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...I see hardly any way of distinguishing between the effects, on the one hand, of a part
being largely developed through natural selection and another and adjoining part being
reduced by this same process..., and, on the other hand, the actual withdrawal of
nutriment from one part owing to the excess of growth in another and adjoining part.

(Darwin, 1859. On the origin of species, p.147)



AGRADECIMENTOS

Ao0s meus pais, José Ramos e Rita Ramos, e irma Fernanda Ramos pelo amor,
confianca e apoio em todos os momentos de minha vida. A Vilma Gusméo, Sérgio
Gusmédo e Mariana Gusmao pelo incentivo, apoio e carinho. Em especial, ao Felipe
Gusmado, pelo companheirismo, apoio, amor, gestos de carinho e dedicagdo em me fazer
sorrir em todos os momentos (especialmente nos mais dificeis). Vocé se tornou
imprescindivel na minha vida!

Ao meu orientador professor Gilson R. P. Moreira pela dedicada e criteriosa
orientacdo, e, acima de tudo, pelo aprendizado adquirido ao longo do tempo em que
trabalhamos juntos.

A banca examinadora, por aceitarem participar dessa defesa, e antecipadamente
pelas sugestdes.

Ao PPG Biologia Animal pelo apoio logistico e financeiro, assim como a
CAPES pela bolsa.

Aos colegas do Laboratério de Morfologia e Comportamento de Insetos,
Carolina Millan, Daniel Basilio, Darli Massardo, Denis Silva, Dirleane Rossato,
Fernando Luz, Louise Tocchetto, Natielle Pires, Rosangela Brito e Sabrina Thiele pelas
risadas, apoio e carinho. Em especial a Denis Silva, amigo inestimavel, pelo
companheirismo, pelo cuidado com as plantas quando precisei estar ausente, apoio nas
saidas de campo e pelas discuss@es cientificas e conversas animadas!

A amiga Danessa Boligon pelo carinho, dedicacio e ensinamentos.

Ao amigo Gervésio S. Carvalho, meu orientador da graduacdo, pelo apoio e
incentivo ao longo da trajetdria académica, inclusive no mestrado.

A Katia Matiotti que, mesmo a distancia, sempre tem uma palavra amiga e de

incentivo.



Aos amigos Samantha Seixas, Moisés Gallas, Tiago da Silveira, Camila
Hoffmeister, Augusto Ferrari, Luciana Weiler e Luciano Moura pelas conversas
divertidas pelos corredores, discussdes cientificas e incentivo!

Aos novos amigos do Rio de Janeiro que me receberam de bragos abertos nessa
nova etapa que se inicia em minha vida (doutorado).

A todos vocés e outros amigos que nao foram citados, agradeco por tornarem

minha vida mais colorida!l



Vi

SUMARIO
RE UM O ..ottt ettt et ettt et ettt e e e e e e e ee e et e ne et et e e ee e et e asee et areer et naeee et arreeretaneeeeetanees Vii
CAPITULO I- INTRODUGAO GERAL ..o 08
RETEIEINCIAS ....eeeeeee et e e e ettt e e e e e e e ettt e e e e e e e a e eeeeeens 13

CAPITULO II- Allometry of growth and adaptive value of exaggerated corporal

structures in Gratiana spadicea (Klug) (Coleoptera: Chrysomelidae) larval stage.................. 19
N 0L - Tod SOOI 21
(VAT Lo o USRS 21
[y oo [3Tox 1 o] o ISP PRSPPI 22

Material and METNOAS ..........oiieiiie e e 24
RESUILS ..ottt e e r et e b e et e ne e nre e eeeneenreenne s 28
Dol U1 (o] SRS PRSP 30
ACKNOWIEAGEMENLS ...t b et e e ens 34
R (=] 1<) 0 0TSSR 34
SUPPOITING INFOIMALION. ..ot 41
TADIES. ..ttt b b enes 42
Legends OF TIGUIES .....veeiece e re e nas 44
FQUIES .ttt b bbbt ene s 46
CAPITULO HlI- CONSIDERA(;()ES FINAIS e 56
CAPITULO IV=- ANEXO ......ooiiiieeeeeiieeteeiesee et esssesasss s esesse st sse s senes s s senansn s, 58

1) Normas para publicacdo na Journal of Evolutionary Biology ..........cccccceveveiieiinenen, 58



vii

RESUMO
Caracteristicas morfologicas consideradas “exageradas”, geralmente, estdo associadas a
padrdes alométricos e evolucdo de comportamentos altamente especializados moldados
por presses seletivas (e.g. advindas da selecdo sexual, competidores, predadores,
nutricdo). Larvas de Cassidinae (Coleoptera: Chrysomelidae) apresentam tais
caracteristicas, como, por exemplo, a presenca de escolos posicionados lateralmente no
corpo e um processo caudal, localizado dorsalmente no nono segmento abdominal. Esta
estrutura é responsavel pelo ancoramento do escudo larval, composto por fezes e/ ou
exuvias, que as larvas constroem e mantém ao longo de seu desenvolvimento. A funcédo
do escudo é controversa, sendo atribuida principalmente em relacdo a defesa frente a
inimigos naturais. O papel frente a fatores abidticos tem sido escassamente investigado.
Neste estudo, investigamos a trajetoria de crescimento dessas estruturas em larvas de G.
spadicea (Klug) (Chrysomelidae: Cassidinae) e o valor adaptativo associado ao escudo.
Por meio de medidas lineares comparamos o padrdo de crescimento ontogenético das
estruturas morfoldgicas e verificamos a ocorréncia de alometria ontogenética. Ainda,
avaliamos o efeito da privacdo do alimento no crescimento. E finalmente, testamos, em
condicdes naturais, a influéncia do escudo em relacdo a mortalidade e a temperatura
corporal das larvas. Foi constatada a existéncia de alometria ontogenética e
investimento diferenciado no crescimento das estruturas mensuradas. E, confirmamos
que o valor adaptativo atribuido ao escudo estd relacionado a protecdo contra
predadores. Ainda de forma inédita, demonstramos que essa estrutura proporciona

também uma diminuicdo da exposicao corporal das larvas a radiagao solar.



CAPITULO |
INTRODUCAO GERAL

A origem e a evolucdo da diversidade de caracteristicas morfoldgicas tém sido
estudadas ha décadas (e.g. Huxley 1924; Gould 1966; Klingenberg 1996; Daly 1985;
Klingenberg 2002; Emlen & Nijhout 2000; Frankino et al. 2005). A diversidade de
formas dos organismos &, em parte, consequéncia de varios componentes morfoldgicos,
cujas diferencas nas taxas de crescimento entre estruturas corporais relativas devem-se a
um processo denominado de “alometria”, cunhada pela primeira vez por Huxley &

Teissier (1936) e descrita através da equacgdo exponencial:

y=a+xﬁ

onde x e y sdo dimensodes de duas estruturas corporais, € o e 3 sdo constantes (Huxley
1924; Huxley & Teissier 1936). Esta equacdo é referida como equacdo alométrica e

pode ser escrita na forma log-transformada que nesta escala torna-se linear:

log (v)=log (@) + f log (x)

onde o logaritmo de a € o intercepto e 3 € o coeficiente de inclinacdo (Figura 1). Se p=1,
a relagdo de crescimento entre x e y € dita isométrica, ou seja, € constante; se f#l a
relacdo e dita alométrica e ha crescimento desproporcional entre x e y (Huxley &
Teissier 1936; Reiss 1989). Os interceptos e, em especial, os coeficientes de inclinagao
podem ser usados para testar hipoteses de pressdes seletivas (Gould 1966; Emlen &

Nijhout 2000).



log y

v

log x

Figura 1. Representacdo grafica de log y em funcéo de log x e variagdes do coeficiente
alométrico B. B > 1, alometria positiva; p = 1, isometria e f < 1, alometria negativa

(Fonte: Reiss 1989).

De acordo com Klingenberg (1996), ha trés niveis aos quais a alometria ocorre:
estatica, que se refere a covariacdo entre individuos dentro de um estagio ontogenético
de uma Unica espécie; filogenética (evolutiva), que representa a variacdo entre linhagens
em um Unico estagio ontogenético e, por fim, quando avaliamos a covaria¢do entre
estruturas corporais de individuos de uma mesma espécie ao longo da ontogénese, a
alometria é definida como ontogenética (Figura 2).

