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RESUMO

O presente trabalho pretendeu investigar alguns aspectos da ecologia, biologia da
reproducdo e comportamento de blenidides (Pisces: Blennioidei). Os machos de
blenioides tipicamente guardam ovos em ninhos mais ou menos elaborados, onde as
fémeas vém desovar. Defendem activamente o local de nidificagdo contra
conspecificos e outros intrusos, apresentando cuidados parentais para com as
posturas.

Nesta dissertaggo foram focados os seguintes topicos: i) caracterizagdo dos
locais de nidificagdo; ii) determinag@o das épocas de reprodugéo e dos factores que
poderdo estar envolvidos no seu controle; iii) compara¢do do comportamento das
espécies intertidais e subtidais e estudo do papel da turbuléncia na modificacdo dos
comportamentos das espécies intertidais; iv) padrdes de territorialidade e papel dos
cuidados parentais na protecgio das posturas; v) histérias vitais e comparagdo dos
padrdes de esforgo reprodutor entre machos e fémeas. Escolhemos como objecto de
estudo cinco espécies de blenidides da costa portuguesa: Salaria pavo, Lipophrys
pholis, Coryphoblennius galerita, Parablennius pilicornis e Tripterygion delaisi.

Os locais de nidificagio das espécies estudadas foram caracterizados, tendo-
se determinado o tempo de submersdo dos ninhos das espécies intertidais. No caso
das espécies subtidais determinou-se o tempo de submersdo diurno no pico da época
de reproducdo. Esses valores foram utilizados para calcular as taxas didrias de
actividade de cada uma das espécies. Concluiu-se que o tempo disponivel para todas
as actividades realizadas pelos machos parentais das espécies intertidais € em média
de 5h 34m por dia, contrastando com as 14h disponiveis para os machos das espécies
subtidais.

As épocas de reproducdo das espécies intertidais foram determinadas,
através do acompanhamento regular dos ninhos dos machos, registando-se a
presenca de ovos e/ou machos parentais, bem como a presenca de outro tipo de
ocupantes (peixes ndo-parentais, caranguejos, etc.). No caso das espécies subtidais
foram contabilizados, de uma forma ndo sistemdtica, os ninhos com ovos € a
presenca de machos em coloragdo parental ao longo do ano. Procedeu-se a uma
comparacio latitudinal das épocas de reprodugfo das espécies para as quais existiam
dados suficientes e relacionou-se essa variagdo com a temperatura da agua do mar.
Foi demonstrado o papel decisivo que a temperatura tem no controle da reprodugio
de peixes costeiros de substrato rochoso da zona temperada quente. Apesar disso,
outros factores influenciam a calendarizagio da reproducdo, ndo sendo possivel
afirmar que um estimulo particular induz sempre uma resposta correspondente.

Um dos temas centrais deste estudo consistiu na investigacdo da influéncia
da turbuléncia na estrutura dos territrios e no comportamento dos peixes litorais.
Muitos dos resultados apresentados neste trabalho podem ser interpretados como
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adaptagdes dos peixes intertidais a condi¢des de turbuléncia elevada. Quando
comparados com as espécies subtidais, os machos das espécies intertidais defendem
territérios mais pequenos, apresentam uma redugdo geral de actividade
permanecendo mais tempo dentro do ninho, sendo os comportamentos que envolvem
perda de contacto com o substrato extremamente raros.

Um dos custos provaveis da reproducio na zona intertidal é a reduggo de
oportunidades de alimentac@o, uma vez que os ninhos permanecem grande parte do
dia fora de agua. No entanto, isso ndo significa que os machos das espécies
intertidais apresentem custos energéticos mais elevados associados com a defesa do
territorio € os cuidados parentais. De facto, além dos machos destas espécies
possuirem a capacidade de reduzir os niveis metabdlicos quando fora de dgua, a
defesa de um territério menor e uma redugdo geral das actividades locomotoras,
numa zona onde os niveis de intrus@o no territério sio menores, podem também
contribuir para uma redugio dos custos energéticos. Os nossos resultados indicam
ainda que as pressdes de predac@o sobre as posturas s3o muito menores na zona
intertidal. Assim, os beneficios de nidificar neste habitat poderdo compensar os
custos impostos pela reducfio do tempo disponivel para a alimentaggo. De facto, ndo
se detectaram diferencas entre espécies intertidais e subtidais, no que diz respeito ao
modo como a energia é canalizada para a reprodug@o. Assim, apesar do reduzido
tempo que os machos das espécies intertidais t€ém disponivel para a alimentagio, ndo
se observa um agravamento geral da condi¢fo dos animais quando comparados com
as espécies subtidais.

Os cuidados parentais e a defesa do territorio impdem aos machos parentais
uma reducdo das oportunidades de alimentagZo. Estes apresentam taxas de
alimentac3o e indices hepatossomaticos inferiores aos das fémeas, sendo os indices
alimentares também em geral inferiores. Além disso, na maioria dos casos os machos
sofrem uma quebra significativa do indice hepatossomatico assim que a época de
reprodugdo se inicia. As fémeas, pelo contrrio, mantém taxas de alimentagfo e
indices hepatossométicos elevados durante um periodo de reproduco longo, que sdo
provavelmente responséveis pelo elevado niimero de ovos que conseguem produzir.
Ambos os sexos apresentam os valores mais baixos de condi¢do somética no fim da
época de reproducio.

As hipéteses apresentadas neste trabalho poderdo ser mais aprofundadas
procedendo-se a um estudo comparativo acerca do comportamento, estrutura dos
territorios € pardmetros indicadores do esfor¢o reprodutor noutros grupos de peixes
marinhos de substrato rochoso que apresentem cuidados parentais. Além dos
blenidides, os gobideos, cotideos e gobiesocideos poderdo constituir um bom
material para este tipo de estudos.



ABSTRACT

In this thesis some aspects of the ecology, reproductive biology and behaviour of
blennioids (Pisces: Blennioidei) were investigated. Blennioid males typically guard
eggs in nests where the females come to spawn. They actively defend the nesting
place against conspecifics and other intruders, and take care of the eggs.

This thesis focuses on the following aspects: i) characterization of the
breeding places; ii) determination of each species breeding season and the factors
involved in their control; iii) comparison of intertidal and subtidal species behaviour
and determination of turbulence influence on behaviour; iv) analysis of the territory
structure and the role of parental care on the survival of the eggs; v) life-histories and
patterns of reproductive effort for males and females. The subjects of this study are
five blennioid species that occur on the Portuguese coast: Salaria pavo, Lipophrys
pholis, Coryphoblennius galerita, Parablennius pilicornis and Tripterygion
delaisi.

The breeding places were characterized and the daily submersion time of the
nests of the intertidal species was determined. For subtidal species, the daily
submersion time corresponded to the daylight hour period in the peak of the breeding
season. These values were used to calculate the daily rates of activity for each
species. The mean time per day available for all activities was very short in intertidal
species (mean= 5h 34min), opposing to the 14h available for the males of subtidal
species.

The nests of the breeding males were followed for the determination of the
intertidal species breeding season, and the presence of eggs and/or males or other
occupants in the nests was registered. For subtidal species, the presence of eggs and
males in their breeding colouration was noted throughout the year. The latitudinal
variation of the breeding season in relation to sea water temperature was analysed
for the cases in which enough information was available. It was shown that sea water
temperature has a key role on the timing of reproduction of rocky shore coastal fishes
that inhabit the temperate zone. Nevertheless, the timing of reproduction is also
influenced by other environmental and endogenous factors. The same stimulus does
not alway produce the same answer.

One of the main subjects of this study was the influence of turbulence on
territory structure and behaviour of littoral fishes. Many of the findings presented
herein can be interpreted as representing adaptations of intertidal fishes to turbulent
conditions. When compared with subtidal species, they defended smaller territories,
presented a reduced total amount of activities, signalling and other behaviour
patterns that involve movements in the water column were almost absent, and they
stayed more time inside the nest.

One of the probable reproductive costs for breeding in the intertidal zone is
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a reduction in the feeding opportunities, since nests are out of water for most of the
day. However, this does not necessarily mean that the males of intertidal species have
to cope with higher energetic costs associated with territorial defence and parental
care. Indeed, they are able to reduce their metabolism when out of water, and the
small territory size, low level of intrusions and reduced locomotor activities, may also
contribute to save energy. Since the predation pressures were smaller in the
intertidal, the benefits of breeding in this zone may further offset the costs imposed
by the reduced time available for feeding. In fact, no differences in the ways intertidal
and subtidal species allocate resources to reproduction were found. Despite the
reduced time available for feeding, the males condition of intertidal species was not
lower than that of the males of subtidal species.

There is a reduction in the feeding opportunities for the parental males due
to parental care and territorial defence. Males presented lower hepatosomatic index
values and lower feeding indices and feeding rates. In most cases, males also suffered
a significant decline in the hepatosomatic index as soon as breeding starts. Females,
on the contrary, presented high feeding rates and hepatosomatic indices during the
breeding season, and this high level of feeding maybe responsible for the large
numbers of eggs they can produce throughout the breeding season. Both sexes are
at their poorest condition at the end of the breeding season.

The hypothesis presented in this thesis can be further investigated through
a comparative study on the behaviour, territory structure and reproductive effort
parameters on other rocky shore fish lineages that present parental care. Besides
blennioids, gobiids, cottids and gobiesocids could provide good opportunities for this
type of study.
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Etologia, Ecologia e Biologia da Reprodugdo de Blenidides

1. INTRODUGAO

1.1. Biologia da reproducéo de peixes de pequeno tamanho

A subordem Blennioidei (Teleostei: Perciformes) engloba seis familias de pequenos
peixes costeiros marinhos (Tripterygiidae, Dactyloscopidae, Labrisomidae, Clinidae,
Chaenopsidae e Blenniidae), com a excepg#o de algumas espécies que colonizaram
secundariamente habitats de agua doce (ex: Salaria fluviatilis, Wickler 1957).
Possuem em geral um tamanho inferior a 15 cm e apresentam cuidados parentais
pos-zigoticos (sensu Barlow 1981). Estes cuidados parentais s3o, na maioria dos
casos, dirigidos a uma postura de ovos adesivos colocados num abrigo defendido
pelo macho (Thresher 1984). Excepgdes a esta regra sdo os casos de gestagdo interna
registados nalguns Labrisomidae (géneros Starksia e Xenomedea) ¢ em muitos
Clinidae (Thresher 1984; Smith 1986; Gunn & Thresher 1991; Nelson 1994), e
ainda o transporte de ovos sob as barbatanas peitorais efectuado pelos
Dactyloscopidae (Barlow 1981).

A biologia destes animais encontra-se em grande parte relacionada com o
seu pequeno tamanho e o tipo de habitat em que conseguem sobreviver. As pressdes
selectivas a que se encontram sujeitos incluem a predagio por organismos maiores,
recorrendo estes animais a mecanismos de protecgio e mimetismo (Edmunds 1974).
O seu diminuto tamanho permite-lhes a exploraggo de habitats restritos, em geral de
fisionomia complexa, que possuem barreiras fisicas que os separam dos seus
predadores. Sdo exemplo de habitats deste tipo os recifes de coral, as facies de algas
coraliniceas, e ainda a zona intertidal do litoral rochoso. Surgem muitas vezes casos
de “liliputismo” e de pedogénese neste tipo de peixes (Fishelson 1989).

