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Texto de Divulgacéao

Entender os efeitos da estrutura do habdhte a densidade de peixes é fundamental pararaval
por quais variaveis estes sao influenciados. A asigio do substrato € uma variavel ambiental capaz
de influenciar comportamento e distribuicdo dosxgmi A estrutura distinta e a fauna associada a
diferentes tipos de substrato podem oferecer digeipos de recursog.§. presas e reflugios), assim as
caracteristicas estruturais dos substratos podéumemciar as atividades e densidades dos peixes.

O comportamento de forrageio € um aspectooitapte no uso do habitat pelos peixes.
Recentemente estudos realizados em campo e laboiat@stigaram os efeitos do fluxo d’agua sobre o
comportamento e processos energéticos de peixegaige&xposicdo a ondas foi indicada por estes
estudos como um dos fatores que influenciam agdatles dos peixes e as seguintes generalizacdes
foram feitas: peixes com diferentes capacidadestdréds respondem em diferentes graus ao
hidrodinamismo e em locais com intenso fluxo d’agsapeixes passam mais tempo abrigados reflagios
(ex. tocas). A formacdo de cardumes é conhecidap aom importante mecanismo anti-predador, os
beneficios de ‘muitos olhos’ incluem a deteccaoida@palém de gerar confusdo, aos predadores,
reduzindo sua eficiencia. Além disso, o compantiibato de informac¢des no cardume pode resultar em
uma menor procura por comida.

Dentre as familias de peixes recifais, La®i@ uma das mais diversas e comuns em recifes raso
com aproximadamente 600 espécies encontradas eas dégpicais, subtropicais e temperadas dos
oceanos Atlantico, indico e Pacifico. A maioria dspécies ndo ultrapassa 25 cm de comprimento,
embora o tamanho maximo registrado alcance 2 na #anaioria das espécies as fases iniciais (FI) e
terminais (FT) sdo facilmente identificados visuahte, além do sexo. As espécies maiores possuem
importancia econdémica, pois sao utilizadas na aitag&io, enquanto que as menores sdo comercializadas
com fins ornamentais.

Os labrideos possuem grande diversidade noatorrdo corpo e nas adaptacdes voltadas para
alimentacdo e, consequentemente, possuem grandmtivgsde trofica; sendo importantes na
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estruturacdo da comunidade recifal. Sdo comumentativoros, enquanto outros quando jovens, sédo
considerados limpadores, removendo ectoparasittecido necrosado de outros peixes. Apesar da
familia Labridae ter sido foco de estudos nos Caed&acifico e Atlantico Norte, poucos sdo conluexid
no Atlantico Sul.

Estes peixes exibem uma diversidade de padideportamentais e de microhabitats preferenciais
durante o forrageio, apesar dos avanc¢os no ententbnentre o forrageio de peixes e escolha de micro
habitats da familia Labridae, a maioria dos estdiol@sn conduzidos em ambientes com alta diversidade
de corais. Estes ambientes sdo estruturalmentelexospe oferecem uma ampla gama de condigoes
ambientais, como consequéncia esses peixes podesspseializar para viver/usar ambientes com
caracteristicas particulares.

NOs estudamos a influéncia da complexidade dodtakémanho do grupo e exposicao as ondas sobre as
densidades e atividade de forrageio, incluindoflaencia do tamanho do cardume e fase de vida sobre
forrageio, de trés espécies do géndaebichoeres (Labridae), sendo duas endémicas, em nove costbes
rochosos tropicais no Brasil. Essas espécies $ernciadas pela exposicdo de ondas, em gerak fase
iniciais destas espécies foram mais influenciadas a exposicdo do que as fases terminais, ekteto
brasiliensis FT que n&o teve influéncia da exposicao sobrédatie de forrageio. Embora as Fl tivessem
associagoes com rugosidade e algas e FT com prdads] a complexidade do habitat ndo influenciou o
forrageio dessas espécies. NOs também encontraamagdes no microhabitat preferencial de forrageio
e diferengas no conteudo estomacal foram observedi@s as espécies e as fases. O tamanho do
cardume influenciou a atividade de forrageio, exqaraH. brasiliensis. NOs acreditamos que 0 uso
comportamental de microhabitats pode ser uma gri@ndenenta para investigar padroes de distribuicao

entre recifes de coral e costdes rochosos tropigaiando subsidios para seu manejo e conservacao.
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How wave exposure, group size and habitat compleyiinfluence fish forage and densities of
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Abstract

Wave exposure and habitat complexity have hesad for explain patterns of variation in the
distribution and behavior of many reef fishes. Here studied the influence of these factors on
densities and foraging activity, including the ughce of group size on foraging, of three species o
the genusHalichoeres (Labridae) in nine tropical rocky shores in BraZiur study showed that
Halichoeres species are influenced by wave exposure in trbpmeky shores, in general, Initial
phases (IP) of the three species analyzed weneeimded more with exposure than Terminal phases
(TP), except foH. brasiliensis TP, where exposure had no influence on foragiRgofl the species
there were associated with rugosity and algae &dith depth, habitat complexity also influence on

foraging of these species. We also found variat@nsicrohabitat patches used for foraging between
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species and differences in the stomach contents feeind between species and phases. Group size
had influence on foraging activity, except fdr brasiliensis TP. We believe that behavioral use of
microhabitats can be a great tool to investigaggridution patterns of fish between coral reefs and

tropical rocky shores.

Key words: wave exposure, group size, habitat complexigh forage, densitiedlalichoeres,

Brazil

Resumo

Exposicado as ondas e complexidade do habitat ténusado para explicar padrdes de variacdo na
distribuicdo de muitas espécies de peixes recifis. estudamos a influéncia desses fatores sobre as
densidades e atividade de forrageio, incluindoflagncia do tamanho do grupo sobre forrageio, de
trés espécies do génearalichoeres (Labridae) em nove costées rochosos tropicais nagsiB Nosso
estudo mostrou que estas espécies sao influengiatiaexposicdo de ondas, em geral, fases iniciais
(F1) destas espécies analisadas foram mais inflagas com a exposi¢cdo do que as fases terminais
(FT), excetoH. brasiliensis FT que néo teve influéncia da exposi¢cao sobredatie de forrageio. Fl
tiveram associacdes com rugosidade e algas e FTprofundidade, a complexidade do habitat
também influenciou o forrageio dessas espécies.tdidbém encontramos variacdes no microhabitat
preferencial de forrageio entre as espécies eetlifas no contetdo estomacal foram encontradas entre
as espécies e as fases. O tamanho do grupo influeacatividade de forrageio, exceto pata
brasiliensis. N0s acreditamos que o uso comportamental de habitats pode ser uma grande

ferramenta para investigar padroes de distribusgdice recifes de coral e costdes rochosos tropicais

Palavras Chave exposi¢ao de onda, tamanho do grupo, complexidad®abitat, forrageio de peixe,

densidadedalichoeres, Brasil
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Introduction

One of the most important questions in reelayy is the understanding of how fish communities
are structured by environmental variables (JondsSyms 1998; Bellwood and Wainwright 2002). In
fact several studies have examined the effect @daland also of biotic variables on the structdire o
fish communities (Gladfelter and Gladfelter 1978&ickhurst and Luckhurst 1978; Chabanet et al.
1997; Ornellas and Coutinho 1998; Arbutus-OropexhBalart 2001; Ferreira et al. 2001).

