdo contra patdogenos e
poluentes, além de servir como substrato paraaigies com insetos herbivoros,
caracterizando-se como uma superficie multifuraligdUNST e SAMUELS, 2003;
MULLER, 2006; KOCHet al, 2009).

Estruturalmente, a cuticula consiste de uma mdgizutina impregnada com
cera intracuticular e coberta por cera epicuticlMERMEER et al,, 2003). A cutina &
composta por acidos graxos hidroxilados e epoxislatkrivados de acidos graxos
saturados e insaturados, transportados do citoplas® células epidérmicas antes de
serem esterificados (HOLLOWAY, 1982; KOLATTUKUDY,9%6). Sobre a cera
epicuticular € comum a presenca de cristais comadas formas que sao determinadas
pelo composto quimico dominante (JEFFREE, 1986; BAROTT et al, 1998).

As ceras cuticulares sdo uma complexa misturadteddrbonetos alifaticos de
cadeias longas e compostos cicli(e8JLLER e RIEDERER 2005) e sua biossintese
tem inicio com a sintese de acidos graxos no geastseguido da formacédo de cadeias
muito longas (24 a 34 carbonos), e o posterior gggamento dos alcanos, alcoois
secundarios, cetonas, alcoois primarios e ésteresrd (KUNST e SAMUELS, 2003).
Além da porcdo alifatica da cera, varias quantidade compostos ciclicos, como
triterpenos acidos pentaciclicos, triterpénico®dalicos, triterpenos cetdnicos, podem
estar presentes, bem como a presenca de derivad@idio hidro-xicinamico, e
flavonodides (RIEDERER e MARKSTADTER, 1996).

As principais classes de compostos das ceras larBsuvegetais sao a%
alcanos (comprimento de cadeia C21 a C35), algmaisarios (C22 a C40), acidos
graxos (C20 a C24), aldeidos (C24 a C36), alcamisirglarios (C21 a C35), cetonas
(C21 a C35), dicetonas (C22 a C36) e esterakyuil (C36 a C60), resultantes da
combinacdo de alcoois primarios e acidos graxosadeias longas (BAKER, 1982;
WALTON, 1990; SHEPHERDet al, 1995). Cada classe é composta de uma série

homologa de isdbmeros e, em muitos casos, um Ulicpasto domina a composicao
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total da cera cuticular. E bem aceito que o padpdiico caracteriza uma espécie
vegetal, parte da planta ou fase de desenvolviméBAKER, 1982), além de
determinar as propriedades funcionais das ceras.

Diversos estudos tém mostrado grandes variac6epropgedades quimicas e
fisicas das ceras cuticulares em diferentes tasmglcs tais variacdes atribuidas a
influéncia de fatores intrinsecos e extrinsecosreeas quais, estado ontogenético
(JETTER e SCHAFFER, 2001; FICK& al, 2004), idade da planta (RIEDERER e
MARKSTADTER, 1996), fitogeografia  (OLIVEIRA et al, 2003;
ROMMERSKIRCHENZet al, 2006), época do ano (GUL&t al, 1991; GULZet al,
1992; FAINIet al, 1999; JENKSet al, 2002), a temperatura (REED e TUKEY, 1982;
DODD e AFZAL - RAFII, 2000; DODD e POVEDA, 2003; WEet al, 2008), luz
(VON WETTSTEIN - KNOWLESet al, 1980; STEINMULLER e TEVINI, 1985;
SHEPHERDet al, 1995; GORDONet al, 1997; FUKUDA et al, 2008), além da
concentracdo de didxido de carbono, ozénio ¢(SBELVEY et al, 1986; PERCYet
al., 2002).

Variacbes nos padrdes quimicos das ceras tém sideneiadas mesmo em
grupos proximos. Markstadtet al. (2000) detectaram os triterpenos como majoritarios
(concentragBes de 52%-88%) em ceras epicuticutzaebnares de 16 espécies de
Macaranga (Euphorbiaceae). Em seguida, Guhlieg al. (2005) observaram maior
presenca de alcool primario (>70%), nas ceras gpitares foliares de plantas do
mesmo género.

Em Ricinus communigEuphorbiaceae), Vermeet al. (2003) observaram o
predominio de alcodis primarios (> 48%) em cerdimries, enquanto, Guhlingt al.
(2006), estudando os cristais de ceras em caule®iddendtipos da mesma espécie,
constataram a presenca majoritaria do triterpenidioleol em elevadas concentracoes,
como sendo responsavel pela formacédo dos cristaiseth em toda a superficie do
caule. Escalante-Erosat al. (2004) identificaram nas ceras foliares @ridoscolus
aconitifolius (Euphorbiaceae) o predominio de trés triterpeamsrenona, acetato (e
amirina e acetato deamirina.

Diferencas entre ceras epicuticulares e intraciaties também sdo reportadas.
Por exemplo, Jetteet al. (2000) observaram a superficie epicuticular Rleinus
laurocerasus(Rosaceae) totalmete dominada por compostos etifatisobretudm-

alcanos (72%), enquanto as ceras intracuticulgressantaram 63% de triterpenos. Ja
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Guhlinget al. (2005), detectaram o predominio de alcool primadse cristais de ceras
epicuticulares e de triterpenos alcodlicos alfaremraj beta-amirina e lupeol na camada
intracuticular deMacaranga tanarius Maarseveen e Jetter (2009) analisando as ceras
cuticulares deKalanchoe daigremontianabservaram predominio de compostos de
cadeias muito longas, principalmemelcanos, na fracdo epicuticular, enquanto os
triterpenos dominaram as ceras intracuticulares.

Entre as classes quimicas presentes nas cerasulang® o0s n-alcanos,
juntamente com os triterpenos, sdo citados pomalgutores como predominantes em
diversas espécieBAKER, 1982;JETTERet al, 2000;KNUST e SAMUELS, 2003).
Os alcanos foram encontrados, majoritariamentezena epicuticular foliar d®isum
sativum induzindo a formagéo de cristais com variadamésr (GNIWOTTAet al,
2005), essa classe predominou também em cauldsabdelopsis thaliangdJETTERet
al., 2007). Maarseveene e Jetter (2009) observarameagao de cristais em forma de
plaguetas com margens sinuosas Kaanchoe daigremontianam ceras dominadas
por alcanos e sugerem que esses compostos, jutéanmn os triterpendides, podem
estar envolvidos na formacdo desses cristais. Yidatle bioldégica dosr-alcanos
epicuticulares foi mostrada por Yarey al. (1993), ao observarem que larvas de
Spodoptera frugiperdenovem-se mais rapidamente em folhas de milho gresantam
maiores propor¢oes dealcanos. Posteriormente, Li e Ishikawa (2005),stataram
que a mistura da-alcanos e acidos graxos livres em ceras de falteaBallopia
japonica(Polygonaceae) estimularam naturalmente a ovigosigOstrinia latipennis
(Lepdéptera).

Em ambientes com restricdo hidrica e sob tempesatelevadas, os-alcanos,
juntamente com os triterpenos alcodlicos assumeporitante papel no controle da
transpiracdo, devido ao maior carater hidrofébice qonfere as ceras vegetais,
indicando ser a composicdo quimica mais relevaot a espessura da cuticula no
controle hidrico (KERSTIENS, 1996; OLIVEIRAet al, 2003). Segundo
Rommerskirchenet al. (2006), gramineas C4 de areas tropicais e subtropicais
extremamente aridas, contém altas quantidadesrdélbgos com longas cadeiasrde
alcanos.

A relacdon-alcanos-estresse foi documentada para algumasaplanltivadas.
Kim et al. (2007a) com cultivares de gergelilSeGamum indicurh.) submetidos a

estresse hidrico por 15 dias, observaram um increEnde 30% no teor total de cera e
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um aumento de 34% na concentracao-décanos. Recentemente, Kosetal. (2009),
submetendo plantas deabidopsis thalianaa diferentes tipos de estresse, observaram
substancial aumento no teor de lipidios cuticulgr@sunidade de area de 32% para
80%, devido, principalmente, ao aumento de 29% §8%6 na concentracdo de alcanos.
Resultados semelhantes foram obtidos por Bondadh (1996) e Kimet al (2007b),

0S quais constataram 0 aumento na concentracdon@bsanos como resposta
fisiologica ao estresse hidrico para cultivaresali@dao Gossypium hirsutujne de
soja Glycine mak, respectivamente.

Estudando as ceras de caules e folhas de mutiewaabidopsis(Brassicaceae),
Jenkset al (1995) identificaram a presenc¢a do alcano noraamp$C29) dominando a
cera caulinar e untriacontano (C31) como majodtdra ceras foliares, resultados
confirmados por Knust e Samuels (2003), que apamias dominio dosi-alcanos
(38%) na cera total dérabidopsis thalianae associaram o predominio desses
hidrocarbonetos na camada mais externa da cut{cale epicuticular) a funcao
protetora. Perfil semelhante foi observado por Bhaaset al. (2007), comparando a
composi¢cao quimica entre ceras epicuticular e datreular de folhas déigustrum
vulgare (Oleaceae) e constatando que a camada de cenaorxtpo filme, era
totalmente composta por classes de compostos@idade cadeias muito longas, tendo
o n-alcano tritriacontano (C33) como majoritario, emaio a camada interna de cera foi
dominada por triterpendides ciclicos (66%), priatipente acidos ursolico e
oleandlico.

Por outro lado, outras classes aparecem como daiasi em diferentes grupos
de plantas. Balsdoret al. (1995), estudando as ceras de hibridos de azaléia
(Rhododendromspp.), detectaram o predominio do triterpendidgoaarsolico nas ceras
epicuticulares; aldeidos foram identificados comajantarios emNepenthes alata
(RIEDEL et al, 2003; GORBet al, 2005; DRAGOTAet al, 2007), onde se observou o
dominio do &lcool secundario nonacosan-10-ol emascede Wollemia nobilis
(Araucariaceae). Xtet al. (2009) constataram a presenca de acidos graxdado (&c
hexadecanoico > 35%), alcoois e alcanos como cassgoritarias em cristais de cera
do musgoSyntrichia caninervis Cetonas foram encontradas em plaquetas de ceras
epicuticulares déllium porrume algumas espécié&uphorbia(JEFFREEet al, 1975;.
BAKER, 1982; KOCHet al, 2006).

19



Costa Filho, L.O Interacao tréfica, composicdo doae ultraestrutura...

2.2.Ceras epicuticulares vegetais e implicacdes quirmxanoémicas

A familia Euphorbiaceae se constitui em uma dassnmimerosas com,
aproximadamente, 320 géneros e 8.000 espéciebulidas, sobretudo, nos tropicos e
subtrépicos (CRONQUIST, 1981; WEBSTER, 1994), repndando um dos taxa mais
complexos do ponto de vista morfolégico, taxondmieofitoquimico entre as
eudicotiledonias (AHMAD, 1996; FEDERLE e RHEINDTQ@5; SOLTISet al, 2005;
SIMPSON, 2006). No Brasil ocorrem cerca de 70 g&necom 1.100 espécies
habitando variados tipos vegetacionais (BARROS@4),9sendo a segunda familia
mais representativa em numero de espécies no siEmiEBAMPAIO, 1995). De
acordo com Barboset al (1996), cerca de 500 espécies habitam no nordasido a
maioria em areas de Caatinga, com algumas condaeendémicas, 0 que caracteriza
a regiao Nordeste como centro de diversidade ddli®aEuphorbiaceae (QUEIROZ,
2008; SATIRO e ROQUE, 2008).

Em funcéo do elevado numero de espécies e da idi@desfenotipica, ndo sdo
raros os problemas taxondmicos na familia Euphoglie. Segundo Lucena (2009), o
problema torna-se maior devido a ma delimitacdoeen$ taxa, acrescentando-se 0s
erros de identificacdo, cole¢cdes botanicas incoivgiat com a riqueza, além da
escassez de recursos humanos, bem como de bancdadds sobre a familia,
notadamente na regido nordeste.

Entre as varias ferramentas com potencial para cisolar problemas
taxondmicos, a utilizacdo de marcadores molecylanes Gltimos anos, tem-se
mostrado eficaz (WURDACIet al, 2005; BERRYet al, 2005; KULJUet al, 2007),
no entanto, compostos quimicos, como os lipiditewares, podem ser usados como
apoio adicional, por exemplo, para arvores moleesldaseadas em DNA rbcl, sendo
Gteis em estudos comparativos de classes de camspeetundarios (GRAYERt al,
1999). Pamidimarret al (2008), buscando agrupar filogeneticamente sgiéaies de
Jatrophautilizando sequiéncia de marcadores moleculareelt&@mparar com analises
baseadas em sistemas de marcadores multilocusyvatzsa pequenas variacdes de
agrupamento entre os dois métodos. Estas variggiestem considerar que apesar da
eficacia dos métodos moleculares, o uso de maresdmimicos representa importante
ferramenta para ajudar a solucionar problemasséditeos isoladamente ou associado a

outros métodos.
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Nesse aspecto, os lipidios cuticulares, denomingdosricamente como ceras
cuticulares, assumem importancia como potenciaarfeenta taxondmica, a partir de
sua composicao quimica e morfologia. Esses lipidim®ntram-se associados a cutina,
constituindo a cuticula vegetal que recobre a $igeedos 6rgdos aéreos das plantas
vasculares e algumas bridfitas (JEFFREE, 1996; HHRE2003). As ceras cuticulares
integradas a cutina sdo denominadas intracuticulage as depositadas mais
superficialmente, ceras epicuticulares (BARG#Ilal, 2006).

Sobre a cera epicuticular € comum a presenca siisrde cera em forma de
filamentos, bastdes, plaquetas, tubos, estrutumasfas e dendriticas (JEFFREE, 1986;
BARTHLOTT et al, 1998). Considerando o aspecto quimico, as @risulares sao
misturas complexas de substancias alifaticas deiasmdongas, principalments-
alcanos, acidos graxos, alcodis, cetonas, aldeidsseres e de estruturas ciclicas, como
triterpendides e flavondides (SHEPHERID al, 1995). Segundo Jetter e Riederer
(1995), o componente quimico predominante, infli'ema morfologia dos cristais de
cera e determina a aparéncia da superficie cuticula

Diversos taxa tém sido caracterizados em funcao pddil quimico e
micromorfolégico de suas ceras, 0 que pode seps@lpara 0 agrupamento das plantas
em uma categoria sistematica (BARTHLOTT, 1988; BARDTT et al, 2003;
KOCH, 2009). No entanto, a utilizacdo da composicgoimica e/ou da
micromorfologia como Unico parametro ndo € recoradad uma vez que cristais
semelhantes podem ser originados a partir de diesecompostos quimicos (JETTER,
2006). Além disso, variagfes no padrdo quimico dal@gico das ceras podem ocorrer
de acordo com uma série de fatores enddgenos em®dFOSTER e HARRIS, 1992;
EIGENBRODE, 1996; JEFFREE,1996; EIGENBRODE e JETTER2; FELDHAAR
et al, 2003; OLIVEIRA et al, 2003; FEDERLE e RHEINDT, 2005; MULLER e
RIEDERER, 2005). Contudo, vérios estudos quimiatéxoicos utilizando as
propriedades quimicas e micromorfolégicas das cerpiguticulares tém sido
conduzidos para diversos grupos de plantas visaeludalar problemas taxonémicos.

Entre os compostos presentes nas ceras epicuéisutasn-alcanos tém sido os
mais utilizados para fins taxondmicos. Dove e Mayl€91) referem-se aosalcanos
como a “impressao digital”, uma vez que, supostaeearada planta possui um perfil
anico desses hidrocarbonetos, podendo, desta foaragterizar um determinado grupo

taxondmico.
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Varios estudos apontam esses compostos como ptenmoarcadores, por
exemplo, Stevenset al (1994), analisando espécies deSedum Aeonium e
Sempervivoideae (Crassulaceae), apontam valonssite significativo dos perfis de
alcanos e triterpenos das ceras, inclusive em sivdia-genéricos, com base nos
padrdes de hibridizacéo e caracteres morfologiftns. a

Maffei (1996) sugere a utilizacdo quimiotaxondmidas n-alcanos como
marcadores, com base no estudo de ceras foliar@6 dspécies pertencentes a cinco
subfamilias de gramineas, que apontou correlacGstemsiticas com dados
morfologicos em nivel de tribo e subfamilia. Romskechenet al. (2006), estudando
gramineas do subtipo C4, que prosperam em aregscai®© e subtropicais
extremamente aridas e que apresentam altas quiegideelativas den-alcanos,
concluiram que a classificacdo quimica ao nivesu#amilia, estd de acordo com o
relatado previamente para a filogenia subfamiliargdupo, indicando uma adaptacao
evolutiva das ceras de gramineas C4 para regideatagl e aridas. A presenca
majoritaria de nonacosano (C29) e untriacontandl)@8n ceras de 11 espécies de
Pilocarpus (Rutaceae) determinou a formacdo de dois grandgsg por analise de
agrupamento, além de um terceiro grupo proximanéalo por uma uUnica espécie
(SKORUPAet al,1998).

A diferenciacdo de grupos de espécieLtiesia foi possivel de acordo com a
proporcao den-alcanos e a presenca de triterpenos especifisosetlas epicuticulares,
mostrando a importancia taxonémica dessas classesgoseparacdo de espécies ou
secdes infragenéricas (MEDIN& al, 2004; 2006). Mottat al (2009) sugerem que o
padrdo de distribuicdo dosalcanos pode estabeler relagbes intraespecifcag@mero
Camarea(Malpighiaceae), sendo porém, insuficiente pastirdjuir géneros.

Estudos utilizando padrdes dhealcanos para fins quimiotaxonémicos foram
conduzidos, ainda, em diferentes grupos de plantasno Melastomataceae,
Leguminosae, Moraceae, Solanaceae (MIMU&Aal, 1998; MERINOet al, 1999;
MUBO et al, 2005; MOHY-UD-DIN et al, 2010), entre outros, indicando a
importancia dessa classe de compostos para a @gsistematica. Por outro lado, nem
sempre o perfil dos alcanos € suficiente para agrugu separar espécies de
determinados taxa. Por exemplo, comparacfes egpécies deHuberia mostraram
variacdes intraespecificas substanciais nos padi®esalcanos, podendo essa classe

nao representar um bom carater taxondmico ao mi@eéspécie, além de levantar
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davidas quanto a utilidade das distribuicbes darals em niveis hierarquicos mais
elevados (MIMURAet al, 1998).

O amplo espectro de compostos secundarios juntamemin a biologia
molecular é fortemente ressaltado como ferramenthspensaveis a interpretacéo das
relacdes evolutivas entre subfamilias de EuphoeshdESSER, 1997; DAVI&t al,
2007). Manners e Davis, 1986, utilizando dados quimicosetas para classificacdo
intra-especifica deEuphorbia spp. da América do Norte e Austria, observaram
similaridade qualitativa geral, permitindo o agmneato de espécies. De acordo com
Grayeret al (1999), arvores moleculares baseadas em DNA pacem Uteis em
estudos comparativos de classes de compostos semsndcomo ferramenta
guimiotaxondmica. Por outro lado compostos quimpodem ser usados como apoio
adicional para arvores moleculares.

Métodos utilizando DNA nuclear ribossomal (nrRNA) sequéncia de
espacadores moleculares internos (ITS), do fragntentt-F e DNA plastidial, entre
outros métodos moleculares, foram empregados egumals espécies deuphorbig
Croton, Macaranga Jatropha(WURDACK et al, 2005; BERRYet al, 2005; KULJU
et al, 2007; PAMIDIMARRI et al, 2008). Contudo, apesar da comprovada eficacia
guimiotaxondmica das ceras epicuticulares e da lithpoa da familia Euphorbiaceae
nos trépicos, sobretudo em regifes semi-aridas @M@aatinga, ndo ha, até a presente
data, nenhum registro de analises quimicas das epreuticulares para as espécies do
presente estudo, bem como sobre a utilizacdo dwtitontes das ceras como possiveis

marcadores taxondmicos.

2.3.Micromorfologia das ceras epicuticulares vegetais

Nas ultimas décadas, a microestrutura da supedidicular tem sido alvo de
diversos estudos, apoioados por diferentes técoima® a microscopia eletrénica de
transmissao (MET), microscopia eletronica de var@dMEV) e, mais recentemente, a
microscopia de forca atdomica (MFA), que permite hoelentender a formacédo e
regeneracao dos cristais de cera na superficieutarti ao nivel molecular (KOClet
al., 2004). MORRI&t al. (1999) destacam a importancia desta técnica jpglactdade
de analise de uma grande variedade de amostragifeodntes condigdes, permitindo

uma melhor compreensdo dos aspectos envolvidosinéanida dos processos de
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formacdo dos cristais de cera, inclusive em amésenmaturais (BECKER e
GASHAROVA, 2001).