Existem inumeros factores que podem concorrer para o aparecimento de
peixes de tamanho diminuto, sendo que cerca de 10% dos peixes teledsteos
apresentam menos de 10cm de comprimento (Lindsey 1966; Nelson 1976). Lindsey
(1966) refere que a maioria dos teledsteos de tamanho reduzido ocorre em zonas
tropicais ou temperadas quentes, particularmente em habitats de 4gua doce tropicais.
Parece existir um efeito da latitude correlacionado negativamente com o tamanho dos

peixes. Este facto confirma-se para ambientes marinhos e de 4gua doce e parece estar
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relacionado com a maior subdivisido de recursos e proliferagio de nichos existente
nos tropicos, ocorrendo muitas vezes centros de especiagdo em latitudes baixas
(Miller 1979). Nas latitudes mais altas, onde a flutuagio dos factores ambientais &
muito marcada, as €pocas de reproducdio e os periodos favordveis para o
desenvolvimento das larvas sdo muito mais reduzidos e observa-se, em geral, uma
Unica postura por ano. Nestas circunstincias, falhas no recrutamento podem
condicionar todo o investimento parental de um ano e é de esperar que os animais
invistam prioritariamente no crescimento. No caso do oceano profundo, é conhecida
a “fauna liliputiana” que inclui diversas familias de peixes das comunidades
batipelagicas (ex: stomiiformes, myctophidae, melamphaidae e ceratioidea, Murray
& Hjort 1912; Marshall 1984; Sulak & Ross 1996). Aqui, limitagdes na
produtividade podem condicionar o tamanho corporal (Marshall 1960), ocorrendo
estratégias reprodutoras de parasitismo masculino nos ceratioidea (Pietsch 1976).
Outros factores que parecem concorrer para o aparecimento de peixes de pequeno
tamanho sdo a competicio interespecifica a nivel de nichos alimentares (Page &
Schemske 1978) e a acgdo dos predadores na diversificagdo de comunidades
superpovoadas, exemplificadas pelos recifes de coral e os Grandes Lagos de Africa
(Fryer 1959; Fryer & Iles 1972; Roughgarden & Feldman 1975; Sale 1978). O
acesso a abrigos bem como a especializagio na captura de presas de pequeno
tamanho so favorecidos em peixes pequenos. Miller (1979) refere que o pequeno
tamanho pode ser um indicador da sobre-especializagdo como estado tltimo no
desenvolvimento dos sistemas tropicais, e que leva a populagdes de dimensgo menor.

No que diz respeito a biologia da reproduc@o, os blenidides sdo peixes em
geral iteroparos e realizam posturas multiplas numa mesma época de reprodugzo. Tal
como muitos outros peixes de pequeno tamanho que vivem junto ao fundo (ex:
Gobiidae, Eleotridae, Gobiesocidae, Plesiopidae, Pomacentridae), partilham um
padréo de cuidados parentais exclusivamente masculinos prevalecente nos teledsteos
(Almada 1990). Este padréo de investimento parental apés a fertilizagio encontra-se
praticamente limitado, em ambientes marinhos, a peixes pequenos com 0vos
demersais, por oposi¢do a uma estratégia de dispersdo das posturas na coluna de
agua adoptada por peixes de maior tamanho (Barlow 1981; Thresher 1984). Barlow
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(1981) refere que, pelo menos para os recifes de coral, quanto mais pequena for uma
espécie, maior € a probabilidade de ela ter desenvolvido uma qualquer forma de
cuidado parental. Este padrdo de ovos plancténicos em espécies grandes € ovos
demersais em espécies de tamanho diminuto € também referido por Todd (1985) para
os invertebrados das costas rochosas das regies temperadas.

Um dos maiores problemas que se colocam aos peixes de pequeno tamanho
¢ a limita¢do do niimero de ovos que podem produzir (ex: Elgar 1990). O aumento
directo do volume dos ovarios por parte da fémea, coloca problemas a nivel de
hidrodinamismo e aumento da conspicuidade, existindo ainda limites intrinsecos para
esse aumento. As espécies de peixes pequenos que dependem directamente do
substrato apresentam o dilema de, por um lado, serem tdo dependentes do fundo que
se podem comparar a invertebrados sésseis (Tyler 1971; Lassig 1977) e por outro
lado serem demasiado pequenas para produzirem um niimero suficiente de ovos que
lhes possam conferir uma razoavel probabilidade de dispersdo. Estas espécies
competem mantendo os ovos em locais seguros e produzindo descendentes grandes,
capazes de melhor evitar os predadores e a dispers@o para o oceano aberto (Gibson
1969, 1982). As formas larvares podem apresentar mecanismos comportamentais
que lhes permitem manterem-se perto da costa (Marliave 1977, 1986). Este maior
investimento por ovo ainda reduz mais a fecundidade destes peixes, existindo um
compromisso entre o tamanho dos estados larvares e o numero de ovos produzidos.
Os dados de Russel (1976) indicam que os ovos demersais (que s&o usualmente
guardados) tendem a ser maiores que os planctonicos em latitudes elevadas, o mesmo
n3o acontecendo no entanto para os peixes de recife de coral (Thresher 1984). Existe
uma tendéncia de aumento do tamanho dos ovos com a latitude nos peixes
bentdnicos de pequeno tamanho, néo se verificando no entanto o mesmo para os
peixes pelagicos grandes (Thresher 1988). Um outro factor que podera reduzir ainda
mais a fecundidade das fémeas de peixes pequenos que produzem ovos aderentes ao
substrato sdo as especializacdes a nivel de estruturas coriénicas e mecanismos de
trocas gasosas apresentadas por estes peixes (Balon 1975, 1977, 1978).

Desenvolveu-se assim, em muitos casos, iteroparidade durante um periodo

longo de reproducdo (Williams 1959). Este facto encontra-se relacionado com os
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niveis constantes de produtividade observados em habitats marinhos e de 4gua doce
dos tropicos (Qasim 1956b; Lowe-McConnell 1979). Os grupos de peixes pequenos
das regides temperadas sdo derivados essencialmente de grupos tropicais ou sub-
tropicais e apresentam em geral iteroparidade com vérias posturas em cada ano,
longevidade média a elevada, maturagio mais ou menos tardia e um baixo esforgo
reprodutor (Schaffer 1974) (ex: Gobius paganellus, Miller 1961; Lipophrys pholis,
Qasim 1957; Halmablennius lineatus, Lee & Chang 1977; Thyphlogobius
californiensis, MacGinitie 1939). A fecundidade das fémeas que utilizam este tipo
de estratégia pode, no entanto, ser surpreendentemente alta ao longo de uma época
de reproducdo (Williams 1959; Hubbs et al. 1968; XII). Em latitudes mais
elevadas, as limitagdes de produtividade a periodos mais curtos, bem como a
variagdo dos factores ambientais que controlam a reprodu¢do, provocam muitas
vezes um encurtamento das épocas de reproducio (Miller 1979). Qasim (1956a)
propde, para as Ilhas Britdnicas, uma divisio em espécies do Norte, que se
caracterizam por uma época de reproducéo invernal e uma s6 postura por ano (ex:
Cottidae, Pholididae e Stichaeidae), e espécies do Sul, com uma é€poca de reprodugio
que se extende pela Primavera e Verdo em que as fémeas realizam posturas
sucessivas.

Em regi6es temperadas quentes verifica-se assim que, nos peixes costeiros
de pequeno tamanho, as fémeas apresentam posturas miiltiplas e, nalguns casos,
produzem um peso total de ovos que pode exceder o seu préprio peso corporal
(Wootton 1973; Barlow 1984; Miller 1984; XII). Espera-se assim que, para as
fémeas, a época de reproducio seja um periodo de alimenta¢do maxima, no qual o
alimento ¢ convertido em ovos. No caso dos machos que guardam e cuidam dos ovos,
o principal factor de investimento reprodutor deverd ser uma redugio das
oportunidades de alimentagdo durante a época de reproducéo (Qasim 1957; Miller
1984; Sargent & Gross 1986; Santos & Almada 1988; Chellappa et al. 1989; Santos
1992; Almada & Santos 1995; Smith & Wootton 1995; Santos et al. 1996; III; XT;
XTI).
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1.2. Territorialidade e cuidados parentais

A ocorréncia de territorialidade nos machos de muitas espécies de peixes
costeiros podera estar relacionada com a defesa de determinados recursos, tal como
acontece em muitos outros animais (Wilson 1975; Krebs & Davies 1981).
Alternativamente, poderd funcionar em alguns casos como uma estratégia de redugdo
de interferéncias por parte de outros machos (Almada 1990). De qualquer modo, a
sua existéncia favorece a ocorréncia de cuidados parentais, em especial de guarda de
ovos pelo macho (Barlow 1964; Almada 1990). Elementos de caracter epigdmico
como, por exemplo, a conspicuidade dos ninhos e a preferéncia das fémeas por
desovar em ninhos que ji contém ovos (ex: Gasterosteus aculeatus, Ridley &
Retchen 1981; Cottus gobio, Marconatto & Bisazza 1986; Pimephales promelas,
Unger & Sargent 1988; Chrypsiptera cyanea, Gronell 1989; Ethiostoma flabellare,
Knapp & Sargent 1989; Axoclinus carminalis, Petersen 1989; Hypsypops
rubicundus, Sikkel 1989; Aidablennius sphynx, Kraak & Videler 1991), podem ter
também facilitado a existéncia de cuidados parentais (Almada 1990). As condi¢cdes
que conduzem & ocorréncia de cuidados parentais masculinos nos peixes foram
revistas por Barlow (1962, 1964), Baylis (1978, 1981), Loiselle (1978), Loiselle &
Barlow (1978), Blumer (1979), Gross & Sargent (1985) e Almada (1990).

Tipicamente, a guarda de ovos pelo macho ocorre em espécies iteroparas,
com épocas de reproducdo longas e posturas multiplas (ex: Blenniidae,
Tripterygiidae, Chaenopsidae, Labridae, Gasterosteidae, alguns Centrarchidae,
Gobiidae e Pomacentridae). Verifica-se uma maior incidéncia na ocorréncia de
cuidados parentais nos habitats costeiros e estuarinos do que nos restantes bidtopos
marinhos (Baylis 1981; Blumer 1982; Almada 1990). Particularmente em espécies
residentes do intertidal rochoso predomina, nas nossas latitudes, a ocorréncia de
cuidados parentais, em geral guarda de ovos pelo macho (Gibson 1969, 1982, 1986;
Almada 1990). Nos habitats litorais de substrato mével sdo raros os casos de guarda
de ovos (Gibson 1969, 1982; Dando 1984; Potts 1984).