According to Chaves and Monteiro-Neto (2009bitat type and availability can influence the
distribution, richness, density and biomass of.fiBhus, the habitat complexity can be an important
factor explaining richness and diversity of specmsviding shelter from predators (Hixon and Beets
1993) and potentially changing competitive inta@aet and survival (Jones 1988; Syms and Jones
2000).

Reef fishes in tropical rocky shores hadkelittttention, probably because in this region ssidire
focused in corals reefs. Ferreira et al. (2001)&tbthat many studies investigated the factorsahat
influence reef fishes communities, but the gregonty of these have been carried out on corals, fe
have focused on rocky shores, especially in tropaceas (Ferreira et al. 2001). Despite their low
complexity when compared to coral reefs, tropicaky shores and adjacent environments can support
a rich reef fauna and flora (Ferreira et al. 1998imaraes and Coutinho 1996; Ornellas and Coutinho
1998).

Understanding the effects of habitat strieton the density of fish is essential to assesstwhi
variables are important and if current predictidesy. the influence of algae and corals on fish
densities) can be also applied to different reefirenments, like rocky reefs. Habitat complexitg, a
composition of the substratum, can influence beadraamnd distribution of fish (Jones and Syms 1998,
Floeter et al. 2007, Krajewski et al. 2010). Acdogdto Krajewski et al. (2010), distinctive structu
and fauna associated with different types of sabstn can offer different types of resources (etgyp

and shelter) and can influence the activities i fi
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Wave exposure has been considered one dfeth factors in shaping coral reef fish assemlislage
thus, fish with different swimming abilities willebaffected by hydrodynamics. Field and laboratory
studies investigated the effects of water flow be behavior and energy processes of reef fishes
(Bellwood and Wainwright 2001, Fulton et al. 20@FLlton and Bellwood 2002). In places with an
intense water flow, the fish spend more time iugek (Bellwood and Wainwright 2001, Fulton and
Bellwood 2002a; Fulton et al. 2005; Floeter eR807; Johansen et al. 2007).

Foraging behavior is a key aspect of hahis&t by animals, including fish (Fulton and Belldoo
2002). The optimal foraging theory considers treritiution of prey within patches of microhabitats
and continuous compensation, associated with ewngdetween or within patches, as important
factors that affect foraging (MacArthur and Piark®66, Schoener 1971, Norberg 1977). Studies
suggested that foraging depends on the distribwdiwh size of patches of preferred habitat (Covich
1976; Fulton and Bellwood 2002).

Aggregation with other foragers is a comnmisk-reduction strategy, allowing more time to be
spent foraging without incurring a higher probdpilof being eaten (White and Warner 2007), thus
foraging in a group has been suggested as a wagdiace risk and to enhance the amount of
information regarding where to find food and howdoto stay in a patch of a certain quality
(Steinberg and Persson 2005). Aggregation to forage common strategy among coral reef fishes
(Connel and Gillanders 1997), for example, surgsbn{Acanthuridae) and parrotfish (Labridae)
forage more efficiently in large groups (Wolf 198Zlifton 1991). By contrast, fish in high-density
aggregations may forage less effectively or sintplyspend less time foraging and they may also
experience interference competition while foragiBgckel and Stoner 2004).

The fishes of the Labridae family have a gneatety of body shapes and several morphological
adaptations for feeding and, consequently, hayghtcoversatility, being important in structuringefe
communities (Randall 1967; Hobson 1974; Deloach ldachann 1999). Although these fishes have

been the focus of studies in the Pacific Oceanimuige North Atlantic (Thresher 1979; Bellwood and
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Wainwright 2001; Jones 2005; Jones 2006), few laen conducted in the South Atlantic (Sazima et
al. 1998; Francini-Filho et al. 2000; Sazima e805; Coni et al. 2007; Coni et al. 2010).

Wrasse fish exhibit a variety of behavioratt@ans and preferred microhabitats for foraging, a
generalization is the existence of a positive m@hship between swimming ability and foraging
distance (Fulton and Bellwood 2002; Jones 2002)sthtudies involving foraging micro-habitats of
the family Labridae were conducted in coral reefiemments. These are structurally complex
environments and offer a large amount of enviroralezonditions, as a consequence of these fish can
specialize to live and use fairly specific habit@g€sajewski et al. 2010).

The genudHalichoeres is considered highly diverse and widely distrilouie the Atlantic Ocean
(Barber and Bellwood 2005). These wrasses are aiuperform opportunistic behavior and feed
invertebrates (Randall 1967; Sazima et al. 1998ya&llao Filho 1999, Sazima et al. 2005). In Brazil
there are eight species of this genus, of whick &ve endemic (Rocha et al. 2010; Froese and Pauly
2012).

In general, most of the studies involviktplichoeres species in the Atlantic Ocean were
developed in the Caribbean region (Jones 2002;sJ20@5; Jones 2006), so the relationships between
habitat characteristics, foraging activity and dies of Halichoeres species are poor understood in
tropical rocky shores. Moreover, trophic ecologyl awocial behavior, can change with the species
development (Lukoschek and McCormick 2001; Joné®22B8onaldo et al. 2006), ontogenetic shifts
in behavior withinHalichoeres species were investigated in Caribbean coral réi#fses 2002),
whereas there is no study on the Brazilian endspgcies.

Here we study the relationship between supg group size (i.e. number of fishes in the si®)o
and habitat complexity (deep, rugosity and benttoger) on the foraging and densities of three
wrassedHalichoeres poeyi (Steindachneir 1867}. penrosel Starks 1913 an#éi. brasiliensis (Bloch
1791) in tropical rocky shores in Brazil. The hypedes were i) that there would be a negative

relationship between wave exposure on foragindpisfgpecies in different ontogenetic phases, &) th
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there would be a positive relationship between taadlbomplexity on foraging of these species arnd iii
there would be a positive relation between foragantgivity and group size. We also investigate the
variables that are correlated with fish densitilkes,preferred species to form schools, the preteren

foraging patches and diet of these species.