Assim como a composi¢cdo quimica, a aparéncia da&rfécip cuticular é
amplamente diversificada, apresentando comumenéecamada continua em forma de
filme, imediatamente sobreposta a cutina, podenbtcesesta, ocorrer varias formacoes
como filmes lisos, placas, crostas, cristalbiddgasims, escamas, flocos, filamentos,
bastbes, plaguetas perpendiculares, tubulos, sareséruturas dendriticas ou amorfas
(KOLATTUKUDY, 1980; JEFFREE, 1986; BARTHLOTEt al, 1998; JEFFREE,
2006). A morfologia tridimensional dos cristais dera epicuticular é de particular
importancia para a maioria das interagoes intaigoentre a planta e o ambiente
(KOCH, 2006).

A terminologia comumente utilizada na classificagémrfolégica das ceras esta
baseada em Barthlatt al (1998) e Jeffre (2006). Os primeiros autoressdigam as
ceras em 23 diferentes tipos, com base em caractpranicos e morfoldgicos
enquanto Jeffre (2006) classifica as ceras entipeis e sugere a divisdo em sub-tipos
morfologicos e quimicos. Em muitos casos, a mogialalesses cristais € determinada
pelo componente quimico predominante na cera,rdetando a aparéncia da superficie
cuticular. No entanto, compostos com menores cdrasgies podem influenciar na
morfologia dos cristais (JEFFREE al, 1975).

Estudos diversos sobre a morfologia e a quimicacegaas cuticulares, tém
revelado diversidade de padrbes, em funcdo da emengcomposicdo quimica e
circunstancias ambientais (FOSTER e HARRIS, 1992GHNBRODE, 1996;
JEFFREE, 1996; CHAPMAN, 1977; PARR al, 1998; EIGENBRODE e JETTER,
2002; OLIVEIRA et al, 2003; FELDHAARet al, 2003; FEDERLE e RHEINDT,
2005; MULLER e RIEDERER, 2005). E comum um detexno padrdo morfolégico
caracterizar um determinado tédxon, o que pode a@se para a sistemética vegetal
(BARTHLOTT, 1988; BARTHLOTTet al, 2003; KOCH, 2008).

Porém, a utilizagdo da micromorfologia como Unicargmetro nao é
recomendada, uma vez que cristais semelhantes psderoriginados a partir de
diferentes compostos quimicos (JETTER, 2006). Uenmpto comum é o cristal de
cera tipo plaqueta, que apresenta uma alta vadatdé morfolégica e quimica. As
plaguetas de cera de algunas espéciekrileum e deEucalyptussdo dominadas por

alcoodis primarios, ao mesmo tempo € relatada apgasmajoritaria de aldeidos em
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plaguetas de cana-de-acucaa¢charum officinarup(JEFFREEet al, 1975;. HAASet
al., 2001), e arrozQryza sativalL.) (HAAS et al, 2001). Também foi observada a
formacao de plaquetas em folhas Mepenthes ventrata N. alata (RIEDEL et al,
2003; GAUMEget al, 2004; GORBet al, 2005).

Riedel et al (2003) chamam atencdo para a semelhanca de daalarie
geometria molecular entre compostos de classesediés que induzem a mesma
formag&o morfologica dos cristais, como € o casaldeido C30 e do alcool C30 que
ocorrem em concentracdes semelhantefNepenthes alatasugerindo que os cristais
podem ser formado por alcoois, aldeidos, ou tap&p sinergismo entre ambas as
classes de compostos. Além dessas classes h& ré¢aflaquetas associadas a cetonas
em Allium porrume alguns espécies dauphorbia (JEFFREEet al, 1975; BAKER,
1982; KOCH et al, 2006). Segundo Koclet al. (2009), as plaquetas podem ser
dominadas também por alcanos, aldeidos, éstecesjsisecundarios ou flavonoides.

Outro exemplo bem documentado € a formacédo daisrigtbulares associados
aos alcoois secundarios. Por exemplo, \&teal. (2006) reportam uma relacéo direta da
formacdo de cristais tubulares nas ceras epicatiesiicom os altos percentuais de
nonacosano-4,10-diol e nonacosano-5,10-diol narBajgeabaxial, € nonacosan-10-ol
na superficie adaxial foliade Taxus baccata Além desses compostos, foram
encontradas grandes quantidades de acidos grares@es porcentagens de aldeidos,
alcoois primarios, ésteres de alquila e alcanosulRelos semelhantes foram obtidos
por Dragota e Riederer (2007), os quais observarfarmacao de cristais tubulares na
cera epicuticular foliar d&Vollemia nobilis(Araucariaceae) associada a presenca do
nonacosan-10-ol como o constituinte majoritaricsaesspécie.

Variados padrdes morfolégicos de ceras foram obdes/ em diferentes taxa.
Monqueiro et al. (2004), estudando a resisténcia da superficiewdati de plantas
daninhas a penetracdo de herbicidas, verificaramglgumas plantas, o predominio dos
n-alcanos formando um filme de cera, enquanto quelgras, foi observada a presenca
majoritaria de alcodis e ésteres, determinando rendgdo de granulos e cristais
amorfos. Bleckmann e Hull (1975) encontraram padrémfologico tipo-placa em
espécies de algarobBrpsopisspp.) de diferentes regides do hemisfério sulyantp
Kim (2008) observou a ocorréncia de granulos eydtas em ceras dgécus elastica
Para Jeffre (2006), ceras com altas concentrac@es-alcanos geralmente tém

aparéncia amorfa.
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O incremento na producéo de cera cuticular totalccestratégia adaptativa em
plantas submetidas a situacdes de estresse, fortadp em diferentes estudos
(OLIVEIRA et al, 2003; KIM et al, 2007; KOSMAet al, 2009). Todavia, alteracdes
morfologicas nos cristais parecem nao estar diretégrelacionadas com o0 aumento na
concentracdo de cera, como demonstraram experimeotaluzidos por Cameren al.
(2006). Kochet al. (2006) estudaram os efeitos da umidade relatibaeddrassica
oleracea (Brassicaceae),Eucalyptus gunnii majus(Myrtaceae) e Tropaeolum
(Tropaeolaceae) e registraram pouca influénciaadeasavel sobre a morfologia das
ceras epicuticulares nessas espécies.

Por outro lado, Xwet al (2009) verificaram alteragbes na morfologia, eort
total de cera, além da maior concentracdo de cdogpoe cadeias longas, em funcéo
do envelhecimento das folhas e do estresse hidocmusgoSyntrichia caninervis
Com base nos resultados, os autores sugerem oassgetas epicuticulares como
biomonitores ambientais. Variacdo temporal dos @raptes cuticulares havia sido
detectada por Jetter e Schaffer (2001), os quaistraram um aumento de até seis
vezes na biossintese de cera Rranus laurocerasusio intervalo de 57 dias. Esses
resultados diferem dos obtidos por Riederer e Madksr (1996), que verificaram
maior sintese de compostos de cadeias mais lomga®lkas mais jovens dEicus
elastica

Apesar da representatividade da familia Euphorb®cestudos sobre a ultra-
estrutura das ceras cuticulares de suas espéciea &0 escassos e restritos,
basicamente, aos géneroslatrophg Macaranga Ricinus e Euphorbia
(OLOWOKUDEJO, 1993;FEDERLEet al, 1997; MARKSTADTERet al, 2000;
GUHLING et al, 2005; GUHLINGet al, 2006).

Recentemente, Kulshreshtha e Ahmed (2008), estodamadicromormorfologia
das ceras de 16 espécies em 13 géneros de Eumleadyiadentificaram variados tipos
morfolégicos (granulos, placas, cristais em forma fda, haste, crosta, cristais
agregados), predominando granulos finos e placesaldides, porém em varias
espécies a cera se apresentou escassa ou imparceptivariabilidade nos padrées
morfologicos das ceras epicuticulares entre asrshgeespécies estudadas parece ser

determinada mais pela composi¢édo quimica do quéafmes ambientais.

26



Costa Filho, L.O Interacao tréfica, composicdo doae ultraestrutura...

2.4. Ceras epicuticulares e interagcdes com insetos

A cuticula atua como substrato para diferentesrdgfes com a fauna
insetivora, e as diversas estruturas como tricogtersdulares, tectores e cristais de
ceras com diferentes formas, tamanhos e composidionica, podem ser
determinantes na interacéo inseto-planta (RIEDERIDB6). Por outro lado, os insetos
apresentam uma diversidade de formas em seus tpesostindo-lhes mover-se e
fixar-se eficazmente a superficie da planta, oraeem copular, ovipositar, forragear,
etc. (EIGENBROD, 2004)

Estudos tém revelado que as interacdes insetoapfadem ser influenciadas
pela composi¢do quimica e/ou morfologia das ceéMasentanto, os efeitos das ceras
epicuticulares sobre 0s insetos sdo mais compontamealo que toXicos ou nutricionais
(EIGENBROD e SPELIE, 1995). Estudos correlacionarmdwas epicuticulares e
interacdes com insetos sdo bem documentados. Ronpéx ja na década de 70,
Bernays et al. (1976) relataram que gafanhotos podem distinguitree plantas
susceptiveis e nao-susceptiveis ao ataque, atrdwésimples contato dos seus
quimiorreceptores com a superficie das ceras.

Foster e Harris (1992) observaram que a misturacalmpostos da cera
epicuticular do trigo, mostrou-se dez vezes magiaa para a oviposicao diéayetiola
destructor(Diptera: Cecidomyiidae), quando comparada ao gogmirole. Morriset al
(2000) identificaram em ceras de trigo, os aldeidesctacosanal e 6-metoxi-2-
benzoxazolinona como 0s principais componentesonsgyeis por estimular a
0ViposiGao nessa espécigs autores observaram ainda um aumento do numereode
postos, proporcional ao aumento da cadeia carbérdeaabundéancia do aldeido.

Eigenbrode e Jetter (2002), em bioensaios com ipesdieBrassica oleraceae
com ceras de diferentes caracteristicas, obsenaiaffuéncia da composi¢cdo quimica
e da microestrutura das ceras no forrageamentoeslouboHippodamia convergens
sendo constatado, mais adiante, que as larvas egs8aiecvitam forragear por trilhas
quimicas deixadas por outras larvas, 0 que sug®ge maior interferéncia do fator
quimico em relacdo ao fenotipo da cera epicuticydmdendo ocorrer ainda uma
combinagé&o dos dois fatores (RUTLED@&tEal 2008).

A atividade biolégica dos compostos quimicos dagscé reportada em diversos

trabalhos. Por exemplo, acidos graxos de cade@al@nl6) afetam o comportamento
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de insetos, geralmente estimulando a alimentacBARBIAN, 1977) ou a oviposicao
(PARR et al, 1998). Yanget al. (1993) observaram que larvas &podoptera
frugiperdg movem-se mais rapidamente em folhas de milhoaguesentam maiores
proporcdes de-alcanos. Segundo Li e Ishikawa (2005), a mistema-dlcanos e acidos
graxos livres em cera de folhas dmllopia japonica (Polygonaceae) estimula
naturalmente a oviposicao @strinia latipennigLepidoptera).

A importancia do fenétipo da superficie cuticukamtsido relatada em diversos
estudos, como demonstrado por Gorb e Gorb (2002)0fservaram a dificuldade de
adesdo do coleopte©hrysolina fastuosam superficies ricas em cristais de cera e
pélo, enquanto Alfaro-Tapiat al. (2007) verificaram que a microestrutura das ceras
epicuticulares em hibridos dRopulusspp. resistentes e suscetiveis ao ataque do pulgéo
Chaitophorus leucomelafetou o desempenho do inseto, ndo interferindagntanto,
na oviposicao.

Recentemente, Bitagt al. (2010) através de bioensaios, testaram o poder de
fixacdo de machos e fémeas @ydia pomonella(Lepdoptera) em superficies
cuticulares rugosas e lisas, constatando maicruttiihide de adesédo e locomocédo em
superficies rugosas, o que pode explicar o fatofélmeas dessa espécie preferirem
superficies lisas para ovipositar. Estudando o msce de adesédo dos ovos de insetos
sobre a superficie cuticular, Voigt e Gorb (2010hatuiram que secrecdes ricas em
proteinas, liberadas juntamente com os ovos, Boddi e promovem a fixacdo destes
as ceras epicuticulares.

A conhecida relacdo entre as chamadas plantasvimsefNepenthese insetos
foi bastante estudada, e os resultados demonstrgtemceras ricas em cristais
dificultam a adesdo e tornam a superficie escadiagaara os insetos, ressaltando a
importancia dos cristais de cera para o habitolaiatg (RIEDELet al, 2003; GAUME
et al, 2004; GOREBet al 2005).

Por outro lado, relacdes positivas podem ser madipdlas ceras epicuticulares,
como pode ser observado no mimercofilismo entreé@sp de Macaranga
(Euphorbiaceae) e formigas, principalmente dos @&rerematogastee Camponotus,
que estabelecem entre si simbioses mutualisticade a planta fornece substrato e
recursos alimentares, enquanto as formigas inibewtenpias predadores
(MARKSTADTER, 2000; FEDERLE e RHEINDT 2008UHLING et al, 2005).
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As ceras epicuticulares podem também exercer wampes funcbes na
interacéo inseto galhador-planta hospedeira, atuaadgrotecdo das galhas como filtro
solar, como protegdo mecénica ou servindo comolaeigede outros herbivoros e
parasitdides, com base na presenca de substanmms terpenos e flavonodides
(SCARELLI-SANTOS e VARANDA, 2007).

No Brasil, a maior parte dos estudos sobre insegahadores tem se
concentrado no cerrado (GONCALVES-ALVIM e FERNANDES3001; URSO-
GUIMARAES et al, 2003; GUIMARAES e SCARELLI-SANTOS, 2006). O PARN
do Catimbau possui vegetacao tipica, formando umsamo com diferentes tipos
vegetacionais e floras caracteristicas, predommanegetacdo de Caatinga (SIL¥A
al., 2009). Nesse ambiente, Euphorbiaceae é benmsepaela, necessitando, porém de
mais estudos sobre a fauna insetivora indutoraliag) associada a familia.

InvestigacOes sobre ocorréncia de galhas em Eujplced® foram realizadas em
poucas espécies comdolliguaja spp. (FUENTES-CONTRERAS:t al.,, 1999;
GONZALES et al.,, 2005), Euphorbia spp. (GAGNE, 1990; SHORTHOUSE e
GASSMANN, 1994; NELSON e CARLSON, 199%¢bastiania glandulos@MAIA e
OLIVEIRA, 2007), o que sugere a necessidade de estisdos com essa complexa

familia, sobretudo em ambiente de Caatinga.
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GALHAS EM ESPECIES DE EUPHORBIACEAE DO SEMIARIDO
BRASILEIRO
(PARQUE NACIONAL VALE DO CATIMBAU - PE, BRASIL)

RESUMO

Galhas sédo crescimentos diferenciados do tecidetakegnduzidos por diferentes
agentes como virus, bactérias, fungos, nematédasos e insetos, podendo ocorrer em
diferentes 6rgdos da planta. Estudos sobre insethstores de galha e plantas
hospedeiras tem se concentrado mais em vegetagd€emado e Restinga, sendo
poucos 0s registros para o semiarido brasileirsiMso presente estudo busca registrar
a ocorréncia de galhas em espécies de EuphorbinogRarque Nacional do Catimbau,
PE, Brasil. Trés géneros de Euphorbiacgamton Cnidoscoluse Jatrophg, foram
investigados quanto a presenca e auséncia de gatitasm periodo de dois anos, com
visitas periddicas em quatro areas do Parque @rRkdra da Concha, Trilha Pedra do
Camelo, Trilha Pedra da Igrejinha e Casa de FarilN@mtotal foram amostrados 1.600
individuos e a presenca de galhas foi registradanédia para 31% deles. As espécies
de Cnidoscoluforam as mais atacadas por insetos galhadoresdeedms espécies de
Croton Por outro lado, ndo foi registrada a ocorrén@agdlhas nas espécies de
Jatrophaem nenhuma das areas de estudo durante o pemgoodlosdrvacdes. Entre as
espécies deCnidoscolus C. vitifolius foi a mais galhada (71%), enquanto para as
espécies d€roton C. adamantinugpresentou maior abundancia de galhas (56%). As
variacbes na ocorréncia de galhas entre as dierefiteas e espécies indicam a
necessidade de estudos complementares, levando-seora outras variaveis que
podem interferir nos padrdes de distribuicdo dessesos.

Palavras-chave: Caatinga, herbivoria, interacoBs:MA
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GALLS IN SPECIES OF EUPHORBIACEAE OF BRASILIAN SEMI ARID

ABSTRACT

Galls are intumescences that can occur in displait tissues and may be induced by
different agents, such as virus, bacteria, fungmatodes, mites and insect. Studies on
inducers and host plants have been focused onddearad Restinga biomes, and little
information about this is available in the semiafitierefore, this study aims on listing
the occurrence of galls in species of Euphorbiaestablished at Catimbau National
Park, State of Pernambuco, Brazil. For two suceesgars and in periodical field trips,
this study investigated the occurrence of gallnee generadroton Cnidoscolusand
Jatrophg of the Euphorbiaceae family that are distribubeer four different areas of
the Park (Pedra da Concha trail, Pedra do CaneglpRedra da Igrejinha trail and Casa
de Farinha). Galls were found in about 31% of tl&Q of them. Plants belonging to
the Cnidoscolusgenus were more affected by galls, being follolwgdroton species.
Differently, no galls were found in any of tRkatropha species sampled within the
research areas along the duration of this studyogttnidoscolusspeciesC. vitifolius
was intensely used as resource, with 71% of indad&l galled, while forCroton
speciesC. adamantinusf 56% individuals were galled. The variation iccarrence of
galls in species from different areas within thetidtzal Park suggests the need of
additional studies that take other variables thatiaterfere in the distribution pattern of

these insects into account.

Keywords: Caatinga, herbivory, interactions, UPGMA.
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Introducao

A herbivoria constitui uma das mais importanteteragdes entre plantas e
animais, podendo interferir na regulacdo das pgpek vegetais e nos padrbes de
distribuicdo destas. Os herbivoros diferem em snasessidades nutricionais
determinando as variadas preferéncias alimentarasardo com etatusnutricional da
planta hospedeira (HERMS e MATTSON, 1992; KY&Cal, 1996)

Insetos galhadores sdo herbivoros altamente efipados que através da
inducdo de galhas, obtém alimento e protecdo pargomole. Segundo Fernandes e
Price (1992), insetos galhadores representam unemegtdo gradiente especialista-
generalista, sendo extremamente especificos eméaceka escolha do hospedeiro. Os
principais indutores de galhas sdo os dipterosaddlih Cecidomyiidae (MAIA e
FERNANDES, 2004).

E estimada uma riqueza global de 13.000 espé@emsitos indutores de
galhas (ESPIRITO-SANTO e FERNANDES, 2007) e o misténdutor-hospedeiro tem
despertado interesse de diversas areas de pesquisa,suas caracteristicas
morfologicas, anatdbmicas, quimicas, evolutivas @étgieas, além de sua grande
importancia ecolégica (PRICE, 1988, FUENTES-CONTRBRet al, 1999;
SCARELI-SANTOS E VARANDA, 2007).

No Brasil, a maioria dos trabalhos sobre insetdsagiores tem se concentrado
principalmente em vegetacdo de Cerrado, Resting®@NEALVES-ALVIM e
FERNANDES, 2001; MAIA e AZEVEDO, 2009) e Florestdléatica (ALMEIDA-
CORTEZ et al 2008; FERNANDESet al 2009), indicando a necessidade de mais
estudos sobre a entomofauna de galhadores em segi@®o o semiarido nordestino

O bioma Caatinga ocupa uma area de aproximadan@2@elll,23 km?
correspondendo a 10% de todo o territdério nacioAakesenta clima tipicamente
semiérido, vegetacao predominantemente xerofiastahte heterogénea (CAATINGA,
2010), destacando-se pela riqueza e diversidadmiadlora, composta por diferentes
fitofisionomias como caatinga densa, caatinga dedegradada, caatinga aberta e
caatinga aberta degradada, formando mosaicos coates tipos vegetacionais, porém
ainda pouco estudados (MMA, 2001; GOMIESal 2006).

Neste cenario, a familia Euphorbiaceae destaca®® a segunda maior em

namero de espécies com, aproximadamente, 500,udés gerca de 20 sdo endémicas,
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levando a regiao Nordeste a condicao de centraveesilade da familia (SAMPAIO,
1995; BARBOSAet al, 1996; QUEIROZ, 2008; SATIRO e ROQUE, 2008).

