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RESUMO

A diapausa é um tipo de dorméncia encontrada em insetos, que é causada por uma alteracao
na programacao genética, em resposta a estimulos ambientais, que pausa ou retarda o
desenvolvimento. Os mecanismos ambientais que podem estimular esse processo sao o fotoperiodo,
a temperatura e a umidade, sendo o primeiro mais comum. Ainda existem dois tipos de basicos de
diapausa: a obrigatéria e a facultativa. Espécies de insetos que habitam zonas de campo sao
particularmente expostas a condi¢des extremas de sazonalidade, e para superar essas condicfes a
maioria das borboletas entra em dipausa pupal. Euryades corethrus é uma das espécies que se
utiliza desse processo para evitar condi¢des climéaticas adversas. O presente estudo se propfe a
avaliar os efeitos de variaveis abidticas na indugdo e na quebra da diapausa pupal em E. corethrus.
Para isso, imaturos dessa espécie foram submetidos a trés diferentes experimentos, cada qual
controlando uma das possiveis varidveis envolvidas na ativacdo da diapausa. No experimento de
fotoperiodo, os individuos foram expostos a quarto tratamentos com diferentes duracfes de luz e
escuro (LD): 10:14, 12:12, 14:10 e 16:08. No experimento de temperatura, foram desenhados cinco
tratamentos com médias de temperaturas distintas: 15°C, 20°C, 25°C, 30°C e 35°C., No
experimento de umidade, foram estabelecidos trés tratamentos com diferentes umidades relativas
(RH): <20%, 40-80% e >90%. Para avaliar se a supressdo de algum fator abiético particular poderia
desencadear o término da diapausa, metade das pupas em diapausa oriundas de cada um dos trés
experimentos foi submetida a condi¢cbes que removessem o fator que desencadeou O processo,
expondo as pupas dormentes a condi¢cbes mais amenas. Os resultados sugerem que a diapausa é
principamente induzida por fotoperiodo, mais precisamente por fotofases curtas. Em relacdo aos
experimentos de temperatura, os tratamentos de 15°C e 35°C causaram 100% de mortalidade, isso
provavelmente porque eles utrapassam o limiar fisioldgico da espécie, enquanto 30% dos
individuos expostos a 30°C entraram em dipausa. Todos 0s outros tratamentos, dos trés fatores,
mostraram baixas taxas de inducdo ((LD): 12:12, 14:10, 16:8; (RH): <20%, 40-80% , >90%; 20°C,

25°C). Considerando o término da diapausa, os resultados demonstram que o fotoperiodo ndo foi
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suficiente para acelerar esse proceso. O fotoperiodo teve o efeito mais significativo na inducgédo da
diapausa, com fotofases curtas ditando a expressdo da diapausa. Esse resultado corrobora o
comportamento de muitos insetos de regides temperadas, que entram em diapausa obrigatdria em
funcéo das fotofases curtas do outono. Cerca de 30% dos imaturos criados em 30°C entraram em
diapausa, sugerindo que as temperaturas de verdo podem estimular dorméncia, esta sendo,
provavelmente, uma diapausa facultativa. Em relacdo a quebra de diapausa, os resultados sugerem
que este processo é bastante complexo, provavelmente envolvendo outros processsos que ndo so a

supressdo da condi¢do que induziu a diapausa.



CAPITULO 1

INTRODUCAO

1.1. Familia Papilionidae

A familia Papilionidae possui distribuicdo cosmopolita e € composta por 551 espécies na
Regido Neotropical (Hauser et al. 2005). As borboletas desta familia podem ser reconhecidas pelos
prolongamentos das veias M3, que geram estruturas semelhantes a caudas, presentes nas asas
posteriores de muitas espécies. Porém, as trés caracteristicas morfolOgicas consideradas
sinapomorfias da familia Papilionidae sdo: (1) o osmetério, uma estrutura eversivel em forma de
“Y”, localizada atras da cabega das larvas, que exala compostos de defesa; (2) a morfologia da veia
A2 da asa anterior, que chega até a borda da asa, ao invés de se fundir a A1, como em todas as
outras familias; e (3) a presenca de escleritos cervicais fusionados, localizados abaixo da cabeca do
imago (Miller 1987). A sistemética atual classifica as espécies do grupo quatro subfamilias:
Praepapilioninae (extinta), Baroniinae, Parnassiinae e Papilioninae (Hancock 1983).

De acordo com Teston & Corseuil (1998), no Rio Grande do Sul ocorrem 37 taxons da
subfamilia Papilioninae (considerando todas as subespécies). Entre essas espécies encontram-se

representantes das tribos Leptocircini, Papilionini e Troidini.

1.2. Tribo Troidini

A tribo Troidini Talbot, 1939 é composta por 130 espécies divididas em 12 géneros (Hauser
2005), sendo representada por trés géneros no Brasil: Battus Scopoli, 1777 (cinco espécies),
Euryades Felder & Felder, 1864 (duas espécies) e Parides Hibner, 1819 (22 espécies) (ver Tyler et
al. 1994). A tribo Troidini é reconhecida como um grupo natural, principalmente devido a
morfologia bastante homogénea das suas larvas e pupas (Miller 1987). Quanto & distribuicdo, os
Troidini constituem um grupo predominantemente tropical, com centros de distribuicdo nas
florestas de baixada da América Latina e também na regido Indo-Australiana. Os Troidini sdo um

dos poucos grupos de borboletas que se alimentam quase que exclusivamente de Aristolochiaceae
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(Weintraub 1995). Independente da origem do sistema de defesa quimica das Aristolochiaceae, 0s
Troidini evoluiram maneiras para sobrepujar as defesas quimicas de suas hospedeiras (Ehrlich e
Raven 1964). Mais que isso: tornaram-se capazes de utilizar os compostos produzidos pelas plantas
em seu proprio beneficio, seja tornando-se impalataveis (quando adultos) ou interferindo na

predacdo por parasitoides (fase imatura) (Greeney et al 2012).

1.3. Euryades corethrus (Boisduval, 1836)

Segundo Lamas e col. (2004), o género Euryades é composto por duas espécies: Euryades
corethrus (Boisduval, 1836) e Euryades duponchelii (Lucas, 1839), sendo ambas encontradas na
regido sul do Brasil e paises limitrofes (Nufiez-Bustos 2010). Essas espécies possuem estreita
relacdo com as plantas do género Aristolochia, utilizando-as como sua fonte exclusiva de alimento
durante o periodo larval. Além disso, possuem marcante dicromatismo sexual: 0s machos possuem
asas pretas e opacas, com manchas vermelhas e amarelas, enquanto que as fémeas apresentam
coloracdo marrom translucida, com algumas poucas manchas vermelhas nas asas posteriores
(Figura 1). Uma caracteristica tipica de Euryades é a presenca do sphragis, uma estrutura
transferida pelo macho apds a copula que funciona como um “tampao genital”, impedindo que a

fémea ja inseminada copule com outro macho (Burmeister, 1879).