Materials and Methods

Study Area

The study was done in rocky shores locatethé city of Salvador, Bahia, Brazil. These rocky
shores were assessed through free diving betwegaerBSleer 2011 and February 2012. We developed
our study in nine rocky shores (Figure 1). Thegeshallow (max. 6 m depth) and the hard substsata i
composed predominantly by flamentous algae, mégaea and zoanthid$élythoa caribaeorum and
Zoanthus sociatus). The black sea urchirgchinometra lucunter, ascidians and colonies of corals
Favia gravida, Montastrea cavernosa, Mussismilia hispida and Sderastrea spp. are also found.
During our study, horizontal visibility ranged frobnto 12 m, and water temperature was around

27° C.

INSERT FIGURE 1 HERE

Visual census for densities
We used stationary visual censuses adapted frohmdack and Bannerot (1986), with 4 m
radius and 5 min of duration for measure densiifeshes. We used the color to determine the life
phase of each individual (e.g. Initial phases —aifl Terminal phases TP), there is considerable
difference in colour among these labrids as wethaslife intervals within each species (Jones 2002

Terminal phases (TP) were easily distinguished fhoitial phases (IP) because of their bolder colour
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patterns (except. poeyi) and changes in morphology. A total of 10 vistethsuses were performed
in each rocky shore, data were recorded on plabtidooards. Identifications of all species, inchgl
species that belonging to others genus, were dsing gpecialized literature (Humman and DelLoach

2002; Sampaio and Nottigham 2008).

Foraging activity

The foraging activity, ie feeding frequendyités / min), and selection of the substrate, was
obtained by the method "focal animal® where we ¢ednthe number of bites invested on each
substratum (Lehner 1979). We conducted a totaloffocal animals. For each of the nine sampling
sites were conducted 60 focal observations, beinfpleach species (10 TP and 10 IP) with 3 minute
duration, where all occurrences were recordedast clipboards, between 09:00 - 16:00 pm. When
a Halichoeres were found, we waited 1 minute before start “foeaimal”. In each observation the
species and number of fish (max. 1 m distancehenschools were recorded. We avoid record fishes

of the same school, thus in the end of each obsemnvae move away at least 5 m.

Habitat complexity

For each visual census there were two measmnts of rugosity, benthic cover and depth,
totalizing 60 measurements of habitat complexityefach site. Rugosity was measured using the link-
chain method proposed by Luckhurst and Luckhur§78). Benthic cover was obtained using
replicates of a 25 x 25 cm quadrats (100% coven)depth was measured using dive computer. Only
higher taxonomic levels of benthic organisms weseridninated: macroalgae, turf algae (epilithic
algae and macro algae recruits less than 5 mngllicer algae and corals.

Depth, benthic cover (algae and corals) anadsiig were chosen as habitat complexity variable in
this study because: i) depth may have an influemcthe association of wrasses with different h&bita
(Morton and Gladstone 2011), Halichoeres species are found in habitats with corals (Jold&Rp
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iii) algal habitat provides opportunities to fedddrton et al. 2008) and ivhigh rugosity indicates
protection against large-sized predators and higarsity of microhabitats for feeding (Tuya et al.

2009)

Wave Exposure

We used a similar scale of wave exposure queg by Krajewski et al. (2011), where wave
exposure was classified within an arbitrary scatenf1 to 9. The score 9 is the highest exposure
recorded among the sites. In this classificationjéwski et al. (2011) used previous dive experience
of the authors to classify wave exposure. Additiignae used plaster dissolution method (Jokiel and
Morrissey 1993; Angradi et al. 1998), to check éxposure gradient. Sites with high exposure were
expected to have greater weight loss of plasteeotddj Three plaster balls with size and weight
previously known were placed in each rocky shouelistl and removed after 24 hours. We found a
strong relationship fr= 0.81) between the arbitrary exposure gradiedt the data obtained by the

plaster dissolution method.

Diet

A total of 102 fishes were collected, beingH5brasiliensis IP, 10H. brasiliensis TP, 25H. penrosel

IP, 15H. penrosel TP, 21H. poeyi IP andH. poeyi 16 TP. Collections were made between 9 AM and
4 PM, the active time for the species, using a bpedr or handnets while snorkeling. Fish were
preserved in formaldehyde (10% concentration) depto prevent digestion of the components in the
gastrointestinal tract. When instantly injecting #formaldehyde was not possible, fish were kept on
ice. Items were identified and placed in 5 différeategories: Polychaetes, Bivalves, Gastropods,

Crustaceans and Echinoids.
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Data analysis

Fish densities and habitat relationships waralyzed with Canonical Correspondence Analysis
(CCA). Monte Carlo permutation test was used tockh# the axis were significant. Principal
Component Analysis (PCA) was utilized for dimensi@uduction of the environmental variables
(rugosity, depth, coralline algae, macro algaef, amd coral cover) witldata log x+1) transformed
and normalizedLinear regressions were conduced to investigegdrifluence of habitat complexity
(using PCA scores) on fish foraging. The influen€evave exposure and group size on fish foraging
were also investigated with Linear regressidrsachieve statistical tests requirements, foragiatg
were log k+1) transformed.

The Electivity Index was used to identify mnefnces of substrate to forage. It was calculated
according to the following formula; E (ri — n)/(ri + n), where Eis the value of electivity for the type
of substrate; r; is the percentage of feeding bites in the sulestrandn; is the percentage of substrate
i in the studied location. The IVLEV’s Electivity Ied varies from -1 to 1. Values near -1 show low
preference or rejection while values near +1 ingidagh preference for a particular substrate (Kreb
1989). The preferences of group formation also iwasstigated using a Electivity index. In this case
was the percentage of encounters with a speceasd n was the relative density. ANOSIM analysis

was utilized to compare diets of the species andgametic phases.

Results

Influence of habitat complexity on foraging activity

The data of four groups of the benthic cowaables (turf, macroalgae, coralline algae analspr

used in PCA analysis were responsible for 71 to @7%e total benthic cover in the studied sites.

PCA results showed that rugosity (r= 0.57) and ltoeaalgae (r= 0.47) were positively correlated
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with the axis of habitat complexity (axis from P@Aalysis: PC1 with 41.7 % of data variation) and
coral (r=-0.30) and depth (r=-0.58) were negdyiverrelated with the habitat complexity axis.
Regression analysis showed that habitat t®dtp influenced foraging activity, except faéi.

brasiliensis TP (Table 1).

INSERT TABLE 1 HERE

Influence of habitat complexity and wave exposurerodensities

Monte Carlo Permutation test showed that ttess drom CCA analysis were significant (p=0.006)
and the first two axes accounted respectively fi%o4and 33% of the variance between species and
variables. The IP densities bf. poeyi andH. penrosei were correlated positively with rugosity and
coralline algae, respectivelyHalichoeres species in the terminal phases were correlatediyelg

with depth and wave exposure (Figure 2).