Tanto os recifes de coral como as zonas costeiras das regiGes temperadas
apresentam uma elevada incidéncia de espécie com cuidados parentais (Thresher

1984; Potts 1984). Além disso, as familias que t€ém espécies residentes no intertidal
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rochoso apresentam quase todas guarda de ovos. Almada & Santos (1995)
concluiram que esta elevada incidéncia de espécies com guarda de ovos no intertidal
rochoso € uma exaptagio (sensu Gould & Vrba 1982) e ndo uma adaptagio as
condi¢es de vida neste biétopo. De facto, as familias que tém espécies que guardam
ovos no intertidal rochoso incluem espécies que o fazem igualmente noutros habitats.
Os mesmos autores concluiram que as condigdes de vida do intertidal rochoso
actuam como um filtro, excluindo assim as familias que ndo apresentam cuidados
parentais.

Segundo Almada (1990), a territorialidade terd surgido antes e
independentemente dos cuidados parentais, da existéncia de ovos demersais e da
defesa de substratos de postura, ao contrario do que defendia Baylis (1981). A
ocorréncia dos cuidados parentais é favorecida em espécies de peixes demersais de
tamanho reduzido que efectuam posturas localizadas, cujos machos defendem
pequenos territérios. A fertilizacdo externa, o crescimento indeterminado, o aumento
da fecundidade com o tamanho da fémea e a possibilidade de realizar posturas
multiplas, sdo factores que se encontram directamente ligados 4 ocorréncia de
cuidados parentais nos peixes 6sseos (Almada 1990).

Barlow (1981) e Thresher (1984) verificaram que a maioria dos peixes de
recife com comprimento inferior a 10cm apresentam cuidados parentais. Possuindo
a maioria das espécies residentes do intertidal um pequeno tamanho, a elevada
incidéncia de cuidados parentais nestes peixes poder4 ser apenas uma consequéncia
directa desse facto (Almada 1990). Esta ideia € contraria as hipéteses defendidas por
Gibson (1969, 1982) e Potts (1984), em que a elevada incidéncia da guarda de ovos
estaria relacionada com os problemas que estes ambientes representariam para a
sobrevivéncia dos ovos, e larvas, nomeadamente a acgiio mecanica das ondas, as
variagOes de temperatura e salinidade, etc. De facto, a existéncia de espécies que
abandonam os ovos sem qualquer tipo de cuidado parental na zona intertidal, em
geral em tufos de algas (ex: Clinocottus acuticeps, Marliave 1981) e de outras que
s6 defendem a postura na preia-mar, abandonando o intertidal na baixa-mar (ex:
Enophrys bison, DeMartini 1978; Menidia menidia, Middaugh er al. 1981;
Symphodus melops, Potts 1985), vem reforgar a hip6tese de Almada (1990).

16



Etologia, Ecologia e Biologia da Reprodugdo de Blenidides

Em muitos teledsteos em que os machos sfo territoriais, 0 sucesso
reprodutor depende muitas vezes da posse de recursos como, por exemplo, locais de
nidificagdo e acesso a fémeas. Ocorre assim competi¢do por recursos associados a
reprodugdo que pode assumir diversas formas: i) competi¢do intrasexual pela
obtencdo de parceiros; ii) exclusio de competidores que podem interferir na
reproducio; iii) competicdo por locais de desova; iv) competi¢do pela monopolizagio
de recursos essenciais para a sobrevivéncia da descendéncia (Taborsky 1994).

Sendo os recursos muitas vezes limitados, ocorrem frequentemente machos
maduros que nfo conseguem estabelecer ninhos (“floaters” sensu Wilson 1975).
Nestas circunstincias, desenvolvem-se muitas vezes tacticas alternativas de
reproducdo. A tentativa de monopolizar locais de nidificagdo e fémeas para a
obtengio de fertilizagOes (tactica territorial), nem sempre € a tinica alternativa que
um macho tem para se reproduzir. Por vezes, a adopc¢io de uma tactica alternativa
pode trazer vantagens, quando o macho se encontra em inferioridade ou
superioridade competitiva em relagdo aos machos que tentam monopolizar os
recursos. Estas tacticas alternativas podem assumir dois tipos basicos (Taborsky
1994): i) obter parceiros de outros machos que ja investiram na sua aquisic#o; ii)
tentar obter fertilizacGes parasitas. No primeiro caso, inclui-se o assalto a ninhos ja
ocupados por outros machos (ex: Pseudocrenilabrus philander, Chan 1987,
Lepomis macrochirus, Dominey 1981), com uma variante de pirataria (“piracy”) de
ninhos, onde os machos maiores expulsam outros machos dos seus ninhos, atraem
fémeas para desovas e, em seguida, abandonam os ninhos que sio novamente
guardados pelos anteriores ocupantes (ex: Symphodus tinca, Berghe 1988). No
segundo caso, os machos nédo tentam monopolizar as fémeas, mas emitem esperma
quando o par se encontra a reproduzir (competicio de esperma). Pode ser efectuado
por machos territoriais vizinhos (ex: Tripterygion spp., Wirtz 1978; observagdes
pessoais), machos satélites (ex: Parablennius sanguinolentus, Santos 1985b, 1992;
Santos & Almada 1988; Santos et al. 1995, 1996; Lepomis spp., Gross & Charnov
1980; Cyprinodon peconensis, Kodric-Brown 1984; Crenilabrus spp., Taborsky et
al. 1989), ou machos que morfologica e/ou comportamentalmente se assemelham a

fémeas (“female-mimicry”) (ex: Pygosteus pungitius, Morris 1952; Lepomis
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megalotis, Keenleyside 1972; Tripterygion spp., Wirtz 1978; observages pessoais;
Lepomis macrochirus, Dominey 1980; Gross 1982; Symphodus ocellatus, Berghe
et al. 1989; Porichthys notatus, Bass & Andersen 1991; Brantley & Bass 1994;
Pomatoschistus microps, Magnhagen 1994; Oreochromis mossambicus, Oliveira
1995; Salaria pavo, Ruchon et al. 1995; VII).

RevisBes recentes indicam que estas ticticas alternativas de reproducio sdo
extremamente comuns nos peixes, particularmente em espécies territoriais onde
existe competi¢do por recursos como, por exemplo, ninhos e/ou fémeas (Bruton
1990; Taborsky 1994). Nestes casos, 0s pequenos machos parasitas empregam uma
tactica de “the best of a bad job”, tentando fecundar alguns ovos enquanto nio
atingem a idade e/ou tamanho necessério para competir eficazmente por esses
recursos. Por vezes existem mesmo estratégias alternativas de reprodugo, em que
numa determinada etapa da ontogenia, um macho investe no crescimento de modo
a tornar-se dominante e a assegurar um territério de reprodugio, ou investe em
esperma e mimetiza as fémeas de modo a aproximar-se do par reprodutor, tentando
fecundar ovos (ex: Lepomis macrochirus, Gross 1982, 1984; Onchorynchus
kisutch, Gross 1984).

Nos blenioides, apesar do comportamento reprodutor de muitas espécies se
encontrar bem documentado (para uma revisdo ver Almada & Santos 1995), apenas
sdo conhecidas ticticas alternativas de reproducdo em Tripterygion tripteronotus
(Wirtz 1978; Jonge & Videler 1989), Tripterygion delaisi (Wirtz 1978; Jonge &
Videler 1989; observagdes pessoais), Tripterygion melanurus (Wirtz 1978),
Axoclinus carminalis (Thresher 1984), Parablennius sanguinolentus (Santos
1985b, 1992; Santos & Almada 1988; Santos et al. 1995, 1996) e Salaria pavo
(Ruchon et al. 1995; VII).

1.3. Particularidades dos peixes intertidais

Os peixes que habitam a zona entre marés encontram-se sujeitos a grandes
variagOes de salinidade, temperatura e oxigénio dissolvido, a0 risco de dissecagdo,
a exposi¢do a predadores ndo aquiticos, e & acgdo da turbuléncia. Os peixes

intertidais tém de lidar com as flutuagdes ciclicas das condi¢des ambientais e
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apresentam adaptagdes fisiologicas e comportamentais que Ihes permitem sobreviver
nestes ambientes (Gibson 1969, 1982, 1986, 1988). A acgio destes factores pode ser
minimizada através da adopgo de um comportamento criptico, permanecendo em
pocas, fendas, ou debaixo de pedras na baixa-mar. Este modo de vida reflecte-se na
forma do seu corpo que € usualmente comprimido lateralmente e mais ou menos
alongado (Blenniidae, Pholididae), ou comprimido dorso-ventralmente (Cottiidae,
Gobiesocidae) (Abel 1961).

Muitas das espécies que habitam o intertidal sdo eurihalinas (Gibson 1969).
Davenport & Vahl (1979) investigaram o efeito de alteracdes de salinidade de 0-
34%o em Lipophrys pholis e verificaram que esta espécie conseguia manter uma
elevada estabilidade fisiologica. Milton (1971) efectuou estudos com esta espécie em
condigbes hipoténicas e verificou que o consumo de oxigénio também nio
apresentava alteragdes significativas, a ndo ser nos periodos de aclimatagdo. Os
blenideos Salaria pavo e Aidablennius sphynx apresentam também uma tolerancia
grande a alteragdes de salinidade (Gibson 1982).

O efeito da temperatura na grande maioria dos processos metaboélicos faz
com que este factor controle a distribuicio vertical, sazonal e latitudinal dos peixes
costeiros. O blenideo Hypsoblennius gentilis e o cotideo Clinocottus analis
apresentam um habitat e distribuicfo latitudinal semelhante na Califérnia, mas
Clinocottus analis tem uma origem boreal, enquanto que Hypsoblennius gentilis
tem uma origem tropical. Ambas as espécies compensam as varia¢des sazonais de
temperatura ajustando as suas taxas metabolicas de diferentes modos, uma vez que
Clinocottus analis se encontra adaptado primordialmente a dguas mais frias e
Hypsoblennius gentilis a temperaturas mais elevadas (Graham 1970). Lipophrys
pholis também adapta o seu ritmo metabodlico a alteragdes prolongadas de
temperatura (Wallace 1973). E ainda conhecido o efeito de temperaturas
anormalmente baixas de Inverno na ictiofauna intertidal de pogas de maré, com
mortalidades de comunidades inteiras que por vezes levam anos a recuperar
(Thomsom & Lehner 1976; Jones & Clarke 1977).