Caracteristicas morfoldgicas exageradas (sensu Emlen & Nijhout 2000),
geralmente, estdo associadas a padrdes alométricos e evolucdo de comportamentos
altamente especializados moldados por pressoes seletivas (Gould 1974; Dial et al. 2008;
Emlen 2008; Frankino et al. 2009). Morfologias exageradas, resultantes de selecdo
sexual, sdo evidentes em machos de muitas espécies de animais que apresentam
estruturas corporais elaboradas utilizadas como ornamentos para atrair parceiras ou
como “armas” em lutas entre machos competidores (Baker & Wilkinson 2001; Emlen &

Nijhout 2000; Kodric-Brown et al. 2006; Cuervo & M@ller 2009). Um exemplo disso é
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0 besouro Trypoxylus dichotomus (Linnaeus) (Coleoptera: Scarabaeidae) que possui
projecdes cefalicas (chifres), cuja alometria € positiva, e sdo utilizados como “armas” na
competicdo com outros machos pelas fémeas (Emlen et al. 2012). Ainda, em insetos
sociais ha polimorfismos associados a distintas castas, como resultado de diferencas
alométricas durante o desenvolvimento dos estagios imaturos, que podem ser
influenciadas por fatores ambientais como nutri¢do, temperatura, feroménios, e/ou por
fatores genéticos (Stern et al. 1996; Schwander et al. 2005; Fjerdingstad & Crozier
2006; Jaffe et al. 2007; Perrard et al. 2012). Por outro lado, a predacdo também pode
ser um fator importante na expressdo de caracteristicas morfologicas das presas, como
por exemplo, as larvas de Leucorrhinia dubia (Odonata: Libellulidae), cuja presenca de
predadores afeta as taxas de crescimento dos espinhos abdominais (Dodson 1989;

Arngvist & Johansson 1998; Johansson 2002).

Ontogenia

ontogenética

Filogenia
I

estatica filogeneética

Figura 2. Diagrama sobre alometria estatica, filogenética (evolutiva) e ontogenética,
mostrando trés espécies com quatro estadios ontogenéticos diferentes, considerados
homologos. Cada retangulo compreende uma anélise alométrica distinta. (Modificado

de Klingenberg 1996).
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Larvas de Cassidinae (Coleoptera: Chrysomelidae) apresentam algumas
caracteristicas morfoldgicas exageradas, como, por exemplo, a presenca de escolos
posicionados lateralmente no corpo e a presenca de um processo caudal, localizado
dorsalmente no nono segmento abdominal (Chaboo 2007; Swietojanska 2009). Também
denominado de furca, esse processo € responsavel pelo ancoramento de um escudo
composto por fezes e/ou exuvias que as larvas constroem e mantém ao longo do seu
desenvolvimento através da movimentacdo do telescopio anal (Figura 3) (Chaboo &
Nguyen 2004; Chaboo 2007; Swietojanska 2009). Quando o escudo é composto
somente por fezes, estas sao adicionadas a furca pelo telescpio anal; por outro lado,
quando composto somente por exudvias, a cada ecdise a exUvia do instar anterior é
“empurrada” através de movimentos do corpo (pressao hidrostatica interna) até a furca,
onde fica encaixada na furca do instar subsequente; e, por fim, quando o escudo é
composto por fezes e exivias, 0s comportamentos descritos acima ocorrem em
conjunto, se repetindo a cada ecdise. Além da composi¢édo, o escudo pode variar quanto
a sua arquitetura, cobrindo parcialmente ou completamente o corpo da larva (Eisner &
Eisner 2000; Chaboo 2007). Para essas estruturas, trabalhos de cunho morfoldgico ja
foram desenvolvidos (McBride et al. 2000; Chaboo & Nguyen 2004; Swietojanska
2009), no entanto carecem de andalises morfométricas com enfoque alométrico
adaptativo.

A funcdo do escudo dos cassidineos tem sido estudada, principalmente, no que
se refere a protecdo contra inimigos naturais. De forma geral, o papel do escudo frente a
predadores tem sido considerado controverso, pois a eficacia do mesmo em dificultar o
acesso do predador a larva pode variar de acordo com a espécie do predador, ou ainda, a
protecdo da larva pode ser devida a compostos quimicos presentes em seu corpo e ndo

ao escudo em si (Eisner et al. 1967; Olmstead & Denno 1993; Eisner & Eisner 2000;
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Nogueira-de-Sa & Trigo 2002; Muller & Hilker 2003; Bottcher et al. 2009). Outra
hipdtese a cerca da funcdo do escudo é protecdo contra fatores abioticos. Entretanto,
somente Bacher & Luder (2005) testaram, em condic¢des de laboratorio, se o escudo das
larvas de Cassida rubiginosa Miiller as protege de radiacdo UVB e, como resultado,
obtiveram alta mortalidade das larvas com e sem escudo. De forma geral, os estagios
imaturos de insetos estdo mais expostos aos efeitos de fatores como temperatura,
insolacdo e umidade, uma vez que apresentam pouca mobilidade (Heming 1999; Muller
& Hilker 2003; Chaboo 2011). A funcédo termorregulatoria dos escudos em Cassidinae,

pelo que conhecemos, ndo foi explorada até entéo.

Figura 3. Representacdo esquematica da regido posterior do corpo de uma larva de
Cassidinae. VI-VIII - altimos escolos abdominais; IX- segmento abdominal modificado
em processo caudal (=furca); X e XI segmentos abdominais formando o telescopio anal.

(Modificado de Swietojanska 2009).

Nossa espécie de estudo é Gratiana spadicea (Klug), um cassidineo mono6fago
(sensu Bernays & Chapman 1994) de Solanum sisymbriifolium Lam. (Solanaceae). Esta
planta é considerada invasora e ocorre principalmente em ambientes alterados e

ensolarados (Groth 1989; Mentz & Oliveira 2004). A interacdo dessa espécie com sua
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planta-hospedeira tem sido amplamente estudada em relacdo a performance,
preferéncia, desenvolvimento, comportamento alimentar, deslocamento e interagdo com
tricomas da planta hospedeira (Medeiros & Moreira 2002; Medeiros & Moreira 2003;
Medeiros & Moreira 2005; Boligon et al. 2009), e devido sua especificidade alimentar,
tem grande potencial como agente de controle biologico (Hill & Hulley 1995; Hill et al.
1997).

Neste estudo, investigamos a trajetdria de crescimento de estruturas
morfoldgicas exageradas (escolos e furca) das larvas de G. spadicea (Klug)
(Chrysomelidae: Cassidinae) e o valor adaptativo associado ao escudo. Primeiro, através
de medidas lineares comparamos o padrdo de crescimento ontogenético das estruturas
morfoldgicas. Segundo, verificamos o efeito da variacdo quantitativa da dieta no
crescimento dessas estruturas corporais. Terceiro, calculamos e comparamos 0s
coeficientes alométricos ao longo da ontogénese larval (alometria ontogenética). E
finalmente, testamos a influéncia do escudo em relacdo a mortalidade e a temperatura
corporal das larvas em experimentos realizados sob condi¢Bes naturais.
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Abstract

Gratiana spadicea (Klug) (Coleoptera: Chrysomelidae) larvae present
exaggerated body parts in association with an abdominal shield, made of faeces and
exuviae what are deposited on caudal furca throughout ontogeny. Growth trajectories
and scale relationships between such structures and function associated to the shield, if
any, are unknown. In this study, we investigate first, under laboratory conditions, the
growth trajectory and allometric relationship among body parts in G. spadicea,
including scoli, furca and furcal shield (= furca + attached exuvia and faeces). Also, we
determined the influence of food quantity on structural development on such structures.
In addition, we tested under field conditions whether there is adaptive value associated
to the furcal shield regarding protection to predation and sunlight. Data showed that the
furca and some scoli are exaggerated structures, extremely specialized of G. spadicea,
the development of which involving allometric growth and greater energetic investment
(positive allometry) during ontogeny. There was an indirect gain, and energy saving for
somatic construction of the furca, due the accumulation of the exuviae and faeces. We
confirmed that the adaptive value assigned to furcal shield is related to protection
against predators. Furthermore, we unprecedently demonstrated that the furcal shield
acts like a parashoot, decreasing the exposure of larval body to sunlight. We discuss the
possible consequences in terms of developmental costs and survivorship benefits

associated to evolution of such exaggerated structures.