INSERT FIGURE 2 HERE

Influence of wave exposure on foraging activity

There was a change of foraging activity fdrsglecies in the exposure gradient, forage activity
decrease in rocky shores with higher degree of vexy®sure (Figure 3). In general, IP of the three
species analyzed were influenced more with expodae TP, results of Regression analysis showed
significant differences in the foraging activityrfélalichoeres penrosel IP, H. poeyi IP, H. brasiliensis

IP, H. penrosel TP andH. poeyi TP.

INSERT FIGURE 3 HERE
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Influence of group size on foraging and preferencef group formation

Linear Regressions showed a positive reldieteen foraging activity and group size (Figuye 4
Except forH. brasilienss TP where this relation was not significant. Tlpeges that showed the
highest degree of sociability weke penrosal (87.7% IP and 42.2 % TP found in schools) &hd
poeyi (75.5% IP and 51.1% TP), whilé. brasiliensis was found more solitarily (31.1% IP and 17.7%

TP).

INSERT FIGURE 4 HERE

Within the observed schools the majoritytieém had others#ialichoeres species (74%). The
speciedH. poeyi andH. penrosei were found foraging together in 53 % of the obsiowa involving
these two species. IP and TPHafpenrosel andH. poeyi had preference to forage wiltanthurus
bahianus (Acanthuridae) andPseudupeneus maculatus (Mullidae) (Figure 5 A and B). IP oH.
penrosei also selectedThalassoma noronhanum. IP of all species selecteSparisoma axillare
(Labridae). IP oH. brasiliensis also selected. coeruleus (Acanthuridae) and. bahianus (Figure 5

C).

Microhabitat preference to forage and diet

The results of Ivlev’s electivity index showadoraging preference éfalichoeres species by turf
and macroalgae for both phasesHof penrosei and H. poeyi (Figure. 6 A and B)howeverH.
brasiliensis had preference to forage in turf, coral and caralklgae (Figure 6 C).

The stomach contents varied according to sgeamd phases: most contentglopenrosel IP were
polychaetes, while ifH. penrosei TP were gastropod$l. poeyi ingested more bivalves than others
invertebrates in both phases. Initial phasesHofbrasiliensis had principally crustaceans in the

stomachs and TP had gastropods (Table 2). ANOSiMysis showed differences between species
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and phases, except fét. brasiliensis IP andH. poeyi IP had no significant differences in the diet

(Table 3).

INSERT FIGURE 5 AND 6 HERE

Discussion

Influence of habitat complexity on foraging activity

Successful foraging by animals depends lgirgelthe spatial distribution of food resourcesl(Be
1991; Thums et al. 2011). Our results showed thhttat complexity had significant influence in the
foraging activities of two species investigatednel® (2006) analyzed the distribution of behaviors
within home range contours and found thilichoeres maculipinna, sister species dfl. penrosel
(Rocha 2004), an#i. poeyi displayed a random distribution of feeding througihthheir home range
areas in St. Croix, Virgin Islands. We believe thtlichoeres species in general have a random
distribution of feeding throughout their home ramgeas.

According to Krajewski et al. (2010) we coelxpect that foraging substratum preferences mediat
behavioral responses to substratum composition,etiewthey did not find relationships between
general behavioral responses and the abundandereetd some particular substrata. Although we
investigated the relationship between habitat cemipt (including benthic cover, rugosity and deep)

and foraging activities of thidalichoeres using a different way.

Influence of habitat complexity and wave exposurerodensities
Our CCA ordination showed that TP of the specieslistl were correlated with depth and
exposure, IP with rugosity and algae cover. Acesaydio Morton and Gladstone (2011) depth may

have an influence on the association of wrassds afterent habitats, it is likely that other hatiit

22



characteristics also contribute to these assoomtias an example this authors cited that coblolds a
sediment are removed from fringe and barrens by lgve energy, whereas smaller substrates
accumulate in deeper sponge gard&exently, Krajewski and Floeter (2011) found tHatadiatus,
sister species of. brasiliensis (Rocha and Rosa 2001)ad higher density in shallow and more
exposed siteqn the oceanic archipelago &fernando de Noronha (Brazil). Our results indidate
Halichoeres species studied had a clear change in the distibwf depth strata associated with
ontogenetic shifts.

The preferential use of shallow habitahric algaeby IP of wrassesas also been observed for
rocky reefs in temperate Australia (Gillanders atidgsford 1998; Curley et al. 2002) and New
Zealand (Jones, 1984; Choat and Ayling 1987). Algabitat provides, for smaller individuals,
opportunities to feed on small crustaceans andusadl (Denny and Schiel 2001; Shepherd and
Clarkson 2001; Morton et al. 2008). However, acowydo Fulton and Bellwood (2004) in these
shallow habitats, small wrasses are susceptibléngoinfluence of wave surge on their swimming
performance and their ability to undertake dailyivaites. Our results corroborated with Morton and
Gladstone (2011) when also cited that overhead algaopies offer sufficient protection to allow
these individuals to occupy reef areas from whielvevsurge would otherwise displace them.

Tuya et al. (2009) suggested two main medmasito explain why labrid species tend to
concentrate in and around of structural elementst, Small topographic elements (i.e. small cracks
crevices, holes, etc.) may provide protection agjderge-sized predators; second, these topographic
elements provide a range of microhabitats for gakprey items ofabrids such as crustaceans. Tuya
et al. (2009) also mentioned that food and sheltevided by macro algae are important resources for
labrids of temperate waters, although disentangliegrelative importance of foogersus shelter may
be difficult.

Rocha et al. (2005) studying the abundamdddsalichoeres in different habitats found thad.

brasiliensis had higher abundances in spur/groove, rock anchpaefs than non reef-habitats.
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maculipinna had higher abundances in linear reefs Hngoeyi in non reef-habitats (vegetation, sea
grass and rubble), although this last species wasdf in all habitats studied by these authors. Our
study was limited to tropical rocky shores habiatjch are shallow and narrow, probably this is the

reason to explain in our findings that the differeswere more striking among phases than species.

Influence of wave exposure on foraging activity

Under high wave exposure, swimming demands highggnexpenditure and some invertebrate
feeders, as the species studied herein, seem td axtva energy expenditure by avoiding foraging
under high wave exposure (Johansen et al. 2007a). r€sults support most findings for fish
behavioral responses to water flow (Fulton et 8012 Fulton and Bellwood 2005; Johansen et al.
2007a, 2008; Krajewski et al. 2010), where fishrease the foraging activity in sites with high wave
exposure. The exception wHs brasiliensis TP, this is the largest species of gehiatichoeres in the
Brazilian coast (Sampaio and Nottinham 2008) amtbgioly have more swimming ability than smaller
species. Feeding performance is affected by locomabilities which are used during search and
capture of prey (Colar et al. 2008) and large&ze also promotes locomotion abilities, allowing
movements over large reef areas and into variogsontmabitats, including those that are exposed to
wave action (Fulton and Bellwood 2004).