Alguns estudos apontam para uma tendéncia de qyetagdes esclerofilas,
proprias de ambientes xéricos determinam um efedsitivo sobre a riqueza e
abundancia de insetos galhadores, uma vez que pks#aas tendem a acumular
compostos quimicos de defesa, aparentemente pnoiegas galhas da acdo de
mastigadores e fungos, seus inimigos naturais (CELRN1983; COLEY et al, 1985;
FERNANDES e PRICE, 1988; BLANCH, 2000), o que pedplicar a baixa presenca

desses inimigos em ambientes quentes e secos HBERS e PRICE, 1992).

Por outro lado, Veldtman e Mcgeoch (2003), defendgue para insetos
especialistas como os galhadores, a composicadoda dpresenta um efeito mais
pronunciado sobre a distribuicdo dessas espéaggin8o Fleck e Fonseca (2007), a
riqueza de galhadores depende da presenca dasesspéspedeiras na comunidade,
dada a especificidade da relacéo.

Apesar de sua representatividade, sobretudo nagdmio Nordeste, a familia
Euphorbiaceae pouco foi estudada em relacdo aiag8occom galhadores, e as
investigacbes envolvem poucas espécies cor@olliguaja spp. (FUENTES-
CONTRERASetal., 1999; GONZALES eal., 2005),Euphorbiaspp. (GAGNE, 1990;
SHORTHOUSE e GASSMANN, 1994; NELSON e CARLSON, 1p%ebastiania
glandulosa(MAIA e OLIVEIRA, 2007).

Neste contexto, o presente estudo busca investigaorréncia de galhas em
espécies de Euphorbiaceae do Parque Nacional dimi@at (semiarido) e avaliar os

padrdes de distribuicdo em niveis genéricos e @&

Materiais e Métodos
Area de estudo

O estudo de campo foi conduzido no Parque Nacam&latimbau, que ocupa
uma éarea de 62.554 ha, abrangendo parte dos mosidde Buique, Ibimirim e
Tupanatinga (figura 1), localizado a 285 km do Red clima é do tipo BShW’ (clima

quente e seco), tipico do semiarido nordestinoerAperatura e a precipitacdo média
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anual sdo de 26 °C e 600 mm, respectivamente, c@ior precipitacdo entre 0s meses
de abril a junho (SUDENE, 1990).

A vegetacdo apresenta alta diversidade, com adyustigumas arvores
perenifolias e um estrato subarbustivo denso indtuiespécies de Campos Rupestres,
Restinga e Mata Atlantica, formando um mosaico tagenal, predominando, porém a
fisionomia tipica de Caatinga (IBAMA, 2007).

ObservacOes de campo

As observacdes foram realizadas em visitas pon&miguatro diferentes areas
do PARNA do Catimbau (Trilha pedra da Concha, @riedra do Camelo, Trilha
Pedra da Igrejinha e Casa de Farinha), aqui detagndrilhas 1, 2, 3 e 4,
respectivamente, entre Setembro de 2008 e Outubrd0d0, em meses alternados,
totalizando oito eventos amostrais.

Em cada visita, foram estabelecidos transectos0d®a X 100 m em cada uma
das quatro trilhas e, de forma aleatéria, os 5thairbs individuos pertencentes aos
géneros Croton, Cnidoscolus e Jatropha (Euphorbiaceae), foram criteriosamente
vistoriados e classificados quanto a presencaé@naigsde galhas caulinares e foliares.
Quando o numero de individuos dentro da &rea dsdcdo ndo era alcancado, dobrava-
se o esforco amostral, visando a uniformizacacdddss.

A frequiéncia de galhas para cada espécie foi detada contando-se o numero
de individuos galhados entre as plantas selecisnal#a cada ambiente. Foram
consideradas as galhas foliares e caulinares ddacom o tecido afetado. Ao todo
foram amostrados 400 individuos por trilha, penfigeum total de 1.600 ao longo do
periodo de observacao. Os percentuais de indivigalbseidos foram calculados e uma

matriz de presenca e auséncia foi gerada (tabelal).

Coleta e identificagdo do material botanico

Todas as espécies pertencentes aos géxaisn, Cnidoscoluse Jatropha
presentes nas areas estudadas foram coletadategquogente identificadas pela Dra.
Maria de Fatima Araudjo Lucena da Universidade Fad#e Campina Grande campus

de Patos e pela Dra. Suzene lzidio da Silva, davdisidade Federal Rural de
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Pernambuco. As espécies encontradas for@maton heliotropiifolius Kunth, C.
urticifolius Lam., C. adamantinusMull. Arg., C. argyrophyllusKunth, C. grewioides
Baill., C. blanchetianu$aill., C. glandulosu4.., Cnidoscolus vitifoliugMill.) Pohl, C.
urens Pohl, C. pubescend?ohl, C. loefgrenii Pohl, C. quercifolius Pohl, Jatropha
mutabilis Baill., J. mollissimaBaill., e J. ribifolia (Pohl) Baill. Foram preparadas
exsicatas de exemplares das espécies encontradapositadas no Herbario UFP
(Universidade Federal de Pernambuco) sob os nurbét06863, 56.065, 56.066, 56.067,
56.068, 60.186, 61.078, 56.070, 56.071, 59.7938(H9. 61.089, 56.072, 59.798,

57.798, respectivamente.

Andlises de agrupamento

A presenca e auséncia de galhas entre as espéciesadlisada através do
coeficiente de Dice, utilizando o método UPGMA conauxilio dosoftware2.11X
NTSYSpc (ROHLF, 2005).

Resultados e Discussao

Em média, foi registrada a presenca de galhas émdis 1.600 individuos
amostrados, entre as 15 espécies estudadas. Bmstntpal, galhas apenas foliares
ocorreram em 33% das espécies, seguido das gadldinaces (20%), enquanto as
espécies que apresentaram galhas em ambos os,ggesentaram 6,5% (tabela 1).

Os resultados apontando a forte ocorréncia deasggtihadores associados a
espécies deCnidoscoluse Croton (até 71% e 56%), respectivamente, observada nesse
estudo, assemelha-se aos obtidos em levantamantttoees realizados em areas de
Caatinga, incluindo o PARNA do Catimbau, que meoatrauma maior riqueza de
galhadores em espécies @mton e Cnidoscoluscom seis e trés morfotipos de galhas,
respectivamente. Nesse levantamento, Euphorbi@cEabaceae foram as familias com
mais individuos galhados, em média 17% (Saetas, 2009).

Quando as éareas sdo comparadas, observa-se um pi@deminio de
individuos galhados na trilha Pedra da Concha (969 pode ter ocorrido em funcao
da riqueza de espécimes @mton adamantinug47%), Cnidoscolus vitifoliug24%) e
C. urens(11%) nessa area. Essa trilha é caracterizadappesentar areas de vegetacao

mais aberta, predominantemente arbustiva deicfdlia e solo arenoso, diferindo
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nitidamente das demais trilhas (Figural. a, b, )c,Sinais de perturbacdo foram
evidenciados em toda a area, em especial na Réldea da Concha, talvez por sua facil
acessibilidade e tipo de vegetacgao.

Contudo, a espécie mais galhada na trilh@€.laflamantinus também ocorre
nas trilhas 2,3 e 4 com, respectivamente, 30% 36%8€dos individuos com galhados.

Figural Fisionomia das quatro areas de coletas no PARNAakimbau. a) Trilha
Pedra da Concha, evidenciando a vegetacdo arbestiveolo arenoso; b) Trilha Pedra
do Camelo; c) Trilha Pedra da Igrejinha; d) Tribasa de Farinha.

Foram observadas varia¢des na inducdo de galhasspésies d€roton Em
Croton grewioidesC. heliotropiifolius eC. blanchetianusaas galhas foram induzidas
preferencialmente nas folhas (Figura 2); & adamantinuse C. argyrophyllus
registraram-se galhas foliares e caulinares (Figiira&nquanto ndo foram observadas
galhas ent. urticifolius e C. glandulosugTabela 1). Em geral, a espécie com maior
incidéncia de galhas faC. adamantinug56%) seguida po€. argyrophyllus(41%),
(Tabela 1).
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Cnidoscolus quercifoliugpresentou galhas foliares e caulinares (Figudg, 3

enguanto individuos dé. pubescensdo foram associados a insetos galhadores (Tabela

1). Nao foram obtidos registros de galhas em nealdas trés espécies dtrophaem

diferentes populacdes estudadas durante o periatiado (Figura 4).

Tabela 1. Ocorréncia de galhas em 15 espécies phokhiaceae estabelecidas no

Parque Nacional do Catimbau, PE (Brasil).

Espécies Orgao Ocorréncia (%)
Folha Caule
Croton
C. adamantinus + + 56
C. argyrophyllus + + 41
C. grewioides + - 14
C. heliotropiifolius + - 12
C. urticifolius - - 0
C. glandulosus - - 0
C. blanchetianus + - 22
Cnidoscolus
C. loefgrenii + - 56
C. pubescens - - 0
C. quercifolius + + 51
C. urens + - 67
C. vitifolius - + 71
Jatropha

J.mollissima - - 0
J.mutabilis - -

J.ribifolia - -

+ = presenca, - = auséncia
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De acordo com a hipétese do estresse higroterrieR JANDES e PRICE,
1988), plantas estabelecidas em ambientes xér@osngis susceptiveis a insetos
galhadores. Isto poderia ser explicado pela tendé&tas plantas esclerofilas, como as
encontradas na Caatinga, concentrarem altos depdt compostos secundarios nas
folhas, podendo proteger insetos galhadores deagoeels naturais como fungos e
herbivoros mastigadores (CORNELL, 1983; COL&Yal, 1985).

Apesar do elevado registro de galhas para algursp&cies desse estudo
(Tabela 1), a relacdo positiva entre esclerofiliabeindancia de galhadores nao foi
uniforme, o que sugere que outros fatores podean petssionando a distribuicdo dos
insetos, ou que a hip6tese do estresse higrotérfRERNANDESet al, 1988) nado se
apligue em nivel de comunidade para as espéciesml®rbiaceae da area.

Ao mesmo tempo, a presenca e auséncia de galhaspgries co-ocorrentes
na mesma area podem ser atribuidas a relacdo egspacifica dessa guilda de insetos
com o0s seus hospedeiros, indicando ainda que a osigdp da flora esteja
influenciando a diversidade e abundéancia dessetom®specialistas, pois, a rigueza
destes esta diretamente relacionada com a preskensaus respectivos hospedeiros
(VELDTMAN e MCGEOCH, 2003; FLECK e FONSECA, 2007).

Embora préximas e com muitas espécies em comunaso areas de estudo
apresentam diferencas fitofisioné6micas, o que poffigenciar a riqueza e abundancia
de insetos galhadores, uma vez que estes saontreta afetados pelas condi¢cdes da
planta hospedeira (FAGUNDES e FERNANDES, 2001), poresua vez podem estar
respondendo as pressées do meio, de formas ddsremt cada ambiente.

No entanto, varios outros fatores podem atuarocmeguladores da populacao
de insetos herbivoros. Price (1991) considera guatriaveis preponderantes na planta
hospedeira que afetam o desempenho dos insetosiaaEso presenca da planta
hospedeira no ambiente, variacdo fenoldgica, vilidale genética dentro de uma
mesma populagéao de plantas e variacdo dentro denesraa planta.
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Figura 2. Galhas foliares (a) e caulinares (b)&oton adamantinugc) galhas foliares
em Croton argyrophyllus(d, e)galhas foliares en@roton grewioide® (f) galha foliar
emC. heliotropiifolius

Figura 3. Galhas foliares e@nidoscolus uren&); galhas foliares e@. loefgrenii(b);
galhas caulinares erg. vitifolius (c); galhas foliares (d) e caulinares (e) @e
quermfohus detalhe do ramo de. pubescene‘) sem galha

Flgura 4 Aspectos gerais de espeméaimphaspp com galhas ausentefatropha
mollissima(a); J. mutabilis(b) eJ. ribifolia (c).
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O fenograma gerado com base na presenca e ausiEnamsetos galhadores
associados as plantas hospedeiras (Tabela 1),eindepte das trilhas, evidenciou a
formacao de dois grupos: um menor (A) envolvend® esspécies que ndo apresentaram
galhas Croton urticifolius C. glandulosus Cnidoscolus pubescenslatropha
mollissima J. mutabilis e J.ribifolia) e outro (B) composto por nove espécies que
apresentaram galhas foliares e caulinat@s gdamantinus C. argyrophyllus C.
guercifoliug, galhas apenas em folha€. ( grewioides C. heliotropiifolius C.
blanchetianus C. loefgrenij C. uren3 e galhas apenas em caulgsnifloscolus
vitifolius) (Figura 5).

A formacgédo de grupos contendo espécies de génistodak, estabelecidas na
mesma trilha ou em trilhas diferentes, indica niam& vez que a presenca do galhador é
determinada pela ocorréncia de sua planta hospedeiue reforca a especificidade do

sistema inseto galhador-planta hospedeira (VELDNWAMCGEOCH, 2003;
FLECK e FONSECA, 2007).

Croton adamantinus

galhas: folha e caule
Croton argyropgyius

cridoscolus quercifolius

Croton grewioides

Croton heliotropiifolius
galhas: folhas

Croton bianchetianus

Cnidoscoius loefgrenii
Cnidoscoius urens
Croton urticifolius
Croton glandulosus

sem galhas Cnidoscolus pubescens

Jatropha molissima

A Jatropha mutabilis

Jatropha ribifolia

galhas: caule

Cnidoscolus vitifolius

020 047 088 a& 100
Coefficient

Figura 5. Analise de agrupamento de espécies déndebipceae do PARNA do
Catimbau com e sem galhas, através do coeficieat®ide, utilizando o método
UPGMA com o auxilio deoftware2.11X NTSYSpc (ROHLF, 2005).
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Conclusao

A partir dos resultados obtidos, foram observadagagbes nos padrbes de
distribuicdo dos galhadores nos niveis intra easfeecificos. Variacdes na ocorréncia
de galhas entre as espécies estudadas, indepertierdeea, podem indicar que a
composicdo da flora é o principal fator determipanfa abundancia dos insetos
galhadores, associados as espécies de Euphorbdada®RNA do Catimbau, o que
pode ser explicado pela especificidade do sistesgto galhador-planta hospedeira.

No entanto, outras variaveis podem estar produzifeitos sobre a distribuicéo
de insetos galhadores no PARNA do Catimbau, ndeegsl de mais estudos nesse

peculiar ambiente do semiarido brasileiro.
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Capitulo 2

n-ALCANOS CUTICULARES EM ALGUMAS ESPECIES DE
EUPHORBIACEAE DO SEMIARIDO BRASILEIRO: COMPOSICAO E
ASPECTOS QUIMIOTAXONOMICOS

Manuscrito a ser submetido ao periddBiochemical Systematics and Ecology
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n-ALCANOS CUTICULARES EM ALGUMAS ESPECIES DE
EUPHORBIACEAE DO SEMI-ARIDO BRASILEIRO: COMPOSICAO E
ASPECTOS QUIMIOTAXONOMICOS

RESUMO

A superficie primaria dos oOrgaos aéreos da maidos vegetais é recoberta pela
cuticula, cuja funcédo primordial € o controle ddabeo hidrico, porém exercendo
vérias outras fungdes, de acordo com suas proplkesdguimicas e fisicas. A cuticula
formada basicamente por uma matriz de cutina as$®as ceras intracuticulares e
epicuticulares, cuja composicdo quimica e morfalatgterminam as propriedades da
cuticula. O padrdao quimico pode caracterizar unpgces vegetal, parte da planta ou
fase de desenvolvimento, podendo representar teatondmico, sobretudo em grupos
complexos como a familia Euphorbiaceae. Essa fandlia segunda com maior
representatividade nos tropicos e destaca-se [asacpdade fenotipica, bem como pelo
amplo espectro de compostos quimicos de suas esp@&msta forma, o estudo teve
como objetivos conhecer a composi¢do quimica dess cepicuticulares foliares de
alguns representantes de Euphorbiaceae ocorremeagg@ao semiarida do Brasil e
testar o potencial quimiotaxonémico deslcanos para essas espécies, através analises
de agrupamento (distancia Euclidiana e UPGMA). Berdo com os padrdes de
distribuicdo dos n-alcanos, verificou-se o predominio dos homdélogogpaies,
principalmente nonacosano (C29) para a maioricedpécies d€roton untriacontano
(C31) entre as espécies datropha e tritriacontano (C33) para as espécies de
Cnidoscolus As andlises por UPGMA produziram um relativo @gmento das
espécies de cada género, sobretudo em funcdo dionpirdo de alguns alcanos
especificos.

Palavras chave: Caatinga, analise numéricas, sittenvegetal, CG/EM
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CUTICULAR n-ALKANES IN SOME EUPHORBIACEAE SPECIES FROM
SEMI-ARID BRASILIAN: COMPOSITION AND CHEMOTAXONOMIC AL
ASPECTS

ABSTRACT

Most of plants’ aerial organs have their primaryfate covered by the cuticle, which
acts mainly controlling the hydric balance, but nsayve many other roles as a reflex of
its chemical and physical properties. The cutisldasically made of a cutin matrix
associated to inner and outer epicuticular waxés;lwproperties are determined by its
morphology and chemical composition. The chemiedtgopn may characterize a plant
species, part of the plant or development phaseglmapable of providing taxonomical
power especially in complex groups like the Euplearbae family. This family is the
second larger in tropics and contrasts for its phgmc plasticity, and also for its wide
range of chemical compounds present in its speEmsthese reasons, this study aimed
on finding more about the chemical composition led teaf epicuticular waxes from
some of the Euphorbiaceae species present in tael&r semi-arid and testing the
chemotaxonomical potential of thealkanes through grouping analysis (Euclidian
distance and UPGMA). Results from distribution @ats found for the n-alkanes
showed dominance of the odd homologues, mainly casanes (C29) for most of the
Croton species, untriacontanes (C31) amdagophaspecies and tritriacontanes (C33)
for Cnidoscolusspecies. UPGMA analysis sorted species in grodpsaoh genus,

mainly in function of the dominance of some spedilkanes.

Key words: Caatinga, numerical analysis, plantaysttics, GC/MS
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Introducao

Cera cuticular vegetal é o termo comumente usadbdescreveo conjunto de
componentes hidrofobicos da cuticula que recobseiEerficie primaria dos 6rgaos
aéreos da maioria das plantas (KOLATTUKUDY, 1980).cuticula é formada
basicamente por uma matriz de cutina entremeadaceoas intracuticulares e coberta
por ceras epicuticulares (HEREDIA, 2003).

As ceras intra e epicuticulares sdo formadas gahtiente por hidrocarbonetos,
acidos graxos, ésteres, alcoodis primarios e sedosd&etonas e aldeidos, aléem de
compostos ciclicos e aromaticos como flavonoidedempendides, em menores
proporcdes (RIEDERER e MARKSTADTER, 1996; MULLERREEDEERER, 2005).
Cada classe é composta de uma série homodlogamers® e 0 padrdao quimico pode
caracterizar um grupo taxondémico, parte da planiafase de desenvolvimento
(BAKER, 1982).

Varios estudos demonstram variagdes quantitativasqualitativas dos
componentes cuticulares, em funcéo de fatoresstisgePor exemplo, foram verificadas
mudancas na estrutura e na composicdo das ceragaenineas e em cultivares de
algodao, soja e gergelim submetidos a diferenass tide estresse, principalmente
hidrico (BONDADA et al, 1996; ROMMERSKIRCHENet al, 2006; KIM et al,
2007a; KIM et al, 2007b). Nessas plantas foi observado um subatagmento dos
compostos de cadeias longas, sobretudlranos.

Os hidrocarbonetos, principalmentersalcanos (cadeia de comprimento C21 a
C35), constituem os compostos mais comuns nas cetfiaslares, formando uma série
homologa e diferindo entre si pelo nimero de casbdVALTON, 1990; AHMADet
al., 1996; MARKSTADTERet al, 2000; KNUST e SAMUELS, 2003; MULLER e
RIEDERER, 2005), entretanto nem sempre represeataasse mais abundante.

Dove e Mayes (1991) referem-se amwalcanos como a “impresséo digital” da
cuticula, uma vez que, supostamente cada plantauiposn perfil Unico desses
hidrocarbonetos, podendo desta forma, caractarimaiteterminado grupo taxonémico.

A utilidade dosn-alcanos como potenciais marcadores taxonémico®faiada
para diferentes grupos de plantas, como Melastoeata Leguminosae, Moraceae,
Malpighiaceae, Solanaceae (MIMURAt al, 1998; MERINO et al, 1999;
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MUBO et al, 2005; MOTTAet al, 2009; MOHY-UD-DINet al, 2010), entre
outros, indicando a importancia desta classe pgranaiossistematica.