Key Words: allometric growth, furcal shield, defense mechanisms, cassidine beetles
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Introduction

Exaggerated traits (sensu Emlen & Nijhout, 2000) are usually associated to
allometric models and evolution of highly specialized behaviors raised by selective
pressures (Gould, 1974; Emlen, 1997; Emlen et al., 2005; Dial et al., 2008; Frankino et
al., 2009; Nijhout & German, 2012). Exaggerated morphologies resulting by sexual
selection are evident for males among several animal species that present body parts
used as ornaments to attract females and/or weapons to compete for a mate (Baker &
Wilkinson, 2001; Emlen & Nijhout, 2000; Kodric-Brown et al., 2006; Cuervo &
M@ller, 2009). Also, on social insects there are polymorphisms associated to different
castes (e.g. those involved with defense) that result from allometry during immature
development, and that can also affected by nutrition, temperature, pheromones and
genetic factors (Stern et. al, 1996; Schwander et. al, 2005; Fjerdingstad & Crozier,
2006; Jaffé et. al, 2007; Perrard et al., 2012). On the other hand, predation can be an
important factor on expression of prey morphological traits, as for example in Odonata
larvae, which have abdominal spines that exhibit different growth trajectories under
variation of predation risk (Dodson, 1989; Arngvist & Johansson, 1998; Johansson,
2002).

Cassidinae larvae (Coleoptera: Chrysomelidae) shows some exaggerated traits,
as presence of lateral scoli in the body and a caudal process, located on terga of the
ninth abdominal segment (Fig. 1b; Chaboo, 2007; Swietojanska, 2009). This caudal
process, also called furcae, is responsible for anchoring a shield made of faeces and / or
exuviae (Figs. la,c), constructed throughout larval development by elongation and
movement of the telescoped anus (Chaboo & Nguyen, 2004; Chaboo, 2007;
Swietojanska, 2009). When the furcal shield is composed entirely by faeces, these are

added by the telescoped anus; on the other hand, when the shield is composed just by
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exuviae, on each molt, the shedding exuvia is pushed out through body movement into
the furca, where it remains attached in the larval stage; and, finally, when the shield is
formed by both faeces and exuviae, the two behaviors above described occurs in parallel
throughout ontogeny. Besides composition, the furcal shield is known to vary in relation
to size, shape and architecture, covering for example either totally or partially the larval
body (McBride et al., 2000; Chaboo & Nguyen, 2004; Swietojanska, 2009). However,
there is a lack of morphometric analysis focusing on existence of adaptive allometry
associated to such structures.

Function of the furcal shield in cassidines has been studied, especially in relation
to protection against natural enemies. The role of the shield on defence against predators
has been controversial, however, as the corresponding effectiveness may vary as
function of predator species, and also, because protection can be due to any body
chemical composition and not to the shield (Eisner et al., 1967; Olmstead & Denno,
1993; Eisner & Eisner, 2000; Nogueira-de-Sa & Trigo, 2002; Miiller & Hilker, 2003;
Bottcher et al., 2009). Other hypothesis about role of shield is related to protection
against stress caused by abiotics factors. For example, Bacher & Luder (2005) tested,
under laboratory conditions whether the furcal shield protects larvae of Cassida
rubiginosa Muller from UVB radiation, but did not find effects on mortality when
compared larvae exposed with and without furcal shield. In general, the immature stages
of insects are more exposed to effects such as those of temperature, insolation and
humidity, because of low mobility (Heming, 1999; Miller & Hilker, 2003; Chaboo,
2011). To our knowledge, the thermoregulatory function of furcal shields in Cassidinae,
if any, was not explored until now.

In this study, we investigated the growth trajectories of exaggerated body parts

in Gratiana spadicea (Klug) (Chrysomelidae: Cassidinae) larvae, including scoli, furca
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and furcal shield. We also determined the existence of adaptive value for the furcal
shield, regarding predation and incidence of sunlight. First, we compared ontogenetic
growth pattern of such structures with other body parts not directly associated with
defense. Second, we quantify in a comparative way the effect of quantitative variation
of food offered on growth rates of these morphological structures. Third, we determined
and compared the corresponding allometric coefficients (ontogenetic allometry). And
finally, by manipulating the furcal shield composition we tested the corresponding
influence on mortality due to predation and on thermoregulation under natural

conditions.

Materials and methods
Insect and plants

Gratiana spadicea is a monophagous cassidine (sensu Bernays & Chapman,
1994) that feeds on Solanum sisymbriifolium Lam. (Solanaceae). This plant is
considered a weed in some regions of Brazil, occurring mainly on open grasslands and
growing expontanously on altered environments (Groth, 1989; Mentz & Oliveira,
2004).

Gratiana spadicea adults were field-collected from leaves of S. sisymbriifolium
plants in the vicinity areas of Porto Alegre city, and reared in transparent plastic pots
(11 cm x 11 cm x 3,2 cm) kept in a laboratory chamber (25 + 1 °C; L14:D10), at the
Departamento de Zoologia da Universidade Federal do Rio Grande do Sul (UFRGS),
Porto Alegre, RS, Brazil. Solanum sisymbriifolium leaves coming from plants grown
outdoors in flower pots were offered ad libitum, and replaced every two days. Leaves
were checked daily for the presence of oothecae, which were placed on Petri dishes

covered with moistened filter paper until larvae hatching. Additional plants (n = 100)
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used in the mortality experiment were grown from seedlings that were field-collected in
the same locality. They were transplanted to five flowerbeds (20 plants each),

containing enriched organic soil, and watered regularly.

Body party measurements

Linear measurements were performed on seven morphological structures of all
larval instars (n= 20 per instar) (Fig. 2). We considered an individual furca, the furca
growth in a given instar, and an apparent furca the set of one or more exuvia attached to
the furca every molt during larval development. Larvae were previously fixed with
Dietrich’s fluid, clarified in a 10% KOH solution, and slide-mounted in liquid glycerin.
The measures were performed with the aid of Leica® M125 stereomicroscope that was
equipped with an ocular micrometer. To obtain measures of body and shield area all
instars larvae were immobilized under - 20°C and photographed after 24h of molt.
Larvae were photographed with and without shield. We removed the shield carefully
under stereomicroscope with help of small moistened brush. Individuals were
photographed with a Sony® Cyber-shot DSC-H10 camera attached to a Leica® M125
stereomicroscope and measured by Axio Vision 40 V4.8.2.0 software. Data were tested
regarding normality and homoscedasticity through Kolmogorov-Smirnov and Bartlett
tests, respectively. To test the covering area of shield in relation do body, we calculated
the corresponding ratio. Then, all data were compared using a one-way ANOVA,

followed by Tukey’s multiple comparison tests.

Growth trajectories
Data on size of body parts, including scoli and furcal shield that were obtained

for all larval instars (I to V) were adjusted to an exponential equation (y = o e P).
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To verify growth relationship between body parts during ontogeny we used the
linear version of Huxley’s allometric equation: In (y) = In (a) + B (X), taking head
capsule as a covariate. To compare growth rates we used the log-transformed data; the
parallelism of slopes and homogeneity between intercepts were compared using one-

way ANCOVA (Sokal & Rohlf, 1996).

Effect of starvation

Insects used in these experiments were obtained from laboratory rearings and
individualized in plastic containers (11 cm x 11 cm X 3, 2 cm). The experiment
consisted in two treatments: 1) larvae fed ad libitum from hatching until fifth instar, and
2) larvae starved during third instar for 12h until molt to fifth instar, when again started
feeding ad libitum. After molting to fifth instar, they were fixed in Dietrich’s fluid.
Structures to be measured were previously clarified in KOH solution and the slide-
mounted in glycerin jelly. Measurements were performed as described above. Data were
tested similarly regarding normality and homoscedasticity, and compared between the

two treatments using unpaired t Student” tests.