Muitas espécies de peixes intertidais resistem a dessecacdo (ex:

Anoplarchus purpurescens, Cebidichthys violaceus, Lipophrys pholis, Mnierpes
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macrocephalus, Periophthalmus cantonensis, Sicyases sanguineus, Xererpes
fucorum, Xiphister mucosus, Xiphister atropurpureus, Gibson 1969, 1982; Gordon
et al. 1970; Horn & Riegle 1981; Laming et al. 1982). Diversos estudos confirmam
ainda a capacidade de respirag#o fora de d4gua por muitas espécies intertidais (ex:
Boleophthalmus chinensis, Cebidichthys violaceus, Ciliata mustela, Lipophrys
pholis, Periophthalmus cantonensis, Pholis gunnellus, Xiphister mucosus, Gibson
1969, 1982; Nonotte & Kirsh 1978). Algumas espécies chegam mesmo a emergir
das pogas, quando estas apresentam niveis baixos de oxigénio dissolvido, o que
acontece particularmente a noite (ex: Ciliata mustela, Clinocottus analis,
Clinocottus recalvus, Coryphoblennius galerita, Lipophrys pholis, Lipophrys
trigloides, Paraclinus integripinnis, Taurulus bubalis, Tomicodon humeralis,
Gibson 1969, 1982; Davenport & Woolmington 1981; Heymer 1982; Zander 1983;
Louisy 1987). Por vezes, os abrigos intertidais escolhidos por determinadas espécies
apresentam condi¢des de hipoxia (ex: Periophthalmus cantonensis, Thyplogobius
californiensis, Gibson 1969, 1982). Estas combatem este facto reduzindo
drasticamente o consumo de oxigénio e apresentando mesmo respira¢éo anaerdbica.
A sobrevivéncia fora de d4gua na baixa-mar s6 € possivel se os animais mantiverem
a pele e as brAnquias hiimidas. Este facto € conhecido em muitas espécies de peixes
litorais (ex: Andamia heteroptera, Anoplarchus atropurpureus, Xiphidion
mucosum, Coryphoblennius galerita, Salaria pavo, Salaria basilisca, Gibson,
1969, 1982). A respiragdo aérea dos peixes intertidais permite-thes explorar um
habitat relativamente livre de predadores e competidores e evita migragdes
provavelmente energeticamente dispendiosas em cada ciclo tidal.

O modo de reproducdo e de histdrias vitais dos peixes intertidais €
semelhante ao que se verifica em geral nos peixes bentdnicos marinhos de substrato
rochoso: tamanho diminuto, ovos demersais, cuidados parentais masculinos,
territérios pequenos nos quais se encontra contido o local de nidifica¢&o (cavidade
na rocha, debaixo de pedras, etc.), iteroparidade, posturas multiplas, larvas
plancténicas, maturidade sexual no primeiro ou segundo ano (Gibson 1969, 1982,
1986; Wirtz 1978). Em muitas espécies de blenidides tropicais e sub-tropicais, tanto

os machos como as fémeas defendem territdrios individuais permanentes (Fishelson
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1975; Losey 1976; Nursall 1977). Noutras espécies, os machos defendem territorios
permanentes, enquanto que as fémeas tendem a ter areas vitais (“home ranges™) que
se sobrepdem (Phillips 1977). Nas espécies das zonas temperadas a regra € a
territorialidade ser restrita aos machos e apenas durante a época de reprodugio
(Gibson 1967b; Almada et al. 1983; Louisy 1983; I; III; IV; VI; XI).

Como ja foi referido, os peixes do intertidal rochoso constituem um
subconjunto dos peixes adaptados a viver em substratos duros (Almada & Santos
1995). Assim, € de esperar que muitas das caracteristicas apresentadas pelos peixes
intertidais se encontrem ja presentes nos seus parentes subtidais. Uma das maiores
diferencas entre o ambiente intertidal ¢ os restantes ambientes marinhos, é a
influéncia da turbuléncia. Este facto implica que os peixes que ai habitam
apresentem tamanho diminuto (raramente excedem 20-30cm) e capacidades de
manobra elevadas. O seu pequeno tamanho, permite-lhes ainda ocupar pequenas
cavidades e frestas que lhes oferecem elevada protecgdo. As escamas encontram-se
muitas vezes ausentes (Blenniidae, Gobiesocidae), reduzidas (Pholididae), ou
fortemente “agarradas™ a pele (Gobiidae). O abundante muco que muitas destas
espécies produzem poderd actuar como lubrificante quando o animal se move em
espagos reduzidos (Gibson 1969, 1982). Muitas espécies apresentam ainda olhos
geralmente grandes & frente e acima na cabega, possuindo um extenso campo de
visdo. Nalgumas familias, particularmente nos Gobiesocidae, o campo de visdo €
ainda mais alargado pela mobilidade da articulacdo da cabega, uma caracteristica
pouco usual nos peixes (Fishelson 1966; VIII).

Os peixes intertidais sdo, em geral, fracos nadadores, e permanecem junto
ao fundo. O seu modo de vida bentdnico é auxiliado pela flutuabilidade negativa
resultante da auséncia ou reducdo da bexiga gasosa. Nalguns grupos (gobideos,
gobiesocideos e liparideos) existem orgdos de sucgdo que permitem a estes peixes
aderirem ao substrato (Gibson 1969, 1982). Gibson (1982) refere que para descolar
a ventosa de Cyclopterus lumpus é necessario aplicar uma for¢a de 13.3Kg. Os
blenidides, ndo possuem ventosa, utilizando a barbatana anal e as porg¢des inferiores
das barbatanas pares para aderirem ao substrato. No entanto, nos blenideos
Lophalticus kirkii (Zander 1967) e Alticus saliens (Abel 1973) existe um
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mecanismo equivalente a uma ventosa, que consiste na retencfo de uma bolha de ar
entre as barbatanas peitorais e pélvicas que, em conjunto com a boca funciona como
uma ventosa de sucg#o.

Estes peixes apresentam outras modificagdes a nivel das barbatanas, que
evoluiram de modo a minimizar a perda de contacto com o substrato devido & acgdo
da turbuléncia (Marshall 1971). As suas barbatanas peitorais so, em geral, grandes
e utilizam-nas como pontos de apoio. Os raios das barbatanas anal, peitorais e
pélvicas apresentam, muitas vezes, uma forma de gancho, permitindo que estes
animais se agarrem a superficies rugosas (Zander 1967; 1972, 1980; Smith 1973).
Zander (1972) mostrou ainda que espécies que vivem em zonas de alta turbuléncia
apresentam ganchos que s3o mais curtos, mais grossos € mais curvos (ex: Lipophrys
pholis, Whitear 1970) que os de espécies de zonas menos expostas a acgio directa
da ondulag@o. Em contraste, Heymer & Zander (1975) referem que o blenideo
subtidal Parablennius rouxi apresenta barbatanas de estrutura delicada. Os
Periophthalmidae utilizam as barbatanas peitorais para locomogio em terra (Harris
1959; Brillet 1975). Gibson (1982) sugere ainda que a epiderme espessa apresentada
por alguns gobiesocideos serviria de protecgio contra a abras3o, tal como a epiderme
fortemente cuticularizada de alguns blenideos. Alguns peixes sdo capazes de viver
em locais onde a turbuléncia é muito elevada. O blenideo Entomacrodus
marmoratus, habita zonas de grande rebentagio no Hawaii (Gibson 1969),
Lipophrys pholis e espécies do género Andamia sdo capazes de se alimentar com
ondulago forte (Wilson 1951; Gibson 1969) e Bathygobius sporator pode inclusive
sobreviver a turbuléncia extrema causada por furacdes (Aronson 1951).

Algumas observagdes esporadicas do comportamento de peixes em zonas
turbulentas indica que os animais tendem a minimizar a acgdo da ondulagdo de
diferentes modos: saltando para fora de agua (4lticus saliens, Abel 1973), saltando
para pogas fora da acgdo directa da ondulaggo ou entrando para dentro dos abrigos
(Istiblennius zebra, Phillips 1977) ou reduzindo a sua actividade (Parablennius
sanguinolentus, Taborsky & Limberger 1980; Lipophrys canevae e Parablennius
incognitus, Koppel 1988; Lipophrys pholis, IT). As consequéncias directas da acgio
da ondulagfo sdo dificeis de estimar. No entanto algumas observagdes indicam que
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existem por vezes danos fisicos ou mesmo mortalidade. Em Parablennius
sanguinolentus, Taborsky & Limberger (1980) observaram peixes a ser
arremessados contra o substrato. Nursall (1977) refere que Ophioblennius atlanticus
apresenta muitas vezes cicatrizes no corpo devido a abrasio contra os corais e ainda
feridas provocadas muito provavelmente pelos espinhos de Diadema antillarum.

Almada & Santos (1995) colocaram a hipétese de que a turbuléncia € a
pressdo prevalecente que afecta muitos aspectos do comportamento dos peixes
intertidais. De facto, verifica-se que a nivel comportamental, os bleni6ides intertidais
apresentam uma reduc¢fo dos comportamentos que implicam a perda de contacto com
o substrato. Assim, 0s movimentos na coluna de dgua (por vezes efectuados a varias
dezenas de centimetros do substrato) apresentados em diversos contextos por
espécies subtidais (ex: Parablennius incognitus, Abel 1964; Parablennius rouxi,
Heymer & Ferret 1976; Parablennius pilicornis, Almada et al. 1987,
Ophioblennius atlanticus, Nursall 1977; Tripterygion spp., Wirtz 1978), sdo
ausentes ou extremamente raros nas espécies intertidais (ex: Salaria pavo, Fishelson
1963; Patzner et al. 1986; IV; V; Hypsoblennius spp., Losey 1976; Lipophrys
canevae, Abel 1964; Coryphoblennius galerita, Guitel 1893; Almada et al. 1983;
Lipophrys pholis, Qasim 1956a; II; Emblemaria spp., Thresher 1984, Aidablennius
sphynx, Guitel 1893, Kraak 1994).

Excepgdes a este padrdo sdo os blenideos Istiblennius zebra (Phillips 1977)
€ Parablennius sanguinolentus (Santos 1985a, 1992) que habitam pogas intertidais
e que apresentam padrdes de comportamento na coluna de adgua. No entanto,
Istiblennius zebra habita em pogas que se encontram isoladas do mar por longos
periodos de tempo (Phillips 1977), enquanto que P. sanguinolentus é uma espécie
que no Mediterrdneo habita abaixo da zona intertidal (Abel 1962; Zander 1972;
Gibson 1969b), mas nos Agores ¢ residente das pogas de maré que permanecem
calmas por muitas horas (Santos 1985a, 1992). Esta redugdo dos padrdes
comportamentais que implicam a perda de contato com o substrato é uma

caracteristica provavelmente adaptativa em ambientes de elevada turbuléncia
(Almada & Santos 1995).
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1.4. Hipéteses de trabalho
Problema 1A.

Este trabalho pretende testar a hip6tese de que a turbuléncia é o principal
factor que influencia o comportamento das espécies intertidais. Esta hipotese tem
como predic#o que, a nivel comportamental, as espécies intertidais apresentam uma

reducdo dos comportamentos na coluna de 4gua, em relagfio as espécies subtidais.

Problema 1B.

Adicionalmente, pretendemos testar a hipétese de que o ambiente subtidal
apresenta custos mais elevados para os machos parentais em termos de
patrulhamento e expulsio de intrusos, que sdo compensados por um maior tempo
disponivel para a alimentag#o. Esta hip6tese tem como predigdes que os machos das
espécies subtidais se alimentam mais e apresentam um nivel de patrulhamento e de

interacgdes sociais superior aos machos das espécies intertidais.

Problema 2.