Métodos utilizando DNA nuclear ribossomal (nrRNA) seqiéncia de
espacadores moleculares internos (ITS), do fragmtenit-F e DNA plastidial, entre
outros métodos moleculares, foram empregados egumals espécies deuphorbig
Croton, Macaranga Jatropha(WURDACK et al, 2005; BERRYet al, 2005; KULJU
et al, 2007; PAMIDIMARRI et al, 2008). No entanto, apesar da comprovada eficacia
guimiotaxondmica das ceras epicuticulares e da litdpoa da familia Euphorbiaceae
nos tropicos, sobretudo em regides semiaridas,hddaté a presente data, nenhum
registro de andlises quimicas das ceras epicutisul@ara as espécies propostas neste
estudo, bem como sobre a sua utilizacdo como naneathxondmicos.

Para Wurdaclet al (2005) de todas as familias botanicas, Euphaebmsao
insuperaveis na riqueza de espécies, plasticidadmldgica, diversidade fitoquimica e
importancia econdémica, porém ainda pouco explo(atiBCENA, 2009). No que se
refere as investigacdes sobre a composicao quaracatilidade quimiotaxonémica das
ceras cuticulares, os estudos, de um modo gerals&restringido basicamente aos
géneros Macaranga (FEDERLE et al., 1997; MARKSTADTER et al., 2000;
GUHLING et al., 2005), Euphorbia (GNECCO et al, 1989; NAZIRet al, 1993;
AHMAD et al, 1996),Ricinus(VERMEER et al, 2003; GUHLINGet al, 2006), e
alguns trabalhos isolados com espécie€umidoscoluse Sapium(VALLE e KAPLAN,
2000; ESCALANTE-EROS/Aet al, 2004).

Assim, este trabalho teve como objetivo conheceedil quimico das ceras
epicuticulares foliares de 15 espécies pertencentess géneros de Euphorbiaceae que
ocorrem em regido semiarida do Nordeste do Brasdlisar o padrao de distribuicdo

dosn-alcanos e testar o potencial quimiotaxonémicoaleksse de compostos.
Material e Métodos
Local de Estudo

As coletas foram realizadas no Parque Nacional atom®au, Buique - PE, situado a
295 km do Recife. O Parque compreende um poliganc6tl km2 abrangendo,
aproximadamente, 62.300 ha (Figura 1), destacamgela riqueza e diversidade de sua

flora, composta por diferentes fitofisionomias cowceatinga densa, caatinga densa
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degradada, caatinga aberta e caatinga aberta ddgrafbrmando mosaicos com
variados tipos vegetacionais, porém ainda pouamadbs (MMA, 2001; ANDRADE
et al 2004; GOMESet al 2006). O clima é do tipo BShW’ (clima quenteee®, com
temperatura e precipitacdo meédias anuais em toreo28 °C e 600 mm,
respectivamente, com maior pluviosidade entre osemée abril a junho (SUDENE
1990).
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Figura 1. Localizac&o do Pargue Nacional do Catimbareas de coleta: a) Trilha Pedra
da Concha; b) Trilha Pedra do Camelo; c) Trilhdgdejinha; d) Trilha da Casa de Farinha.
Fonte: Adaptado de IBAMA (2007).

Coleta e identificacdo do material botanico

Folhas integras de individuos adultos foram coéstate cada dez espécimes de
Croton adamantinugMull. Arg., C. argyrophyllusKunth, C. grewioidesBaill., C.
blanchetianugBaill., C. glandulosud.., C. heliotropiifoliusKunth, C. urticifolius Lam.,
Cnidoscolus pubesceri®ohl C. urensPoh| C. vitifolius (Mill.) Pohl, C. quercifolius
Pohl, C. loefgrenii Pohl, Jatropha mollissimaBaill., J. mutabilisBaill. e J. ribifolia
(Pohl) Baill. Os espécimes foram identificados pBla. Maria de Fatima Araujo

Lucena (UFCG) e pela Dra. Suzene Izidio da SilMaRBE), e depositados no Herbario
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UFP (Universidade Federal de Pernambuco) sob oemén$6.066, 56.067, 56.068,
61.078, 59.798, 56.063, 56.065, 59.793, 56.071078%. 61.076, 56.066, 57.797,
56.072, 57.798, respectivamente.

Obtencao das ceras epicuticulares

As folhas foram secas a sombra e as ceras epikemtisuextraidas a partir de
duas imersdes sucessivas em diclorometano, conatgtacdo durante 30s. Os extratos
obtidos foram filtrados, concentrados sob press#@lozida em evaporador rotatorio e

posteriormente submetidos as técnicas analitickmdenamento e identificagao.

Fracionamento das ceras

Inicialmente, os extratos brutos foram fracionap@scromatografia em camada
delgada (CCD), utilizando-se como adsorvente, gekitica G 60, impregnada com
fluoresceina sédica 0,02% (Sigma-Aldfithe desenvolvida com a fase moével
hexano:diclorometano (73:27 v/v) (SALATINO e SILVA988). Posteriormente, 0s
cromatogramas foram revelados sob luz UV de ondgaloe a fracdo correspondente
aosn-alcanos foram isoladas para analises qualitaév@santitativas

Cromatografia Gasosa (CG-FID)

A composicdo da fracdo de-alcanos foi analisada por cromatografia gasosa
(Shimadzu 17AVer. 3, Kyoto, Japao), utilizando urotuna capilar DB-5 (30 m, 0,32
mm, 5% fenil-95% dimetilpolissiloxano) e hélio corgas de arraste, com uma vazao
de 1 cmi. min™ e split de 1/1000. A temperatura do injetor e dtector foi de 306C.

A temperatura da coluna variou de P&)(3 min) a 288C a 16C min* e mantidas até
a temperatura final em condicBes isotérmicas porn8d. A identificacdo dos
compostos foi realizada através da comparacao com solucdo padrdo de alcanos
C21-C40 (mistura h 04071) da Sigma-Aldric¢h(St. Louis, MO) e com espectros de
massas obtidos em um GCMS-QP5050A, operando p@citmple elétrons (70 eV).
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2.6. Andlise numérica

A partir da distribuicdo quantitativa dosalcanos foi realizada uma analise de
agrupamento por distancia Euclidiana e UPGMA w@iidosoftware2.11X NTSYSpc
(ROHLF, 2005).

Resultados e discussao

3.1. Composic¢éo quimica das ceras epicuticulares

A partir das analises qualitativas e quantitatpasCCD (método gravimeétrico)
e cromatografia gasosa com espectrometria de m#&€$a4&M), foi constatada a
presenca das classes quimicas comumente encontieglasras cuticulares das plantas,
como n-alcanos, alcodis primarios, acidos graxos e péeos (BAKER, 1982;
WALTON, 1990). Em conjunto, a distribuicdo das sk quimicas entre as espécies
analisadas mostrou-se variada, com um leve predordos n-alcanos em relagcéo as

demais.
3.2. Distribui¢ao e abundéancia d@lcanos

As cadeias de hidrocarbonetos, em geral, variaraan G21 ao C35,
predominando os homdlogos impares C29 (nonacos&d),(untriacontano) e C33
(tritriacontano), respectivamente, sendo as maiocoesentracdes encontradas no C33
(>70%) emespeécies d€nidoscolus Heptacosano (C27) e pentacosano (C25) também
foram detectados na maioria das espécies estudadasn em concentragdes bem
inferiores (Tabela 1). Entre as séries pares, acosano (C28) esteve presente na
maioria das espécies, mas em baixas concentraCéalesld 1).

Andlises qualitativas dos-alcanos cuticulares tém demonstrado o predominio
das séries impares C25 a C35, na maioria das espgsfudadas. Maxzud e Zydgalo
(1991) estudadando os alcanos foliares em 21 pgjpesadeSolanumestabelecidas na
Argentina, observaram o predominio do heptacosamo $.glaucophyllum
tritriacontano em S. elaegnifolium S juvenali e S. euacanthum enquanto o

untriacontano dominou as cerasS3lestuckertie S. adelphum
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Jenkset al (1995) identificaram a presenca do alcano urdntano (C31) como
majoritario na ceras foliares e do nonacosano (C@9ninando a cera caulinar de
Arabidopsis thaliana resultados confirmados por Knust e Samuels (20&3)
Ligustrum vulgargOleaceae) o-alcano tritriacontano (C33) dominou a composicao d
cera epicuticular (BUSCHHAUSt al, 2007). Em geral, o predominio dos homologos
impares de cadeias mais longas tem sido uma tdadént ceras cuticulares de
diferentes espécies (WALTON, 1990; MULLER e RIEDERE005).

Tabela 1. Distribuicdo e abundéanciargalcanos epicuticulares foliares em espécies de
Euphorbiaceae ocorrentes no Parque Nacional denGaii, Pernambuco - Brasil.

Espécies n-Alcanos %

C21 C22 C23 C24 C25 C26 C2r (C28 (C29 C30 C31 C32 C33

Croton
C.adamantinus - - - 3,65 3,04 - 13,40 3,25 38,0 - 25,50 -
C.argyrophyllus - - - - 5,44 - 14,61 - 43,4 - 25,80 -
C.blanchetianus - - 153 198 2,77 1,71 11,13 1,68 42,6 - 13,68 -
C.glandulosus - - - - 1,97 - 10,00 1,83 40,2 1,75 22,0 - 8,10
C.grewioides - - 1,12 145 294 204 129 5,77 43,0 1,70 17,0 1,32 4,43
C.heliotropiifolius 1,29 1,11 1,40 147 333 152 426 158 235 339 3594 183 599
C.urticifolius 2,67 - - - 3,52 - 5,56 - 21,8 - 2432 2,52 3,72
Cnidoscolus
C. loefgrenii - - - - - - 1,56 - 5,09 - 29,07 3,99 54,05
C.urens - - - - - - - - 4,91 - 31,93 - 63,15
C. pubescens - - - - - 0,48 056 1,68 1,57 - 3545 4,81 53,15
C.vitifolius - - - - - - 3,51 - 26,7 - 51,01 - 18,75
C.quercifolius - - - - - - - - 0,78 - 16,83 2,94 70,56
Jatropha
J.mollissima - 0.93 1.00 - 229 216 14,04 253 30,6 264 26,70 - 7,89
J.mutabilis - 025 033 061 416 193 1418 156 14,4 - 37,51 252 14,23
J.ribifolia - 085 050 099 011 145 8,24 206 18,7 154 2531 4,03 11,99

- n&o detectado

Maiores teores de-alcanos de cadeias longas tém sido relacionadosras de
plantas submetidas a diferentes tipos de estresbeetudo hidrico. Em ambientes
Xéricos osn-alcanos assumem importante papel, uma vez quereonfcarater mais
hidrofobico a superficie cuticular, minimizando iassas perdas de agua pela planta
(KERSTIENS, 1996; SCORA & SCORA, 1999; OLIVEIR# al, 2003; KOSMAet
al., 2009).

Alguns trabalhos tém associado o padrdao de digtibudos compostos das

ceras cuticulares a uma adaptacao evolutiva pabéeatas aridos, como por exemplo,
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0 sucesso evolutivo das gramineas C4 em areasnextrente aridas, que apresentam
relativa abundancia dealcanos de cadeia longa (ROMMERSKIRCHENaL, 2006).
Segundo esses autores, plantas C4 desenvolveraageansobre as plantas C3 em
regides quentes e aridas como resultado do relatineento no teor dos componentes
de cadeia mais longa da cera, o que permite umagie no ponto de fusdo. A
presenca de elevados teoresiddcanos de cadeias longas verificado neste egtdie
estar relacionada com a pressdo do ambiente sdmigobre as espécies Geoton
Cnidoscoluse Jatropha

No presente estudo, em conjunto, as cera€rd¢on foram dominadas pelos
homologos nonacosano (C29) e untriacontano (C8tlido pelo heptacosano (C27),
no entanto, o padréo de distribuicdo mostrou fprésenca do nonacosano, mesmo nas
espécies em que ele nao foi majoritario. Alcanaa @9 carbonos predominaram em
plantas distribuidas er@roton adamantinug38,8%), C. argyrophyllus(43,4%), C.
blanchetianug42,6%),C. glandulosu$40,2%) eC. grewioideg43%), enquanto o C31
predominou en€. heliotropiifolius(35,9%) eC. urticifolius (24,3%) (Tabela 1).

Com excecdo deé&nidoscolus vitifoliusque apresentou o C31 e C29 como
majoritarios, as espécies d€nidoscolus destacaram-se pelos altos teores de
tritriacontano (C33), e untriacontano (C3C).loefgrenii(>54%),C. urens(>63%),C.
pubesceng>53%) eC. quercifolius(>70%), apresentando a maior concentragéo entre
todas as espécies estudadas. Entre as espécielmtrgpha foram observadas
concentracdes do C31 acima de 37%, 26% e 25%,ctesprente end. mutabilis J.
mollissima e J. ribifolia, porém foi observado um leve dominio do C29 ém
mollissima(30,7%) (Tabela 1).

O predominio dos alcanos de cadeia longa obsermadte trabalho, esta de
acordo com dados da literatura para algumas espdeiduphorbiaceae. Naazt al
(1993) e Ahmackt al (1996) detectaram alcanos de cadeias longas osmancipais
compostos em espécies Hephorbia Valle e Kaplan (2000) analisando os alcanos de
duas espécies d&apium encontraram heptacosano (C27) e nonacosano (C29)
dominando a cera d®. glandulatumenquantd. sellowianunapresentou pentacosano
(C25) e heptacosano como majoritarios. Vermne¢r al (2003) identificaram
heptacosano e nonacosano como 0s principais al@moseras foliares dRicinus

communis.
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3.3. Similaridade quimica

A analise por distancia Euclidiana e UPGMA com baaelistribuicdo dos-
alcanos, permitiu um relativo agrupamento intrae$jpe, sobretudo em funcédo do
predominio dos homdlogos C29, C31 e C33 entre péces, e 0 predominio de
algumas séries de homologos dentro de cada géndmipdicar o uso dog-alcanos
como marcadores com algum valor diagndstico ad irifra-familiar.

De acordo com o fenograma gerado pode-se separaspcies em dois
agrupamentos. Um maior (A) contém as sete espéei€soton (Al), juntamente com
as trés espécies datropha(A2), além de uma espécie @midoscolugA3). Nessas
espécies foi observado o predominio de cadeia$miads com 29 e 31 atomos.

O grupo B foi formado pelas espéciesGiedoscolugB1 e B2), cujo padrao de
distribuicdo se caracterizou pelos elevados tedoe€33 (54%-70%) e do C31 (29%-
51%), além da auséncia de alcanos de cadeia cCPth & C25). A excecédo fdl.
vitifolius (A3) que se posicionou proximo as espéciedateophae Croton, devido a
elevada concentracdo do nonacosano (C29), diferidd® demais espécies de
Cnidoscolus

O agrupamento ent@roton adamantinysC. argyrophyllusC. blanchetianus
C. grewioidesC. glandulosuse deu em funcao dos altos teores de nonacosa®y (C
em comum (Figura 2, Algnquanto C. heliotropiifolius e C. urticifoliusigruparam
proximos as espécies datrophadevido ao predominio do untriacontano (C31).

Entre as espécies datrophg J. mutabilisse posicionou mais externamente,
provavelmente pela maior concentragdo do untriacan{C31), porém o padrdo de
distribuicdo, com a presenca de cadeias mais cumtes trés espécies (Tabela 2),
possibilitou um relativo agrupamento dentro do gériEigura 2, A2).

As espécies d€nidoscoluscom excecdo d€. vitifolius, formaram um grupo
mais externo e destacam-se pelos elevados teoregitdacontano. Apesar de
Cnidoscolushaver sido tratado por Miller Webster (1962) como sec¢ao ou subgénero
de Jatrophg o perfil de alcanos observado nos dois génerostrowo pouca
similaridade, concordando com Melo e Sales (20G8¢ se referem a esses géneros

como distintos, com base em caracteristicas maifca$.
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Figura 2. Relacdo de afinidade entre 15 espécidsugborbiaceae do PARNA do Catimbau
(Buique-PE), baseaq:_sl___pa distribuicdo rdalcanos cuticulares foliares, obtida por Distancia
Euclidiana e UPGMA;___:iCrotonspp.,.."; Jatrophaspp.{_JCnidoscolusspp.

O valor dos alcanos de ceras como marcadores gaxnimdomicos em niveis de
familia, subfamilia e tribo foi confirmado para Uefliferae, Cruciferae, Leguminosae,
Cactaceae, Moraceae, Araucariaceae, Cupressaceamced®, Crassulaceae,
Malpighiaceae e Solanaceae (STEVE&Sal, 1994, MAFFEI, 1996; MAFFEEt al,
1997; MAFFEI, 2004; MUBGet al, 2005; MOTTAet al, 2009; MEDINAet al, 2004,
MOTTA et al, 2009; MOHY-Ud-DIN et al, 2010), indicando a importancia dessa
classe de compostos para a quimiossistematica.

O amplo espectro de compostos secundarios juntamemin a biologia
molecular é fortemente ressaltado como ferramenthspensaveis a interpretacéo das
relacdes evolutivas entre subfamilias de Euphogbiacs.|. (ESSER, 1997; DAVI&
al., 2007).

Alguns estudos utilizando variados métodos tém sioloduzidos para tentar

resolver problemas taxonémicos na complexa fargiliphorbiaceae. Manners e Davis
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(1986) examinando o potencial quimiotaxondbmico derag para classificacdo
intraespecifica entuphorbiaobservaram similaridade qualitativa geral, comee&o
de alguns constituintes especificos, principalmergdriterpenos. Analises quimicas
com ceras de cinco espécies ephorbia revelaram o predominio de compostos
saturados, com as cadeias de hidrocarbonetos #aradg C19 a 37, sendo observadas
diferencas quantitativas entre alguns compostoRMIES e GIDLZ, 1987).

Segundo Grayeet al (1999) arvores moleculares baseadas em DNA rbcl
parecem Uteis em estudos comparativos de classesndgostos secundarios como
ferramenta quimiotaxonémica. Por outro lado proslugoimicos podem ser usados

como apoio adicional para arvores moleculares.

Conclusao

Os padroes de distribuicdo dasalcanos cuticulares foliares permitiu
caracterizar as espécies @mton pela presenca majoritaria do composto nonacosano
(C29), o génerdlatrophafoi caracterizado pelo predominio do untriaconté@81),
enquanto o géner@Gnidoscoludoi caracterizado pelos elevados teores do tanéno
(C33). Com base no predominio de algumas sériehod@dlogos e do relativo
agrupamento das espécies em seus respectivos gépede-se sugerir 0 uso dos
alcanos como marcadores taxonémicos com algum vdiagnostico ao nivel
infrafamiliar. No entanto, o estudo deve ser angiglia um maior nimero de espécies,
visando a obtencédo de resultados mais consistédae®s fitoquimicos fornecidos pelo
perfil quimico das ceras cuticulares, associaddistébuicdo de outros metabolitos e a
biossintese, podem conter informacgdes Uteis sabreelacbes dentro da familia
Euphorbiaceae e com familias filogeneticamentei@iadas.
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Capitulo 3

CARACTERIZACAO MICROMORFOLOGICA DA SUPERFICIE
EPICUTICULAR FOLIAR DE ESPECIES DE EUPHORBIACEAE DO
SEMIARIDO (VALE DO CATIMBAU - PE, BRASIL)
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CARACTERIZACAO MICROMORFOLOGICA DA SUPERFICIE
EPICUTICULAR FOLIAR DE ESPECIES DE EUPHORBIACEAE DO
SEMIARIDO (VALE DO CATIMBAU - PE, BRASIL)

Resumo

Aspectos micromorfologicos da superficie foliar xabbhe adaxial de 21 espécies de
Euphorbiaceae de regido semi-arida do Brasil fonamestigados por microscopia
eletrbnica de varredura. A caracterizacdo microohdgica das ceras epicuticulares
revelou diferengas significativas entre as faceaxiats e abaxiais na maioria das
espécies, aléem de variados tipos morfoldgicas, daimo superficies lisas, rugosas,
cristais dispersos, estrias paralelas, circularesssmeétricas, plaquetas e estruturas
dendriticas. As ceras epicuticulares das espéa@e€rdton apresentaram variados
padrbes e, na maioria das espécies, a superficaa&terizada pela abundancia de
tricomas, que em alguns casos, impossibilitam aalisacdo da cera. A ocorréncia de
estrias, flocos, cristais dispersos e ceras am@wiavidenciada no género. A cera lisa,
formando um filme com poucos cristais e tricomasleves, caracterizou a superficie
de Jatropha mutablis enquantod. ribifolia e J. mollissimaapresentaram superficie
rugosa com estrias orientadas longitudinalmentg@resenca de placas com margens
pronunciadas, além de estrias, foi observada naécies deCnidoscolus Manihot
dichotoma Euphorbia heterophyillaMicrostachys hispidaSapiumsp. eStilingia sp.
apresentaram padrbes morfolégicos com plaquetas braewsas, plagquetas
perpendiculares a superficie, estrias cordiforncesstas amorfas e rosetas de ceras,

respectivamente.