Euryades corethrus (Boisduval, 1836) tem distribuicdo prevista para os estados do sul do
Brasil, sudeste do Paraguai, Argentina e Uruguai, sendo encontrada em areas abertas de savana e
campos de altitude. Geralmente esta associada a areas dos Campos Sulinos, preferindo zonas de
campo sujo (Atencio 2014). Ela é comumente avistada em voo nas horas mais quentes do dia a
procura de parceiros ou de plantas para oviposi¢cdo, podendo ser encontrada de fevereiro a maio e de
setembro a dezembro (Link et al. 1977, Costa 2016). Esta espécie utiliza preferencialmente
Aristolochia sessilifolia como hospedeira (Klitzke e Brown Jr 2000), com alguns autores como
Rotteveel (1996) Biezanko et al. (1974), Tyler et al. (1994), Nufiez-Bustos (2010) sugerindo

também Aristolochia fimbriata, Aristolochia angustifolia, Aristolochia lingua e Aristolochia



brevifolia como fontes de alimento larval. Por apresentar grande fidelidade de habitat e por ser
oligéfaga durante sua fase larval, esta espécie € sensivel a fragmentacdo causada pela conversdo de
areas de campos naturais (Tyler et al, 1994), principalmente em monoculturas comerciais, como
arroz, trigo, milho, soja, eucalipto e pinus, sendo menos impactada pelo uso do solo pela pecuaria

extensiva que nao utiliza forragens de invernada.

Figura 1. Espécimes de Euryades corethrus (Boisduval,1836) da Colecdo de Referéncia do

Departamento de Zoologia da UFRGS A. macho em vista dorsal; B. macho em vista ventral,

C. fémea em vista dorsal; D. fémea em vista ventral;

1.4. Diapausa

Insetos, assim como outros invertebrados, podem sofrer um periodo de dorméncia ao longo
de seu ciclo de desenvolvimento. Dorméncia é o termo utilizado para definir qualquer estado
inativo do desenvolvimento, usualmente acompanhado de supressdo metabdlica (Kostal 2006, Lee
Jr. 2009a). Quando a dorméncia ocorre no verdo é chamada de “estivacdo” e quando ocorre no
inverno, “hibernagdo”. (Lee Jr. 2009b, Masaki 2009). Dentre esses estados inativos 0s mais

importantes nos insetos sdo a quiescéncia e a diapausa. A quiescéncia € caracterizada por uma
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resposta imediata as condi¢fes ambientais adversas e pode ocorrer em qualquer estagio do
desenvolvimento. Quando as condigdes se tornam favoraveis novamente o desenvolvimento se

restabelece imediatamente (Belozerov 2009, Kostal 2006, Lee Jr. 2009a, Gullan & Cranston 2009).

A diapausa é um processo complexo, sendo desencadeada por uma programacdo genetica
que pausa, ou retarda, o desenvolvimento em resposta a estimulos ambientais. Esse processo vem
acompanhado de supressdo metabdlica e ocorre em um Unico estagio da ontogénese, variando de
espécie para espécie. O inicio da diapausa geralmente precede as condi¢des adversas do ambiente e
seu término ndo necessariamente ocorre com o fim das adversidades. (Gullan & Cranston 20009,
Kostal 2006, Belozerov 2009, Lee Jr. 2009a, Andrewartha 1952). Geralmente o inverno é a estacdo
mais evitada através da diapausa em zonas temperadas, mas esse periodo de dorméncia também
pode servir para evitar calor excessivo, verdes secos e periodos de escassez de alimento nos tropicos
(Delinger 2009).

Existem dois tipos de diapausa: a facultativa e a obrigatéria. Na diapausa obrigatéria a
espécie apresenta um ciclo de vida univoltino, em que cada individuo de cada geracdo entrard em
diapausa, independentemente de qualquer alteracdo ambiental (apesar de poder ser acelerado por
certos fatores). Ja a diapausa facultativa surge em resposta a estimulos especificos do ambiente, o
que resulta em espécies com ciclos de vida multivoltinos, onde nem todos os individuos entraram
em diapausa. (Andrewartha 1952, Delinger 2009, Gullan & Cranston 2009). A incidéncia da
diapausa pode ser muito varidvel, tanto entre espécies como entre popula¢fes (Andrewartha 1952).

Os estimulos ambientais que desencadeiam a entrada em diapausa sdo variaveis, mas
geralmente estdo ligados a variagdes de fotoperiodo, temperatura e umidade (Tauber et al 1986). A
mudancga sazonal na duragcdo dos dias pode ser um bom indicador para prever a mudanga de
caracteristicas ambientais que causam a ocorréncia de diapausa, mas a diapausa ndo corresponde
necessariamente a uma reacdo imediata ao fotoperiodo, podendo ocorrer em resposta a sinais
recebidos numa fase anterior. A temperatura média diaria também pode ser considerada uma boa

pista sazonal para a inducdo da diapausa; com frequéncia uma resposta a dias curtos € reforcada por
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baixas temperaturas (Delinger 2009).

A diapausa pode ser vista como uma adaptacdo, que preserva as espécies em uma fase
resistente aos rigores do inverno. Como consequéncia, um periodo de refrigeracdo pode ser
essencial para o término da diapausa. Alguns insetos ndo necessitam deste periodo de aclimatacéo
para sairem da diapausa, mas outros realizam a quebra da diapausa mais rapidamente se tiverem
sido expostos a temperaturas mais baixas durante algum tempo. (Delinger 2009, Andrewartha 1952).
Wang e col. (2009) testaram diferentes fotoperiodos e temperaturas para induzir a quebra de
diapausa na borboleta Sericinus montelus (Papilionidae, Troidini), e encontraram que a diapausa
pode ser quebrada sem que haja refrigeracao prévia dos individuos em estagio pupal.

Em lepidopteros, a diapausa pode ocorrer em todos os estagios do desenvolvimento, sendo
mais comum nos estagios imaturos (Delinger 2009). A maioria das espécies da familia Papilionidae
entra em diapausa pupal. Existem diversos trabalhos a respeito da diapausa nessa familia, alguns
mostrando os efeitos ambientais na inducdo ou término da dorméncia (Deering et al 2005, Ishii
1986, Scriber & Sonke 2011, Wang et al 2007, Sims 2007, Yamamoto et al 2011), variacdo
geografica da diapausa a estimulos ambientais (Kato 2005, Rockey et al 1987, Wang et al 2012,
Yoshio & Ishii 1998, Yoshio & Ishii 2001), sobrevivéncia a diapausa (Sims 1983a), heranca da
inducdo e intensidade da diapausa (Sims 1983b), e influéncia da qualidade nutricional das plantas

hospedeiras na diapausa (Takagi & Miyashita 2008).

1.5. Justificativa e Hipdteses

Em recente avaliacdo realizada pela Fundagdo Zoobotanica do Rio Grande do Sul, durante a
atualizacdo da Lista Vermelha de Especies Ameacadas do Rio Grande do Sul, E. corethrus foi
categorizada como vulneravel (Critério VU B2ab(iii)), ver critérios em IUCN 2012) (FZB 2014).
Na Lista Vermelha do Estado do Parané ela aparece como ameacada desde 2004, e foi categorizada
foi abundante em diversas areas dos Campos Sulinos, principalmente nos meses do verao e outono.

Atualmente ela ocorre em localidades esparsas de campos naturais parcialmente manejados, que
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apresentam pouca conectividade com a matriz ambiental natural (Atencio 2014). Pouco se conhece
sobre sua historia natural, mas observacGes de campo sugerem a ocorréncia de diapausa por
hibernacdo (no inverno) e por estivacdo (no verdo) em populacdes naturais de E. corethrus do
Estado do Rio Grande do Sul. Da mesma forma, estudos populacionais preliminares sugerem que a
quebra de diapausa pode estar relacionada as condi¢cdes ambientais encontradas no inicio da
primavera e final do verdo. Por se tratar de uma espécie ameacada, que tem poucos aspectos de sua
histéria natural conhecida, as informacdes diversas sobre a biologia de E. corethrus podem
contribuir para a elaboracdo de futuras acGes de manejo e conservacdo da espécie. A investigacdo
dos mecanismos envolvidos na inducdo e quebra de diapausa trardo informacdes inéditas a respeito

da espécie, podendo contribuir para o conhecimento da dindmica de populacional da espécie.