Field mortality

The experiment was carried out in Viamdo Municipality (RS), in open field area
covered by herbaceous vegetation, mainly grasses and Asteraceae (Appendix S1) from
January to February in 2013. Experimental units (n = 100) were cultivated plants that
were transplanted to the field, at 1.5 m intervals. The experiment was replicated in five
occasions, always on sunny days with temperature greater than 25°C, and lasted form
two days. To verify the influence of the furcal shield on mortality, individuals were

randomly selected from laboratory rearings, forming pairs within instars and distributed
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between treatments as follows: 1) larvae with intact furcal shields and 2) with furcal
shields removed. Furcal shield were removed by gently using a small, soft brush. Larvae
from different treatments were placed on opposite leaves of each host plant (n=50 larvae
per treatment/occasion). Plants were checked after 24 hours, to determine number of
survivors and to remove eventual exuvia and/or faeces deposited on furca of those
belonging to treatment two (furcal shield removed). At the same time, larvae with intact
furcal shields had their abdomen gently touched with the brush mentioned above, in
order to provoke a perturbation similar to that made on larvae subjected to the other
treatment (Nogueira-de-Sa & Trigo, 2002). At the end of the experiment, the mortality
of larvae with and without shield were compared through Binomial proportion test
(Snedecor & Cochran, 1980).

To verify whether remotion of the shield influenced on larval mortality, we
conducted similarly an additional experiment, during two occasions (n = 30 individuals
per treatment per occasion). In this case, plants were covered with a fine mesh, plastic
protection and Tanglefoot® was applied at their steam base to prevented for attack by
natural enemies. On both occasions, mortality was null. Therefore, we assume that the
absence of larvae on experiments was due to predation, and not related to manipulation

of the furcal shield.

Body temperature

To evaluate the effect of the furcal shield on body temperature, we used fifth
instar larvae that were randomly distributed into two treatments: 1) larvae with furcal
shield and 2) larvae without furcal shield; different pairs were concomitantly exposed to
sunligth (average £ SE = 1082.68+1.815 lux) and shadow (53.94+6.461 lux) conditions,

on opposite apical leaves of S. sisymbriifolium (Appendix S2). Body temperatures were
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measured using a laser thermometer Raytek®, model MT4, straightly directed to dorsal
view of larval body and to the shield (n=25 larvae per treatment/light regime). For each
individual we took the temperature five times, and corresponding values been expressed
as means. The experiment was conducted on sunny days with temperature higher than
25°C.

Data were also tested regarding normality and homoscedasticity, as described
above. Body temperatures were compared by Mann-Witney U test, since they did adjust

to a normal curve. All analyses were conducted with alpha=0.05.

Results
Growth trajectories

The ontogenetic growth of the larval body parts of G. spadicea adjusted
significantly to an exponential curve (Fig. 3). The coefficient values indicated that head
capsule, mesothoracic legs, telescoped anus and furcal shield intervals increase similarly
as the larvae develop in comparison with other structures evaluated (Fig. 3a-c, i).
Otherwise, lateral scoli increased more than others, mainly when compared to third
mesothoracic and first abdominal scoli, which grew proportionally greater than eight
abdominal scolus (Fig. 3d-f). The individual furcae grew less then apparent furca (Fig.
3g,h). The body and shield area present exponential growth during ontogeny (Fig. 4a,b).
However, the ratio of covered area in relation to body area increased until third instar,
and decreased on last instars (Fig. 4c).

Among all structures evaluated, mesothoracic legs and eighth pair of abdominal
scoli present similar slopes, but the intercept is different, greater on eighth pair of
abdominal scoli (Table 1; Fig. 5a,d). The structures which present greater slopes are

third pair of mesothoracic scoli and first pair of abdominal scoli, with similar growth
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rate and different intercept (Fig. 5b,c; Table 1); and, also, they grow in greater rate than
eighth pair of abdominal scoli (Fig. 5b-d; Table 1). In other hand, the individual furcae,
the intervals are the only one to present negative allometry, with similar slopes (Fig.
5e,g; Table 1). Apparent furcae grows proportionally more than individual furcae and
intervals and presents a positive allometric coefficient (Fig. 5f). Apparent furcae has the
same slope as mesothoracic legs, eighth abdominal scoli and telescoped anus, but the

intercepts are different (Table 1).

Effect of starvation

The starvation during third larval instar changed significantly the length of body,
scoli and individual furcae of the fifth instar larvae. The starved larvae were smaller
than larvae fed ad libitum (Table 2). The head capsule width and legs length did not
differ between two treatments (Table 2). Also, developmental time from third until
fourth instar to starved larvae was significantly shorter then larvae fed ad libitum, but
not to total development time (from first to fourth instar), when there was no difference

(P<0.001 e P=0.251, respectively).

Field mortality
Overall, mortality rates under field conditions varied from 22 to 70%. It was
significantly greater for larvae without furcal shield compared to those with furcal

shield, in all occasions (Fig. 6a-e).

Body temperature
The furcal shield influenced body temperature and its own temperature, when

larvae under shadow and sunlight conditions are compared. The mean temperature of
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larval body without furcal shield under sunlight was greater than on larvae with shield
(average +SE = 34.38+0.93 and 32.99+0.76, respectively) (Fig. 7a). However, under
shadow conditions, body temperature was similar to larvae with and without shield
(30.25+0.85; 30.58+0.71, respectively) (Fig. 7c). The shield temperature for larvae
under sunlight was greater than that for larvae under shadow conditions (34.26+0.69

and 30.40£0.72, respectively) (Fig. 7b).

Discussion

As it has been known for several insect species, G. spadicea larvae grow
exponentially throughout the larval instars (Dyar, 1890; Daly, 1985; Heming, 1999).
However, we found herein first a greater growth on scoli and apparent furca when
compared to other body parts (with rates more stable), and second, that such a pattern is
related to protection offered by such structures to larvae when under both high
temperatures and predation risk.

Such evidences came from different allometric relationships found among body
parts, mainly in relation to scoli, individual and apparent furcae. There was a greater
investment on growth rate of anterior scoli, probably to maximize the protected area and
reduce the predation, since the shield does not cover the body anterior portion. The
opposite occurred on the caudal pair of scoli which grew proportionally less. We thus
associated it to the fact this body region does not need more such kind of protection,
since it has full protection of the furcal shield. One example of pressure over growth
expression of body parts was provided by Arngvist & Johansson (1998), who verified a
greater growth rate on abdominal spines of Leucorrhinia dubia (Vander Linden)
(Odonata: Libellulidae) larvae, when exposed to predators. Accumulation of exuviae on

the furca, resulting in what we called here apparent furca, provides a greater area,
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suitable to anchoring faeces, thus requiring less investment on growth of individual
furca during ontogeny; for this structure, in fact, growth was negatively allometric. In
other words, we infer that the energy saving regarding somatic construction of the furca
is related to recycling of developmental wastes (exuvia + faeces).

Similar growth rates were found for the corporal area and that of the furcal
shield, during early ontogeny. The correspondent decrease in such ratio later in
ontogeny is explained by the fact that the furcal shield surface grows at lower rate.
Although not measured, we suspect that specially in the last instars, when feeding rates
are the greatest (Medeiros & Moreira, 2003), faeces exceed the space available on furcal
shield surface, and are then deposited in layers. This should not invalidate the
importance of such structure as an effective defense mechanism, since early instar of
insects are in general more vulnerable, especially those of G. spadicea (Medeiros &
Moreira, 2005).

There was a strong correspondence (isometry) between growth rates of the
telescoped anus and the apparent furca. This was expected, since there is a functional
correlation between such structures; they have to have similar length, since the former is
used to deposit faeces on the latter.