Palavras chave: cera epicuticular, superficie \adgeltraestrutura
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MICROMORPHOLOGY CHARACTERIZATION OF FOLIAR
EPICUTICULAR SURFACE OF SPECIES OF EUPHORBIACEAE OF SEMI-
ARID (VALE DO CATIMBAU - PE, BRAZIL)

Abstract

Leaves of 21 Euphorbiaceae species from Brazikami-arid had micromorphological
aspects of abaxial and adaxial surfaces investigateough scanning electron
microscopy. Micromorphological description of egicular waxes revealed significant
differences between abaxial and adaxial surfacesmost of the sampled species.
Furthermore, many morphological types, like smootkased, disperse crystals, round,
asymmetric and parallel ribs, boards and dendsitiectures were foun€rotonspecies
epicuticular waxes’ showed patterns like ribs, déiakdisperse crystals and amorphous
waxes, and for most species the surface is nofigeidtinguished by an abundance of
trichomes, which in some cases prevented waxes beimg viewed. The surface of
Jatropha mutablisvas characterized by a film layer of smooth wakhview evident
crystals and trichomesl. ribifolia and J. mollissimashowed creased surfaces, with
longitudinally-oriented ribs. Aside from ribs, bdarwith pronounced ends were found
in Cnidoscolusspecies.Manihot dichotoma Euphorbia heterophyillaMicrostachys
hispidg Sapiumsp. andStilingia sp. showed, respectively, morphological patterite w
membranous boards, boards upright in relation tdase, cordate ribs, amorphous
crosts and wax rosettes.

Key words: epicuticular wax, plant surface, ultrasture
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Introducao

A maioria das plantas apresenta uma membrana ektl@c continua
denominada cuticula, a qual recobre os 6rgdos a4remarios da planta (Koch e
Ensikat, 2008). A cuticula consiste, basicamenéeddis componentes hidrofdbicos:
uma matriz insoltvel de cutina e ceras soluveim(KR008). Parte da cera encontra-se
incorporada & matriz de cutina, sendo denominatiacuticular, e a parte mais
superficial que forma uma pelicula ou filme de cetanominada cera epicuticular
(Holloway, 1982; Walton, 1990).

Sobre o filme de cera pode ocorrer a presenca i¢aisr em forma de
filamentos, bastbes, plaguetas, tubulos, crostaguteras dendriticas e amorfas,
podendo a composicdo quimica influenciar na mogialo dos cristais
(Kolattukudy,1980; Jetter e Riederer, 1995Barthédtal, 1998; Heredia, 2003). Esses
cristais epicuticulares apresentam cerca de 1 an5d@ comprimento (Baker, 1982;
Jeffree, 1986). E comum um padrdo morfolégico ¢aremar um determinado téaxon, o
que pode ser valioso para a sistematica vegetaih(Btt et al, 2003). No entanto, pode
haver variacbes em funcdo de fatores como idadplatda, composicdo quimica e
condicbes ambientais (Shepheatdal 1995; Oliveiraet al, 2003; Federle e Rheindt,
2005; Muller e Riederer, 2005).

A morfologia tridimensional dos cristais de cepacaticular sdo de particular
importancia para a maioria das interacdes intaia@ntre a planta e o ambiente (Koch
et al, 2006), podendo, ainda, caracterizar um tdxorpéoex relacdes evolutivas.

Nas Ultimas décadas, as modernas técnicas de pupiaspermitiram o
conhecimento de uma grande variedade de microestsutia superficie externa das
plantas, tais como cristaléides e tricomas. Reosgrge, as propriedades da superficie
cuticular tém servido como modelo para a “biomia#ti técnica que se baseia nas
caracteristicas fisico-quimicas das ceras, comuparkidrofobicidade e a propriedade
auto-limpante (efeito l6tus) de superficies funaisncomo a cuticula vegetal, para a
producdo de materiais em escala industrial (Kod&ngkat, 2008; Koch e Barthlott,
2009).

Diante da variedade morfologica dos cristais de,catlgumas classificacbes
foram sugeridas, buscando padronizar a nomenclatessas estruturas, sendo as
propostas por Bartthlott al (1998) e Jeffre (2006) as mais utilizadas. Batthdt al
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(1998) classificam as ceras em 23 tipos diferemi@s), base em caracteres quimicos e
morfologicos, enquanto Jeffre (2006) classificzerms em seis tipos e sugere a divisao
em sub-tipos morfoldgicos e quimicos.

Os tipos morfolégicos mais comuns sdo plaquet@b@os. Plaguetas foram
observadas em espécies ddticum, Eucalyptus Saccharum Nepenthes Allium,
Euphorbia (Jeffreeet al, 1975; Haast al, 2001; Riedekt al, 2003; Kochet al,
2006). Cristais tubulares foram evidenciados Baxus baccatae Wollemia nobilis
(Wenet al.2006; Dragota e Riederer, 2007). Cristais amofflnses de cera e granulos
também séo citados (Kim, 2008).

Apesar da importancia do carater morfolégico dasas; bem como da
representatividade da familia Euphorbiaceae, pouwspscies desse grupo foram
estudadas até o momento, quanto a micromorfologia deras epicuticulares,
restringindo-se os estudos, basicamente, as espBE&apium Macaranga Ricinuse
Euphorbia (Martin e Juniper, 1970; Federtt al, 1997; Markstadteet al, 2000;
Guhlinget al, 2005; Guhlinget al, 2006).

Nesse contexto, 0 presente estudo se propfe eter@ar morfologicamente
as ceras epicuticulares foliares de 21 espécietsddasrem oito géneros ocorrentes em
regido semi-arida do Nordeste do Brasil e fornsabsidio auxiliar para delimitacdo de
espécies de Euphorbiaceae, com base nos padrdesnmifologicos das ceras.

Material e métodos

Coleta das espécies

Folhas integras e completamente expandidas de idodisy adultos de
Cnidoscolus pubesceri®hl C. urensPohl C. vitifolius (Mill.) Pohl, C. quercifolius
Pohl, Croton adamantinuMull. Arg., C. argyrophylluKunth, C. grewioidesBaill., C.
blanchetianuBaill., C. glandulosu4.., C. heliotropiifoliusKunth, C. urticifolius Lam.,
C. pedicellatuKunth, C. lobatusL., Jatropha mollissimdaill., J. mutabilisBaill. e J.
ribifolia (Pohl) Baill., Manihot dichotoma Sapium sp., Stilingia sp., Euphorbia
heterophyllae Microstachys hispiddforam coletadas e secas em estufa ¥ 4Ms
espécimes foram identificados pela Dr. Maria denk&@tAradjo Lucena e Dr. Suzene

Izidio da Silva e depositados no Herbario UFP (Ersidade Federal de Pernambuco)
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sob os numeros 59.793, 56.071, 56.070, 61.076,6%6.86.068, 60.186, 59.798,
56.063, 56.065, 57.797, 56.072, 57.798, 57.79707%. 57.798, 59.796, 61.081,
61.088, 59.799 e 56.073, respectivamente.

Caracterizacao da superficie foliar por microscepe&ronica de varredura

Para a caracterizacédo da micromorfologia de ambéscas, amostras de 1Tm
foram cortadas na regido central de folhas previéendesidratadas em estufa. Nao
tendo sido utilizado nenhum procedimento de fixag@oa preservacdo da cera. As
amostras foram fixadas sobre suportes de alumBiob$§) com auxilio de fita de
carbono dupla face e cobertas com 20 nm de ounmetalizador marca Baltec, modelo
CEDO030. Em seguida, o material foi observado emrddmopio Eletronico de
Varredura JEOL JSM-840 (Jeol-Japdo), empregandibsiev. As melhores imagens
foram selecionadas e registradas para posteringdises. As ceras epicuticulares foram
caracterizadas com base na nomenclatura propost8asthott et al (1998), com

algumas adaptacoes.

Resultados

A analise da micromorfologia por das ceras epialdies foliares microscopia
eletrébnica de varredura em 21 espécies contidas ogm géneros da familia
Euphorbiaceae, estabelecidas em uma regido seadwiBrasil, indicou o predominio,
em geral, do padrao tipo filme, com poucos criswiglentes, para a maioria dos
individuos analisados. No entanto, foram observadamcdes, sobretudo entre os
géneros, como também, em relacéo as superficiegaaba adaxiais para a maioria das
espécies.

As espécies dEroton, em conjunto, apresentaram maior diversidade debpa
micromorfolégicos em relacdo as demais. A superfite Croton adamantinudoi
caracterizada pela presenca de placas de cerasaaneon ambas as faces, além de
tricomas abundantes na face abaxial (figs. 1 &X)blanchetianus(figs. 1 b,e)
apresentou superficie rugosa em ambas as facesmaidon presenca de tricomas na
face abaxial;C. pedicellatusapresentou superficie cuticular revestida com scera

amorfas e alta densidade de tricomas, notadanrentace abaxial (figs. 1 c,f).
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A superficie cuticular d€. heliotropiifoliusapresentou um aspecto rugoso de,
com paredes projetadas e irregulares em ambasces ffgs. 1 g,j);C. urticifolius
exibiu superficie formada por uma camada de cerarfamondulada, e com placas
aparentemente sobrepostas em ambas as faced (fig9; a cera da superficie abaxial
de C. glandulosusapresentou superficie irregular, enquanto a fadaxial foi
caracterizada pela presenca de estrias longitsduaaalelas (figs. 1 i,l).

Croton lobatusapresentou face abaxial com superficie rugosaengpnente e
face adaxial com estrias paralelas e cristais dispgfigs. 1 m,p); er€. argyrophyllus
a face abaxial é totalmente coberta por tricomasuamg a face adaxial apresentou
formagbOes cOncavas e cristais dispersos (figs.q); mmbas as faces deroton
grewioidesmostraram superficie irregular e cera amorfa, costais dispersos na face
adaxial (figs. 1 o,r).

O padrao micromorfologico da superficie foliar entis espécies diatropha
variou de superficies rugosas emribifolia e J. mollissima(figs. 2 a-d), até uma
superficie lisa e estdbmatos com a cavidade epistoreenchidos por cera, ehatropha
mutabilis (figs. 2 e,f). Além disso, os tricomas estiverarasgntes end. ribifolia e J.
mollissimae ausentes e mutabilis As espécies d€nidoscolusapresentam perfil
morfolégico semelhante aqueles encontrados nasiespielatrophg prevalecendo as
superficies enrugadas, amorfas, e em alguns cé&swsando estrias orientadas e
paredes proeminentes (figs. 3 a-h).

Manihot dichotomaapresentou a facabaxial caracterizada pela presenca de
plaguetas membranosas e cristais amorfos cobratt#oa superficie cuticular (figs. 4 a)
e a face adaxial com superficie rugosa (figs. Sbpiumsp. apresentou densa camada
formada por crostas amorfas, sobrepostas, com nmmrgegulares na face abaxial, e
superficie estriada na face adaxial (Figs. 4 catjgquantoMicrostachys hispida
apresentou, na face abaxial (figs. 4e) estrias ynmrdadas e, em alguns casos,
assumindo aspecto cordiforme em torno dos estomidto$ace adaxial, as estrias sédo
orientadas longitudinalmente (figs. 4 f).

A superficie cuticular d8tilingia sp. se apresentou enrugada em ambas as faces,
com a cera formando rosetas em torno dos estomatdace adaxial (figs. 5 a,b);
Euphorbia heterophyllapresentou abundancia de placas ou plaquetasnderplares
a superficie cuticular em ambas as faces (figdp ¢
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Figura 1. Superficies foliares abaxiais e adaxigs espécies d€roton Croton
adamantinus(a,d), C. blanchetianugb,e), C. pedicellatus (c,f), C. heliotropiifolius
(9.)), C. urticifolius (h,k), C. glandulosugi,l), C. lobatus(m,p),C. argyrophyllugn,q) e
C. grewioideqo,r), evidenciando as ceras epicuticulares.
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Figura 2. Superficies foliares abaxiais e adaxiEsespécies déatropha Jatropha
mollissima (a,b), J. ribifolia (c,d) e J. mutabilis (e,f), evidenciando as ceras
epicuticulares.

Figura 3. Superficies foliares abaxiais e adaxidés espécies deCnidoscolus
Cnidoscolus urenga,b), C. vitifolius (c,d), C. quercifoliuge,f) e C. pubescengg,h),
evidenciando as ceras epicuticulares.
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Figura 4. Superficies foliares abaxiais e adaxdai$lanihot dichotomaa,b), Sapium
sp. (c,d) eMicrostachys hispidée,f), evidenciando as ceras epicuticulares.

()3

Figura 5. Superﬁ’cis foliares abaiais e adaxdEsStilingia sp (a,b) eEuphorbia
heterophylla (c,d), mostrando as ceras epicuticulares das fabesial e adaxial,
respectivamente.
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Discussao

A ocorréncia do padréo filme pode representar wspasta quimica das plantas
dessas plantas, as variaveis ambientais, pois eaisl@om restricdo hidrica e sob
temperaturas elevadas, como o semiarido do B@sit;alcanos, juntamente com o0s
triterpenos alcodlicos assumem importante papeomirole da transpiracao, devido ao
maior carater hidrofébico que conferem as cerasetaéry (KERSTIENS, 1996;
OLIVEIRA et al, 2003).

As ceras das espécies @eoton exibiram superficies cuticulares com variados
padrbes morfologicos, como também em relacdo aaf@mbundancia dos tricomas,
presentes, sobretudo, na face adaxial. Estudosiae#mios com a ultraestrutura das
ceras epicuticulares nessas espécies, e no gérd&rdoram relatados. No entanto, a
abundancia e diversidade de tricomas observadaspgéties deroton ja havia sido
reportada por Webstart al (1996). Lucena & Sales (2006) estudando a swperfi
foliar de 14 espécies d€roton encontraram variados padrdes morfolégicos dos
tricomas foliares.

O padréo de cera da face adaxialdmollissimaassemelha-se ao observado por
Olowokudejo (1993) nas espécies africadaseriifolia (Nigéria) e J. kamerunica
(Senegal). Por outro lado, a micromorfologia exabbrManihot dichotomaliferiu da
observada por Zinsaet al (2006) emManihot esculenta

As espécies deCnidoscolus e Jatropha apresentaram padrées de cera
semelhantes, predominando superficies moderadanmmaladas e com poucos
tricomas. Representantes dos géndwenihot Sapium Microstachys Stilingia e
Euphorbiaapresentaram variada ornamentagéo, como cristasf@s, estrias, formas
dendriticas e plaguetas, respectivamente. Neifatarthlott (1997) citam a presenca
de plaquetas na superficie Baphorbia amygdaloide€. characiasE. epithymoides
E. esula E. myrsinitis E. obtusifoliae E. rigida, resultados confirmados por KOGH
al. (2009), que além de plaquetas, detectaram amqp&ske filmes de cera na superficie
deE. characiaqL.) eE. lathyris(L.).

Recentemente, Kulshreshtha e Ahmed (2008), estodamadicromormorfologia
das ceras de 16 espécies, distribuidas em 13 géder&uphorbiaceae, identificaram
variados tipos morfolégicos (granulos, placas,taissem forma de fita, haste, crosta,
cristais agregados), predominando granulos fingleeas cristaldides, porém em varias

espécies a cera se apresentou escassa ou impagicepti
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Em concluséo, o presente estudo permitiu o conletonda micromorfologia
cuticular foliar de 21 espécies de Euphorbiaceaesatuiarido brasileiro, de forma
inédita. Os diversos padrées micromorfolégicos oS podem permitir a
caracterizacdo de alguns taxa dessa complexa damdis variados padrdes
micromorfolégicos das ceras epicuticulares mossadgmela primeira vez por
microscopia eletrénica, através desse estudo, peédemiteis para caracterizar algumas
dessas espécies.
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3. CONSIDERACOES FINAIS

Considerando-se diversos aspectos envolvendo ali&aiphorbiaceae abordados

nesse estudo, destaca-se que:

* A relacdo de espécies de Euphorbiaceae com gadimdewvelou uma grande
diversidade de preferéncias por parte dos insetos® vez que algumas espécies
apresentaram forte frequéncia de galhas foliarea eaulinares, enquanto em outras
nao foi registrada a ocorréncia de galhas duraate ¢ periodo estudad@nidoscolus
spp. eCroton spp. foram as mais galhadas, enquanto as esp#eidatropha nédo

apresentaram ocorréncia de galhas.

» Apesar de a literatura referir a possivel influanda fitofisionomia sobre insetos
galhadores, acredita-se que a rigueza das plaosapedieiras especificas nas diferentes
areas de observacdo no PARNA do Catimbau, foi mcipal determinante da riqueza
de galhadores associados as espécies estudadatiarel a especificidade da relacéo

inseto galhador-planta hospedeira

» Andlises do perfil quimico dos-alcanos das ceras epicuticulares foliares de 15
espécies de Euphorbiaceae, com poucas excecOestanamws o predominio de
nonacosano (C29) nas espéciesCdeton e untriacontano (C31) entre as espécies de

Jatrophae tritriacontano (C33) entre as espécie€deloscolus
* Nitidas diferencas no padréo de distribuicdo maécanos, permitiram caracterizar e
agrupar a maioria das espécies em seus respegémesos, 0 que permite sugerir 0 uso

dessa classe de compostos como ferramenta taxanadiaional.

* A variada micromorfologia da superficie cuticulam eEuphorbiaceae, permite

caracterizar alguns grupos, podendo auxiliar anemoa desta familia.
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4. RESUMO

Ha aproximadamente 460 milhdes de anos, as plal@ssnvolveram uma camada
protetora hidrofobica, inprescindivel a sobrevivénmo ambiente terrestre, a cuticula.
Essa membrana cobre a superficie des 6rgaos atxenaioria das plantas e € formada
basicamente por uma matriz de cutina associadapidios denominados ceras
cuticulares. As ceras integradas a matriz de csfisaconhecidas como intracuticulares
enquanto as sobrepostas a cuticula, sdo chamadas egicuticulares. Mais
superficialmente € comum a presenca de cristaised® cuja a variada morfologia é
influenciada pela composi¢édo quimica. Do pontoig&\guimico, as ceras sdo misturas
complexas de compostos alifaticos de cadeias longa® n-alcanos, acidos graxo,
alcoois, ésteres, aldeidos e cetonas, e composthi€og como triterpenos e
flavondides, porém a composicao pode variar emduoirie diversos fatores intrinsecos
e extrinsecos. Sendo a superficie mais externatieuta se constitui em interface da
planta com o ambiente, participando ativamentedizersas interagbes com 0 meio.
Entre as diversas fun¢cdes da cuticula estdo ag@iaecanica, o controle da perda de
agua por transpiracdo, protecdo da radiacdo sotaessiva, protecdo contra
microrganismos e poluentes, além de servir de mibgpara diferntes interacdes com
insetos herbivoros, entre 0s quais, 0s insetoddrekide galhas, que estabelecem uma
intima relacdo com o tecido cuticular. Euphorbiaceéa uma familia de grande
importancia, sobretudo nos trépicos, sendo cataaté pela diversidade morfolégica e
pelo amplo espectro de compostos quimico de seuesrgantes. Por outro lado essa
diversidade da familia gera problemas taxonémicosdeos meétodos tem sido
utilizados na tentativa de resolvé-los. O uso daprpedades quimicas e morfologias
das ceras epicuticulares tem sido empregado cativeesucesso na sistematica. Nesse
estudo, foi investigada uma das principais clasggsiicas das ceras, osalcanos e
testado seu potencial quimiotaxondmico. O perfihtjao dosn-alcanos de 15 espécies,
obtido por GC-MS, mostrou o predominio dos homd&kodgmpares, e andlises da
ultraestrutura de 21 espécies atraves de MEV ravedmlrdes variados. Foi realizado
ainda um levantamento da frequéncia de galhas gcies de Euphorbiaceae do
Parque Nacional do Catimbau-PE. Observacfes sasbiesetos galhadores em quatro
diferents areas do PARNA do Catimbau, mostrou f#géncia destes insetos em

algumas espécies, enquanto em outras nao foi teglaaessa interacao.
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5. ABSTRACT

About 460 million years ago, plants developed thecte, a protective hydrophobic
layer essential for their survival on solid groufithis membrane covers the surface of
the aerial organs in the majority of plants an@asically composed of a cutine matrix
in association with lipids called cuticular wax&¥axes that are integrated into the
cutine matrix are known as intracuticular, whilexesa that are overlapped with the
cuticle are called epicuticular waxes. The preseoicevax crystals over the outer
surface is common, and their wide morphologicalgeams influenced by chemical
composition. From the chemical point of view, waxege complex mixtures of long-
chain aliphatic compounds, fatty acids, alcohofders, aldehids, ketones, and cyclic
compounds like triterpenes and flavonoids, butdbmposition may vary in function of
many intrinsic and extrinsic factors. Being the mm@dernal surface, cuticle represents
the interface of plants with their environment,it@kactive part in the many interactions
with it. Some of the many functions presented lgydhticle are mechanical protection,
mediation of water loss through transpiration, @ctibn from excessive solar radiation
and protection against microorganisms and pollstaibtalso acts as substrate for the
interaction with herbivore insects and gall indgcevhich establish an intimate relation
with the cuticular tissue. For its great morphobadidiversity and wide range of
chemical compounds, Euphorbiaceae is a family eaigimportance in the Tropics. On
the other hand, this very same diversity genertesnomical problems, and many
methods have been used in attempt to solve thene. 03e of chemical and
morphological properties has been employed withtired success in plant systematics.
In this study, we investigated and tested the chaxomomical potential of one of the
main classes of the waxes, thalkanes. The chemical profile of thealkanes from 15
species, obtained through GC-MS, showed the dormoeah odd homologues, while
ultrastructure analysis of 21 species through SEMealed distinct patterns. We also
conducted a research on frequency of galls seekuphorbiaceae species from
Catimbau National Park (Pernambuco, Brazil). Oket@zns about gall inducers in four
different areas of the National Park showed a Highuency of these insects in some

species, while other species did not show thigacteon at all.
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appropriate address. Provide the full postal adgdoégach affiliation, including the
country name, and, if available, the e-mail addoéssach author.