A hipotese inicial de trabalho é que a inducéo de diapausa em E. corethrus seja influenciada
pelo fotoperiodo, temperatura e umidade, e que a quebra de diapausa seja causada pela reverséo nas
condi¢bes ambientais que levam a dorméncia. Como premissas desta hipGtese, assume-se que,
durante o outono, quando os dias se tornam mais curtos que as noites e as temperaturas médias sao
inferiores a 15°C no sul do Brasil, as lagartas detectam a chegada das condi¢des adversas do inverno
e comecam a se preparar para entrar em hibernacdo pupal. J& durante o verdo, quando as
temperaturas médias atingem 30°C e a umidade relativa do ar média cai para cerca de 30%, as
lagartas seriam capazes de prever a ocorréncia de estiagem e se preparariam para entrar em
estivacdo pupal. Com a chegada da primavera os dias e noites se igualam em duracdo e as
temperaturas médias ficam na casa dos 25°C, estimulariam os individuos que se encontram em
hibernacdo pupal a continuar seu desenvolvimento até o estagio de imago. Da mesma forma, com a
chegada do outono, temperaturas medias amenas (~ 25°C) e a umidade relativa do ar mais alta

(~70%) induziriam a retomada do desenvolvimento nos individuos em estivacédo pupal.
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Winter is coming: diapause in the subtropical swallowtail
butterfly Euryades corethrus is triggered by the shortening of day
length.
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Summary

1.

Diapause is a type of dormancy found in insects, being modulated by genetically programmed
responses to environmental cues that occur in advance of adverse conditions arising. The most
common stimulus to trigger this process is the photoperiod, although temperature and humidity
can also induce diapause. There are two types of diapause, the obligatory and the facultative.
Insect species that inhabit grassland landscapes are particularly overexposed to extreme climate
seasonality. To get through the extreme seasonal periods, most of butterfly species enter in
pupal diapause. Euryades corethrus (Boisduval, 1836) is an open field butterfly, endemic of
grasslands from southern South America, which has a known ecological strategy to overcome

the adverse conditions of environment using diapause.

Our goal is to investigate the effects of photoperiod, temperature, and humidity as cues on
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diapause induction and on diapause termination.

We subject individuals from a stock population to three different experiments. Photoperiod,
where the individuals were exposed to four treatments (LD 10:14, LD 12:12, LD 14:10, LD
16:08). Temperature, where the individuals were exposed to five treatments (15°C, 20°C, 25°C,
30°C, 35°C). Humidity, where the individuals were exposed to three treatments (RH: <20%,
40-80%, >90%). To evaluate if the suppression of a particular abiotic factor can trigger
diapause termination, 50% of the dormant pupae produced in each of the three experiments
were subjected to rearing conditions that removed the adverse factor, exposing the dormant

pupae to amenable conditions; the other 50% were kept in the original condition as a control.

The results indicated that diapause is mainly induced by short photophases (LD 10:14). In the
temperature experiment, 30% of individuals exposed to 30°C entered in diapause. The 15°C
and 35°C treatments caused 100% of mortality of immatures. The other treatments show lower
rates of diapause induction ((LD): 12:12, 14:10, 16:8; (RH): <20%, 40-80% , >90%; 20°C,

25°C). Regarding diapause termination, photoperiod was not enough to accelerate the process.

Photoperiod had a major significant effect in the induction of diapause in E. corethrus, with
short-day lengths dictating the expression of diapause. These results corroborate the behavior
of many insects that overwinter in diapause in temperate regions. Immatures reared in high
temperatures showed some diapause induction, suggesting that summer temperatures can
produce some dormancy, which is, probably, a facultative diapause. Our results suggest that
diapause termination is a more complex process, probably involving another process than only

the suppression of the condition that induced diapause.

Key-words: dormancy, environmental cues, Lepidoptera, Pampa Biome, overwintering .
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Introduction

Insects, like other invertebrates, may show a dormancy state in some point of their
life cycle, which is generally produced by physiological modifications triggered by environmental
changes (Kostal 2006, Lee Jr. 2009a). Such response is considered an adaptive process, which
allows invertebrates to avoid unfavorable developmental and foraging conditions during their life
cycle (Lee Jr 2009a). Diapause is the most abundant and complex dormancy processes found in
insects (Kostal 2006), being modulated by genetically programmed responses to environmental cues
that occur before of adverse conditions arising (Kostal 2006). Diapause produces a metabolic
suppression, occurring only once during the life cycle, and always in the same stage of development
on closed related taxa (Delinger 1986, Nechols et al. 2009). There are two types of diapause, the
obligatory and the facultative. The obligatory diapause usually occurs in species with a univoltine
life cycle, where each individual of each generation enters diapause, regardless of environmental
changes (which can be accelerated by some factors). On the other hand, facultative diapause occurs
in response to specific environmental stimuli, which occurs in species with multivoltine life cycles,

and where not all individuals enter diapause (Delinger 2009).

Among the environmental stimuli that can trigger the diapause process, the most common
one is photoperiod, although temperature and humidity can also induce diapause (Tauber et al
1986). These three factors act as cues for the detection of seasonal changes (Tauber et al 1986),
allowing insects to predict the oncoming harsh conditions which can be incompatible with insect
normal activities. For instance, the changes in day-length can help insects to predict when the
winter is coming. In the same way, daily thermoperiod modifications towards summer solstice also
can induce diapause (Leather, Walters & Bale 1995), aiding insects to avoid physiological

incompatible temperatures.

Diapause induction is not an immediate reaction to environmental changes, and should be

considered the final step of very small physiological changes enhanced by abiotic factors stimuli
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(Delinger 2009), which can likewise be perceived in a different developmental stage where insect
dormancy is observed (Danilevskii 1965). The diapause termination can be induced in the same
way as diapause induction, but in the opposite direction, using the abiotic stimuli as a trigger to
indicate the forthcoming amenable seasonal conditions. However, the suppression of the abiotic
factor that triggered diapause does not necessarily cause the reversal of the dormancy state. The
dormancy reversal can also be produced when the nutritional reserves of the dormant individual
reach the minimum threshold required to complete the life cycle (Andrewartha 1952, Tauber,

Tauber & Masaki 1986, Kostal 2006, Belozerov 2009).

Insect species that inhabit grassland landscapes are particular overexposed to extreme
climate seasonality since the absence of forest refuges may decreases the chances to find a shelter
that could provide mild conditions. Thus, in grassland landscapes, extreme climate is expected to
induce the diapause process in insects as a physiological adaptation to overcome both rigorous
winters and severe summers (Delinger 2009). To get through the extreme seasonal periods, most of
butterfly species enter in diapause state as immature, especially during the pupal stage (Delinger
2009). Most of Papilionidae species that show diapause as pupae are from temperate and
subtropical zones where the severity of seasonal climate are generally associated with winter
conditions (Sims 1983, Yoshio & Ishii 1998, Deering et al 2005, Kato 2005, Sim 2007, Wang et al
2007, Tagashi & Matsida 2008, Scriber & Sonke 2011, Yamamoto et al 2011, Scalco et al 2015).
Subtropical species from grasslands may suffer from two-fold environmental harassments, since
they have to overcome winter severity and sometimes also summer extreme conditions, as observed
for some other insect species (Tauber et al 1986). For instance, in Argentinean and Uruguayan
Pampa, winter temperatures may reach -5°C, and summer temperatures can overpass 45°C. Both
situations are incompatible with butterfly normal activities and, to our knowledge, no studies so far
have investigated the effects of both winter and summer harsh conditions in the induction of

dormancy states in grassland butterflies. We predict that butterfly species from subtropical, zones
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which live in large grasslands landscapes, among other adaptive strategies, may show adaptive

dormancy related to both to winter and summer extreme conditions, if migration does not occur.