Finalmente, pretende-se com este trabalho comparar as estratégias de
investimento reprodutor entre sexos, relacionadas com o tipo de estrutura social dos
blenidides da zona temperada quente. Pretendemos testar a hipétese de que as
fémeas maximizam a alimentagdo durante a época de reproducdo, convertendo
alimento em ovos através de desovas sucessivas, enquanto que nos machos um dos
principais componentes dos custos reprodutivos é uma redugio significativa das
oportunidades de alimentacdo. Esta hip6tese tem como predigdes que as fémeas

apresentam taxas de alimentac3o significativamente superiores as dos machos.
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2. METODOS GERAIS

2.1. Espécies estudadas

Com o fim de se testar as hipéteses acima formuladas, escolhemos como objecto de
estudo cinco espécies de blenidides da costa portuguesa. A nossa escolha incidiu
sobre espécies aparentadas, no sentido de se tentar evitar possiveis efeitos de
convergéncias filogenéticas na comparagio entre habitats (Harvey & Pagel 1992).
Trés dessas espécies habitam a zona intertidal (Salaria pavo, Coryphoblennius
galerita e Lipophrys pholis) e as outras duas ocorrem abaixo da zona de marés
(Parablennius pilicornis e Tripterygion delaisi). Tal como € tipico dos bleni6ides,
os machos destas espécies guardam ovos adesivos numa cavidade onde as fémeas
vém desovar (a excepcdo de Tripterygion delaisi, onde os ovos sdo colocados numa
superficie exposta). Apresentam territorialidade pelo menos durante a época de
reproducio, defendendo o ninho e a zona envolvente contra intrusos. Na €poca de
reproducio, as fémeas tornam-se muitas vezes conspicuas, apresentando o ventre
dilatado devido ao volume dos ovarios e realizam posturas multiplas, acasalando com
diversos machos. Os machos atraem vérias fémeas para os ninhos, apresentando
comportamentos de corte e padrdes de coloragdo particulares (Wirtz 1978; Almada
et al. 1983; Thresher 1984).

Salaria pavo ocorre do sul de Franga a Marrocos estendendo-se pelo
Mediterraneo e Mar Negro (Zander 1986). Apresenta uma longevidade de dois a trés
anos, maturagdo logo no primeiro ano de vida (Ruchon et al. 1995, in press; IV) e
atinge 13-14 cm de comprimento maximo (Westernhagen 1983; Zander 1986; IV).
Esta espécie apresenta um marcado dimorfismo sexual, possuindo os machos uma
crista cefalica e glandulas nos dois primeiros raios da barbatana anal
(Papaconstantinou 1979; Zander 1975). Nidifica em cavidades das rochas na zona
intertidal (podendo no entanto ocorrer um pouco abaixo da zona de marés no
Mediterraneo, Fishelson 1963; Patzner et al. 1986), ocorrendo quase exclusivamente
em ambientes lagunares e estuarinos, utilizando os poucos substratos duros
disponiveis. Apresenta um corpo achatado lateralmente e barbatanas de estrutura
delicada (Tllich & Kotrschal 1990) que sdo caracteristicos de espécies subtidais ou
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de espécies que se adaptaram a locais de fraca turbuléncia. E uma espécie eurihalina
e euritérmica (Zander 1972; Moosleitner 1980; Patzner & Seiwald 1988). Na
populagdo por nés estudada na Ria Formosa, os locais de nidificagio s3o extremente
escassos ¢ agregados. Existe um excesso de machos maduros que ndo conseguem
estabelecer ninho e os machos parentais sdo significativamente maiores que o0s
machos ndo parentais. Os machos nfo parentais mais pequenos sdo idénticos as
fémeas tanto do ponto de vista morfolégico como comportamental e tentam
fertilizagdes parasitas nos ninhos dos machos parentais. Estes machos foram
designados machos iniciais (Lejeune 1985), assumindo que ¢ da transformacdo
destes machos que se originam posteriormente os machos com crista (ver 3.4.). Os
machos ndo parentais maiores (machos “floaters” sensu Wilson 1975) tentam
desalojar os machos parentais dos seus ninhos. A razio operacional dos sexos

(“operational sex-ratio”) encontra-se enviezada para as fémeas, pertencendo a estas
. as iniciativas de corte (IV; V; VII).

Coryphoblennius galerita ocorre desde as Ilhas Britanicas até Marrocos,
ilhas dos Agores, Madeira e Candrias, e ainda no Mediterraneo € Mar Negro (Zander
1986; Bath 1990). Apresenta uma longevidade de até seis anos nas Ilhas Britanicas
(Fives 1980a; Milton 1983), maturagfo no primeiro ou segundo ano de vida (Milton
1983) e atinge cerca de 8 cm de comprimento (Zander 1986). O dimorfismo sexual
€ pouco evidente, apresentando os machos um tentdculo cefalico triangular mais
desenvolvido que o das fémeas e uma colorag¢io escura durante a época de
reproducdo. Nidifica em pequenas cavidades das rochas na zona intertidal, muitas
vezes em buracos escavados pelo bivalve endolitico Lithophaga lithophaga
(Kotrschal 1988), ocorrendo frequentemente na zona superior do andar litoral
(Gibson 1972). O diametro das cavidades de nidificagio é sensivelmente 0 mesmo
que o do corpo do animal.

Lipophrys pholis ocorre da Noruega & Mauritania, ilhas dos Agores e
Madeira, e ainda no Mediterraneo ocidental (Zander 1986; Bath & Wirtz 1992;
Oliveira et al. 1992). Apresenta uma longevidade elevada (Qasim 1957; IX),
podendo atingir dez ou mais anos de idade (Bowers et al. 1960; Dunne 1977; Milton
1983). A maturagdo sexual ocorre no primeiro ano de vida em Portugal (IX) e
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maioritariamente no segundo ou terceiro ano nas Ilhas Britinicas (Qasim 1957;
Dunne 1977; Milton 1983). Apresenta um tamanho méximo de cerca de 16 cm nas
costas europeias (Bowers et al. 1960), existindo no entanto um fenémeno de
gigantismo nas ilhas Atlanticas, podendo os individuos atingir cerca de 28 cm nos
Acgores (Santos ef al. 1988) e 30 cm na Madeira (Zander 1986). O dimorfismo sexual
€ pouco evidente, com a excepgdo do padrdo de coloragdo negro (III) e de uma
pequena crista cefilica (Qasim 1956a), caracteristicos dos machos parentais. Nidifica
em cavidades e fendas do intertidal rochoso.

Parablennius pilicornis € uma espécie anfi-atlantica ocorrendo do Golfo da
Biscaia até & Africa do Sul, norte de Africa e ainda no Atlantico ocidental, da Florida
até ao Brasil (Denoix 1984; Zander 1986). Denoix (1984) refere que esta espécie,
em aquario, pode atingir uma longevidade de dois anos e meio. Atinge cerca de 11
cm de comprimento maximo (Zander 1986). O dimorfismo sexual € bem marcado,
apresentando os machos um padrio de coloragdo negro, glindulas anais bem
desenvolvidas e tentaculos cefalicos maiores que as fémeas (Almada et al. 1987).
Nidifica em cavidades e fendas do sublitoral rochoso até uma profundidade de pelo
menos 18m (Almeida et al. 1980), aproveitando muitas vezes a complexidade
estrutural dos povoamentos de coraliniceas.

Tripterygion delaisi ocorre do sul das Ithas Britanicas até ao Senegal, nas
ilhas dos Agores, Madeira e Candrias, e ainda no Mediterrineo (Zander 1986; Bath
1990; Oliveira et al. 1992). Pode atingir trés anos de idade (Jonge & Videler 1989)
€ um comprimento m4ximo de 7-8 cm (Zander & Heymer 1970; Wirtz 1978; Jonge
& Videler 1989). O dimorfismo sexual ¢ muito marcado durante a época de
reprodugio, apresentando os machos a cabeca negra e o corpo amarelo/laranja. O
primeiro raio da segunda barbatana dorsal encontra-se também particularmente
desenvolvido nos machos (Jonge & Videler 1989). Nidificam em paredes rochosas
sub-verticais, em locais de luminosidade reduzida. Os ninhos consistem numa zona
de cerca de 20 cm de didmetro coberta de algas, onde as fémeas colocam as suas
posturas (Wirtz 1978).

Além destas cinco espécies, os nossos estudos incidiram ainda,

pontualmente, noutras espécies de peixes costeiros de substrato rochoso pertencentes
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as familias Gobiidae e Gobiesocidae. Sempre que for oportuno apresentam-se 0s

resultados obtidos para estas espécies.

2.2. Locais de estudo

Os dados apresentados neste estudo foram recolhidos maioritariamente na costa da
Arrabida (38°28'N, 8°59'W) e na Ria Formosa (36°59'N, 7°51'W). Sendo a
ondulagdo em Portugal predominante de noroeste, a costa da Arrabida apresenta um
hidrodinamismo muito reduzido uma vez que se encontra exposta a Sul. Esta costa
consiste numa arriba calcéria formada no periodo Jurassico, existindo nalguns locais
uma zona de areia, calhaus e grandes rochas entre a arriba e o mar, que fica emersa
na baixa-mar. As observagdes de comportamento das espécies Lipophrys pholis e
Coryphoblennius galerita foram feitas na zona intertidal das paredes verticais
dessas rochas. Na baia do Portinho da Arrabida, esta situada a primeira Reserva
Zooloégica Marinha do nosso Pais: a Pedra da Anixa. Este local, reine excelentes
condigdes de trabalho para observacdes de comportamento de peixes. O subtidal
rochoso apresenta uma profundidade maxima de cerca de 7m, e foi neste local que
se realizaram a maioria das observagdes de comportamento de Parablennius
pilicornis e Tripterygion delaisi.

Na Ria Formosa, o local de estudo situa-se em viveiros de améijoa, onde os
unicos substratos duros s@o constituidos por pedras, tijolos, telhas e materiais
diversos que os viveiristas utilizam para delimitar as suas concessdes. Os machos de
Salaria pavo nidificam quase exclusivamente nas cavidades desses tijolos,
encontrando-se os ninhos em geral agregados. Apenas as cavidades com um dos
topos obstruido e com a outra entrada estreita eram utilizadas como ninhos.
Verificou-se que sé alguns tijolos reuniam estas condigdes, € que nesses tijolos
varias cavidades apresentavam as condigdes acima descritas, daqui resultando a
agregacdo dos ninhos desta espécie (IV).