Results have also showed clearly that amount of ingested food affects body parts
of G. spadicea differently in terms of growth rates. A corresponding decrease in length
achieved by scoli and individual furca indirectly demonstrated first that there is an
energetic cost to produce such structures. Second, that they have lower priority in terms
of somatic investiment compared to other body parts, such as the head capsule and legs.
These structures, however, have fundamental functions associated to them, as for
example feeding, cognition and locomotion, among others. In insects, the size of a given

body structure depends on the prevailing conditions, and in fact is related to



301

302

303

304

305

306

307

308

309

310

311

312

313

314

315

316

317

318

319

320

321

322

323

324

325

32

development of others structures essentials to life maintenance (e.g. antennae, eyes and
wings) (Heming, 1999). On the other hand, selection can not occur independently in
relation to all traits, because they might be linked through ontogenetic development.
The nutritional factor acts as an important selective pressure on growth of body parts, as
demonstrated with horns of males in Onthophagus acuminatus Har. (Coleoptera:
Scarabaeidae), head capsule in larvae of Agabus disintegratus (Crotch) (Coleoptera:
Dytiscidae) and mouth parts of Pseudaletia unipuncta (Haworth) (Lepidoptera:
Noctuidae), among others (Bernays, 1986; Emlen, 1997; Nijhout & Emlen, 1998;
Brannen et al. 2005; Tobler & Nijhout, 2010). Cotton et al. (2004) demonstrated that a
quantitative variation of food available to Cyrtodiopsis dalmanni (Wiedemann)
(Diptera: Diopsidae) influences the growth rate of head ornaments in the larval stage
and body size of adults. Males of O. acuminatus Harold (Coleoptera: Scarabaeidae)
change their growth pattern in response to variation in nutritional quality during larval
development. Such a nutritional effects alters the ratio between horn length and body
size, traits that in turn are important in sexual selection (Emlen, 1997). In this study, on
the other hand, we demonstrated that variation in feeding leads to different allocation of
resources among G. spadicea other body parts, which are subjected to natural selection.
The size of a given organism generally has important implications regarding
interaction with others (e.g., predators, competitors) and also the environment. Thus,
allometric patterns may have consequences in terms of evolution of adaptations (Dial et
al., 2008). In the present study, we showed the existence of adaptive value associated to
the furcal shield in G. spadicea, regarding influence of both biotic and abiotic mortality
factors. Our results support the hypothesis that the furcal shield acts as a barrier against
natural enemies (Eisner et al., 1967; Olmstead & Denno, 1993; Muller & Hilker, 1999;

Eisner & Eisner 2000; Miller, 2002; Muller & Hilker, 2003; Nogueira-de-Sa & Trigo,
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2005). In addition, that it reduces the larval exposure to the sun radiation, working like
an umbrella. This should be important, in terms of thermoregulation of body
temperature and dehydration avoidance, since S. sisymbriifolium plants are commonly
found in sunny areas and larvae stay directly exposed to sunlight on the adaxial surface
of leaves (Becker & Freire, 1996).

There are a variety of adaptive behavioral mechanisms that allow effect response
from organisms to variation abiotic factors, as for example the construction of shelter,
avoiding stress caused by environmental intense heat and/or radiation (May, 1979;
Heinrich, 1993). For example, larvae of Cicindela willistoni LeConte (Coleoptera:
Carabidae) that are typical of environments where high temperature prevail, build
vertical turrets in the soil where temperature are lower inside than outside, this behavior
allows them to thermoregulate and keep an active predation throughout the day (Knisley
& Pearson, 1981). As far as we are concerned, however, the case of G. spadicea is the
first one reported in insects, where body parts are directly used in such way. But it is not
only insects that have thermoregulatory behaviors associated to body parts. For
example, the cape ground squirrel of the desert Xerus inauris (Zimmermann) (Rodentia:
Sciuridae) uses its own tail by curving it anteriorly over the body as a parasol, to protect
from the sunlight (Bennett et al., 1984).

In summary, we provided information in this study in the sense that, by using
wasted exuvia and faeces that are deposited on a caudal process (hamed furca) forming
a furca shield, larvae of G. spadicea may attenuate stress related to sunlight and
improve survivorship. This is achieved by positive allometric growth of the furca, which
is also the case of scoli not located under the protection of the furcal shield.

Development of such exaggerated structures have energetic costs, since they have
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reduced sizes in case of starvation. In this case, development of other body parts that are
essential to life maintenance is favored.

Future studies should approach the efficiency of the furcal shield for different
groups of predators, as well as verify whether the corresponding sources of protection
are physical and/or chemical. Additional studies should be carried out to test for
changes in behavior in this systems, such as the larval movement among different plant
parts (e.g. from adaxial to abaxial leaf surfaces) under variation in light intensity, taking
into account the presence or absence of the faecal shield. Also, we suggest to evaluate
the existence of phylogenetic allometry regarding such body parts in others species of

Cassidinae including those having different patterns to build their faecal shield.
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SUPPORTING INFORMATION

Additional Supporting Information may be found in the online version of this article at
the publisher’s web-site:

Appendix S1. Field experimental area (900 m?) located in Viamao municipality, state of
Rio Grande do Sul, Brazil, where experiments on mortality were conducted.

Appendix S2. Thermoregulation experiment set located in Viamdo municipality, state of
Rio Grande do Sul, Brazil, showing how sunlight (a) and shadow (b) regimes were

simulated.
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562  Table 1. Comparison of allometric parameters among body parts of Gratiana spadicea

563 larvae throughout ontogeny (one-way ANCOVA, alpha=0.05).

564
. . . . B o
Dimension x Dimension E P E P
Legs mesothoracics
Scoli
3rd pair mesothoracic ~ 258.358 <0.001 - -
1st pair abdominal 226.278 <0.001 - -
8th pair abdominal 0.435 0.510 221.868 <0.001
Furcae
individual 48.955 <0.001 - -
apparent 0.019 0.891 6238.910 <0.001
intervals 22.657 <0.001 - -
Telescoped anus 3.422 0.066 282.731 <0.001
3rd pair mesothoracic scoli
Scoli
1st pair abdominal 0.005 0.945 104.611 <0.001
8th pair abdominal 197.269 <0.001 - -
Furcae
individual 359.116 <0.001 - -
apparent 141.777 <0.001 - -
intervals 202.076 <0.001 - -
Telescoped anus 165.729 <0.001 - -
1st pair abdominal scoli
Scoli
8th pair abdominal 176.314 <0.001 - -
Furcae
individual 327.908 <0.001 - -
apparent 126.139 <0.001 - -
intervals 184.862 <0.001 - -
Telescoped anus 148.435 <0.001 - -
8th pair abdominal scoli
Furcae
individual 47.048 <0.001 - -
apparent 0.352 0.554 3211.150 <0.001
intervals 22.381 <0.001 - -
Telescoped anus 1.139 0.287 4567 0.034
Individual furcae
Furcae
apparent 25.375 <0.001 - -
intervals 0.293 0.588 781.963 <0.001
Telescoped anus 59.299 <0.001 - -
Apparent furcae
Furcae
intervals 12.779 <0.001 - -
Telescoped anus 2.104 0.149 2815.470 <0.001
Intervals
Telescoped anus 29.120 <0.001 - -
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Table 2. Effect of deprivation of food on fifth instar larvae of Gratiana spadicea (t

Student’ tests; alpha=0.05) regarding size of body parts

Dimension (mm)

Treatment (mean+SE)

ad libitum  deprivation P
value
Body length 5.238+0.142 4.659+0.221 2.200 0.036
Head capsule width 1.031+0.009 1.005+0.009 1.955 0.060
Leg length
prothoracic 1.026+1.016 0.983+0.015 1.906 0.066
mesothoracic 1.046+0.015 1.001+0.021 1.692 0.101
metathoracic 1.071+0.013 1.042+0.016 1.345 0.189
Scolus length
3rd pair mesothoracic  1.831+0.030 1.565+0.040 5.263 <0.001
1st pair abdominal 1.501+0.023 1.322+0.025 5.153 <0.001
8th pair abdominal 1.859+0.042 1.485+0.057 5.225 <0.001
Individual furcae length  2.789+0.113 2.418+0.128 2.171 0.038
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Legend of figures:
Fig. 1. Gratiana spadicea fifth larval instar, under dorsal view. Larva with complete
furcal shield (faeces and exuviae) (a), without furcal shield (showing only the furca),

and (b) a furcal shield with faeces removed (c). Bars= 1 mm

Fig. 2. Schematic representation of a Gratiana spadicea larva, under dorsal (a) and
ventral (c) views, and apparent furca in detail (b). Bars represent length measurements
as follows: third pair of mesothoracic scoli, A; first pair of abdominal scoli, B; eighth
pair of abdominal scoli,C; individual furca, D; interval between furcae, E; apparent

furca, F; head capsule width, G; mesothoracic legs, H; telescoped anus length, I.