Euryades corethrus (Boisduval, 1836) is an open-field butterfly of the Papilionidae family
endemic of grasslands from southern South America (Atencio 2014). Like other species of this
family, it has a known ecological strategy to overcome the adverse conditions of the winter using
diapause (Tyler et al. 1994). Preliminary population data obtained at the latitude 31°S suggest that
dormant states in E. corethrus can also happen during summer apex, when temperature can reach
over 45°C and relative air humidity can drop below 20% (Link et al. 1977, Costa 2016). The
sensibility of species to environmental conditions variation is not known, but life history theory
predicts that dormancy in E. corethrus should be triggered by specific environmental stimuli in the
advance of harsh condition arrival, as observed in closed related species. Considering this gap in
dormancy theory, the main objective here is to investigate the dynamics of diapause occurrence in
subtropical butterflies from grasslands, which are subject to both winter and summer adverse
conditions, using the butterfly E. corethrus as a model. We designed controlled experiments under
laboratory conditions to investigate the effects of photoperiod, temperature and humidity as cues to
diapause induction and to diapause termination. We expected that individuals exposed to lower
photoperiod, temperature and humidity would enter in diapause, as well as individuals exposed to
higher temperatures. We also expected that dormant individuals would reverse the diapause state

when exposed again to amenable conditions.

Materials and Methods
Model organism and stock population

Euryades corethrus occurs in the southern states of Brazil and Paraguay, and also on
Argentina and Uruguay, generally in the areas of Pampa and Chaco biomes. It is found in savannas,
grasslands and altitude fields, preferring shrublands and meadows (Atencio 2014). The butterflies
are sighted in flight in the hottest hours of the day, and show a voltinism concentrated from

February to May and from September to December (Link et al. 1977, Costa 2016). This species
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uses preferably Aristolochia sessilifolia as host-plant (Klitzke and Brown Jr 2000), but can also use
Aristolochia fimbriata, Aristolochia angustifolia, Aristolochia lingua and Aristolochia brevifolia
(Biezanko et al. 1974, Rotteveel 1996, Tyler et al. 1994, NUfiez-Bustos 2010). Euryades corethrus
larvae are oligophagous and adult exhibit high habitat fidelity, making the species extremely

sensitive to local environmental modifications (Doilibaina et al 2011).

To produce the stock population, we collected eggs of E. corethrus in branches of A.
sessilifolia in two natural populations near Porto Alegre, RS, Brazil. (30°06'21"S 51°40'33"W,
29°53'02"S 51°10'13"W). The eggs collected were individually transferred to cylindrical plastic
vials (50 ml), with the bottom covered with paper towel, taken to the laboratory, and then subjected
to the experimental conditions. The care of immatures was taken daily; after egg hatching fresh
branches of A. sessilifolia were supplied ad libitum as food source. After switching to fourth instar,
the larvae were transferred from 50ml to 200 ml cylindrical plastic vials, covered with fine voile,

until adult emergence.

All experimental treatments were performed in B.O.D incubators, allowing the maintenance of
controlled conditions during trials. The following data on the development of specimens subject to
each experimental treatment were registered: data of egg hatching, instar changing, pupation and

adult emergence; sex and occurrence of diapause.

Experiments for diapause induction

To determine the effects of photoperiod, temperature and humidity on diapause induction,
we subjected the individuals from stock population to three different experiments. On each
experiment, only one abiotic effect was tested per time, so the other two factors were kept constants.
Since the time spent in pupal stage of normal and diapause individuals are not known for E.
corethrus, we stipulate that diapause occurred when the time spent as pupa was superior to 55% of

the total time spend from egg to adult emergence.
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To analyze the effect of photoperiod, groups of eggs were exposed to four treatments; each
treatment simulated days (24h) with different durations of light and dark periods (LD): 10:14
(N=66), 12:12 (N=54), 14:10 (N=53) and 16:08 (N=53). The first three treatments simulated,
respectively, the photophases of winter solstice, spring and autumm equinox, and summer solstice at
latitude 31°S; the last treatment was used as a supernormal treatment, simulating the photoperiod
found in the southern extreme distribution of E. corethrus. The temperature and the relative

humidity (RH) of this experiment were kept constant (25°C, 40-80%).

To analyze the effect of temperature, groups of eggs were exposed to five treatments; each
treatment simulated days (24h) with different mean temperatures: 15°C (N=59), 20°C (N=61), 25°C
(N=53), 30°C (N=58), and 35°C (N=109). The temperature range used represented the mean day
temperature variation observed from winter to summer days at latitude 31°S. The photoperiod and

the RH of this experiment were kept constant (LD 14:10; 40-80%).

To analyze the effect of humidity, groups of eggs were exposed to three treatments; each
treatment simulated days (24h) with different RH: <20% (N=55), 40-80% (N=53) and >90%
(N=65). The humidity range used represented the mean RH variation observed from winter to
summer days at latitude 31°S. The photoperiod and the temperature of this experiments were kept

constant (LD 14:10; 25°C).

Experiments for diapause termination

To evaluate if the suppression of a particular abiotic factor can trigger diapause termination,
50% of the dormant pupae produced in each of the three experiments (photoperiod, temperature or
humidity) were subjected to rearing conditions that removed the adverse factor, exposing the
dormant pupae to amenable conditions, and keeping constant the other two. The other 50% of
dormant pupae was maintained in the original condition and used as a control. For photoperiod

induced diapause, dormant pupae were removed from the photophase that induced diapause and put
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under LD 14:10. For temperature induced diapause, dormant pupae were removed from the
temperature that induced diapause and put under 25°C. For humidity induced diapause, dormant

pupae were removed from the relative humidity that induced diapause and put under RH 40-80%.

Results

Diapause induction

During the diapause induction experiments, a total of 457 individuals were reared. Near 15%
of all individuals subjected to the experiments entered in diapause (photoperiod, 24%; temperature,
15%, humidity 4%). Diapause was not sex dependent, occurring equally in females and males (Qui-

square test, ¥°=2.231, gl=4, p=0.677).

In the photoperiod experiment, the treatments with longer duration of dark phase
significantly induced more diapause than treatments with longer duration of light phase (Qui-square
test, ¥°=116.331, gl=2, p<0.001). Under LD 10:14, 88% of pupae entered in diapause, while under
LD 14:10 only 8% entered in diapause; under LD 16:08 and LD 12:12 all pupae development
without diapause (Fig. 1a). The results also indicated that the duration of life cycle of individual
subjected to photoperiod treatments was statistically different from each other (Kruskal-Wallis test,

¥? = 69.350, gl=3, p<0.001; Table 1), with the LD 10:14 treatment showing the longest life spam.

In the temperature experiment, 15°C and 35°C treatments caused 100% of mortality of the
exposed individuals and were excluded from the analysis, indicating the existence of a
physiological threshold for immature development. All remaining treatments produced a basal rate
of diapause induction, despite marginally significant (Qui-square test, ¥°=5.619, gl=2, p=0.060).
Near 13% of individuals from 20°C treatment entered in diapause, while 8% from 25°C and 30%
from 30°C had the same fate (Fig. 1b). The results also indicated that the duration of life cycle of
individual subjected to the temperature treatments was statistically different from each other

(ANOVA test, F=21.599, gl=2, p<0.001; Table 1), with the 20°C treatment showing the longer life
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spam.