Dados adicionais referentes a ecologia de ninhos, épocas de reprodugio,
pardmetros de esforco reprodutor e histérias vitais foram também recolhidos na
plataforma de maré situada entre as praias de S. Pedro do Estoril ¢ Avencas
(38°41'N, 9°22'W), no Mexilhoeiro (Cascais) e no Cabo Raso (38°42'N, 9°29'W).
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2.3. Ecologia de ninhos
Os locais de nidificagdo das espécies estudadas foram caracterizados durante as
inspecgdes periddicas de ninhos (no caso das espécies intertidais) ou no fim de cada
observagdo de comportamento (para todas as espécies). Registou-se a ocorréncia dos
principais povoamentos, bem como as dimensdes da abertura dos ninhos
(comprimento maximo e largura maxima), e a profundidade maxima dos mesmos.
Para os célculos da durac@o do tempo de emersdo a que cada ninho das
espécies intertidais se encontrava sujeito determinou-se, durante a baixa-mar, a
altura de 11 ninhos de Lipophrys pholis ao zero hidrografico (III). Seguidamente,
esses valores foram introduzidos no programa de computador “ABACO”,
desenvolvido em conjunto com o Prof. Dr. Vitor Almada, que permite calcular, para
cada ninho, os tempos de submersdo e de emers3o didrios € também o tempo de
submersio diurno. Os dados necessarios para efectuar estes célculos sdo: a amplitude
da maré, a hora da preia-mar e da baixa-mar e a hora do nascer e do por do sol. As
férmulas usadas para a computagdo das ondas de maré assumem que estas s3o
sinusoidais e s30 baseadas nas tabelas de maré do Instituto Hidrografico. Utilizaram-
se os ciclos de maré de 1 de Fevereiro a 30 de Abril, por ser o periodo que
corresponde ao pico da €poca de reproducdo desta espécie (I). Os intervalos entre o
nascer € o por do sol foram baseados em médias mensais. Uma vez que os valores
médios de altura ao zero hidrogréafico dos ninhos das outras duas espécies intertidais
(Coryphoblennius galerita e Salaria pavo) ndo diferiram dos de L. pholis,
utilizaram-se os mesmos célculos para as trés espécies. Os valores obtidos foram
utilizados para calcular as taxas didrias de actividade dos machos (ver Capitulo 3.3).
No caso das espécies subtidais utilizou-se, para este calculo, o periodo diario de luz

no pico da época de reprodugéo (14h em Maio).

2.4. Epocas de reproducio

Para as espécies intertidais, a época de reproducio foi determinada através da
inspecgdo directa de ninhos no intertidal rochoso. As areas de estudo eram
inspeccionadas mensalmente e apenas as cavidades que continham ou ja tinham

contido ovos eram classificadas como ninhos. Cada ninho foi mapeado de modo a
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ser inspeccionado em visitas subsequentes. Em cada visita, registava-se a presenca
de ovos e/ou machos parentais, bem como a presenga de outro tipo de ocupantes
(peixes n#o-parentais, caranguejos, etc.). Os ninhos de Lipophrys pholis e de
Coryphoblennius galerita encontravam-se localizados em cavidades de paredes
rochosas verticais da zona intertidal (I; III; VI; IX). No caso de Salaria pavo, como
ja foi referido, os ninhos localizavam-se quase exclusivamente em cavidades de
tijolos colocados em viveiros de améijoa (IV; V; VII).

No que diz respeito as espécies subtidais (Parablennius pilicornis e
Tripterygion delaisi), foram contabilizados, de uma forma nio sistematica, os
ninhos com ovos e a presenca de machos em coloragéo parental ao longo do ano. As
inspecgdes aos ninhos destas espécies decorreram principalmente durante os anos
de 1992-1994.

2.5. Padrées de comportamento e territorialidade
As observagdes de comportamento foram efectuadas em apneia e com o auxilio de
escafandro auténomo nas seguintes datas: Salaria pavo: Maio-Junho de 1994;
Coryphoblennius galerita: Junho de 1993, Junho-Julho de 1994; Lipophrys pholis:
Margo-Abril de 1986, Abril de 1987, Margo de 1993; Parablennius pilicornis:
Junho-Agosto de 1993, Maio de 1994; Tripterygion delaisi: Abril-Maio de 1993,
Maio de 1994. Realizaram-se observag¢des animal-focal (Altman 1974; Martin &
Bateson 1993) aos machos parentais durante a época de reproducio de cada espécie.
A 4rea envolvente de cada ninho foi arbitrariamente dividida em quatro quadrantes
(superior, inferior, esquerdo e direito) e foram considerados uma série de circulos
concéntricos a partir do ninho, com uma diferenca de raio de 10 cm entre circulos
consecutivos. Registava-se assim a posi¢@o do animal no seu territorio e o tipo de
comportamento que ocorria em cada zona desse territério. Os registos eram
efectuados a lapis numa placa de acrilico. Utilizou-se como base de tempo o minuto.
Em cada observag@o eram registados os seguintes eventos: i) frequéncias de
visitas ao ninho, a sua durag;,ﬁo e as posturas adoptadas pelo peixe; ii) frequéncias
de excursdes fora do ninho, a sua duragZo, os locais visitados e as actividades

efectuadas pelo peixe em cada saida; iii) ocorréncia de intrusos (individuos que
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penetraram na area méaxima que o macho foi visto defender), a que espécie
pertenciam, a localizag@o dos seus movimentos no territdrio € os comportamentos
efectuados pelo intruso e pelo peixe residente; iv) distdncia total percorrida
(somatdrio das diferentes deslocagdes) e distdncia maxima ao ponto de origem. Foi
dada particular atengdo aos comportamentos efectuados na coluna de é4gua
registando-se a sua ocorréncia, durag?o, distincia ao substrato e contexto em que
ocorriam.

As actividades efectuadas fora do ninho foram agrupadas nas seguintes
categorias: i) alimentag#o: cada acto alimentar foi considerado como uma unidade;
i) interac¢Bes agonisticas: um peixe orientado para, ameagando, atacando ou
perseguindo outro individuo; iii) patrulhamento: quando o peixe se deslocou no seu
territorio sem se alimentar e ndo se encontrava presente nenhum intruso quando
deixou o ninho; iv) corte: quando o macho parental efectuou os comportamentos
tipicos da corte, na presencga ou auséncia de uma fémea; v) outros comportamentos.
A area defendida contra intrusos foi considerada como o territdrio.

Foram também realizadas observagdes focais as fémeas, sendo registadas
de igual modo as categorias comportamentais acima referidas, bem como o niimero
de actos alimentares, a distancia total percorrida e a distdncia maxima ao ponto de
origem.

As categorias comportamentais caracteristicas de cada espécie basearam-se
em etogramas por nds elaborados antes das observagdes sistematizadas, apoiados
pelas descrigdes de Fishelson (1963), Gibson (1968), Wirtz (1978), Almada et al.
(1983, 1987), Patzner et al. (1986), I1, III, V, VII e VIIL.

O tempo total de observac#o para os machos de cada espécie foi de: Salaria
pavo = 31h 07min (n=65); Coryphoblennius galerita = 8h 13min (n=23);
Lipophrys pholis = 17Th 51min (n=22); Parablennius pilicornis = Th 36min (n=23);
Tripterygion delaisi = 7Th 20min (n=22). As observagdes focais as fémeas
totalizaram: Salaria pavo = 4h 14min (n=16); Coryphoblennius galerita = 6h
22min (n=22); Lipophrys pholis = 8h 34min (n=29); Parablennius pilicornis = Th
39min (n=23); Tripterygion delaisi = 6h 48min (n=22). Realizou-se assim um total
de 105h 44min de observagéo.
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A fim de se determinar a importancia da presenga do macho parental para
a sobrevivéncia das posturas, removeram-se 15 machos de Salaria pavo, 13 de
Coryphoblennius galerita, 17 de Lipophrys pholis, 35 de Parablennius pilicornis
e 35 de Tripterygion delaisi. Apés a remogdo dos machos parentais das espécies
intertidais, as posturas eram inspeccionadas em visitas subsequentes a fim de se

determinar se tinha ocorrido predagao, infecgdo ou eclos3o.

2.6. Parametros indicadores do esfor¢o reprodutor

Foram recolhidas amostras destrutivas das diferentes espécies nas seguintes datas:
Salaria pavo: 1988 (Agosto), 1990 (Maio), 1991 (Julho), 1993 (Abril, Julho,
Setembro), 1994 (Janeiro); Coryphoblennius galerita: Fevereiro, Junho, Setembro
e Dezembro de 1993; Lipophrys pholis: Outubro de 1992, Margo, Maio, Agosto e
Dezembro de 1993, Abril de 1994; Parablennius pilicornis: Margo, Maio, Agosto
e Novembro de 1993; TIripterygion delaisi: Margo, Junho, Julho e
Novembro/Dezembro de 1993. Analisou-se um total de 578 animais distribuidos da
seguinte forma: S. pavo= 53 fémeas, 55 machos parentais, 51 machos iniciais; C.
galerita= 49 fémeas, 49 machos; L. pholis= 69 fémeas, 77 machos; P. pilicornis=
43 fémeas, 46 machos; T. delaisi= 42 fémeas, 44 machos. As amostras de Salaria
pavo consistiram num nimero pequeno de individuos e foram recolhidas em
diferentes anos, uma vez que esta espécie € dada como vulneravel para Portugal (ICN
1993) e a unica populagio estavel conhecida no pais € a da Ria Formosa. Todos os
animais foram mortos com uma dose letal do anestésico quinaldina. Durante as
amostras recolhidas na época de reprodugdo de cada espécie, todos os machos
capturados encontravam-se a guardar ovos.

Recolheram-se os seguintes dados: peso do corpo (P), peso eviscerado (Pev),
peso das gonadas (Pg), peso do figado (Pf), peso do tubo digestivo (Pt), altura da
cabega (Aca), altura do corpo (Aco) e comprimento standard (CS). Alguns dados
adicionais foram recolhidos em animais vivos que eram imediatamente recolocados
no local onde tinham sido capturados. Calcularam-se os seguintes indices:

Indice gonadossomatico: IGS = 100 (Pg/P)
Indice hepatossomatico: IHS = 100 (P/P)
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Indice alimentar : IA = 100 (Pt/P)
Factor de condi¢do eviscerado: Kev = 1000 (Pev/CS?)

No caso de S. pavo, dado que os machos desta espécie apresentam uma
crista cefélica, calculou-se ainda o indice de altura da crista (Iac=Aca/Aco) que
permite obter uma estimativa da altura da crista, independentemente do comprimento
do macho. Durante o ano de 1988, procedeu-se ainda a marcagéo (através de cortes
de raios da barbatana dorsal) e recaptura de machos parentais desta espécie, em 40m
de transeptos seleccionados na 4rea de estudo. Em cada visita mensal, todos os
individuos eram inspeccionados (medidos, pesados e marcados) e, se ja se
encontravam marcados, anotava-se a sua identidade

Foi mantido um grupo de S. pavo em cativeiro com a finalidade de se
determinar a fecundidade das f€meas desta espécie (Gongalves 1990). O grupo era
constituido por quatro machos parentais, um macho néo parental e cinco fémeas e
foi mantido num aquario de 78x40x35 cm. O fotoperiodo foi mantido constante (LD
16:8) através de uma luz fluorescente (18 W), tendo a temperatura variado entre os
27-28°C. Os animais foram alimentados com berbigdo (Cerastoderma spp.) e
invertebrados marinhos vivos. Construiram-se ninhos de vidro em forma de
paralelepipedo com aberturas estreitas (3x3x15 cm). Cada ninho foi envolvido em
plastico preto. A area total ocupada pela postura era periodicamente medida,
removendo-se a cobertura de plastico e aplicando uma grelha de 1 cm?,
contabilizando-se assim o nimero total de quadrados ocupados pela postura.
Determinou-se ainda a densidade de ovos a fim de se estimar o nlimero total de ovos

presente em cada ninho. Estes ninhos foram acompanhados durante 30 dias (XII).