Krajewski et al. (2010) studying patternsvafiation in behaviour of nine common reef fish in
Fernando de Noronha-Brazil, found that most studpegties tended to stay close to the bottom is site
with high hydrodynamism. According to these authdish may save energy avoiding swimming in
the higher water layers, which have higher watex fJohansen et al. 2007b), especially in exposed
sites. Krajewski et al. (2011) also showed tkhtradiatus was significantly positive correlated

between wave exposure and proximity to the bottom.
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Influence of group size on foraging and preferencef school formation

The present paper showed that there is arase in the rate ¢talichoeres foraging as the group
size increases. Schooling behavior of fishes isxaskedged as a critically important anti-predator
mechanism (Magurran 1990). The benefits of ‘mangséynclude easier detection of predators and
lead to greater dilution and confusion of predatehéch gives the school an advantage over solitary
individuals (Jones 2002). Pitcher et al. (1982)vadob that information sharing within a group may
result in shortened search time for food. Behawbustudies of goldfishGarassius auratus) and
minnows Phoxinus phoxinus) have shown that members of larger groups stayelom food patches
and cover larger areas than members of small gridagurran and Pitcher 1983).

Halichoeres poeyi and H. penrosei were found more in schools than solitaries, while
brasiliensis was found several times solitary. Jones (2002ddihat larger individuals dfialichoeres
invest more time swimming alone, possibly becabeg aare more effective at escaping predation or
they are more efficient at finding food. To reirder this pattern found by Jones (2002) and
corroborated herein, othelalichoeres population should be investigated.

Jones (2006) studying in Caribbean waltergarnoti, H. maculipinna, H. poeyi andH. bivittatus,
found these species in many activities in groups: udyreinforces the degree of sociability for
Halichoeres species. We used IVLEV’s Electivity Index to invgsate selection of school by
Halichoeres. Although this index had been used for evaluatesisate selection to feeding by fishes
(Bonaldo et al. 2006; Francini-Filho et al. 201@u&a et al. 2011), Francini-Filho et al. (2000)duse
this index to identify preferred clients by cleafenoronhanum. We believe that IVLEV’s Electivity
Index can be a good tool to study relationship ketwdifferent species of reef fishes.

In general our results of group selection showed parrotfishes, surgeonfishes were preferred to
form schools by studietHalichoeres species. Although Jones (2002) found similar teswuhere
parrotfishes and surgeonfishes were presents insthme@ols of Caribbeatdalichoeres species,

goatfishes were not cited as present species iadheols. Goatfishes are common in the rocky shores
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studied probable due to near interface with undotested substratum (Barros et al. 2001; Krajewsky
et al. 2006), thus the characteristics of the raglkyres can explain partly the presence of goatfismh
the sites.

The schools observed were formed by species adrdifit families and trophic levels. We believe
that Halichoeres spp establish schools with fish from various tioplevels (e.g. invertivores and
herbivores), since these species do not offer tisky take advantage of living in groups. The
‘following behaviour’ is an association that occurs shallow tropical waters, including diurnal
predators and a large variety of ‘nuclear speciHsése species explore the substrate by distudmfig
bottoms or coral reef environments exposing paaéptiey to opportunist or generalist species, known
as ‘the followers’ (Sazima et al. 2007; Maia-Nogaeet al. 2009). According to previous studies
concerning this behaviour, the association bendfiés follower, which has access to prey usually
unavailable and might increase feeding succeseaedse susceptibility to predation (Deloach 1999;
Gerhardinger et al. 2006).

Other possible case of opportunistic behaviamé in our study was the association betwien
penrosel IP andThalassoma noronhanum IP. These species are similar in the body shapecalor,
which can be a protective mimicry relationship (Begheiro et al. 2010; Pereira et al. 2011). Iulslo
be interesting to evaluate the proportion of oppudtic behavior played bialichoeres species to

better understand the relationships among theseespe

Microhabitat preference to forage and diet

The species studied had preference to faragaf. Azevedo (2009) cited that all the sizesslas
of H. poeyi had preference for foraging on the Epilithic Alddatrix (EAM). The EAM is widely
known as a substrate rich in sediment and debtis quantity of invertebrates with high nutritional

value (Crossman et al. 2001; Wilson et al. 2003 w&zio 2009).
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In our study, as expected, the diets of encdepecies . penrosei andH. brasiliensis) were
similar with the sister’s species from Caribbeaar{@al 1967). According to Azevedo (2009) larger
individuals ofH. poeyi utilize more rigid-bodied prey like decapods awtliieoids, while the smaller
individuals had a tendency to feed on soft-bodiegly pAlthoughH. brasiliensis and H. penrosei
followed this pattern, stomach contentsHhfpoeyi IP were dominated by bivalves. This difference
may be explained by availability of preys in theesistudied. Futures studies should test if pretee
in the diet of theHalichoeres species are correlated with available of preyhénforaging habitats.

Morton et al. (2008) showed significant oh@® in dietary composition with increasing body
length in labrids, reflecting mainly changes in fireportional representation of different prey. ¥he
also suggested that small individuals of each ggef@d mainly on amphipods, followed by small
decapods, bivalves and trochid gastropods andingtieasing body size, fish fed on greater volumes
of hard-shelled molluscs. Similar size-relatedtshii diet have been demonstrated in other spefies
labrids of temperate Australia and New Zealand €30h988; Gillanders 1995; Denny and Schiel
2001). Increasing of mouth size, greater crushiogvgy of pharyngeal teeth, shifts in foraging
microhabitats, improved locomotion and sensoryitedsl are the principals factors of size-related
changes in dietary compositions (Wainwright 198&rtdn et al. 2008).

Halichoeres species are influenced by wave exposure and hafaitaplexity in tropical rocky
shores, both densities and foraging activity. Greige is important factor in the foraging activity
since the foraging rates increasing with group.sishavioral use of microhabitats may determine
large-scale distribution patterns (Fulton et al0PQ we believe that behavioral use of microhabitat
can be a great tool to investigate distributiontgrat of fish between coral reefs and tropical yock

shores.
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Table 1 Results of Regression analysis between fish éoeagl habitat complexity. IP= Initial phase

and TP= Terminal phase. * = Significant results.

F r? p
H. penrosal IP 7.22 0.06 0.008*
H. penrosei TP 14.68 0.13 0.000*
H. poeyi IP 12.75 0.11 0.000*
H. poeyi TP 5.75 0.05 0.018*
H. brasiliensis IP 3.93 0.03 0.050
H. brasiliensis TP 0.70 -0.03 0.403

Table 2 Diet of theHalichoeres species studied. Numbers correspond to mean oépiage = S.D.