In the humidity experiment, none of the treatments significantly increased the diapause
incidence (Qui-square test, ¥*=3.648, gl=2, p=0.161). All individuals from RH <20% treatment
development without diapause, while 8% from RH 40-80% and 6% from RH >90% treatment
entered in diapause (Fig. 1c). The life cycle duration was statistically different between the three
treatments (Kruskal-Wallis test, 2 =25.471, gl=2, p<0.001; Table 1), with RH 40-80%treatment

showing the longer life spam.

Diapause termination

The diapause induction experiment suggested that dormancy was an effect of experimental
treatment only in the photoperiod experiment, so the dormant resultant pupae from temperature and
humidity experiments were not considered in the diapause termination experiment. The dormant
pupae from the treatment LD 10:14 subjected to LD 14:10 did not differ statically from the control
group maintained in the LD 10:14 treatments regarding the number of days needed to adult
emergence (t-test = 1.724, gl=37, p=0.093, Fig. 2). Thus, the reversal of photoperiod condition that
induced diapause (i.e.: LD 10:14 to LD 14:10) does not seem to be directly related with diapause

termination.

Discussion

Diapause induction

The results presented here suggest that photoperiod had a major significant effect in the
induction of diapause in E. corethrus, with short-day lengths dictating the expression of diapause.
The LD 10:14 treatment produced near 90% of individuals on diapause, while in the other
treatments there was a low rate of diapause induction. These results corroborate the behavior of
many insects that overwinter in diapause in temperate regions (Delinger 2009). One intriguing

result observed was the low diapause induction rate on LD 14:10 treatment and the absence of
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diapause induction observed on the LD 12:12. We expected the opposite result, since LD 12:12 is
compatible with autumn equinox, when population density starts to decrease near latitude 31°(Costa
2016), and when immature population are starting to prepare itself to overwinter. These findings can
be explained by the temperature used at the treatments, which was kept constant at 25°C. According
to the literature, temperature may considerably modify, or even abolish, the insect's reaction to

photoperiod in some cases (Beck 1980).

Photoperiodic cues may be effective in diapause induction only when the temperature is
above or below particular thresholds (Xiao et al. 2013). This could explain the result of LD 12:12,
where none of individuals entered in diapause. This is so because this treatment was exposed to the
optimum temperature of 25°C. If the group was to be exposed to a lower temperature, we would
expect individuals to enter diapause, like observed for some other Lepidoptera from Asia (Wang et

al. 2009, Yang et al. 2014).

Despite not significant, temperature seems to be related to the production of dormancy states
in E. corethrus, especially considering higher temperatures. Immatures reared in the 30°C treatment
had near 30% of diapause induction, suggesting that summer temperatures can produce some
dormancy. This rate of induction probably can be considered as facultative diapause, a process that
usually results in multivoltine life cycles. In insects with this kind of dormancy only a few
individuals from population enter in an obligatory diapause (Andrewartha 1952). This seems to be
the case of E. corethrus, where preliminary data from an unpublished study shows that the species
is multivoltine (M. Costa, per. communication). On the other hand, the 20°C treatment did not
induce a significant rate of diapause probably because the photoperiod used in the temperature

experiment was LD 14:10.

Dry environmental conditions seem not to produce diapause states in E. corethrus. The
results suggest exactly the opposite, despite not significant: normal (RH 40-80%) and humid

(RH >90%) treatments induced more diapause than dry (RH<20%) conditions. In Pampa and Chaco
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biomes, the natural habitats of E. corethrus, landscape may suffer from periodic events of drought
during years when the ocean-atmosphere phenomenon La Nifia occurs (Poveda & Mesa 1997).
Many insect take advantage of the seasonal availability of moisture to forage and reproduce
(Leather et al. 1995), thus adaptations to avoid drought are expected to have evolved in species
subjected to periods water deficit (Taubet et al 1986). Diapausing insects are able to control water
loss, since they are unable to take in water (Nakamura 2011), so pupal diapause during periods of
drought could be considered a good strategy to overcome such adverse conditions. In the case of E.

corethrus, if such adaptation exists in nature, it is not triggered by RH.

The water and moisture role regarding the diapause induction and termination, are important
trigger factors in insects, but in none of the species studies so far drought was involved in the
diapause induction (Hodek 2003). In Lepidoptera, high humidity is generally responsible for
diapause termination. The main body of work regarding the abiotic cues effects on diapause
induction is dedicated to photoperiod and temperature. (Tauber et al. 1986, Leather et al. 1995),
different from moisture cues, that are rarely seem in literature on the theme (Masaki 1980, Tauber et
al 1998).

Diapause termination

On the LD 10:14 treatment-induced diapause, changing the photoperiod to LD 14:10 was
not sufficient to cause diapause termination in most of pupae subjected to the experiment. This
result suggests that diapause termination is a more complex process, probably involving another
mechanism than only the suppression of the condition that induced diapause. Some studies support
that dormant pupae exposed to chilling, followed by high temperatures treatments, may suffer from
acceleration on the diapause termination (Xiao et al. 2013, Chen et al. 2014). Diapause may be
completed more quickly at higher temperatures (Leather et al. 1995), and some studies have shown
that high temperatures and long days often act together to avert diapause whereas low temperature
and short days act to induce it (Danilevskii 1965). The interrelationship between temperature and

photoperiod can, in many cases, be essential for diapause determination (Beck 1980). It has been
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shown that chilling is not a prerequisite for the completion of hibernation diapause in many insects,
and that in some species the diapause completion also can occur at intermediate or high temperature
(Hodek & Hodkova 1988). We showed that E. corethrus can finish diapause without chilling.
Typically, overwintering insects can terminate diapause without an explicit environmental cue
during mid to late winter (Chen 2014), but many insects will terminate diapause more quickly if

they have first been chilled for a few months (Delinger 2009).

Euryades corethrus is a subtropical grassland species and, therefore, has to find a way to
protect itself from harsh conditions from both summer and winter. The results of the temperature
experiment indicate that E. corethrus may show a facultative diapause pattern induced by high
summer temperatures that average 30°C. On the other hand, the signal that seems to be the most
important in warning the butterflies that winter is coming is the shortened of photophase, which also
triggers the diapause process.

The mechanisms behind diapause termination in E. corethrus were not unraveled with the
experimental design used were. Individuals induced to diapause by short photophase stimuli did not
show diapause termination when exposed to a control photophase, so other cues, or process, may be
necessary for the diapause termination in the model studied here. The factors that effectively trigger

the end of pupal dormancy states in E. corethrus should be addressed in further studies.
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Figure 1. Incidence of pupal diapause (%) of Euryades corethrus under different treatments,

Photoperiod (a), Temperature (b) and Humidity (c).
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Figure 2. Experiment of diapause termination: Life cycle length of diapausing individuals in two

different experiments groups. Control group (LD 10:14) and experimental group (LD 14:10);

Life cycle leang th (days)
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Table 1. The effects of photoperiod, temperature and humidity in the time of development (mean +
EP) for male and female of Euryades corethrus in different treatments. Cells marked with the same
letter did not differ significantly (Kruskall-Wallis test, followed by pairwise Mann-Whitney tests

after Bonferoni corrections).