Fig. 3. Growth trajectories (median and corresponding quartiles) of body parts of
Gratiana spadicea during larval development. Head capsule (a), mesothoracic legs (b),
telescoped anus (c), third pair of mesothoracic scoli (d), first pair of abdominal scoli (e),
eighth pair of abdominal scoli (f), individual furca (g), apparent furca (h) and

corresponding intervals (i) (P<0.0001; n=20 per instar).

Fig. 4. Growth trajectories of body area (a), shield area (b) and corresponding ratio
during Gratiana spadicea larval development. Different letters indicate statistical
significance between instars (n=20 per instar; one-way ANOVA, followed by Tukey’s

multiple comparison tests, o= 0.05).
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Fig. 5. Allometric relationships between body parts of Gratiana spadicea larvae during
ontogeny (n=20 per instar). Mesothoracic legs (a), third pair of mesothoracic scoli (b),
first pair of abdominal scoli (c), eighth pair of abdominal scoli (d), individual furca (e),
apparent furca (f), and corresponding intervals (g), and telescoped anus (h). The dotted
line represents isometry. In schematic representation located in the right bottom of each

graph are shown larvae with corresponding measurement.

Fig. 6. Effect of faecal shield on mortality of Gratiana spadicea larvae in five occasions
(January- February in 2013); n=50 per instar/ treatment/ occasion) in Viamé&o
municipality, state of Rio Grande do Sul, Brazil. Asterisk indicates statistical

significance between bars in each occasion (Binomial proportion test, a= 0.05).

Fig. 7. Effect of faecal shield on body temperature (median and corresponding quartiles)
in fifth-instar Gratiana spadicea larvae under sunlight (a) and shadow (c), and variation
of temperature on the shield (b). Asterisk indicates statistical significance between

treatments (n= 25 per instar/ treatment/ light regime; Mann-Whitney U test, a= 0.05).
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CAPITULO 111

CONSIDERACOES FINAIS

As estruturas corporais das larvas de Gratiana spadicea (Klug) (Coleoptera:
Chrysomelidae) aqui avaliadas apresentaram crescimento exponencial ao longo da
ontogénese. Houve um crescimento significativamente mais pronunciado do terceiro par
de escolos mesotoracicos, primeiro par de escolos abdominais e furca aparente, quando
comparados com as demais estruturas corporais. A area do corpo e do escudo cresceu
exponencialmente ao longo dos instares, sendo que nos trés primeiros instares verificou-
se maior cobertura do escudo em relagdo ao corpo.

As relacOes de crescimento entre as estruturas corporais ao longo da ontogénese
apresentaram distintos padres alométricos. Os escolos e a furca aparente apresentaram
alometria positiva, enquanto que a furca individual alometria negativa. Sobre essas
relacdes de crescimento pode-se inferir que ha um investimento maior no crescimento
dos escolos anteriores, provavelmente, para maximizar a area de protecdo dessa regido
corporal a qual é parcialmente coberta pelo escudo. Por outro lado, o menor
investimento na furca individual deve-se, provavelmente, pelo comportamento de
acumular exuvias (furca aparente), o que maximiza seu tamanho real e proporciona
maior &rea de apoio para o escudo.

Verificamos que a privacdo quantitativa da dieta influenciou no tamanho dos
escolos e da furca individual, os quais apresentaram-se proporcionalmente menores, 0
que deve estar associado a manutencdo do tamanho da capsula cefalica e pernas,
sugerindo que ambos estdo envolvidos em uma alocacdo diferenciada de recursos

favorecida por selecdo natural.
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Ainda, observamos que a presenca do escudo é importante para a sobrevivéncia
das larvas em condicdes naturais, representando uma barreira contra alguns inimigos
naturais, uma vez que na sua auséncia a mortalidade é alta. Além disso, fisicamente o
escudo reduz a exposicdo das larvas ao sol, como um tipo de parasol, apresentando
papel importante na regulacdo da temperatura corporal, uma vez que larvas com escudo
apresentam temperatura de corpo menor quando comparadas com larvas sem escudo.

Em suma, o escudo e o aparato morfoldgico necessario para sua construcdo e
manutencdo representam estruturas morfoldgicas exageradas altamente especializadas
em G. spadicea, cujo desenvolvimento envolve o crescimento alométrico e investimento
energético diferenciado (alometria positiva) dentre elas ao longo da ontogénese. Em
relacdo a furca, ha um beneficio indireto pelo acimulo de ecdises e fezes, aonde o
crescimento, ao contrario, é proporcionalmente menor (alometria negativa); isto,
indiretamente, implica na economia de recursos na construcdo desta estrutura ao longo
da ontogénese. Confirmamos que o valor adaptativo atribuido ao escudo esta
relacionado a protecdo contra predadores e, de forma inédita, demonstramos que essa
estrutura proporciona também uma diminuicdo da exposicdo corporal das larvas a

radiacdo solar.
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CAPITULO 111

ANEXQOS

1) Normas para publicacdo na Journal of Evolutionary Biology
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to the journal's goals is deemed to be marginal or if it seems unlikely that they would
fare well in the review process. Due to increasing number of submissions, these
immediate rejections are becoming more frequent.

Manuscripts for the Journal of Evolutionary Biology are submitted online through
ScholarOne athttp://mc.manuscriptcentral.com/jeb. Submission online enables the
quickest possible review and online manuscript tracking. Manuscripts can be uploaded
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as a Word (.doc, .docx), Rich Text Format (.rtf) or LaTex document. LATEX
SUBMISSIONS: Author must also (1) upload a PDF file of the entire manuscript for the
reviewers, and (2) compress your LaTex files into a zip or tar file before uploading and
select 'Not for review' when uploading the zip/tar file. Full upload instructions and
support are available online from the submission site via the 'Get Help Now' button.
You can also email for online Submission support.

All submitted manuscripts must be accompanied by a covering letter stating that the
enclosed work is not under consideration for publication in another journal or book; that
its submission for publication has been approved by all relevant authors and institutions;
and that all persons entitled to authorship have been so named. Submitting authors
should also assert that all authors have seen and agreed to the submitted version of the
manuscript. The covering letter should give the word count of the full text, excluding
abstract, references, tables and figure legends. Authors should always complete the
preferred reviewers section when submitting manuscripts. Please identify up to four
members of the Editorial Board as potential reviewers. You are welcome to specify non-
Board reviewers as well, particularly if they are specialists in your subject area.

In order to expedite production, authors are required to submit their revised manuscripts
online. It is in the interests both of the authors and of the journal that amended
manuscripts are returned promptly. A revised paper will retain its original date of
receipt only if it is received within 8 weeks of the date of return to the author. Revised
papers submitted after this interval will be treated as a new submission. When
resubmitting your manuscript please ensure you upload your response letter with your
other files, so it will form part of the PDF. All final decisions will rest with the Editorial
Office and authors will receive decision letters from the Editorial Office.

Artwork will be produced from electronic files if at all possible (see below). On request,
authors should provide two sets of the original figures.

Online production tracking is now available for your article through Author
Services. This enables authors to track their article - once it has been accepted -
through the production process to publication online and in print. Authors can check the
status of their articles online and choose to receive automated e-mails at key stages of
production so they do not need to contact the production editor to check on progress.
Visit http://authorservices.wiley.com/bauthor/ for more details on online production
tracking and for a wealth of resources including FAQs and tips on article preparation,
submission and more.

Referrals to the Open Access Journal ""Ecology and Evolution™

This journal works together with Wiley’s Open Access Journal, Ecology and Evolution,
to enable rapid publication of good quality research that is unable to be accepted for
publication by our journal. Authors will be offered the option of having the paper, along
with any related reviews, automatically transferred for consideration by the Editor of
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Ecology and Evolution. Authors will not need to reformat or rewrite their manuscript at
this stage, and publication decisions will be made a short time after the transfer takes
place. The Editor of Ecology and Evolution will accept submissions that report well-
conducted research which reaches the standard acceptable for publication. Accepted
papers can be published rapidly: typically within 15 days of acceptance. Ecology and
Evolution is a Wiley Open Access journal and article publication fees apply. For more
information please go to www.ecolevol.org/info.