Crustaceans Bivalves Gastropods Echinoids Polychaetes
H. penrosel IP 19+33.9 23.8+37.8 - - 57+50.9
H. penrosel TP 15+12.8 18.7+26.9 37.5£23.3 - 28.7+18.9
H. poeyi IP 23+36.3 43.5+38.7 15.3+25.1 2.5+21.8 15.3+31.8
H. poeyi TP 22.7£15.9 47.7+23.0 14.7+£13.2 7.9+£19.0 6.8+13.8
H. brasiliensis IP 34+34.4 31.8+26.4 20.41+40.1 4.5+5.7 9+21.3
H. brasiliensis TP 8.5+12.6 27.6+24.4 57.4+26.9 4.2+9 2.1+10.5
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Table 3 Results of ANOSIM analysis comparing dietHdlichoeres species and ontogenetic phases.

* = Significant differences.

R Statistic Significance Level

H. brasiliensis IP, H. brasiliensis TP 0.159 0.025*
H. brasiliensis IP, H. penrosei IP 0.108 0.017*
H. brasiliensis IP, H. poeyi IP 0.062 0.97

H. brasiliensis TP, H. penrosei TP 0.222 0.006*
H. brasiliensis TP, H. poeyi TP 0.403 0.001*
H. penrosei TP, H. penrosei IP 0.091 0.047*
H. penrosal TP,H. poeyi TP 0.411 0.001*
H. penrosai IP, H. poeyi IP 0.089 0.015*
H. poeyi TP,H. poeyi IP 0.082 0.039*
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BRAZIL

Salvador City

Figure 1. Map with samplings sites, rocky shores along Salvady: 1- Solar, 2- Vitéria, 3- Barra, 4-

Cristo, 5- Ondina, 6- Sereia, 7- Buracao, 8- Amasaand 9- Pituba.
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Figure 2. Correspondence Canonical Analysis between deasifiHalichoeres species and variables

of habitat complexity. IP= Initial phases and TRerminal phases.
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ANEXOS
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Anexo 2 Halichoeres penrosei forrageando conthalassoma noronhanum
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Anexo 4 Halichoeres poeyi forrageando comcanthurus bahianus e P. macul atus
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Anexo 5 Halichoeres brasiliensis forrageando solitariamente

45



Anexo 8 Halichoeres poeyi seguindd®seudupeneus maculatus
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Anexo 9 Coletas dos peixes para andlise de conteado astdmA) Mirando com arbalete, B)
Halichoeres poeyi capturado com arpdo, GJ. poeyi capturado com puca, DHalichoeres spp
coletados em um mergulho, E) Coletando com pu¢gdeixes recém capturados.
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Anexo 10.Retirada de estdbmago Hialichoeres brasiliensis. Foto: Patricia Costa

Anexo 11. Retirada de estdmago Hialichoeres penrosei. Foto: Patricia Costa
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Anexo 12. Conteudos estomacais encontrados: @justaceo Decapoda, provavelmente um
Stomatopoda, B) Crustaceos Decapoda, provavelnimrdobranchiata, C) Poliqueta, D) Crustaceo
Decapoda, provavelmente Majidae, E) Moluscos Gpsttas e outro molusco da familia Acmaeidae,
F) Crustaceo Decapoda, provavelmente um Stomatopoda

49



War2

100

20

Anexo 13.Bola de gesso colocada para averiguar gradiendgptesicao de ondas.

Scatterplot of VarZ against Var1 Mean Plot of Var2 grouped by Var1
Spreadsheet! 10v27c Spreadsheet! 10w27c
v 120
a
110
100 /1—
90
|
80
E " /}/%/
60
'l
o
40
H 20
- 2 K . X o Mean
Fit Amar Bur Suk Ond Cris Far Wit Sol Pit Amar Bur Suk Ond Cris Far Vit Sol I 0 95 Conf. | =l
Var1 Vari

Anexo 14.Gradiente de exposi¢ao de ondas obtido atravésatiodo de dissolucdo de gesso.

50



APENDICE

51



Marine Biology

Instructions for Authors

Types of Papers

(0]

Original papers:

These are the most important components of Marine Biology. They report on original research in all fields of marine biology
and conform to the accepted standards of scientific quality. Interim reports and papers with inconclusive results will usually not
be published. In the latter case, exceptions can be made if the inconclusiveness is a robust and important result with relation to
widely debated theory. Original research articles have a length limit of 12 printed pages.

Reviews, concepts, and syntheses:

Articles of this category can either summarize recently terminated research areas of wide importance, provide an up-to-date
account of the present status of active research areas, or set the perspective for future research. Very high quality and
importance criteria are applied to this category of articles, with emphasis on the impact of future research. Articles of the
category concepts and syntheses have a length limit of 6 printed pages. Reviews have no length limitation.

Methods:

Method articles may describe methods developed by the authors or a compendium of methods from the “grey” literature, if
these methods deserve the attention of a wider community. Application examples demonstrating the usefulness of the method
are welcome. Method papers have a size limit of 6 printed pages and method compendiums a limit of 12 printed pages.

Short communications:

Short communications are reports of research results or discoveries which deserve to be published more rapidly than usual
articles. The reasons for the special urgency have to be given in the cover letter. Short communications have to conform to the
highest priority criteria. They can only be accepted, if no major revision of the original manuscript is needed. Rejected rapid
communications cannot be submitted as regular manuscripts. The size limit is 4 printed pages.

Comments and replies:

Comments relate to articles in Marine Biology not older than one year. Their intention has either to be a substantial critique of
the original article or the clarification of a major misunderstanding that could have been caused by the original article. The
authors of the criticized articles have the right to write a reply. Comment and reply will be published together. The comment will
be reviewed externally, while the reply will only be edited for clarity. The size limit for comments and replies is 1 printed page.
Feature articles:

Outstanding papers of all categories may be selected as feature articles. These articles must be exceptional in respect to the
originality of the study, the importance to a diverse group of marine biologists and to the robustness of the methods. The
specific importance of the article is emphasized by an accompanying comment of the responsible Editor.

Manuscript submission

Manuscript Submission

Submission of a manuscript implies: that the work described has not been published before; that it is not under consideration for publication
anywhere else; that its publication has been approved by all co-authors, if any, as well as by the responsible authorities — tacitly or explicitly

— at the institute where the work has been carried out. The publisher will not be held legally responsible should there be any claims for

compensation.

Permissions

Authors wishing to include figures, tables, or text passages that have already been published elsewhere are required to obtain permission

from the copyright owner(s) for both the print and online format and to include evidence that such permission has been granted when

submitting their papers. Any material received without such evidence will be assumed to originate from the authors.

Online Submission

52



Authors should submit their manuscripts online. Electronic submission substantially reduces the editorial processing and reviewing times
and shortens overall publication times. Please follow the hyperlink “Submit online” on the right and upload all of your manuscript files
following the instructions given on the screen.

Title page
Title Page
The title page should include:

The name(s) of the author(s)

A concise and informative title

The affiliation(s) and address(es) of the author(s)

The e-mail address, telephone and fax numbers of the corresponding author

O O O O

Abstract

Please provide an abstract of 100 to 150 words. The abstract should not contain any undefined abbreviations or unspecified references.