Experiment Treatment Time of development (days)
M F M+F
LD 16:08 31,68+ 0.38 (16)* 32.00 +0.43 (17) 31.84+0.28 (33) »
LD 14:10 35.8+222(21)» 39.00+5.33 (14) 37.02+245(35)"
Photoperiod
LD 12:12 31,04 £0.27 (22)> 30,8+ 0.59 (10)° 30.97 £ 0.25 (32) ¢
LD 10:14 102,42 £7.01 (7)c 119,62 +10.27 (16)c  114.39 + 7.55 (23)
20°C 52.00 £ 4.17 (22)* 48.7 £0.96 (20) 50.42 £ 2.22 (42)»

Temperature  25°C 35.80+2.22 (21)» 39.00 +5.33 (14) 37.02 + 2.45 (35)
30°C 37.69+4.88 (13 38.07 +5.14 (14) 37.89 + 3.49 (27)
RH <20% 36.53+0.40 (13 35.91 % 0.49 (12)° 36.24 +0.31 (25)

Humidity RH 40-80% 358+222 (21 39.00+5.33 (14) 37.02 + 2.45 (35)
RH >90% 35.72+0.51 (11 36.37 £0.56 (16)° 36.11 + 0.38 (27)
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CAPITULO 3
Considerac0es finais

Euryades corethrus é uma espécie de campo de zonas subtropicais e, portanto, adaptou-se
para se proteger de condigdes adversas do verdo e do inverno. Para isso ela se utiliza de um estado

de dorméncia, a diapausa.

Neste trabalho ficou evidente que o sinal mais importante para advertir as borboletas que
condicdes adversas do inverno estdo chegando é a fotofase curta. Apenas o fotoperiodo foi
significativo quanto a inducdo de diapausa, sendo o tratamento com fotofase curta (LD 10:14)

responsavel por gerar 88% dos individuos que entraram em diapausa.

Os resultados do tratamento de temperatura indicam que E. corethrus pode mostrar um padréao
de diapausa facultativa induzida pela altas temperaturas do verdo, quando as médias variarem em
torno dos 30°C. E possivel que o valor-p muito proximo da significancia seja devido ao baixo
namero de individuos utilizados neste tratamento. Talvez, com 0 aumento no nimero de réplicas, a
siginifciancia mude, mostrando que este mecanismo, no caso altas temperaturas, também é

importante para a inducao da diapausa.

Temperaturas extremas (15°C e 35°C) ultrapassam o limiar fisiologico dessa espécie, causando
altas taxas de mortalidade. Temperaturas também afetam diretamente o tamanho do ciclo de vida
dessa espécie; quanto menor a temperatura na qual os individuos sdo expostos, maior € o ciclo de
desenvolvimento, assim como quanto maior a temperatura, menor o ciclo. Provavelmente estas
alteracOes na duracdo do ciclo de vida sdo resultado de diferentes normas de reagdo da espécie, que
sdo resultantes de alteracbes metabdlicas induzidas pelas condi¢Bes experimentais. Alguns
tratamentos ndo induziram diapausa em quantidades siginificativas, sugerindo que a interagédo entre
diferentes tratamentos também possa induzir a diapausa. Autores sugerem que fotoperiodo e
temperatura podem funcionar como estimulos reforcadores, causando, assim, a dorméncia.

Isoladamente, o tratamento com baixas temperaturas e o tratamento de fotofase isondmica néo

39



induziram a diapausa. Porém, caso fosse realizado um experimento utilizando os dois mecanismos
simultaneamente, seria provavel que as taxas de indugdo de diapausa aumentassem. A literatura

apresenta diversos exemplos que ddo suporte a essa hipdtese.

Foi visto, também, que a diapausa ndo pode ser interrompida apenas pela mudanca de
fotoperiodo; outros fatores ambientais, ou bidticos, devem estar envolvidos nesse processo. Apesar
de E. corethrus conseguir sair da diapausa sem passar por uma fase de resfriamento, € possivel que
se pupas dormentes fossem expostas a um tratamento com baixas temperaturas durante a diapausa o
término da diapausa se daria em menos tempo do que o observado no presente estudo. 1sso porque,
na natureza, durante o periodo de dorméncia, essa espécie enfrenta baixas temperaturas no inverno,
antes que haja a quebra da diapausa na primavera, quando as temperaturas se elevam. E possivel
também que a umidade seja um fator envolvido nesse processo. Existem casos de lepidopteros que
quebraram a diapausa quando expostos a altas taxas de umidade, na chegada de estacdes chuvosas.
E provével que o peso critico do individuo também tenha influéncia neste término. O individuo que
atingir um peso minimo devera completar seu desenvolvimento, saindo do periodo de dorméncia,

Caso esse pPeso seja menor que 0 necessario, a pupa ndo conseguira completar a metamorfose.

Para que se haja certeza a respeito dos fatores que influenciam o término da diapausa, estes
fatores deverdo ser investigados em outros estudos. Novos experimentos deverdo ser desenhados

para que os efeitos possam ser testados isoladamente e também de maneira inter-relacionada.
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Anexo 1

Figura 1. Locais de coleta de ovos. (a) Estacdo Experimental Agronomica e (b)

Praca S&o Luis, Canoas

Figura 2. Camaras de criacao (BOD’s)
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Figura 3. Planta hospedeira utilizada nas cria¢Ges, Aristolochia sessilifolia.

Figura 4. Espécimes originados da criacdo, (a) lagarta e (b) borboleta.
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the Assistant Editor, Jenny Meyer, at admin@functionalecology.org

Manuscripts should be prepared in accordance with the following guidelines.
All submitted papers must be double-spaced, with sequential line numbers throughout the entire document. It
is the authors' responsibility to ensure that the submission is complete and correctly formatted, to avoid delay

or rejection. Please refer to the Functional Ecology Manuscript Template for an example of manuscript

formatting.
eDuring submission, all authors must confirm that:
eThe work as submitted has not been published or accepted for publication, nor is being considered for

publication elsewhere, either in whole or substantial part;
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oThe work is original and all necessary acknowledgements have been made;

oAll authors and relevant institutions have read the submitted version of the manuscript and approve its
submission;

oAll persons entitled to authorship have been so included,;

eThe work conforms to the legal requirements of the country in which it was carried out, and to accepted
international ethical standards, including those relating to conservation and animal welfare, and to the

journal's policy on these matters (see 'Animal Welfare and Legal Policy' above).

Manuscript Tracking Manuscripts under consideration can be tracked on Manuscript Central. Authors can
track their manuscripts through the production process to publication online and in print using Author
Services. Authors will receive an e-mail with a unique link that enables them to register and have their article
automatically added to the system, so please ensure that a working and monitored e-mail address is provided.

Visit the Wiley-Blackwell Author Services page for more details on online production tracking, tips on

article preparation and submission, and more.

Supporting Information Functional Ecology encourages authors to make extensive use of supporting
information, moving useful but unimportant information from the manuscript to supporting information. This
will not appear in print, but will be included as online appendices. Supporting information can be in any
appropritae file format (including doc, laTex, excel, rtf, etc.) but all SI files should include a header with the
full title of the paper, author names and that the information is in support of an article published inFunctional
Ecology.

Journal guidelines are available by clicking the Instructions & Forms tab on the ScholarOne Manuscript

submission ___page.  Further  technical  details are available  from the  publisher

at http://authorservices.wiley.com/bauthor/suppmat.asp. All supporting information should be submitted

online with the initial submission of the manuscript. Supporting information is subject to peer review along
with the manuscript.
Pre-submission English-language Editing Authors for whom English is a second language may wish to

consider having their manuscript professionally edited before submission to improve the English. A list of
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independent suppliers of editing services can be found

at http://authorservices.wiley.com/bauthor/english _language.asp All services are paid for and arranged

by the author, and use of one of these services does not guarantee acceptance or preference for publication.

Manuscript Style and Formatting
Standard Papers. A standard paper is a typical experimental, comparative or theoretical paper. Although we
do not impose length restrictions on papers, we do require that papers make appropriate use of the space

available. Please refer to the Functional Ecology Manuscript Template for an example of manuscript

formatting. The target length of Standard Papers is approximately 7,000 words, including references.