Presentation of manuscripts

Manuscripts should be written in clear, concise, and grammatically correct English;
manuscripts that are inadequately prepared will be returned to the authors. Manuscripts
submitted by non-native English speakers must be thoroughly corrected by a native
English speaker prior to submission. Manuscripts should be typewritten in double-
spacing on one side of 297 mm x 210 mm (Il inch x 8.5 inch) white paper, with 2.5 cm
(1 inch) margins on all sides. All pages should be numbered consecutively, and line
numbers should be printed on each page to facilitate ease of reference for reviewers.

Length of the manuscripts: Manuscripts should not typically exceed 10 printed pages
(including figures and tables). In general, allow 900 words per printed page and subtract
160 words for each figure and table.

Title page: The title page should contain the article title, full name(s) of author(s),
affiliation(s), a short running title (abbreviated form of title) less than 45 characters
including spaces, and the name and complete mailing address, including telephone and
fax numbers and e-mail address of the person to whom correspondence should be
sent.

Abstract page: The abstract page should contain a short summary not exceeding 250
words and include at least 4 and up to 10 keywords.

Main text

The organization of the main text should be chosen to fit the work reported. All papers
should begin with an introduction that describes why the work is important and end with
a discussion of the significance of the results and their relation to other work. The
following format IS recommended for empirical studies:
(1) Introduction. The introduction should summarise briefly the background and aims,
and end with a very brief statement of what has been achieved by the work.
(2) Materials and methods. This section should contain sufficient detail so that all
procedures can be repeated (in conjunction with cited references).
(3) Results. The Results section should present the experiments that support the
conclusions to be drawn later in the Discussion. The Results Section should conform to
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a high standard of rigour. Extended lines of inference, arguments or speculations should
not he placed in the Results.

(4) Discussion. The Discussion section should he separate from the Results section. It
allows authors to propose their interpretation of the results, and to suggest what they
might mean in a wider context. It should end with a clear statement of the main
conclusions of the research, and a clear explanation of their importance and relevance.
(5) Acknowledgments. The acknowledgments (e.g. of financial support) should be brief.
(6) References. Citation to papers by up to two authors in the text should be in full, e.g.
(Able & Charles, 1986). If the number of authors exceeds two, the first author plus et
al. should be used (e.g. Frank et al., 1986). When different groups of authors with the
same first author and date occur, they should be cited by using a,b,c, etc. after the date
(e.g., James et al., 1986a,b). References should be listed in chronological order in the
text, e.g. (Lowe et al., 1986; Able et al., 1997). At the end of the paper, references
should be listed in alphabetical order. Names and initials of authors (up to six), year of
publication, the full titles of papers, chapters and books, the abbreviated titles of
journals (manuscripts with full journal titles will be returned to the author for revision),
volumes and inclusive pagination should he provided. Do not include the doi (digital
object identifier) if the journal article is already published within an issue, instead
simply state the volume and page range. Do not include the total number of pages of
single volume works (e.g. entire books or reports). Multi-authored works should list the
first six authors followed by et al.Examples of reference style are given below:

Briggs, C.W. 2012. Plumage polymorphism and fitness in Swainson's hawks. J. Evol.
Biol., in press.

Lynch, M. 1989. The gauge of speciation: on the frequencies of modes of speciation.
In:Speciation and its Consequences (D. Otte & J.E. Endler, eds), pp. 527-553. Sinauer
Associates, Sunderland, Massachusetts.

Ridley, M. 1996. Evolution, 2nd edn. Blackwell Science, Oxford.

Simon, C. 1992. Molecular systematics. In: Proceedings of First International
Symposium on Molecular Techniques in Taxonomy (J.C. Avise, ed.), pp. 23-34. Denton,
Texas, 4-6 November 1992. Springer, Berlin.

Smith, D.R., Crespi, B.J. & Bookstein, F.L. 1997. Fluctuating asymmetry in the honey
bee, Apis mellifera: effects of ploidy and hybridization. J. Evol. Biol. 10: 551-574.

Werren, J.H., Richards, S., Desjardins, C.A., Niehuis, O., Gadau, J., Colbourne, J.K. et
al. 2010. Functional and evolutionary insights from the genomes of three
parasitoid Nasonia species.Science 327: 343-348.
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Wiens, J.J., Sparreboom, M. & Arntzen, JW. 2011. Crest evolution in newts:
implications for reconstruction methods, sexual selection, phenotypic plasticity and the
origin of novelties. J. Evol. Biol., doi: 10.1111/j.1420-9101.2011.02340.x.

References to a paper 'in press' are permissible provided that it has been accepted for
publication (documentary evidence of acceptance must be provided). A reference to
‘unpublished work' is rarely permissible and only with consent of the editor; it should be
available from the cited authors on request, and the names of all persons involved
should be cited (forename initial(s) followed by surname) in parentheses as 'unpublished
data’; any person cited as the source of a '‘personal communication' must have approved
the reference; both of these types of citation are permitted in the text only, not in the list
of references. The use of 'in preparation’ or 'submitted for publication' is not permitted.

References to material available on the World Wide Web can be given, but only if the
information is available on an official site and without charge to readers. Authors may
provide electronic copies of the cited material for inclusion on the Journal of
Evolutionary Biology Homepage at the discretion of the Editors. The format for
citations is as follows:

Beckleheimer, J. 1994. How do you cite URLs in a bibliography?
Seehttp://www.nrlsscnavy.mil/bibliography.html

An EndNote style file is available (Click here). Right-click on the link and select 'save
target as'. Navigate to your EndNote styles folder and save.

We have endeavoured to make this style file as comprehensive as possible, but complex
or unusual reference types and variations in reference data quality in EndNote may
result in missing information or formatting problems. If you have any comments or
suggestions for improvement, please contact the journal Production Editor
at: jeb@wiley.com

Specifications

Tables

Tables should he cited consecutively in the text and numbered with Arabic numerals
(Table 1, Table 2, etc.). Each table should be titled and typed double-spaced on a
separate sheet. Units must be clearly indicated for each of the entries in the table.
Footnotes to tables should be identified by the symbols *, §, i, §, § (in that order) and
placed at the bottom of the table. No wvertical rules should be used.

Figures

Figures should be cited consecutively in the text (e.g. Fig. 1, Fig. 2, etc.) and should be
grouped together at the end of the paper or in a separate file(s). Legends should be
grouped at the end of the paper. Line figures and combination figures should preferably
be submitted in vector graphics format (e.g. either embedded as vector graphics in a
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Word document or saved separately in PDF or EPS format). If this is not possible, they
should be saved separately as pixel-based graphics at 600 d.p.i. at the required print
size, and they should be saved in tif (not jpg) format or embedded as such in Word.
Note that vector graphics is the preferred format for line and combination figures
because figure quality can then be maximized in the online PDF publication.
Photographic figures should be saved at 300 d.p.i. in tif format, or jpg format with low
compression. Figures should be drawn/submitted at their smallest practicable size to fit
a single column (max. width 80 mm), two-thirds page width (max. width 110 mm), or a
double column (max. width 166 mm). Over-sized figures will be reduced by the
Production Editor. If figures are drawn larger than reproduction size, component parts
such as symbols and text must be large enough to allow for the necessary reduction. For
full instructions on preparing your figures, see our Electronic Artwork Information for
Authors page. See section 'Publication (colour) charges', below, for information on
colour costs.

Scientific names

Provide the Latin names of each species in full, together with the authority for its name,
at first mention in the main text. If there are many species, cite a flora or checklist that
may be consulted for authorities instead of listing them in the text. Do not give
authorities for species cited from published references. Give priority to scientific names
in the text (with colloquial names in  parentheses if desired).

Units and symbols

Authors are requested to use the International System of Units (S, Systme International
d'UnitZs) where possible for all measurements (see Quantities, Units and Symbols, 2nd
edn., 1975, The Royal Society, London). Note that mathematical expressions should
contain symbols, not abbreviations. If the paper contains many symbols, it is
recommended that they should be defined as early in the text as possible, or within a
subsection of the Materials and Methods section. In-line equations should be typed as
text. The use of graphics programs and 'equation editors' should be avoided. Displayed
equations will normally be re-keyed by the typesetter.