Text

Text Formatting
Manuscripts should be submitted in Word.

Use a normal, plain font (e.g., 10-point Times Roman) for text.
Use italics for emphasis.

Use the automatic page numbering function to number the pages.
Do not use field functions.

Use tab stops or other commands for indents, not the space bar.
Use the table function, not spreadsheets, to make tables.

Use the equation editor or MathType for equations.

O O O O 0o o o o

Save your file in docx format (Word 2007 or higher) or doc format (older Word versions).
0  Word template (zip, 154 kB)

Manuscripts with mathematical content can also be submitted in LaTeX.

O LaTeX macro package (zip, 182 kB)

Headings

Please use no more than three levels of displayed headings.
Abbreviations

Abbreviations should be defined at first mention and used consistently thereafter.
Footnotes

Footnotes can be used to give additional information, which may include the citation of a reference included in the reference list. They
should not consist solely of a reference citation, and they should never include the bibliographic details of a reference. They should also not
contain any figures or tables.

53



o

Footnotes to the text are numbered consecutively; those to tables should be indicated by superscript lower-case letters (or asterisks for
significance values and other statistical data). Footnotes to the title or the authors of the article are not given reference symbols.

Always use footnotes instead of endnotes.
Acknowledgments

Acknowledgments of people, grants, funds, etc. should be placed in a separate section before the reference list. The names of funding
organizations should be written in full.

Special Remarks

Formatting as per journal instructions is essential, otherwise the manuscript will be returned without review.

Please follow the "Instructions for Authors" as well as the "Specific requirements". We also recommend using a copy of a recent article as
an additional guideline. For questions please contact the Editorial Assistant at marinebiology@ifm-geomar.de

Scientific style

Genus and species names should be in italics.

References

Citation

Cite references in the text by name and year in parentheses. Some examples:

Negotiation research spans many disciplines (Thompson 1990).
This result was later contradicted by Becker and Seligman (1996).
This effect has been widely studied (Abbott 1991; Medvec et al. 1993; Barakat et al. 1995; Kelso and Smith 1998).

Reference List

The list of references should only include works that are cited in the text and that have been published or accepted for publication. Personal
communications and unpublished works should only be mentioned in the text. Do not use footnotes or endnotes as a substitute for a
reference list.

Reference list entries should be alphabetized by the last names of the first author of each work.

0  Journal article

Gamelin FX, Baquet G, Berthoin S, Thevenet D, Nourry C, Nottin S, Bosquet L (2009) Effect of high intensity intermittent
training on heart rate variability in prepubescent children. Eur J Appl Physiol 105:731-738. doi: 10.1007/s00421-008-0955-8
Ideally, the names of all authors should be provided, but the usage of “et al” in long author lists will also be accepted: Smith J,
Jones M Jr, Houghton L et al (1999) Future of health insurance. N Engl J Med 965:325-329

0 Article by DOI

Slifka MK, Whitton JL (2000) Clinical implications of dysregulated cytokine production. J Mol Med.
doi:10.1007/s001090000086

O Book

South J, Blass B (2001) The future of modern genomics. Blackwell, London

O Book chapter

Brown B, Aaron M (2001) The politics of nature. In: Smith J (ed) The rise of modern genomics, 3rd edn. Wiley, New York, pp
230-257

54



Online document

Cartwright J (2007) Big stars have weather too. IOP Publishing PhysicsWeb. http://physicsweb.org/articles/news/11/6/16/1.
Accessed 26 June 2007

Dissertation

Trent JW (1975) Experimental acute renal failure. Dissertation, University of California

Always use the standard abbreviation of a journal’s name according to the ISSN List of Title Word Abbreviations

(o]

ISSN List of Title Word Abbreviations

For authors using EndNote, Springer provides an output style that supports the formatting of in-text citations and reference list.

(0]

EndNote style (zip, 3 kB)

Tables

O O O O

All tables are to be numbered using Arabic numerals.
Tables should always be cited in text in consecutive numerical order.
For each table, please supply a table caption (title) explaining the components of the table.

Identify any previously published material by giving the original source in the form of a reference at the end of the table
caption.

Footnotes to tables should be indicated by superscript lower-case letters (or asterisks for significance values and other
statistical data) and included beneath the table body.

Artwork

For the best quality final product, it is highly recommended that you submit all of your artwork — photographs, line drawings, etc. —in an
electronic format. Your art will then be produced to the highest standards with the greatest accuracy to detail. The published work will
directly reflect the quality of the artwork provided.

Electronic Figure Submission

O O O o o

Supply all figures electronically.

Indicate what graphics program was used to create the artwork.

For vector graphics, the preferred format is EPS; for halftones, please use TIFF format. MS Office files are also acceptable.
Vector graphics containing fonts must have the fonts embedded in the files.

Name your figure files with "Fig" and the figure number, e.g., Figl.eps.

Line Art

55



O O O o o

100
—& - Ameboid microglia
& - Ramified microglia
'55_'
E -~ A ——— e
¥ - Bt
— -
o 10 &
E. & A A
- 4xANOVA: P=0.25
=
L]
5 :
o F-N
1 .
E "
[E] o
s 1 A
= ot
o ~ T
5 -]
= .
1xANOVA: F=0.01" each
4xANOVA: P=0.04 *
0
DLPFC ACC Hi MD
Definition: Black and white graphic with no shading.
Do not use faint lines and/or lettering and check that all lines and lettering within the figures are legible at final size.
All lines should be at least 0.1 mm (0.3 pt) wide.
Scanned line drawings and line drawings in bitmap format should have a minimum resolution of 1200 dpi.
Vector graphics containing fonts must have the fonts embedded in the files.
Halftone Art

Definition: Photographs, drawings, or paintings with fine shading, etc.
If any magpnification is used in the photographs, indicate this by using scale bars within the figures themselves.
Halftones should have a minimum resolution of 300 dpi.



o O

O O O O

Combination Art

TMD
Group | * maw: T 199
*mewp NN EEN T s06
* montd (I g NN 508
¢ mGl1EsS [ 301

" mGhsa TN 17

! mGhisd L)) — 120
Group Il * mene — 41—

¥ mGuasd | | 535

Group lll* meuea  IEEEEEEEEEEEEEEEEITIIEEID o7
' manes (I so8

! mGhi7a IIIIEE— WS
* mGh7b T E D18 —

= mGuTe 0L —
" mGTd I

* mGhiTe 000 —
" m@uga [ AL —
" mGmgh | LD —
° mGhssc | 1 501

Definition: a combination of halftone and line art, e.g., halftones containing line drawing, extensive lettering, color diagrams, etc.
Combination artwork should have a minimum resolution of 600 dpi.