2.7. Tratamento estatistico dos resultados

A andlise estatistica dos resultados foi efectuada utilizando o programa de
computador STATISTICA for Windows (versdo 4.5) e o programa de simulagéo
ACTUS (Estabrook & Estabrook 1989) para a andlise de tabelas de contingéncia.
Este programa simula ao acaso 1000 tabelas com os mesmos totais de coluna e de
linha da tabela original. Seguidamente, compara cada tabela simulada com a tabela

original. Os valores inferiores a 50 s#o significativos (p<0.05). A significincia do
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x* é calculada através do niimero de vezes em que o valor de y? das tabelas simuladas
€ maior ou igual ao da tabela original (para mais detalhes acerca deste método ver
Estabrook & Estabrook 1989).

Efectuaram-se transformagdes aos dados sempre que os testes utilizados
eram parametricos e assim o exigiam e, nos casos em que ndo foi possivel satisfazer
os critérios dos testes, utilizou-se estatistica ndo-paramétrica (Sokal & Rohlf 1981;
Glantz 1992).

3. RESULTADOS E DISCUSSAO

3.1. Ecologia de ninhos e épocas de reproduciio

3.1.1. Ecologia de ninheos (I, ITL, IV, VI)

Como ja foi referido, a sub-ordem Blennioidei € actualmente constituida pelas
familias Tripterygiidae, Dactyloscopidae, Labrisomidae, Clinidae, Chaenopsidae e
Blenniidae (Springer 1993; Nelson 1994). Apresenta-se na Tabela I um
levantamento do tipo de ninho utilizado por membros de cada uma das familias
referidas. Dividiram-se os tipos de ninhos nas seguintes categorias: i) superficies
expostas: sempre que o local de nidificagdo ndo possui nenhum tipo de protecgio;
ii) concavidades e grutas: ovos colocados em zonas que embora expostas se situam
em concavidades que lhes podem conferir alguma protecgdo; iii) abrigos com
protecgdo visual: as posturas sdo colocadas em locais onde ficam fora do alcance
visual de outros peixes, locais esses que possuem entradas de dimens&o apreciavel
(Abel 1959); iv) abrigos com proteccdo fisica: cavidades com entradas estreitas que
permitem ao macho defender com grande eficécia a postura (Abel 1959). Excluiram-
se os casos particulares da gestagio interna que ocorre em muitos clinideos e nalguns
labrisomideos (Thresher 1984; Smith 1986; Gunn & Thresher 1991; Nelson 1994),
onde apds a fecundagdo a fémea transporta os embrides até a sua eclosio (ndo
existindo cuidados parentais masculinos), e da proteccdo dos ovos sob as barbatanas

peitorais, observado nos dactiloscopideos (Barlow 1981).
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Tabela I - Habitat de nidificagdo de diversas espécies da sub-ordem blennioidei.
Registaram-se apenas os casos em que existia informag#o segura acerca do tipo de
substrato de nidificacdo utilizado. T - Tripterygiidae; L - Labrisomidae; C - Clinidae;

B - Blenniidae; Ch - Chaenopsidae. (* - observagdes pessoais).

Habitat de nidificacfio/esp '
A - Superficies Expostas

Axoclinus carminalis T Thresher (1984)

Enneapterygius corallicola T Wirtz (1983)

Forsterygion nigripenne T Berger & Mayr (1992)
Forsterygion varium T Thompson (1986)

Tripterygion delaisi* T Wirtz (1978)

Tripterygion etheostoma T Shiogaki & Dotsu (1973)
Tripterygion melanurus T Zander (1986)

I Tripterygion tripteronotus T Abel (1955), Wirtz (1978)
Malacoctenus hubbsi L Petersen (1988)
Malacoctenus macropus L Petersen (1988)
Malacoctenus zonogaster L Wirtz (1983)

Clinitrachus argentatus C Zander (1986)

Clinus testudinalis C Guitel (1892, 1893), Breder &
Rosen (1966)

Gibbonsia elegans C Stepien et al. (1988)

Heterosticus rostratus C Stepien (1986, 1987), Coyer
(1982)

Andamia heteroptera B Rao & Hora (1938)

B - Concavidades e Grutas

\| Gilloblennius decemdigitatus T Ruck (1973)

Tripterygion capito T Ruck (1973)

Tripterygion melanurus T Wirtz (1978)

Tripterygium robustum T Ruck (1973)
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C - Abrigos com Protec¢fio Visual

Habitat de nidificaciio/espécie Familia

Tripterygion varium T Graham (1939)
Malacoctenus margaritae Iz Thresher (1984)
Acanthoclinus quadridactylus C Jillett (1968)
Paraclinus marmoratus C Breder (1939)
Blennius ocellaris B Lebour (1927), Kotrschal (1988)
Chasmodes bosquianus B Phillips (1971)
Dasson steadi B Munro (1955)
Istiblennius enosimae B Mito (1954)
Lipophrys pholis* B Qasim (1956a), IX
Meiachantus nigrolineatus B Fishelson (1975)
|| Omobranchus anolius B Thomson & Bennett (1953) Il
Ophioblennius atlanticus* B Nursall (1977), Rylander &
Koster (1982), Marraro &
Nursall (1983)
Parablennius cornutus B Eyberg (1984)
Parablennius gattorugine* B Kotrschal (1988) “
Parablennius sanguinolentus B Santos (1985a, 1992) ||
Petroscirtes mitratus B Lieske & Myers (1994)
|| Petroscirtes xestus B Lieske & Myers (1994)
Salaria basiliscus B Heymer (1985)
Salaria fluviatilis B Wickler (1957)
Scartella emarginata B Eyberg (1984)
D - Abrigos com Proteccdo Fisica
Neoclinus bryope L Shiogaki & Dotsu (1972)
I Neoclinus stephensae L Stephens ez al. (1970)
" Acanthemblemaria aspera Ch Clarke (1989)
" Acanthemblemaria balanorum Ch Lindquist (1985)
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Habitat de nidificacfio/espécie Familia Referéncias

Acanthemblemaria castroi Ch Wirtz (1983)

Acanthemblemaria crockeri Ch Hastings (1988)

Acanthemblemaria greenfieldi Ch Buchheim & Hixon (1992)

Acanthemblemaria macrospilus Ch Stephens et al. (1966), Lindquist
(1985)

Acanthemblemaria palmata Ch Buchheim & Hixon (1992)

Acanthemblemaria spinosa Ch Buchheim & Hixon (1992)

Il Coralliozetus angelica Ch Hastings (1986)
Coralliozetus microps Ch Lindquist (1985)
Emblemaria hypacanthus Ch Hastings (1992)
Emblemariopsis diaphana Ch Longley & Hildebrand (1940)
Aidablennius sphynx B Kraak & Videler (1991), Kraak

(1996)
Aspidontus taeniatus B Myers (1991)
Coryphoblennius galerita* B Almada et al. (1983), VI
Entomacrodus chiostictus B Lindquist (1985)

";xalias brevis B Myers (1991)

Halmablennius lineatus B Lee & Chang (1977)
Hypsoblennius brevipinis B Lindquist (1985)
Hypsoblennius gentilis B Stephens et al. (1970)
Hypsoblennius gilberti B Stephens et al. (1970)
Hypsoblennius jenkinsi B Stephens et al. (1970)
Istiblennius enosimae B Mito (1954), Sunobe et al.
(1995)
Istiblennius zebra B Phillips (1977)
Lipophrys adriaticus B Kotrschal (1988)
Lipophrys caboverdensis B Wirtz & Bath (1989)
Lipophrys canevae* B Abel (1964), Almada et al.
(1993)
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Habitat de nidificacio/espécie

Referéncias

Lipophrys dalmatinus B Kotrschal (1988)

Lipophrys inaequalis B Abel (1964)

Lipophrys nigriceps B Kotrschal (1988)

Lipophrys pholis* B Qasim (1956a), L IL, 1L, IX

Lipophrys trigloides* B Kotrschal (1988)

Lipophrys velifer B Wirtz (1980)

Meiacanthus nigrolineatus B Fishelson (1975)

Omobranchus luxozonus B Dotsu & Oota (1973)

Ophioblennius atlanticus B Marraro & Nursall (1983)

Ophioblennius steindachneri B Stephens ef al. (1966) “

Parablennius gattorugine* B Breder & Rosen (1966)

Parablennius incognitus* B Koppel (1988), Almada & Santos
(1995)

Parablennius pilicornis* B Almada et al. (1987), Almeida et
al. (1980)

Parablennius rouxi B Kotrschal (1988)

Parablennius ruber B Santos (1987)

Parablennius sanguinolentus B Santos (1985a, 1992)

Parablennius tentacularis B Kotrschal (1988)

I Parablennius zvonimiri B Kotrschal (1988)

“ Petroscirtes bhattacharyae B Jones (1937)

" Petroscirtes bipunctatus B Dutt & Rao (1960) I
Petroscirtes trossulus B Gibson (1969) "
Salaria pavo* B Fishelson (1963), Patzner et al.

(1986),1V, V, VII
Salaria fluviatilis B Wickler (1957)

Scartella cristata

LB | Smith(1973)
—  —— — |

Smith (1973)
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E interessante verificar que dentro da sub-ordem Blennioidei, o tipo de local
de nidifica¢@o adoptado por espécies de diferentes familias n3o € 0 mesmo. Assim,
os tripterigideos, labrisomideos e clinideos utilizam preferencialmente superficies
expostas, concavidades e grutas, enquanto que os blenideos e chaenopsideos se
especializaram na utilizagio de abrigos que lhes conferem maior protecgdo (abrigos
com protecgdo visual e abrigos com protecgio fisica). Outro caso interessante € o
facto da gestagdo interna ter evoluido em dois grupos diferentes (Clinidae e
Labrisomidae). Almada (1990) refere a “facilidade” de ocorréncia de gestagdo
interna em peixes territoriais cujos ovos possuem filamentos adesivos e que
apresentam comportamentos de corte que implicam uma proximidade grande entre
as papilas genitais de machos e fémeas. Uma hipétese de trabalho extremamente
interessante seria verificar até que ponto € que estas diferengas no tipo de substrato
de nidificacdo utilizado refletem relacdes filogenéticas ou sdo adaptagdes a condi¢oes
ecologicas similares (Almada, comunicagdo pessoal). Para isso, era necessirio
conhecer as relagdes filogenéticas entre as diferentes familias. No entanto, ndo existe
ainda um cladograma do grupo, sendo que os Labrisomidae sdo provavelmente
parafiléticos (Springer 1993; Stepien et al. 1993). Nio se sabe, por isso, se as
espécies de clinideos e labrisomideos que apresentam gestagfo interna evoluiram
independentemente, podendo-se colocar a hipétese de terem derivado de um
antepassado comum. Assim, este assunto fica a aguardar um melhor esclarecimento
da filogenia dos Blennioidei.