 Corresponding authorClearly indicate who will handle correspondencalbstages
of refereeing and publication, also post-publicatensure that telephone and fax
numbers (with country and area code) are providedn addition to the e-mail
address and the complete postal address. Contacttd#s must be kept up to date

by the corresponding author.
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* Present/permanent addresi$.an author has moved since the work describeten
article was done, or was visiting at the time, ee§nt address" (or "Permanent
address") may be indicated as a footnote to ththbds name. The address at which the
author actually did the work must be retained asniain, affiliation address.
Superscript Arabic numerals are used for such fiiet

Abstract

A concise and factual abstract is required. Thératisshould state briefly the purpose
of the research, the principal results and majachksions. An abstract is often
presented separately from the article, so it masdhide to stand alone. For this reason,
References should be avoided, but if essentiah, ¢fte the author(s) and year(s). Also,
non-standard or uncommon abbreviations should beles, but if essential they must
be defined at their first mention in the abstrészli.

Graphical abstract

A Graphical abstract is optional and should sumnesitie contents of the article in a
concise, pictorial form designed to capture therdibn of a wide readership online.
Authors must provide images that clearly repretiemntvork described in the article.
Graphical abstracts should be submitted as a deddesin the online submission
system. Image size: Please provide an image witmanum of 531 x 1328 pixels (h x
w) or proportionally more. Preferred file typesFF, EPS, PDF or MS Office files. See
m+http://lwww.elsevier.com/graphicalabstracts for epées.

Highlights

Highlights are mandatory for this journal. They sisih of a short collection of bullet
points that convey the core findings of the artarhel should be submitted in a separate
file in the online submission system. Please ugghlights' in the file name and include
3 to 5 bullet points (maximum 85 characters pelebploint including spaces). Sae
http://www.elsevier.com/highlights for examples.

Keywords

Immediately after the abstract, provide a maximuiré keywords, using American
spelling and avoiding general and plural terms mutiple concepts (avoid, for
example, "and", "of"). Be sparing with abbreviasoonly abbreviations firmly
established in the field may be eligible. Thesewa@yls will be used for indexing
purposes.

Acknowledgements
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Collate acknowledgements in a separate sectidreatrid of the article before the
references and do not, therefore, include thenhetnitle page, as a footnote to the title
or otherwise. List here those individuals who pded help during the research (e.g.,
providing language help, writing assistance or preading the article, etc.).

Plant names

Authors and editors are, by general agreemenfgethlio accept the rules governing
biological nomenclature, as laid down in theernational Code of Botanical
Nomenclature.

Math formulae

Present simple formulae in the line of normal telkere possible and use the solidus (/)
instead of a horizontal line for small fractionatrhs, e.g., X/Y. In principle, variables
are to be presented in italics. Powers of e aenaftore conveniently denoted by exp.
Number consecutively any equations that have tid@ayed separately from the text
(if referred to explicitly in the text).

Footnotes

Footnotes should be used sparingly. Number thersemutively throughout the article,
using superscript Arabic numbers. Many wordprocesBaild footnotes into the text,
and this feature may be used. Should this not®dedke, indicate the position of
footnotes in the text and present the footnotesfedves separately at the end of the
article. Do not include footnotes in the Referelsie

Table footnotes

Indicate each footnote in a table with a superstmipercase letter.

Artwork

Electronic artwork

General points

* Make sure you use uniform lettering and sizingair original artwork.

» Save text in illustrations as "graphics" or eseldthe font.

* Only use the following fonts in your illustratienArial, Courier, Times, Symbol.

* Number the illustrations according to their setgeein the text.

» Use a logical naming convention for your artwoks.

* Provide captions to illustrations separately.

* Produce images near to the desired size of theegrversion.

» Submit each figure as a separate file.
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A detailed guide on electronic artwork is availabteour website:
=+http://www.elsevier.com/artworkinstructions

You are urged to visit this site; some excerpts fro the detailed information are
given here.

Formats

Regardless of the application used, when your releict artwork is finalised, please
"save as" or convert the images to one of thevotlg formats (note the resolution
requirements for line drawings, halftones, and/haéitone combinations given below):
EPS: Vector drawings. Embed the font or save tkiea® "graphics"”.

TIFF: color or grayscale photographs (halftonelsyags use a minimum of 300 dpi.
TIFF: Bitmapped line drawings: use a minimum of Q@ipi.

TIFF: Combinations bitmapped line/half-tone (caborgrayscale): a minimum of 500
dpi is required.

DOC, XLS or PPT: If your electronic artwork is cre@din any of these Microsoft
Office applications please supply "as is".

Please do not:

 Supply files that are optimised for screen uge (GIF, BMP, PICT, WPG); the
resolution is too low;

« Supply files that are too low in resolution;

» Submit graphics that are disproportionately ldggehe content.

Non-electronic artwork

Provide all illustrations as high-quality printoussiitable for reproduction (which may
include reduction) without retouching. Number ithagions consecutively in the order
in which they are referred to in the text. Theywddaccompany the manuscript, but
should not be included within the text. Clearly knall illustrations on the back (or - in
case of line drawings - on the lower front sideffwthe figure number and the author's
name and, in cases of ambiguity, the correct cateont.

Mark the appropriate position of a figure in thache.

Color artwork

Please make sure that artwork files are in an aabkpformat (TIFF, EPS or MS
Office files) and with the correct resolution. tihgether with your accepted article, you
submit usable color figures then Elsevier will eesat no additional charge, that these

figures will appear in color on the Web (e.g., 8ceDirect and other sites) regardless

109



Costa Filho, L.O Interacao tréfica, composicdo doae ultraestrutura...

of whether or not these illustrations are reproduoecolor in the printed versiofor
color reproduction in print, you will receive infor mation regarding the costs from
Elsevier after receipt of your accepted articlePlease indicate your preference for
color in print or on the Web only. For further infioation on the preparation of
electronic artwork, please saghttp://www.elsevier.com/artworkinstructions.

Please note: Because of technical complicationsiwtan arise by converting color
figures to "gray scale" (for the printed versiomglal you not opt for color in print)
please submit in addition usable black and whitsigas of all the color illustrations.
Figure captions

Ensure that each illustration has a caption. Supg@bfions separately, not attached to
the figure. A caption should comprise a brief t{tiet on the figure itself) and a
description of the illustration. Keep text in thie@strations themselves to a minimum
but explain all symbols and abbreviations used.

Tables

Number tables consecutively in accordance withr tygpearance in the text. Place
footnotes to tables below the table body and iridit@em with superscript lowercase
letters. Avoid vertical rules. Be sparing in the wé tables and ensure that the data
presented in tables do not duplicate results desgrelsewhere in the article.
References

Citation in text

Please ensure that every reference cited in thestakso present in the reference list
(and vice versa). Any references cited in the albstnust be given in full. Unpublished
results and personal communications are not recamdetkin the reference list, but may
be mentioned in the text. If these referencesranieded in the reference list they
should follow the standard reference style of thenal and should include a
substitution of the publication date with eithemublished results" or "Personal
communication” Citation of a reference as "in ptésglies that the item has been
accepted for publication.

Regular research papers have a reference limid ¢ftés and short communications
should not exceed 20 cites.

Web references

As a minimum, the full URL should be given and tia¢e when the reference was last

accessed. Any further information, if known (DQUitleor names, dates, reference to a
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source publication, etc.), should also be givenb\Waferences can be listed separately
(e.g., after the reference list) under a diffetezading if desired, or can be included in
the reference list.

References in a special issue

Please ensure that the words 'this issue' are dddety references in the list (and any
citations in the text) to other articles in the saBpecial Issue.

Reference style

Text: All citations in the text should refer to:

1. Single authorthe author's name (without initials, unless the@mbiguity) and the
year of publication;

2. Two authorsboth authors' names and the year of publication;

3. Three or more authordirst author's name followed by "et al." and treay of
publication.

Citations may be made directly (or parenthetical3foups of references should be
listed first alphabetically, then chronologically.

Examples: "as demonstrated (Allan, 1996a, 199689:18llan and Jones, 1995).
Kramer et al. (2000) have recently shown ...."

List: References should be arranged first alphabetiealtithen further sorted
chronologically if necessary. More than one refeesinom the same author(s) in the
same year must be identified by the letters "a", "&J', etc., placed after the year of
publication.

Examples:

Reference to a journal publication:

Van der Geer, J., Hanraads, J.A.J., Lupton, R@002The art of writing a scientific
article. J. Sci. Commun. 163, 51-59.

Reference to a book:

Strunk Jr., W., White, E.B., 1979. The ElementStye, third ed. Macmillan, New
York.

Reference to a chapter in an edited book:

Mettam, G.R., Adams, L.B., 1999. How to preparekaetronic version of your article,
in: Jones, B.S., Smith , R.Z. (Eds.), Introductionhe Electronic Age. E-Publishing
Inc., New York, pp. 281-304.

Please note that Journal names and references shdude provided in full.
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Video data

Elsevier accepts video material and animation secpgeto support and enhance your
scientific research. Authors who have video or atiom files that they wish to submit
with their article are strongly encouraged to ineuhese within the body of the article.
This can be done in the same way as a figure & tabreferring to the video or
animation content and noting in the body text whes@ould be placed. All submitted
files should be properly labeled so that they diyaelate to the video file's content. In
order to ensure that your video or animation malkesidirectly usable, please provide
the files in one of our recommended file formatthve preferred maximum size of 50
MB. Video and animation files supplied will be pighled online in the electronic
version of your article in Elsevier Web products;luding ScienceDirect
http://www.sciencedirect.com. Please supply 'stiigh your files: you can choose any
frame from the video or animation or make a sepamaage. These will be used instead
of standard icons and will personalize the linkoaor video data. For more detailed
instructions please visit our video instruction agt=+
http://www.elsevier.com/artworkinstructions. Nosence video and animation cannot
be embedded in the print version of the journaapé provide text for both the
electronic and the print version for the portiohshe article that refer to this content.
Supplementary data

Elsevier accepts electronic supplementary materialpport and enhance your
scientific research. Supplementary files offeranéhor additional possibilities to
publish supporting applications, high-resolutioragas, background datasets, sound
clips and more. Supplementary files supplied wallgublished online alongside the
electronic version of your article in Elsevier Wigloducts, including ScienceDireet:
http://www.sciencedirect.com. In order to ensui four submitted material is directly
usable, please provide the data in one of our rec@mded file formats. Authors should
submit the material in electronic format togeth@&hwhe article and supply a concise
and descriptive caption for each file. For moreaded instructions please visit our
artwork instruction pages athttp://www.elsevier.com/artworkinstructions.
Submission checklist

The following list will be useful during the finahecking of an article prior to sending
it to the journal for review. Please consult thiside for Authors for further details of

any item.
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Ensure that the following items are present:

One Author designated as corresponding Author:

* E-mail address

* Full postal address

» Telephone and fax numbers

All necessary files have been uploaded

» Keywords

« All figure captions

« All tables (including title, description, footrext)

Further considerations

« Manuscript has been "spellchecked" and "gramrhacked"

» References are in the correct format for thisnal

* All references mentioned in the Reference listared in the text, and vice versa
« Permission has been obtained for use of copydyhtaterial from other sources
(including the Web)

« Color figures are clearly marked as being intehie color reproduction on the Web
(free of charge) and in print or to be reprodugeddlor on the Web (free of charge)
and in black-and-white in print

« If only color on the Web is required, black ankit® versions of the figures are also
supplied for printing purposes

For any further information please visit our cusésrsupport site at

http://support.elsevier.com.

u After Acceptance

Use of the Digital Object Identifier

The Digital Object Identifier (DOI) may be useddite and link to electronic
documents. The DOI consists of a unique alpha-ngnabaracter string which is
assigned to a document by the publisher upon itialialectronic publication. The
assigned DOI never changes. Therefore, it is aal iedium for citing a document,
particularly 'Articles in press' because they haotyet received their full bibliographic
information. The correct format for citing a DOIsBown as follows (example taken
from a document in the journBhysics Letters B
doi:10.1016/j.physletb.2010.09.059
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When you use the DOI to create URL hyperlinks towhoents on the web, they are
guaranteed never to change.

Proofs

One set of page proofs (as PDF files) will be $gn¢-mail to the corresponding author
(if we do not have an e-mail address then papefpmill be sent by post) or, a link
will be provided in the e-mail so that authors damnload the files themselves.
Elsevier now provides authors with PDF proofs whiah be annotated; for this you
will need to download Adobe Reader version 7 (ghbr) available free frora:
http://get.adobe.com/reader. Instructions on hoantaotate PDF files will accompany
the proofs (also given online). The exact systequirements are given at the Adobe
site: m+http://www.adobe.com/products/reader/systemregs.

If you do not wish to use the PDF annotations fiomgtyou may list the corrections
(including replies to the Query Form) and returanthto Elsevier in an e-mail. Please
list your corrections quoting line number. If, fomy reason, this is not possible, then
mark the corrections and any other comments (imatuceplies to the Query Form) on
a printout of your proof and return by fax, or sth@ pages and e-mail, or by post.
Please use this proof only for checking the typge®gtediting, completeness and
correctness of the text, tables and figures. Samt changes to the article as accepted
for publication will only be considered at thisggawith permission from the Editor.
We will do everything possible to get your artipkgblished quickly and accurately.
Therefore, it is important to ensure that all ofiyoorrections are sent back to us in one
communication: please check carefully before reylyas inclusion of any subsequent
corrections cannot be guaranteed. Proofreadingledysyour responsibility. Note that
Elsevier may proceed with the publication of yoricte if no response is received.
Offprints

The corresponding author, at no cost, will be ptediwith a PDF file of the article via
e-mail. For an extra charge, paper offprints canrdered via the offprint order form
which is sent once the article is accepted foripabbn. The PDF file is a watermarked
version of the published article and includes aec®heet with the journal cover image

and a disclaimer outlining the terms and conditiohgse.

E’ Author Inquiries

For inquiries relating to the submission of artsc{@cluding electronic submission
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where available) please visit this journal’'s hongep&'ou can track accepted articles at
=http://www.elsevier.com/trackarticle and set up alralerts to inform you of when

an article's status has changed. Also accessinte tiere is information on copyright,
frequently asked questions and more. Contact ddtailquestions arising after
acceptance of an article, especially those relatmgyoofs, will be provided by the

publisher.
Biochemical Systematics and Ecology

Guide for Authors

biochemical
systematics
and ecology

ISSN: 0305-1978
Imprint: ELSEVIER

ﬂ Introduction

Biochemical Systematics and Ecolagylevoted to the publication of original papers
and reviews, both submitted and invited, in twojsctbareas: (i) the application of
biochemistry to problems relating to systematiddgy of organisms (biochemical
systematics); (ii) the role of biochemistry in irgetions between organisms or between
an organism and its environment (biochemical egglog

Types of paper

Contributions will be accepted in English as RedageResearch Papers or New Source
Reports. Reviews which survey important and devetppreas of biochemical
systematics and ecology are encouraged but auh®@dvised to consult the Editor
before preparing such articles. Research papetsdshgenerally be of completed
investigations. Preliminary reports will be pubbshwhere findings are considered to
be of sufficient interest to justify rapid publicat. In addition, short reports of new
sources of known compounds (New Source Reportspeidccepted where they can be

justified in terms of systematic or ecological sigance. These reports must be written
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to a standard format (see below). Papers will beged in each issue according to
subject area.

Biochemical Systematics and Ecolaggicomes suitable books for review. Please send
sample copies to the Editor-in-Chief.

NEW SOURCE REPORTS

New source reports are designed to allow the regdmown metabolites withona

fide systematic or ecological interest from a new lgalal source. Material for this
section will be refereed with the same rigour agaech papers. New source reports
must be written to a strict format and have a maxmsize of two printed pages in the
journal. The format consists of: (i)Title (max.1®nds), (i) Authors, (iii) Addresses,
(iv)Keywords (max.6 words), (v)Subject and sourdescription of subject species and
its validation, (vi) Previous work, (vii) Presentidy - the results to be reported, (viii)
Chemotaxonomic (or Ecological) significance - jiséition for publication, (ix)
Acknowledgements, (x) References - abbreviated $osthout titles for papers and
with just the first page number.

Authors submitting New Source Reports are requinezend all information necessary
to confirm the identity of the compounds being mgd. This should include copies of

original spectroscopic data (e.g. UV, MS, NMR) f@ew and uncommon compounds.

u Before You Begin

Ethics in Publishing

For information on Ethics in Publishing and Ethigaldelines for journal publication
see=+http://www.elsevier.com/publishingethics a=d
http://www.elsevier.com/ethicalguidelines.

Conflict of interest

All authors are requested to disclose any actupbtential conflict of interest including
any financial, personal or other relationships waither people or organizations within
three years of beginning the submitted work thaldmappropriately influence, or be
perceived to influence, their work. See a'so
http://www.elsevier.com/conflictsofinterest.

Submission declaration

Submission of an article implies that the work digsel has not been published

previously (except in the form of an abstract opad of a published lecture or
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academic thesis), that it is not under considemdto publication elsewhere, that its
publication is approved by all authors and taatlyexplicitly by the responsible
authorities where the work was carried out, antl thaccepted, it will not be published
elsewhere including electronically in the same foimrEnglish or in any other
language, without the written consent of the cagiyrholder.

Changes to authorship

This policy concerns the addition, deletion, orr@aagement of author names in the
authorship of accepted manuscripts:

Before the accepted manuscript is published inrdime issue Requests to add or
remove an author, or to rearrange the author namest, be sent to the Journal
Manager from the corresponding author of the aetkeptanuscript and must include:
(a) the reason the name should be added or remowv#te author names rearranged
and (b) written confirmation (e-mail, fax, lettérdm all authors that they agree with the
addition, removal or rearrangement. In the casaddiftion or removal of authors, this
includes confirmation from the author being addedemoved. Requests that are not
sent by the corresponding author will be forwarbdgdhe Journal Manager to the
corresponding author, who must follow the procedséelescribed above. Note that: (1)
Journal Managers will inform the Journal Editorsaaf/ such requests and (2)
publication of the accepted manuscript in an onilisee is suspended until authorship
has been agreed.

After the accepted manuscript is published in dimerissue Any requests to add,
delete, or rearrange author names in an articlégiga in an online issue will follow
the same policies as noted above and result imnregendum.

Copyright

Upon acceptance of an article, authors will be dskecomplete a 'Journal Publishing
Agreement' (for more information on this and cogltisees+
http://www.elsevier.com/copyright). Acceptance loé agreement will ensure the
widest possible dissemination of information. Ama# will be sent to the
corresponding author confirming receipt of the nsmipt together with a 'Journal
Publishing Agreement’ form or a link to the onlwegsion of this agreement.
Subscribers may reproduce tables of contents @apedists of articles including
abstracts for internal circulation within their ibgtions. Permission of the Publisher is

required for resale or distribution outside theitnton and for all other derivative

117



Costa Filho, L.O Interacao tréfica, composicdo doae ultraestrutura...

works, including compilations and translations §gie consuks
http://www.elsevier.com/permissions). If excerptanh other copyrighted works are
included, the author(s) must obtain written permrs$rom the copyright owners and
credit the source(s) in the article. Elsevier happnted forms for use by authors in
these cases: please coneulittp://www.elsevier.com/permissions.