Color Art
Color art is free of charge for online publication.
If black and white will be shown in the print version, make sure that the main information will still be visible. Many colors are not
distinguishable from one another when converted to black and white. A simple way to check this is to make a xerographic copy to
see if the necessary distinctions between the different colors are still apparent.
If the figures will be printed in black and white, do not refer to color in the captions.
Color illustrations should be submitted as RGB (8 bits per channel).

Figure Lettering
O To add lettering, it is best to use Helvetica or Arial (sans serif fonts).
0 Keep lettering consistently sized throughout your final-sized artwork, usually about 2—3 mm (8-12 pt).
0 Variance of type size within an illustration should be minimal, e.g., do not use 8-pt type on an axis and 20-pt type for the axis
label.
0 Avoid effects such as shading, outline letters, etc.

O Do not include titles or captions within your illustrations.

Figure Numbering

All figures are to be numbered using Arabic numerals.

Figures should always be cited in text in consecutive numerical order.

Figure parts should be denoted by lowercase letters (a, b, c, etc.).

If an appendix appears in your article and it contains one or more figures, continue the consecutive numbering of the main text.
Do not number the appendix figures, "Al, A2, A3, etc." Figures in online appendices (Electronic Supplementary Material) should,
however, be numbered separately.

Figure Captions
O  Each figure should have a concise caption describing accurately what the figure depicts. Include the captions in the text file of
the manuscript, not in the figure file.

O  Figure captions begin with the term Fig. in bold type, followed by the figure number, also in bold type.
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O  No punctuation is to be included after the number, nor is any punctuation to be placed at the end of the caption.
0 Identify all elements found in the figure in the figure caption; and use boxes, circles, etc., as coordinate points in graphs.

0 Identify previously published material by giving the original source in the form of a reference citation at the end of the figure

caption.

Figure Placement and Size

When preparing your figures, size figures to fit in the column width.

For most journals the figures should be 39 mm, 84 mm, 129 mm, or 174 mm wide and not higher than 234 mm.
For books and book-sized journals, the figures should be 80 mm or 122 mm wide and not higher than 198 mm.

Permissions

If you include figures that have already been published elsewhere, you must obtain permission from the copyright owner(s) for both the print
and online format. Please be aware that some publishers do not grant electronic rights for free and that Springer will not be able to refund
any costs that may have occurred to receive these permissions. In such cases, material from other sources should be used.

Accessibility
In order to give people of all abilities and disabilities access to the content of your figures, please make sure that

All figures have descriptive captions (blind users could then use a text-to-speech software or a text-to-Braille hardware)

Patterns are used instead of or in addition to colors for conveying information (color-blind users would then be able to distinguish
the visual elements)

Any figure lettering has a contrast ratio of at least 4.5:1

Electronic Supplementary Material

Springer accepts electronic multimedia files (animations, movies, audio, etc.) and other supplementary files to be published online along
with an article or a book chapter. This feature can add dimension to the author's article, as certain information cannot be printed or is more
convenient in electronic form.

Submission
Supply all supplementary material in standard file formats.
Please include in each file the following information: article title, journal name, author names; affiliation and e-mail address of the
corresponding author.
To accommodate user downloads, please keep in mind that larger-sized files may require very long download times and that
some users may experience other problems during downloading.

Audio, Video, and Animations
Always use MPEG-1 (.mpg) format.

Text and Presentations
Submit your material in PDF format; .doc or .ppt files are not suitable for long-term viability.
A collection of figures may also be combined in a PDF file.

Spreadsheets
Spreadsheets should be converted to PDF if no interaction with the data is intended.
If the readers should be encouraged to make their own calculations, spreadsheets should be submitted as .xIs files (MS Excel).

Specialized Formats

Specialized format such as .pdb (chemical), .wrl (VRML), .nb (Mathematica notebook), and .tex can also be supplied.

Collecting Multiple Files

It is possible to collect multiple files in a .zip or .gz file.
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Numbering

If supplying any supplementary material, the text must make specific mention of the material as a citation, similar to that of figures
and tables.

Refer to the supplementary files as “Online Resource”, e.g., "... as shown in the animation (Online Resource 3)", “... additional
data are given in Online Resource 4”.

Name the files consecutively, e.g. “ESM_3.mpg”, “ESM_4.pdf".

Captions
For each supplementary material, please supply a concise caption describing the content of the file.

Processing of supplementary files

Electronic supplementary material will be published as received from the author without any conversion, editing, or reformatting.
Accessibility
In order to give people of all abilities and disabilities access to the content of your supplementary files, please make sure that

The manuscript contains a descriptive caption for each supplementary material
Video files do not contain anything that flashes more than three times per second (so that users prone to seizures caused by
such effects are not put at risk)

After acceptance

Upon acceptance of your article you will receive a link to the special Author Query Application at Springer’s web page where you can sign
the Copyright Transfer Statement online and indicate whether you wish to order OpenChoice, offprints, or printing of figures in color.

Once the Author Query Application has been completed, your article will be processed and you will receive the proofs.

Open Choice

In addition to the normal publication process (whereby an article is submitted to the journal and access to that article is granted to customers
who have purchased a subscription), Springer provides an alternative publishing option: Springer Open Choice. A Springer Open Choice
article receives all the benefits of a regular subscription-based article, but in addition is made available publicly through Springer’s online
platform SpringerLink. We regret that Springer Open Choice cannot be ordered for published articles.

O  Springer Open Choice

Copyright transfer

Authors will be asked to transfer copyright of the article to the Publisher (or grant the Publisher exclusive publication and dissemination
rights). This will ensure the widest possible protection and dissemination of information under copyright laws.

Open Choice articles do not require transfer of copyright as the copyright remains with the author. In opting for open access, they agree to
the Springer Open Choice Licence.

Offprints
Offprints can be ordered by the corresponding author.

Color illustrations

Online publication of color illustrations is free of charge. For color in the print version, authors will be expected to make a contribution
towards the extra costs.

59



Proof reading

The purpose of the proof is to check for typesetting or conversion errors and the completeness and accuracy of the text, tables and figures.
Substantial changes in content, e.g., new results, corrected values, title and authorship, are not allowed without the approval of the Editor.

After online publication, further changes can only be made in the form of an Erratum, which will be hyperlinked to the article.

Online First

The article will be published online after receipt of the corrected proofs. This is the official first publication citable with the DOI. After release
of the printed version, the paper can also be cited by issue and page numbers.

Integrity of research and reporting
Ethical standards

Manuscripts submitted for publication must contain a declaration that the experiments comply with the current laws of the country in which
they were performed. Please include this note in a separate section before the reference list.
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All benefits in any form from a commercial party related directly or indirectly to the subject of this manuscript or any of the authors must be
acknowledged. For each source of funds, both the research funder and the grant number should be given. This note should be added in a
separate section before the reference list.

If no conflict exists, authors should state: The authors declare that they have no conflict of interest.
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