Web materials

Supporting Information can be published online at the Editors' discretion. This may
include information on, for example, sampling locations, data underlying analyses or
figures, additional analyses not presented in the manuscript, or relevant multimedia files
(e.g. mating song audio clips). Supporting Information must be formatted and supplied
by the author in a ready-to-publish form (wide line spacing and line numbering is
therefore not required). Please label Supporting Information S1, S2, S3, etc., for
example Appendix S1, Appendix S2, Figure S1, Movie S1. Please compose the
Supporting Information section at the end of your article using shortened titles of the
Supporting Information if the full titles are long (more than a short sentence). Full titles
should be supplied with the Supporting Information itself and will be published online.
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Further guidelines for authors are available
at: http://authorservices.wiley.com/bauthor/suppinfo.asp.

Statistical results

In-line statistical results should be presented as the test-statistic followed by degrees of
freedom as subscript(s) to the test-statistic (e.g. F11, = 1.74, P <=0.001. Depending on
the details of the analyses, results reported may include parameter estimates, test-
statistics, degrees of freedom significance levels and error/residual model information
(e.g. error MS and d.f. in ANOVA or regression models). Since exact P-values can be
useful for meta-analyses, we recommend that these are quoted even when non-
significant, e.g.t,3= 0.25, P = 0.34. However, non-significant tests (i.e. P> 0.05)
should always be interpreted as such.

Cover image

Authors who have their paper accepted for publication are encouraged to submit a
photograph(s) illustrating their work (please do not submit photographs until your paper
has been accepted). These should be of publishable quality, both in terms of content and
image quality. They should be up to 300 d.p.i. when sized to about 15 cm height (max.)
by 21.2 cm width (fixed), and if saved in jpg format a low compression setting should
be used. Please crop image to these stated dimensions if possible. Resolutions below
about 200 d.p.i. will generally not be of high enough quality for publication.

Images should be uploaded to the journal ftp site which can be accessed through your
web browser (ftp://oxf-jeb:57ifgh@obp-ftp.oxon.blackwellpublishing.com) or using ftp
software (ftp://@obp-ftp.oxon.blackwellpublishing.com, username: oxf-jeb, password:
57ifgh). Files should be clearly labelled and include the manuscript number (e.g. JEB-
2007-00381-photol.jpg), and must be uploaded to the subfolder ‘JEB/Cover photos’.
After successful upload, authors should e-mail jeb@wiley.com. A brief caption (20 to
40 words) can be uploaded at the same time, or sent by e-mail. This should include a
photo credit. If photographs are not the author’s, permission for use must have been
obtained prior to submission. The photographer of the cover image that is chosen will
be required to sign a release form.

Colour charges

Except for authors of Review Articles, there is a charge for printed colour figures, as set
out in the Colour Work Agreement Form. If your figure would benefit from colour (and
if it is not essential for scientific interpretation), and if you have no funds to cover
colour printing costs, the journal offers free colour publication online (with black-and-
white publication in print), known as Colour on the Web. Note that if you require
this, interpretation of your figure must be possible even when printed in black and
white (for the print edition of the journal), otherwise a separate black-and-white version
of the figure must also be prepared. If you require Colour on the Web, you should write
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a single figure legend to accommodate both versions of the figure, and indicate the
colour requirements on the Colour Work Agreement Form. As this form is a
prerequisite for publication, it should be completed and returned in all instances where
authors require colour in their main article (it is not required for colour figures that form
part of any online Supporting Information). Once completed, please return by post to
the address on page 2 of the form (fax or scan is not acceptable).

Author material archive policy

Please note that unless specifically requested, Wiley-Blackwell will dispose of all
hardcopy or electronic material submitted two months after publication. If you require
the return of any material submitted, please inform the editorial office or production
editor as soon as possible if you have not yet done so.

Proofs

Authors will be sent an e-mail alerting them that their PDF proof is available for
download. Your proofs should be marked-up electronically using Acrobat’s PDF
annotation tools. Instructions on using the annotation tools are given at the end of the
proof. Please return your corrected proofs within 3 working days of receipt. If you
registered with Author Services when you submitted your paper you will receive an e-
mail within 48-hours to confirm that your proof corrections have been received.

Offprints

Free access to the final PDF offprint or your article will be available via Author
Services only. Please therefore sign up for Author Services when your paper is accepted
if you would like to access your article PDF offprint and enjoy the many other benefits
that Author Service offers (see above). Paper offprints may also be purchased and
should be ordered when you return your proof corrections by following the instructions
supplied at the time.

Early View

The Journal of Evolutionary Biology is covered by Wiley-Blackwell's Early View
service. Early View articles are complete full-text articles published online in advance
of the publication in a printed issue. Articles are therefore available as soon as they are
ready, rather than having to wait for the next scheduled print issue. Early View articles
are complete and final. They have been fully reviewed, revised and edited for
publication, and the authors' final corrections have been incorporated. Because they are
in final form, no changes can be made after online publication. The nature of Early
View articles means that they do not yet have volume, issue or page numbers, so Early
View articles cannot be cited in the traditional way. They are therefore given a Digital
Object Identifier (DOI), which allows the article to be cited and tracked before it is
allocated to an issue. After print publication, the DOI remains valid and can continue to
be used to cite and access the article.
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Exclusive Licence

Authors will be required to sign an exclusive licence form (ELF) for all papers accepted
for publication. Signature of the ELF is a condition of publication and papers will not be
passed to the publisher for production unless a signed form has been received. Please
note that signature of the exclusive licence form does not affect ownership of copyright
in the material. (Government employees need to complete the author warranty sections,
although copyright in such cases does not need to be assigned.) After submission
authors will retain the right to publish their paper in various media/circumstances
(please see the form for further details). To assist authors an appropriate form will be
supplied by the editorial office. Alternatively, authors may like to download a copy of
the form here

Online Open

OnlineOpen is available to authors of primary research articles who wish to make their
article available to non-subscribers on publication, or whose funding agency requires
grantees to archive the final version of their article. With OnlineOpen, the author, the
author's funding agency, or the author's institution pays a fee to ensure that the article is
made available to non-subscribers upon publication via Wiley Online Library, as well as
deposited in the funding agency's preferred archive. The charge for OnlineOpen
publication is $3,000 (discounted to $1,500 for papers where the first or corresponding
author is a current member of the European Society for Evolutionary
Biology, www.eseb.org). For the full list of terms and conditions,
seehttp://wileyonlinelibrary.com/onlineopen#OnlineOpen_Terms

Any authors wishing to publish their paper OnlineOpen will be required to complete the
payment form available on our website at:

https://authorservices.wiley.com/bauthor/onlineopen_order.asp

Prior to acceptance there is no requirement to inform an Editorial Office that you intend
to publish your paper OnlineOpen if you do not wish to. All OnlineOpen articles are
treated in the same way as any other article. They go through the journal's standard
peer-review process and will be accepted or rejected based on their own merit.

Free access in the Developing World

Free online access to this journal is available within institutions in the developing world
through the HINARI initiative with the World Health Organization (WHO), the
AGORA initiative with the Food and Agriculture Organization of the United Nations
(FAO) and the OARE Initiative (Online Access to Research in the Environment) with
the United Nations Environment Programme (UNEP).

Data sharing
The Journal of Evolutionary Biology requires, as a condition for publication, that data
supporting the results in the paper should be archived in an appropriate public archive,
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such as GenBank, TreeBASE, Dryad, the Knowledge Network for Biocomplexity or
other suitable long-term and stable public repositories. Data are important products of
the scientific enterprise, and they should be preserved and usable for decades in the
future. Authors may elect to have the data publicly available at time of publication, or, if
the technology of the archive allows, may opt to embargo access to the data for a period
up to a year after publication. Longer embargoes or exceptions to depositing data may
be granted at the discretion of the Editor-in-Chief, especially for sensitive information
such as human subject data or the location of endangered species. All accepted papers
should provide accession numbers or DOI for data underlying the work that have been
deposited, so that these can appear in the final accepted article.