Retained author rights

As an author you (or your employer or institutioafain certain rights; for details you
are referred taxhttp://www.elsevier.com/authorsrights.

Role of the funding source

You are requested to identify who provided finahsigport for the conduct of the
research and/or preparation of the article andiedly describe the role of the
sponsor(s), if any, in study design; in the coltattanalysis and interpretation of data;
in the writing of the report; and in the decisionsubmit the paper for publication. If the
funding source(s) had no such involvement thengh@ild be stated. Please eee
http://www.elsevier.com/funding.

Funding body agreements and policies

Elsevier has established agreements and develapietp to allow authors whose
articles appear in journals published by Elsevt@comply with potential manuscript
archiving requirements as specified as conditidriear grant awards. To learn more
about existing agreements and policies pleaseruisit
http://www.elsevier.com/fundingbodies.

Language and language services

Please write your text in good English (AmericarBatish usage is accepted, but not a
mixture of these). Authors who require informatadyout language editing and
copyediting services pre- and post-submission plesst
http://webshop.elsevier.com/languageediting oraustomer support site at
http://support.elsevier.com for more information.

Submission

Submission to this journal proceeds totally ontmel you will be guided stepwise
through the creation and uploading of your filese Bystem automatically converts
source files to a single PDF file of the articldyieh is used in the peer-review process.
Please note that even though manuscript sourcedike converted to PDF files at

submission for the review process, these soureg #ite needed for further processing
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after acceptance. All correspondence, includingfination of the Editor's decision and
requests for revision, takes place by e-mail remgtine need for a paper trail.

Submit your article

Please submit your article wahttp://ees.elsevier.com/bse/

Referees

Please submit, with the manuscript, the namesgeadds and e-mail addresses of 3
potential referees. Note that the editor retairsstble right to decide whether or not the

suggested reviewers are used.

u Preparation

Use of wordprocessing software

It is important that the file be saved in the natiermat of the wordprocessor used. The
text should be in single-column format. Keep thld of the text as simple as
possible. Most formatting codes will be removed esplaced on processing the article.
In particular, do not use the wordprocessor's ogtio justify text or to hyphenate
words. However, do use bold face, italics, subserguperscripts etc. When preparing
tables, if you are using a table grid, use only gmne for each individual table and not a
grid for each row. If no grid is used, use tabg,spaces, to align columns. The
electronic text should be prepared in a way vamyjlar to that of conventional
manuscripts (see also the Guide to Publishing Bisevier:z+
http://www.elsevier.com/guidepublication). NotettBaurce files of figures, tables and
text graphics will be required whether or not yoobed your figures in the text. See
also the section on Electronic illustrations.

To avoid unnecessary errors you are strongly advisese the "spell-check” and
"grammar-check” functions of your wordprocessor.

Article structure

Subdivision - numbered sections

Divide your article into clearly defined and numbeisections. Subsections should be
numbered 1.1 (then 1.1.1, 1.1.2, ...), 1.2, ebe@ @ébstract is not included in section
numbering). Use this numbering also for internakesrreferencing: do not just refer to
"the text". Any subsection may be given a briefdieg. Each heading should appear on
its own separate line.

Introduction
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State the objectives of the work and provide argadie background, avoiding a
detailed literature survey or a summary of theltesu

Material and methods

Provide sufficient detail to allow the work to leproduced. Methods already published
should be indicated by a reference: only relevandifications should be described.
Results

Results should be clear and concise.

Discussion

This should explore the significance of the resoftthe work, not repeat them. A
combined Results and Discussion section is oft@nogpiate. Avoid extensive citations
and discussion of published literature.

Conclusions

The main conclusions of the study may be presentadshort Conclusions section,
which may stand alone or form a subsection of @iBision or Results and Discussion
section.

Appendices

If there is more than one appendix, they shouldibstified as A, B, etc. Formulae and
equations in appendices should be given separatbeming: Eq. (A.1), Eq. (A.2), etc.;
in a subsequent appendix, Eq. (B.1) and so on.I&imfor tables and figures: Table
A.l; Fig. A1, etc.

Essential title page information

« Title. Concise and informative. Titles are often usedformation-retrieval systems.
Avoid abbreviations and formulae where possible.

» Author names and affiliationsWhere the family name may be ambiguous (e.g., a
double name), please indicate this clearly. Pretbenauthors' affiliation addresses
(where the actual work was done) below the nanmelscate all affiliations with a
lower-case superscript letter immediately afteratthor's name and in front of the
appropriate address. Provide the full postal adgdoégach affiliation, including the
country name, and, if available, the e-mail addoéssach author.

* Corresponding authorClearly indicate who will handle correspondencalbstages
of refereeing and publication, also post-publicatiensure that telephone and fax
numbers (with country and area code) are providedn addition to the e-mail

address and the complete postal address. Contacttdis must be kept up to date
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by the corresponding author.

* Present/permanent addresi$.an author has moved since the work describeten
article was done, or was visiting at the time, ee§nt address" (or "Permanent
address") may be indicated as a footnote to ththbae name. The address at which the
author actually did the work must be retained asniain, affiliation address.
Superscript Arabic numerals are used for such fitemn

Abstract

A concise and factual abstract is required. Thératisshould state briefly the purpose
of the research, the principal results and majachksions. An abstract is often
presented separately from the article, so it mastlide to stand alone. For this reason,
References should be avoided, but if essentiah, ¢fte the author(s) and year(s). Also,
non-standard or uncommon abbreviations should beles, but if essential they must
be defined at their first mention in the abstrészli.

Graphical abstract

A Graphical abstract is optional and should sumnesitie contents of the article in a
concise, pictorial form designed to capture therdibn of a wide readership online.
Authors must provide images that clearly repretiemntvork described in the article.
Graphical abstracts should be submitted as a deddeain the online submission
system. Image size: Please provide an image witmanum of 531 x 1328 pixels (h x
w) or proportionally more. Preferred file typesFF, EPS, PDF or MS Office files. See
=+http://www.elsevier.com/graphicalabstracts for epées.

Highlights

Highlights are mandatory for this journal. They sisih of a short collection of bullet
points that convey the core findings of the artarhel should be submitted in a separate
file in the online submission system. Please ugghlights' in the file name and include
3 to 5 bullet points (maximum 85 characters pelgbyloint including spaces). Sae
http://www.elsevier.com/highlights for examples.

Keywords

Immediately after the abstract, provide a maximui® keywords, using American
spelling and avoiding general and plural terms mudtiple concepts (avoid, for
example, "and", "of"). Be sparing with abbreviasoonly abbreviations firmly
established in the field may be eligible. Thesewa@yls will be used for indexing

purposes.
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Abbreviations

Define abbreviations that are not standard inftald in a footnote to be placed on the
first page of the article. Such abbreviations #vatunavoidable in the abstract must be
defined at their first mention there, as well aghie footnote. Ensure consistency of
abbreviations throughout the article.

Acknowledgements

Collate acknowledgements in a separate sectidreand of the article before the
references and do not, therefore, include thenhetitle page, as a footnote to the title
or otherwise. List here those individuals who pdad help during the research (e.g.,
providing language help, writing assistance or preading the article, etc.).
Nomenclature and Units

Follow internationally accepted rules and convaemdiaise the international system of
units (SI). If other quantities are mentioned, diveir equivalent in SI. You are urged
to consult IUPAC: Nomenclature of Organic Chemisthttp://www.iupac.org/ for
further information.

Seew http://www.elsevier.com/framework _products/pronmssc/nomenclature.pdf
Math formulae

Present simple formulae in the line of normal telkere possible and use the solidus (/)
instead of a horizontal line for small fractionatrhs, e.g., X/Y. In principle, variables
are to be presented in italics. Powers of e aenaftore conveniently denoted by exp.
Number consecutively any equations that have tid@ayed separately from the text
(if referred to explicitly in the text).

Footnotes

Footnotes should be used sparingly. Number thersemuively throughout the article,
using superscript Arabic numbers. Many wordprocesBaild footnotes into the text,
and this feature may be used. Should this not®dedke, indicate the position of
footnotes in the text and present the footnotesfedves separately at the end of the
article. Do not include footnotes in the Referelste

Table footnotes

Indicate each footnote in a table with a superstmipercase letter.

Electronic artwork

General points

» Make sure you use uniform lettering and sizingair original artwork.
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» Save text in illustrations as "graphics" or eselthe font.

* Only use the following fonts in your illustratienArial, Courier, Times, Symbol.

* Number the illustrations according to their segeein the text.

» Use a logical naming convention for your artwoks.

* Provide captions to illustrations separately.

* Produce images near to the desired size of theegrversion.

» Submit each figure as a separate file.

A detailed guide on electronic artwork is availabteour website:
=+http://www.elsevier.com/artworkinstructions

You are urged to visit this site; some excerpts fro the detailed information are
given here.

Formats

Regardless of the application used, when your releict artwork is finalised, please
"save as" or convert the images to one of thevotlg formats (note the resolution
requirements for line drawings, halftones, and/hafitone combinations given below):
EPS: Vector drawings. Embed the font or save tkiea® "graphics”.

TIFF: color or grayscale photographs (halftonelsyags use a minimum of 300 dpi.
TIFF: Bitmapped line drawings: use a minimum of Q@ipi.

TIFF: Combinations bitmapped line/half-tone (cadorgrayscale): a minimum of 500
dpi is required.

DOC, XLS or PPT: If your electronic artwork is creadin any of these Microsoft
Office applications please supply "as is".

Please do not:

 Supply files that are optimised for screen uge (GIF, BMP, PICT, WPG); the
resolution is too low;

« Supply files that are too low in resolution;

» Submit graphics that are disproportionately ldgdehe content.

Color artwork

Please make sure that artwork files are in an aabbpformat (TIFF, EPS or MS
Office files) and with the correct resolution. tibgether with your accepted article, you
submit usable color figures then Elsevier will eesat no additional charge, that these
figures will appear in color on the Web (e.g., 8ceDirect and other sites) regardless

of whether or not these illustrations are reproduoecolor in the printed versiofor
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color reproduction in print, you will receive infor mation regarding the costs from
Elsevier after receipt of your accepted articlePlease indicate your preference for
color in print or on the Web only. For further infioation on the preparation of
electronic artwork, please sagttp://www.elsevier.com/artworkinstructions.

Please note: Because of technical complicationsiwtan arise by converting color
figures to "gray scale" (for the printed versiommgld you not opt for color in print)
please submit in addition usable black and whitsigas of all the color illustrations.
Figure captions

Ensure that each illustration has a caption. Supgpgions separately, not attached to
the figure. A caption should comprise a brief t{tiet on the figure itself) and a
description of the illustration. Keep text in thie@strations themselves to a minimum
but explain all symbols and abbreviations used.

Tables

Number tables consecutively in accordance withr tygpearance in the text. Place
footnotes to tables below the table body and irtditt@em with superscript lowercase
letters. Avoid vertical rules. Be sparing in the wé tables and ensure that the data
presented in tables do not duplicate results destrelsewhere in the article.
References

Citation in text

Please ensure that every reference cited in thestakso present in the reference list
(and vice versa). Any references cited in the alostnust be given in full. Unpublished
results and personal communications are not recamdeckin the reference list, but may
be mentioned in the text. If these referencesrari@ded in the reference list they
should follow the standard reference style of thenal and should include a
substitution of the publication date with eithemublished results” or "Personal
communication” Citation of a reference as "in ptésglies that the item has been
accepted for publication.

Web references

As a minimum, the full URL should be given and tia#e when the reference was last
accessed. Any further information, if known (DQUitleor names, dates, reference to a
source publication, etc.), should also be givenb\derences can be listed separately
(e.g., after the reference list) under a diffetezading if desired, or can be included in

the reference list.
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References in a special issue
Please ensure that the words 'this issue' are addety references in the list (and any
citations in the text) to other articles in the saBpecial Issue.

Reference management software

This journal has standard templates available ynr&terence management packages
EndNote &+ http://www.endnote.com/support/enstyles.asp) agigfieRnce Manager{
http://refman.com/support/rmstyles.asp). Using phgto wordprocessing packages,
authors only need to select the appropriate jousmplate when preparing their article
and the list of references and citations to theiiedoe formatted according to the journal
style which is described below.

Reference style

Text: All citations in the text should refer to:

1. Single authorthe author's name (without initials, unless themmbiguity) and the
year of publication;

2. Two authorsboth authors' names and the year of publication;

3. Three or more authordirst author's name followed by "et al." and tleawyof
publication.

Citations may be made directly (or parentheticalfioups of references should be
listed first alphabetically, then chronologically.

Examples: "as demonstrated (Allan, 1996a, 199689;18llan and Jones, 1995).
Kramer et al. (2000) have recently shown ...."

List: References should be arranged first alphabetiealtithen further sorted
chronologically if necessary. More than one refeesinom the same author(s) in the
same year must be identified by the letters "a", "t', etc., placed after the year of
publication.

Examples:

Reference to a journal publication:

Van der Geer, J., Hanraads, J.A.J., Lupton, R@002The art of writing a scientific
article. J. Sci. Commun. 163, 51-59.

Reference to a book:

Strunk Jr., W., White, E.B., 1979. The ElementStyfie, third ed. Macmillan, New
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York.

Reference to a chapter in an edited book:

Mettam, G.R., Adams, L.B., 1999. How to preparel@atronic version of your article,
in: Jones, B.S., Smith , R.Z. (Eds.), Introductionhe Electronic Age. E-Publishing
Inc., New York, pp. 281-304.

Journal abbreviations source

Journal names should be abbreviated according to

Index Medicus journal abbreviatiorshttp://www.nlm.nih.gov/tsd/serials/lji.html;
List of serial title word abbreviationashttp://www.issn.org/2-22661-LTWA-
online.php;

CAS (Chemical Abstracts Service)http://www.cas.org/sent.html.

Video data

Elsevier accepts video material and animation ssxpgeto support and enhance your
scientific research. Authors who have video or atiom files that they wish to submit
with their article are strongly encouraged to inguhese within the body of the article.
This can be done in the same way as a figure & tabreferring to the video or
animation content and noting in the body text whesould be placed. All submitted
files should be properly labeled so that they diyaelate to the video file's content. In
order to ensure that your video or animation matesidirectly usable, please provide
the files in one of our recommended file formatthve preferred maximum size of 50
MB. Video and animation files supplied will be pighied online in the electronic
version of your article in Elsevier Web products;luding ScienceDirect
http://www.sciencedirect.com. Please supply 'stiigh your files: you can choose any
frame from the video or animation or make a sepamaage. These will be used instead
of standard icons and will personalize the linkaoaoir video data. For more detailed
instructions please visit our video instruction agts+
http://www.elsevier.com/artworkinstructions. Nosence video and animation cannot
be embedded in the print version of the journaapé provide text for both the
electronic and the print version for the portiohshe article that refer to this content.
Supplementary data

Elsevier accepts electronic supplementary matarialpport and enhance your
scientific research. Supplementary files offeranéhor additional possibilities to

publish supporting applications, high-resolutiorages, background datasets, sound
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clips and more. Supplementary files supplied wallgublished online alongside the
electronic version of your article in Elsevier Wigoducts, including ScienceDireet:
http://www.sciencedirect.com. In order to ensui frour submitted material is directly
usable, please provide the data in one of our resemded file formats. Authors should
submit the material in electronic format togeth@&hwhe article and supply a concise
and descriptive caption for each file. For moreaded instructions please visit our
artwork instruction pages athttp://www.elsevier.com/artworkinstructions.
Submission checklist

The following list will be useful during the finahecking of an article prior to sending
it to the journal for review. Please consult thiside for Authors for further details of
any item.

Ensure that the following items are present:

One Author designated as corresponding Author:

* E-mail address

* Full postal address

» Telephone and fax numbers

All necessary files have been uploaded

» Keywords

* All figure captions

« All tables (including title, description, footrext)

Further considerations

« Manuscript has been "spellchecked" and "gramrhacked"

« References are in the correct format for thispal

* All references mentioned in the Reference listatred in the text, and vice versa

» Permission has been obtained for use of copytyhtaterial from other sources
(including the Web)

* Color figures are clearly marked as being intehie color reproduction on the Web
(free of charge) and in print or to be reproducedalor on the Web (free of charge)
and in black-and-white in print

« If only color on the Web is required, black ankite versions of the figures are also
supplied for printing purposes

For any further information please visit our cusésraupport site at

http://support.elsevier.com.
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u After Acceptance

Use of the Digital Object Identifier

The Digital Object Identifier (DOI) may be useddite and link to electronic
documents. The DOI consists of a unique alpha-nignosbaracter string which is
assigned to a document by the publisher upon ttialielectronic publication. The
assigned DOI never changes. Therefore, it is aal medium for citing a document,
particularly 'Articles in press' because they haotyet received their full bibliographic
information. The correct format for citing a DOIsBown as follows (example taken
from a document in the journBhysics Letters B

doi:10.1016/j.physletb.2010.09.059

When you use the DOI to create URL hyperlinks towhoents on the web, they are
guaranteed never to change.

Proofs

One set of page proofs (as PDF files) will be $gn¢-mail to the corresponding author
(if we do not have an e-mail address then papefpmill be sent by post) or, a link
will be provided in the e-mail so that authors damvnload the files themselves.
Elsevier now provides authors with PDF proofs whiah be annotated; for this you
will need to download Adobe Reader version 7 (ghhbr) available free fromas
http://get.adobe.com/reader. Instructions on hoantaotate PDF files will accompany
the proofs (also given online). The exact systequirements are given at the Adobe
site: m+http://www.adobe.com/products/reader/systemregs.

If you do not wish to use the PDF annotations fiomgtyou may list the corrections
(including replies to the Query Form) and returanthto Elsevier in an e-mail. Please
list your corrections quoting line number. If, fomy reason, this is not possible, then
mark the corrections and any other comments (imatuceplies to the Query Form) on
a printout of your proof and return by fax, or sth@ pages and e-mail, or by post.
Please use this proof only for checking the type®gtediting, completeness and
correctness of the text, tables and figures. Sicant changes to the article as accepted
for publication will only be considered at thisggawith permission from the Editor.
We will do everything possible to get your artipleblished quickly and accurately.
Therefore, it is important to ensure that all ofiyoorrections are sent back to us in one

communication: please check carefully before reygyas inclusion of any subsequent
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corrections cannot be guaranteed. Proofreadingjédysyour responsibility. Note that
Elsevier may proceed with the publication of yoricte if no response is received.
Offprints

The corresponding author, at no cost, will be prediwith a PDF file of the article via
e-mail. For an extra charge, paper offprints canrdered via the offprint order form
which is sent once the article is accepted foripabbn. The PDF file is a watermarked
version of the published article and includes aec®heet with the journal cover image

and a disclaimer outlining the terms and conditiohgse.

E’ Author Inquiries

For inquiries relating to the submission of artsc{acluding electronic submission
where available) please visit this journal's hongep&'ou can track accepted articles at
=http://www.elsevier.com/trackarticle and set up aHralerts to inform you of when

an article's status has changed. Also accessinte tiere is information on copyright,
frequently asked questions and more. Contact ddtailquestions arising after
acceptance of an article, especially those relatmgyoofs, will be provided by the

publisher.
Micron
The International Research and Review Journal for Mcroscopy

Guide for Authors

micron

ISSN: 0968-4328
Imprint: ELSEVIER

g Before You Begin

Ethics in Publishing
For information on Ethics in Publishing and Ethigaldelines for journal publication
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see=shttp://www.elsevier.com/publishingethics a=d
http://www.elsevier.com/ethicalguidelines.

Conflict of interest

All authors are requested to disclose any actupbtential conflict of interest including
any financial, personal or other relationships waither people or organizations within
three years of beginning the submitted work thaldmappropriately influence, or be
perceived to influence, their work. See a'so
http://www.elsevier.com/conflictsofinterest.

Submission declaration

Submission of an article implies that the work digsel has not been published
previously (except in the form of an abstract opag of a published lecture or
academic thesis), that it is not under considemdto publication elsewhere, that its
publication is approved by all authors and taatlyexplicitly by the responsible
authorities where the work was carried out, antl thaccepted, it will not be published
elsewhere including electronically in the same foimrEnglish or in any other
language, without the written consent of the cagiyrholder.

Changes to authorship

This policy concerns the addition, deletion, orr@aagement of author names in the
authorship of accepted manuscripts:

Before the accepted manuscript is published inrdime issue Requests to add or
remove an author, or to rearrange the author namest, be sent to the Journal
Manager from the corresponding author of the aetkeptanuscript and must include:
(a) the reason the name should be added or remor#te author names rearranged
and (b) written confirmation (e-mail, fax, lettérdm all authors that they agree with the
addition, removal or rearrangement. In the casaldftion or removal of authors, this
includes confirmation from the author being addedemoved. Requests that are not
sent by the corresponding author will be forwartdgdhe Journal Manager to the
corresponding author, who must follow the proce@selescribed above. Note that: (1)
Journal Managers will inform the Journal Editorsanf/ such requests and (2)
publication of the accepted manuscript in an oniisee is suspended until authorship
has been agreed.