The typescript should be arranged as follows:

oTitle page. This should contain the following.

oA concise and informative title. Do not include the authorities for taxonomic names in the title.
oA list of authors' names, with names and addresses of their Institutions.

o The name, address and e-mail address of the correspondence author to whom proofs will be sent.

oA running headline of not more than 45 characters.

Summary. This should list the main results and conclusions, using simple, factual, numbered statements.
eSummaries are typically less than 350 words and should be understandable in isolation and by the non-
specialist.

eSummaries should start with a bullet point 1 describing the broad conceptual question addressed by the
study, and only delve into the study system and specific question in bullet point 2.

eSummaries should also end with a final bullet point highlighting the conceptual advance(s) that comes from
the current study; i.e. it should highlight the broader conceptual implication of the results and conclusions of
the current study.

eAdvice for optimizing your Summary (and Title) so that your paper is more likely to be found in online

searches is provided athttp://authorservices.wiley.com/bauthor/seo.asp
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Key-words. A list in alphabetical order not exceeding ten words or short phrases, excluding words used in
the title.

Introduction. The Introduction should state the reason for doing the work, the nature of the hypothesis or
hypotheses under consideration, and the essential background. Though the exact structure of Introductions
will vary among papers, they should always start by developing the broad conceptual context for the work
before delving into the details of the study system and the specific question as framed for this paper.
Materials and methods. This section should provide sufficient details of the techniques to enable the work to
be repeated. Do not describe or refer to commonplace statistical tests in Methods but allude to them briefly in
Results. Details that are valuable but not critical can be presented in an Appendix to be published as online

supporting information.

Results. The results should draw attention in the text to important details shown in tables and figures.

Discussion. This should point out the significance of the results in relation to the reasons for doing the work,

and place them in the context of other work.

Acknowledgements. In addition to acknowledging collaborators, research assistants, and previous reviewers
of your manuscript, include relevant permit numbers (including institutional animal use permits),
acknowledgment of funding sources, and give recognition to nature reserves or other organizations that made

this work possible.

Data Accessibility. Authors are required to provide a statement here. If the paper has archived data
associated with it, the authors are required to state the location. To enable readers to locate archived data
from papers, we require that authors list the database and the respective accession numbers or DOIs for all
data from the manuscript that has been made publicly available. See the Specifications below or Data

Archiving Q&A for more details.

If there are no archived data associated with this paper, the authors should give a statement with an

explanation, eg.
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oAll data used in this manuscript are present in the manuscript and its supporting information.

o This manuscript does not use data (eg. Perspectives, FE Spotlights, etc.)

eSome or all of the data associated with this paper have not been publically archived. [Please state the
approved justification for this. Long embargoes and waivers will only be granted in exceptional

circumstances.]

References (see Specifications)

Tables (see Specifications). These should be referred to in the text as Table 1, Table 2, etc. Do not present
the same data in both figure and table form. Do not use an excessive number of digits when writing a
decimal number to represent the mean of a set of measurements (the number of digits should reflect the
precision of the measurement).

Figures (see Specifications). Figures should be referred to in the text as Fig. 1, etc. (note Figs 1 and 2 with no
period). Hllustrations should be referred to as Figures. When possible, include a key to symbols on the figure

itself rather than in the figure legend.

Reviews and Perspectives. Most Reviews and Perspectives will be in essay format, with the subject headings

dependent on the topic of the paper. See recent editions of the journal for examples.

Manuscript Specifications

Manuscripts. The paper must include sequential line numbering throughout, and pages should be numbered
consecutively, including those containing acknowledgements, references, tables and figure legends. Authors
should submit the main document as a RTF or Word file. Figures can be embedded or uploaded as separate
files. The RTF and Word will be converted to PDF (portable document format) upon upload. Reviewers will
review the PDF version while the Word file will remain accessible by the Editorial Office. Manuscripts must
be in English, and spelling should conform to the Oxford English Dictionary. Please refer to the Functional

Ecology Manuscript Template for an example of manuscript formatting.
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Figures. Please submit electronic artwork as TIFF files (for half-tones) or non-rasterized EPS files (for vector
graphics) if possible. Detailed information on the publisher's digital illustration standards is available

athttp://authorservices.wiley.com/electronicartworkguidelines.pdf. When uploaded the appropriate file

designation should be selected from the options on Manuscript Central.
Please ensure that symbols, labels, etc. are large enough for 50% reduction. Figures should not be boxed and
tick marks should be on the inside of the axes. If several photographs are used together to make one figure,

they should be well matched for tonal range. All figure files should be lab

Figure legends. In the full-text online edition of the journal, figure legends may be truncated in abbreviated
links to the full-screen version. Therefore the first 100 characters of any legend should inform the reader of

key aspects of the figure.

Tables. Each table should be on a separate page, numbered and titled.

Data Accessibility. A statement must be included in your manuscript indicating where the data are deposited
(in an external archive, in supporting information, etc.), or an explanation must be provided explaining why
there are no additional data (e.g., all data are included in the manuscript, the data are confidential, the data
are under a long embargo, etc.)A list of databases with relevant accession numbers or DOIs for all data from
the manuscript that has been made publicly available should be included in this section. For example:

Data  Accessibility-  Species  descriptions:  uploaded as online  supporting  information
- Phylogenetic data: TreeBASE Study accession no. SXxxx

-R scripts: uploaded as online supporting information

-Sample locations, IMa2 input files and microsatellite data: DRYAD entry doi: xx.xxxx/dryad.xxxx
Data deposited in the Dryad repository: http://doi.org/10.5061/dryad.585t4

Archived daa (such as data archived on DRYAD) should be included in the references as well as the Data
accessability session.

References.

References to work by up to three authors in the text should be in full on first mention, e.g. (Able, Baker &

Charles 1986), and subsequently abbreviated (Able et al. 1986). When different groups of authors with the
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same first author and date occur, they should be cited thus: (Able, Baker & Charles 1986a; Able, David &
Edwards 1986b), then subsequently abbreviated to (Able et al. 1986a; Able et al. 1986b). If the number of
authors exceeds three, they should always be abbreviated thus: (Carroll et al. 2007). References in the text
should be listed in chronological order. References in the list should be in alphabetical order with the journal

name in full. The format for papers, entire books, and chapters in books is as follows.

Carroll, S.P., Hendry A.P., Reznick, D.N. & Fox, C.W. (2007) Evolution on ecological time-
scales. Functional Ecology, 21, 387-393.

Darwin, C. (1859) On the Origin of Species by Means of Natural Selection, or the Preservation of Favoured
Races in the Struggle for Life. J. Murray, London.

Travis, J. (1994) Evaluating the adaptive role of morphological plasticity. Ecological Morphology (eds P.C.
Wainwright & S.M. Reilly), pp. 99-122. University of Chicago Press, Chicago.

Platenkamp, G.A.J. (1989) Phenotypic plasticity and genetic differentiation in the demography of the

grass Anthoxanthum odoratum L. PhD thesis, University of California, Davis.

References should be cited as 'in press' only if the paper has been accepted for publication. Other references
should be cited as 'unpublished' and not included in the list. Any paper cited as 'in press' must be uploaded
with the manuscript as a file 'not for review' so that it can be seen by the editors and, if necessary, made
available to the reviewers. Work not yet submitted for publication may be cited in the text and attributed to

its author as: 'full author name, unpublished data'.

EndNote reference styles can be searched for here

Reference Manager reference styles can be searched for here
Archived data (such as data archived on Dryad or figshare) should also be included in the references as well

as the data accessability section.

Citations from World Wide Web. Citations from the World Wide Web are allowed only when alternative

hard literature sources do not exist for the cited information. Authors are asked to ensure that:
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ofully authenticated addresses are included in the reference list, along with titles, years and authors of the
sources being cited,;

othe sites or information sources have sufficient longevity and ease of access for others to follow up the
citation;

othe information is of a scientific quality at least equal to that of peer-reviewed information available in

learned scientific journals.

Scientific names. Give the Latin names of each species in full (together with the authority for that name for
the species studied) at first mention in the main text. After this, the common or generic names (when they
exist) can be used. If there are many species, cite a Flora or checklist that may be consulted instead of listing
them in the text. Do not give authorities for species cited from published references. Use scientific names in

the text (with colloquial names in parentheses, if desired).

Makers' names. Special pieces of equipment should be described such that a reader can trace specifications
by writing to the manufacturer; thus: 'Data were collected using a solid-state data logger (CR21X, Campbell
Scientific, Utah, USA).' Where commercially available software has been used, details of the supplier should

be given in parentheses or the reference given in full in the reference list.

Units and symbols. Authors are requested to use the International System of Units (SI, Systéme International
d'Unités) 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, they should be defined as early in the text as possible, or within a

subsection of the Materials and methods section.

Mathematical material. Mathematical expressions should be carefully represented. Suffixes and operators
such as d, log, In and exp will be set in Roman type; matrices and vectors will be set in bold type; other
algebraic symbols (except Greek letters) will be set in italic. Make sure that there is no confusion between

similar characters like 'I' (ell) and '1' (one). Also make sure that expressions are spaced as they should appear
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and, if there are several equations, they should be identified by a number in parentheses.

Numbers in text. Numbers from one to nine should be spelled out except when used with units; e.g. two eyes,

but 10 stomata and 5 years.

Requests for Revisions and Processing of Accepted Papers

Revision. A revision should be submitted within 3 months of being requested unless the editor agrees to an
extension. Revisions may be re-reviewed, at the discretion of the editor.

Final versions of papers. Final versions of accepted manuscript must be submitted in an electronic word
processor format (such as MS Word). These files will be used by the publisher and must exactly match the
accepted version. Do not use the carriage return (enter) at the end of lines within a paragraph. Turn the

hyphenation option off and remove any footnotes.

Editors reserve the right to modify manuscripts that do not conform to scientific, technical, stylistic or
grammatical standards, and minor alterations of this nature will normally be seen by authors only at the proof

stage.

Lay Summaries

The journal takes every opportunity to raise the profile of work about to be published inFunctional Ecology.
As part of this promotion we post lay summaries of all papers published in the journal on our website and
with published papers on Wiley Online Library. Lay summaries are 250-350 words of text explaining the
importance of the work described in the paper written in a way comprehensible to the ‘reasonably educated
man-in-the-street’ i.e. written using simple language that will make the work accessible to a much wider
audience than readers of Functional Ecology. The lay summary will be requested at the revision stage of the

editorial process and once edited by a senior editor will be posted to

the www.functionalecology.org website and Wiley Online Library with a photograph relevant to the paper

and then highlighted on the homepage of the website.

Pre-publication Review of Proofs. Proofs of papers accepted for publication in Functional Ecology are sent
55


http://www.functionalecology.org/view/0/summaries.html

out electronically (e-proofing). The corresponding author of the accepted paper will receive an e-mail from
the typesetter when their proof is available on the e-proofing site. Instructions about how to mark-up proofs
electronically using the PDF annotation tools will be provided. In the corresponding author's absence,
arrangements should be made for a colleague to have access to the corresponding author's e-mails in order to
retrieve the proofs. The editors reserve the right to correct the proofs, using the accepted version of the
manuscript, if the author's corrections are overdue. Proofs should be checked carefully, and it is the

corresponding author's responsibility to ensure they are correct.

Licence to Publish Authors of accepted manuscripts will be required to grant Wiley-Blackwell an exclusive
licence to publish the article on behalf of the British Ecological Society. Signing an Exclusive Licence Form
is a condition of publication and papers will not be published until a signed form is received. (Papers subject
to government or Crown copyright are exempt from this requirement.) Once a paper is accepted, the
corresponding author will receive an email from Wiley-Blackwell prompting them to login to Author
Services, where they will be able to complete the licence agreement on behalf of all co-authors. You can
download a copy of the Exclusive Licence Form here to view the terms and conditions. Do not complete this
PDF until you are prompted to do so by Author Services. Please read the licence form carefully before
signing: conditions are changed from time to time and may not be the same as the last time you completed

one of these forms

Funder arrangements

A number of funders, including Research Councils UK (RCUK), the NIH and Wellcome Trust, require
deposit of the accepted (post-peer-reviewed) version of articles that they fund, if these are not already
published via an open access route. The BES journals are all compliant with these mandates and full details

of the arrangements can be found here

Accepted Online After a paper has been sent to our publishers, it will be uploaded online within ~2 working
days, BEFORE copyediting, typesetting and proofing. The paper will be assigned its DOI (digital object
identifier) at this stage so that it can be read and cited as normal. Any final, minor corrections can still be

made to the paper at the proofing stage.
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Promoting your article As well as promoting your article through our own resources, Functional Ecology
encourages authors to take advantage of their institution's promotion resources. If requested, Functional
Ecology will help coordinate publication of an article with press releases, videos, etc. If you are planning a
press release, please let the assistant editor know at the revision stage. For more information or guidance,

please contact the assistant editor, Jennifer Meyer.

Early View After the proofing stage, the 'Accepted Article' version will be replaced online by the Early
View version. Early View articles are final, complete, full-text articles. Once your paper has been published
you can post your abstract, plus a link to the article on Wiley Online Library, in your institutional repository
or on your home page. Please refer to the publisher terms & conditions for re-use under the licence agreed
for details relating to the posting a PDF or a full text version of your article in your institutional repository or
on your home page. The full text of your article will be freely available after 24 months.

Early View articles are complete and final. Because they are in their 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 them to be cited and tracked before allocation to an issue. After
print publication, the DOI remains valid and can continue to be used to cite and access the article. More

information about DOIs can be found at http://www.doi.org/fag.html.

Charges There are no mandatory publication or page charges for publishing in this journal. Authors who
wish to publish papers as Open Access (Online Open) may do so for an additional fee. For more information

on publishing Open Access, see below.

OnlineOpen 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, their funding agency or 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
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(discounted to $2,250 for papers where the first or corresponding author is a current member of the British

Ecological Society, www.britishecologicalsociety.org). For the full list of terms and conditions, click here.

Following acceptance, any authors wishing to publish their paper OnlineOpen will be required to complete
the payment form and will be given the option of signing a range of different Creative Commons licences,
depending on author choice and funder mandate.

There is no requirement to inform the Editorial Office that you intend to publish your paper OnlineOpen
prior to acceptence. All articles go through Functional Ecology's standard peer-review process and will be
accepted or rejected based on their own merit. All articles are treated in the same way during peer review,

regardless of their final status as OnlineOpen or not.

Offprints A PDF offprint is available to authors via an automated system integrated withWiley-Blackwell

Author Services. Authors will be directed to retrieve the final PDF file of their article online. A copy of the

Publisher's Terms and Conditions for the use of the PDF file will accompany the PDF offprint and the file

can only be distributed in accordance with these requirements.

Printed off-prints are no longer available for articles published in Functional Ecology.

For any enquiries regarding Functional Ecology or submitting papers to the journal then please contact the

Assistant Editor, Jenny Meyer, at admin@functionalecology.org
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