After the accepted manuscript is published in dimerissue Any requests to add,

delete, or rearrange author names in an articlégaa in an online issue will follow
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the same policies as noted above and result inregendum.

Copyright

Upon acceptance of an article, authors will be dskecomplete a '‘Journal Publishing
Agreement' (for more information on this and cogltisee=++
http://www.elsevier.com/copyright). Acceptance lué agreement will ensure the
widest possible dissemination of information. Ama# will be sent to the
corresponding author confirming receipt of the nsmipt together with a 'Journal
Publishing Agreement’ form or a link to the onlwersion of this agreement.
Subscribers may reproduce tables of contents @apedists of articles including
abstracts for internal circulation within their ibgtions. Permission of the Publisher is
required for resale or distribution outside theitnion and for all other derivative
works, including compilations and translations §gie consul+
http://www.elsevier.com/permissions). If excerpteni other copyrighted works are
included, the author(s) must obtain written permrs$rom the copyright owners and
credit the source(s) in the article. Elsevier happnted forms for use by authors in

these cases: please coneulittp://www.elsevier.com/permissions.

Retained author rights

As an author you (or your employer or institutioafain certain rights; for details you
are referred taxhttp://www.elsevier.com/authorsrights.

Role of the funding source

You are requested to identify who provided finahsigport for the conduct of the
research and/or preparation of the article andiedly describe the role of the
sponsor(s), if any, in study design; in the coltattanalysis and interpretation of data;
in the writing of the report; and in the decisionsubmit the paper for publication. If the
funding source(s) had no such involvement thengh@ild be stated. Please eee
http://www.elsevier.com/funding.

Funding body agreements and policies

Elsevier has established agreements and develapietep to allow authors whose
articles appear in journals published by Elsev@comply with potential manuscript
archiving requirements as specified as conditidriear grant awards. To learn more
about existing agreements and policies pleasenuisit

http://www.elsevier.com/fundingbodies.
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Language and language services

Please write your text in good English (AmericarBatish usage is accepted, but not a
mixture of these). Authors who require informatadyout language editing and
copyediting services pre- and post-submission plesst
http://lwebshop.elsevier.com/languageediting oraustomer support site at
http://support.elsevier.com for more information.

Submission

Submission to this journal proceeds totally ontmel you will be guided stepwise
through the creation and uploading of your filese Bystem automatically converts
source files to a single PDF file of the articldyieh is used in the peer-review process.
Please note that even though manuscript sourcedike converted to PDF files at
submission for the review process, these soureg dite needed for further processing
after acceptance. All correspondence, includingfination of the Editor's decision and

requests for revision, takes place by e-mail remgtine need for a paper trail.

u Preparation

Use of wordprocessing software

It is important that the file be saved in the natiermat of the wordprocessor used. The
text should be in single-column format. Keep th@la of the text as simple as
possible. Most formatting codes will be removed esflaced on processing the article.
In particular, do not use the wordprocessor's ogtio justify text or to hyphenate
words. However, do use bold face, italics, subsgrguperscripts etc. When preparing
tables, if you are using a table grid, use only gmne for each individual table and not a
grid for each row. If no grid is used, use tabg,spaces, to align columns. The
electronic text should be prepared in a way vamyjlar to that of conventional
manuscripts (see also the Guide to Publishing Bliskevier:=+
http://www.elsevier.com/guidepublication). NotettBaurce files of figures, tables and
text graphics will be required whether or not youbed your figures in the text. See
also the section on Electronic illustrations.

To avoid unnecessary errors you are strongly advisese the "spell-check” and
"grammar-check" functions of your wordprocessor.

LaTeX
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If the LaTeX file is suitable, proofs will be proced without rekeying the text. The
article should preferably be written using Elsegielocument class "elsarticle”, or
alternatively any of the other recognized classesfarmats supported in Elsevier's
electronic submissions system, for further inforiorasee+
http://www.elsevier.com/wps/find/authorsview.autltatex-ees-supported.

The Elsevier "elsarticle” LaTeX style file packa@ecluding detailed instructions for
LaTeX preparation) can be obtained from the Quiakgus+
http://www.elsevier.com/latex. It consists of thle:felsarticle.cls, complete user
documentation for the class file, bibliographidestiles in various styles, and template
files for a quick start.

Article structure

Subdivision - numbered sections

Divide your article into clearly defined and numbeisections. Subsections should be
numbered 1.1 (then 1.1.1, 1.1.2, ...), 1.2, eb@ @bstract is not included in section
numbering). Use this numbering also for internakerreferencing: do not just refer to
“"the text". Any subsection may be given a briefdieg. Each heading should appear on
its own separate line.

Introduction

State the objectives of the work and provide amade background, avoiding a

detailed literature survey or a summary of theltesu

Material and methods

Provide sufficient detail to allow the work to eproduced. Methods already published
should be indicated by a reference: only relevandifications should be described.
Theory/calculation

A Theory section should extend, not repeat, thé&dpatind to the article already dealt
with in the Introduction and lay the foundation farther work. In contrast, a
Calculation section represents a practical devedsyirftom a theoretical basis.
Results

Results should be clear and concise.

Discussion

This should explore the significance of the resoftthe work, not repeat them. A

combined Results and Discussion section is oft@nogypiate. Avoid extensive citations
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and discussion of published literature.

Conclusions

The main conclusions of the study may be presdantaghort Conclusions section,
which may stand alone or form a subsection of @lision or Results and Discussion
section.

Appendices

If there is more than one appendix, they shoulaibstified as A, B, etc. Formulae and
equations in appendices should be given separatbeming: Eq. (A.1), Eq. (A.2), etc.;
in a subsequent appendix, Eq. (B.1) and so on.I&imfor tables and figures: Table
A.l; Fig. A1, etc.

Essential title page information

« Title. Concise and informative. Titles are often usedformation-retrieval systems.
Avoid abbreviations and formulae where possible.

« Author names and affiliationsWhere the family name may be ambiguous (e.g., a
double name), please indicate this clearly. Prebenauthors' affiliation addresses
(where the actual work was done) below the nanmelécate all affiliations with a
lower-case superscript letter immediately afterabthor's name and in front of the
appropriate address. Provide the full postal adgdoégach affiliation, including the
country name, and, if available, the e-mail addoéssach author.

* Corresponding authorClearly indicate who will handle correspondencalbstages
of refereeing and publication, also post-publicatnsure that telephone and fax
numbers (with country and area code) are providedn addition to the e-mail
address and the complete postal address. Contacttd#s must be kept up to date

by the corresponding author.

* Present/permanent addresi$.an author has moved since the work describeten
article was done, or was visiting at the time, ee§nt address" (or "Permanent
address") may be indicated as a footnote to ththbda name. The address at which the
author actually did the work must be retained asniain, affiliation address.
Superscript Arabic numerals are used for such fiiet

Abstract

A concise and factual abstract is required. Thérattsshould consist of no more than
500 words and should state briefly the purposéefrésearch, the principal results and

major conclusions. An abstract is often presenggausate from the article, so it must be
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able to stand alone. For this reason, Referenaaddsbe avoided, but if essential, they
must be cited in full, without reference to theerehce list. Also, non-standard or
uncommon abbreviations should be avoided, butsémisal they must be defined at
their first mention in the abstract itself.

Highlights

Highlights are mandatory for this journal. They sisih of a short collection of bullet
points that convey the core findings of the artarhel should be submitted in a separate
file in the online submission system. Please ugghlights' in the file name and include
3 to 5 bullet points (maximum 85 characters pelebploint including spaces). Sae
http://www.elsevier.com/highlights for examples.

Keywords

Immediately after the abstract, provide a maximui® keywords, using American
spelling and avoiding general and plural terms mudtiple concepts (avoid, for
example, "and", "of"). Be sparing with abbreviasoonly abbreviations firmly
established in the field may be eligible. Thesewayls will be used for indexing
purposes.

Abbreviations

Define abbreviations that are not standard inftald in a footnote to be placed on the
first page of the article. Such abbreviations #vatunavoidable in the abstract must be
defined at their first mention there, as well athie footnote. Ensure consistency of
abbreviations throughout the article.

Acknowledgements

Collate acknowledgements in a separate sectidreand of the article before the
references and do not, therefore, include thenhetitle page, as a footnote to the title
or otherwise. List here those individuals who pdad help during the research (e.g.,
providing language help, writing assistance or preading the article, etc.).

Math formulae

Present simple formulae in the line of normal tekere possible and use the solidus (/)
instead of a horizontal line for small fractionatrhs, e.g., X/Y. In principle, variables
are to be presented in italics. Powers of e aenaftore conveniently denoted by exp.
Number consecutively any equations that have tidm@ayed separately from the text
(if referred to explicitly in the text).

Footnotes
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Footnotes should be used sparingly. Number thersemutively throughout the article,
using superscript Arabic numbers. Many wordprocesBaild footnotes into the text,
and this feature may be used. Should this not®dedke, indicate the position of
footnotes in the text and present the footnotesm#edves separately at the end of the
article. Do not include footnotes in the Referelsie

Table footnotes

Indicate each footnote in a table with a superstmipercase letter.

Artwork

Electronic artwork

General points

* Make sure you use uniform lettering and sizingair original artwork.

» Save text in illustrations as "graphics" or eselthe font.

* Only use the following fonts in your illustratisnArial, Courier, Times, Symbol.

* Number the illustrations according to their seteein the text.

» Use a logical naming convention for your artwblds.

* Provide captions to illustrations separately.

* Produce images near to the desired size of theegrversion.

» Submit each figure as a separate file.

A detailed guide on electronic artwork is availabteour website:
m+http://www.elsevier.com/artworkinstructions

You are urged to visit this site; some excerpts fra the detailed information are
given here.

Formats

Regardless of the application used, when your releict artwork is finalised, please
"save as" or convert the images to one of theiotig formats (note the resolution
requirements for line drawings, halftones, and/hafitone combinations given below):
EPS: Vector drawings. Embed the font or save tkieat® "graphics"”.

TIFF: color or grayscale photographs (halftonelsyags use a minimum of 300 dpi.
TIFF: Bitmapped line drawings: use a minimum of Q@ipi.

TIFF: Combinations bitmapped line/half-tone (cadorgrayscale): a minimum of 500
dpi is required.

DOC, XLS or PPT: If your electronic artwork is cre@din any of these Microsoft

Office applications please supply "as is".
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Please do not:

« Supply files that are optimised for screen udge (GIF, BMP, PICT, WPG); the
resolution is too low;

 Supply files that are too low in resolution;

» Submit graphics that are disproportionately ldgehe content.

Color artwork

Please make sure that artwork files are in an aabkpformat (TIFF, EPS or MS
Office files) and with the correct resolution. tibgether with your accepted article, you
submit usable color figures then Elsevier will elesat no additional charge, that these
figures will appear in color on the Web (e.g., 8ceDirect and other sites) regardless
of whether or not these illustrations are reproduoecolor in the printed versiofor
color reproduction in print, you will receive infor mation regarding the costs from
Elsevier after receipt of your accepted articlePlease indicate your preference for
color in print or on the Web only. For further infioation on the preparation of
electronic artwork, please s2éhttp://www.elsevier.com/artworkinstructions.

Please note: Because of technical complicationsiwtan arise by converting color
figures to "gray scale" (for the printed versiomglil you not opt for color in print)
please submit in addition usable black and whitsigas of all the color illustrations.
Figure captions

Ensure that each illustration has a caption. Supgpgions separately, not attached to
the figure. A caption should comprise a brief t{tlet on the figure itself) and a
description of the illustration. Keep text in thie@strations themselves to a minimum
but explain all symbols and abbreviations used.

Tables

Number tables consecutively in accordance withr tygpearance in the text. Place
footnotes to tables below the table body and irtdittaem with superscript lowercase
letters. Avoid vertical rules. Be sparing in the wd tables and ensure that the data
presented in tables do not duplicate results desgrelsewhere in the article.
References

Citation in text

Please ensure that every reference cited in thestakso present in the reference list
(and vice versa). Any references cited in the albstnust be given in full. Unpublished

results and personal communications are not recardetkin the reference list, but may
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be mentioned in the text. If these referencesraieded in the reference list they
should follow the standard reference style of thenal and should include a
substitution of the publication date with eithemublished results" or "Personal
communication” Citation of a reference as "in ptesgplies that the item has been
accepted for publication.

Web references

As a minimum, the full URL should be given and tia¢e when the reference was last
accessed. Any further information, if known (DQUitlzor names, dates, reference to a
source publication, etc.), should also be givenb\Waferences can be listed separately
(e.g., after the reference list) under a diffetezading if desired, or can be included in
the reference list.

References in a special issue

Please ensure that the words 'this issue' are addety references in the list (and any
citations in the text) to other articles in the saBpecial Issue.

Reference management software

This journal has standard templates available ynreerence management packages
EndNote & http://www.endnote.com/support/enstyles.asp) agigfieRnce Managet{
http://refman.com/support/rmstyles.asp). Using phgyto wordprocessing packages,
authors only need to select the appropriate jousmplate when preparing their article
and the list of references and citations to thefiedoe formatted according to the journal
style which is described below.

Reference style

Text: All citations in the text should refer to:

1. Single authorthe author's name (without initials, unless the@mbiguity) and the
year of publication;

2. Two authorsboth authors' names and the year of publication;

3. Three or more authordirst author's name followed by "et al." and tleayof
publication.

Citations may be made directly (or parentheticalfioups of references should be
listed first alphabetically, then chronologically.

Examples: "as demonstrated (Allan, 1996a, 199689;18llan and Jones, 1995).
Kramer et al. (2000) have recently shown ...."

List: References should be arranged first alphabetiealtiythen further sorted
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chronologically if necessary. More than one refeesinom the same author(s) in the
same year must be identified by the letters "a", "t', etc., placed after the year of
publication.

Examples:

Reference to a journal publication:

Van der Geer, J., Hanraads, J.A.J., Lupton, R@002The art of writing a scientific
article. J. Sci. Commun. 163, 51-59.

Reference to a book:

Strunk Jr., W., White, E.B., 1979. The ElementStyie, third ed. Macmillan, New
York.

Reference to a chapter in an edited book:

Mettam, G.R., Adams, L.B., 1999. How to preparekaetronic version of your article,
in: Jones, B.S., Smith , R.Z. (Eds.), Introductionthe Electronic Age. E-Publishing
Inc., New York, pp. 281-304.

Journal abbreviations source

Journal names should be abbreviated according to

Index Medicus journal abbreviations:http://www.nlm.nih.gov/tsd/serials/lji.html;
List of serial title word abbreviationa:http://www.issn.org/2-22661-LTWA-
online.php;

CAS (Chemical Abstracts Serviceyhttp://www.cas.org/sent.html.

Video data

Elsevier accepts video material and animation secpgeto support and enhance your
scientific research. Authors who have video or atiom files that they wish to submit
with their article are strongly encouraged to ineuhese within the body of the article.
This can be done in the same way as a figure & tabreferring to the video or
animation content and noting in the body text whes@ould be placed. All submitted
files should be properly labeled so that they diyaelate to the video file's content. In
order to ensure that your video or animation matesidirectly usable, please provide
the files in one of our recommended file formatthve preferred maximum size of 50
MB. Video and animation files supplied will be pighied online in the electronic
version of your article in Elsevier Web products;luding ScienceDirect
http://www.sciencedirect.com. Please supply 'stiigh your files: you can choose any

frame from the video or animation or make a sepamage. These will be used instead
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of standard icons and will personalize the linkoaoir video data. For more detailed
instructions please visit our video instruction pagts+
http://www.elsevier.com/artworkinstructions. Nosence video and animation cannot
be embedded in the print version of the journaapé provide text for both the
electronic and the print version for the portiohshe article that refer to this content.
Supplementary data

Elsevier accepts electronic supplementary materialipport and enhance your
scientific research. Supplementary files offerdnéhor additional possibilities to
publish supporting applications, high-resolutiorages, background datasets, sound
clips and more. Supplementary files supplied wallgublished online alongside the
electronic version of your article in Elsevier Wigoducts, including ScienceDireet:
http://www.sciencedirect.com. In order to ensui four submitted material is directly
usable, please provide the data in one of our resemded file formats. Authors should
submit the material in electronic format togeth@&hwhe article and supply a concise
and descriptive caption for each file. For moreaded instructions please visit our
artwork instruction pages rthttp://www.elsevier.com/artworkinstructions.
Submission checklist

The following list will be useful during the finahecking of an article prior to sending
it to the journal for review. Please consult thiside for Authors for further details of
any item.

Ensure that the following items are present:

One Author designated as corresponding Author:

* E-mail address

* Full postal address

» Telephone and fax numbers

All necessary files have been uploaded

» Keywords

* All figure captions

« All tables (including title, description, footrest)

Further considerations

« Manuscript has been "spellchecked" and "gramrhacked"

» References are in the correct format for thispal

* All references mentioned in the Reference list@red in the text, and vice versa
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» Permission has been obtained for use of copytyhtaterial from other sources
(including the Web)

* Color figures are clearly marked as being intehide color reproduction on the Web
(free of charge) and in print or to be reprodugeddlor on the Web (free of charge)
and in black-and-white in print

« If only color on the Web is required, black ankit® versions of the figures are also
supplied for printing purposes

For any further information please visit our cusésrsupport site at

http://support.elsevier.com.

u After Acceptance

Use of the Digital Object Identifier

The Digital Object Identifier (DOI) may be useddite and link to electronic
documents. The DOI consists of a unique alpha-nignabaracter string which is
assigned to a document by the publisher upon ttialielectronic publication. The
assigned DOI never changes. Therefore, it is aal iedium for citing a document,
particularly 'Articles in press' because they haotyet received their full bibliographic
information. The correct format for citing a DOIsBown as follows (example taken
from a document in the journBhysics Letters B
doi:10.1016/j.physletb.2010.09.059

When you use the DOI to create URL hyperlinks towhoents on the web, they are
guaranteed never to change.

Proofs

One set of page proofs (as PDF files) will be $gn¢-mail to the corresponding author
(if we do not have an e-mail address then papefpmill be sent by post) or, a link
will be provided in the e-mail so that authors damnload the files themselves.
Elsevier now provides authors with PDF proofs whiah be annotated; for this you
will need to download Adobe Reader version 7 (ghbr) available free frors:
http://get.adobe.com/reader. Instructions on hoantaotate PDF files will accompany
the proofs (also given online). The exact systequirements are given at the Adobe
site: z+http://www.adobe.com/products/reader/systemregs.

If you do not wish to use the PDF annotations fiomgtyou may list the corrections

(including replies to the Query Form) and returanthto Elsevier in an e-mail. Please
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list your corrections quoting line number. If, fomy reason, this is not possible, then
mark the corrections and any other comments (imatuceplies to the Query Form) on
a printout of your proof and return by fax, or sth@ pages and e-mail, or by post.
Please use this proof only for checking the typgesgtediting, completeness and
correctness of the text, tables and figures. Sicant changes to the article as accepted
for publication will only be considered at thisggawith permission from the Editor.
We will do everything possible to get your artipleblished quickly and accurately.
Therefore, it is important to ensure that all ofiyoorrections are sent back to us in one
communication: please check carefully before reygyas inclusion of any subsequent
corrections cannot be guaranteed. Proofreadingledysyour responsibility. Note that
Elsevier may proceed with the publication of yoricte if no response is received.
Offprints

The corresponding author, at no cost, will be prediwith a PDF file of the article via
e-mail. For an extra charge, paper offprints canrdered via the offprint order form
which is sent once the article is accepted foripabbn. The PDF file is a watermarked
version of the published article and includes aec®heet with the journal cover image
and a disclaimer outlining the terms and conditiohgse.

Offprints

The corresponding author, at no cost, will be ptediwith a PDF file of the article via
e-mail. The PDF file is a watermarked version @ plublished article and includes a
cover sheet with the journal cover image and daliser outlining the terms and
conditions of use. An offprint order form will begplied by the Publisher for ordering

any additional paid offprints.

E’ Author Inquiries

For inquiries relating to the submission of artsc{acluding electronic submission
where available) please visit this journal's hongep&'ou can track accepted articles at
=+http://www.elsevier.com/trackarticle and set up aHralerts to inform you of when

an article's status has changed. Also accessiotetiiere is information on copyright,
frequently asked questions and more. Contact ddtailquestions arising after
acceptance of an article, especially those relatmgoofs, will be provided by the

publisher.
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