Apresenta-se em seguida uma caracteriza¢@o dos locais de nidificacdo
adoptados pelas espécies por nds estudadas.

Lipophrys pholis ocorre em pogas de maré e paredes rochosas, muitas vezes
sujeitas a hidrodinamismo elevado. Gibson (1967b) baseado num método de
captura/recaptura, mostrou que esta espécie tende a apresentar uma érea vital que
inclui diversas pogas, embora cada individuo tenda a visitar algumas pogas mais
frequentemente que outras. Os ninhos localizam-se em fendas, buracos e pequenas
grutas de paredes verticais rochosas (Qasim 1956a; I; ITI, IX). Sdo ninhos com
protecgdo visual ou protecgdo fisica, ou seja, que apresentam aberturas que podem

ir de pouco mais que o didmetro do animal, (comprimento maximo (cm):
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média=3.65, d.p.=1.58, min=1.5, mix.=7.5, n=30; largura mixima (cm):
média=2.53, d.p.=1.07, min=1.5, max.=5.5, n=30), a fendas com algumas dezenas
de centimetros (ex: comprimento maximo=26.2cm, largura méixima=2.6cm,
profundidade=+ de 30 cm). Apresentam em geral uma profundidade consideravel
(média=9.59cm, d.p.=3.15, min=5.0cm, max.=18.0cm, n=29). A distincia média
entre ninhos foi de 29.4cm (d.p.=14.3, min.=10.0cm, max.=57.0cm, n=30).

Os ninhos de Coryphoblennius galerita, encontram-se na zona dos de L.
pholis, apresentando, por isso, caracteristicas ecoldgicas 'similares. Esta espécie
nidifica apenas em cavidades com protecggo fisica (Almada ez al. 1983; VI), em que
o didmetro da entrada € aproximadamente o mesmo que o do corpo do animal
(comprimento méximo (cm): média=1.39, d.p.=0.71, min=0.6, mix.=4.0, n=22;
largura maxima (cm): média=0.93, d.p.=0.29, min=0.4, max.=1.5, n=22). Estes
ninhos apresentam, em geral, uma profundidade reduzida (média=4.63cm, d.p.=1.96,
min=2.0cm, max.=9.0cm, n=20). Assim, embora esta espécie coexista com L. pholis,
praticamente ndo existe sobreposi¢do na dimensio das cavidades utilizadas como
ninho, sendo a diferenca do comprimento maximo observado estatisticamente
significativa (Mann-Whitney U Test: Z=-5.48, p<0.001). A distincia média entre
ninhos foi de 19.3cm (d.p.=10.1, min.=10.0cm, max.=40.0cm, n=11). A distincia
entre ninhos de C. galerita ¢ significativamente inferior & de L. pholis (Mann-
Whitney U Test: Z=2.08, p<0.05).

Como ja foi referido, os ninhos de S. pavo tém a particularidade de se
encontrarem situados em buracos de tijolos que os viveiristas de améijoa utilizam
para delimitar as suas exploragdes (IV; V; VII). Apenas os tijolos de abertura
estreita € com um dos topos obstruido eram utilizados como ninho. Estes sdo abrigos
com protecgdo fisica, que apresentam aberturas estreitas (comprimento méaximo
(cm): média=3.39, d.p.=0.98, min=1.0, max.=6.5, n=70; largura maxima (cm):
média=2.18, d.p.=0.60, min=0.7, max.=4.0, n=70), e uma profundidade muito
considerdvel devido ao tipo de substrato ocupado (média=20.13cm, d.p.=6.03,
min=8.0cm, m4x.=32.0cm, n=70). Kotrschal (1988) refere que na natureza esta
espécie nidifica também em cavidades de abertura estreita (média=1.96cm). Na

populagédo da Ria Formosa, os locais apropriados para a nidifica¢do sdo escassos e
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encontram-se localmente concentrados. Assim, os machos aparecem agregados em
determinados tijolos, com ninhos muitas vezes lado a lado, encontrando-se os
territorios desses machos reduzidos ao proprio ninho. Noutras populagdes desta
espécie, verificou-se que os locais de nidificagdo observados consistiam também em
cavidades com protecgdo fisica, podendo ocorrer inclusive em latas de cerveja vazias
(Fishelson 1963; Patzner et al. 1986).

Comparando as dimensdes da abertura dos ninhos destas trés espécies de
blenideos intertidais, obtiveram-se diferengas significativas para o comprimento
maximo (Kruskal-Wallis test: H(2, N=122)=43.25, p<0.001), a largura maxima
(Kruskal-Wallis test: H(2, N=122)=48.58, p<0.001) e a profundidade do ninho
(Kruskal-Wallis test: H(2, N=119)=80.06, p<0.001). Verifica-se que, em relagdo &
abertura do ninho, ndo existem diferencas significativas entre L. pholis e S. pavo
(Dunn’s test: comprimento maximo: Q=0.10, p>0.05; largura mixima: Q=0.66,
p>0.05), apresentando ambas as espécies aberturas do ninho significativamente
superiores as de C. galerita (Dunn’s test: comprimento maximo: L. pholis/C.
galerita: Q=5.54, p<0.001, S. pavo/C. galerita: Q=6.27, p<0.001; largura méxima:
L. pholis/C. galerita: Q=6.13, p<0.001, S. pavo/C. galerita: Q=-6.45, p<0.001). No
que diz respeito & profundidade do ninho, as diferencas sfo todas significativas
(Dunn’s test: L. pholis/C. galerita: Q=2.51, p<0.05; L. pholis/S. pavo: Q=
5.89,p<0.001; S. pavo/C. galerita: Q=-8.01, p<0.001), apresentando S. pavo os
ninhos mais profundos. Este facto est4 relacionado com a jé referida particularidade
desses ninhos.

As diferencas observadas entre C. galerita e as outras duas espécies, sdo
diferencas esperadas uma vez que se encontram relacionadas directamente com o
tamanho dos individuos. A n#o existéncia de diferengas na dimenséo das aberturas
dos ninho de L. pholis e de S. pavo, coloca a hiptese de uma possivel competigdo
entre estas duas espécies pelo acesso a cavidades de nidifica¢do. No entanto, o facto
de S. pavo nunca ocorrer em zonas expostas, distribuindo-se preferencialmente em
lagoas costeiras, estudrios e locais abrigados (Fishelson 1963; Patzner et al. 1986;
Moosleitner 1980; Illich & Kotrschal 1990; Ruchon ez al. 1995; IV; V; VII), sugere

a hipétese de que esta espécie nio se encontra adaptada a zonas de turbuléncia
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elevada. De facto, contrariamente a0 que acontece com outros blenideos que ocorrem
em zonas expostas, S. pavo ndo possui muitas das adaptagdes morfolégicas
necessarias para a vida nestes habitats. Assim, o corpo com um perfil estreito e alto
¢ a auséncia de ganchos nas barbatanas, de uma pele espessa e de barbatanas
peitorais largas, sio indicadores de espécies adaptadas a viver em habitats que
apresentam fraca turbuléncia (Zander 1972).

Os ninhos de P. pilicornis encontram-se localizados em abrigos com
protecgo fisica no sublitoral rochoso. Em geral, esta espécie nidifica em zonas de
algas coralinaceas, que possuem elevada complexidade estrutural. Os ninhos sio
muitas vezes constituidos por aberturas miltiplas (média=1.70, d.p.=0.95, min=1,
max.=4, n=27 ninhos) e verificou-se mesmo em dois casos a existéncia de dois
ninhos guardados pelo mesmo macho parental a distdncias de 20 e 25cm. Este facto
Jja tinha sido referido por Almada ez al. (1987). Estes autores descrevem a ocorréncia
de trés machos com dois ninhos separados entre si de 2/3cm (um) e de 10/20 cm
(dois). Os ninhos observados eram predominantemente abrigos com protecgio fisica
¢ apresentavam aberturas de tamanho médio superior as dos ninhos das espécies
intertidais (comprimento méximo (cm): média=6.01, d.p.=5.00, min=1.5, m4x.=25.0,
n=46; largura méxima (cm): média=3.09, d.p.=1.58, min=1.0, max.=8.5, n=46).
Apresentam uma profundidade média semelhante & dos ninhos de L. pholis
(média=9.17cm, d.p.=2.82, min=5.0cm, m4x.=12.0cm, n=12). Foram observados
ninhos até uma profundidade de pelo menos 15m. O local por nés estudado era
constituido por uma laje sub-horizontal onde os ninhos se encontravam distribuidos
igualmente por zonas mais ¢ menos sombrias. Néo se encontrou uma preferéncia
nesta espécie por locais mais sombrios, tal como descrito por Almada et al. (1987)
€ como acontece em muitos outros bleni6ides subtidais (Wirtz 1978).

Os machos de Tripterygion delaisi diferem em relagdo as restantes espécies
estudadas, no tipo de ninho utilizado. Defendem uma 4rea coberta de algas no
substrato rochoso, no centro da qual estabelecem um ninho. Este consiste numa 4rea
com um didmetro de cerca de 20 cm, que 0 macho limpa através da remogdo de
particulas com a boca (sedimento, restos de algas, etc.), onde as fémeas vém desovar.

Os ovos ficam aderentes as algas e 0 macho cuida e defende a postura até i eclosdo
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das larvas. Trata-se assim de um ninho em superficie exposta, encontrando-se a
maioria dos territérios em zonas verticais ou sub-verticais de iluminag¢4o reduzida.
Todos os ninhos observados encontravam-se no sublitoral rochoso até uma
profundidade de pelo menos 20m. Esta descri¢do corresponde a de outros autores
que estudaram os locais de nidificac@o desta espécie (Abel 1955; Zander & Heymer
1970, 1976, 1977; Wirtz 1978).

A fim de se ter uma ideia precisa acerca da distribui¢io temporal das
diferentes actividades apresentadas pelos machos parentais das espécies estudadas,
desenvolvemos um método que nos permitisse calcular o tempo que as espécies
intertidais tém disponivel para realizar todas as actividades fora do ninho. Ou seja,
que permitisse calcular o tempo médio de submersdo diurno, uma vez que €
conhecido que os blenideos sdo animais predominantemente diurnos (Wirtz 1978).

Calcularam-se assim os tempos médios de emerséo e de submersio diurna
entre duas preia-mar consecutivas, para 11 ninhos de L. pholis, utilizando o
programa ABACO. Uma vez que a altura média ao zero hidrografico dos ninhos de
C. galerita e de S. pavo néo diferiu dos de L. pholis, consideramos os valores
obtidos para esta espécie representativos das espécies intertidais estudadas. Gibson
(1972) refere também que L. pholis e C. galerita apresentam uma sobreposi¢io total
de nichos na Bretanha (Roscoff). Em média, entre duas preia-mar consecutivas, os
ninhos permanecem fora de 4gua cerca de 6h 32m e o tempo médio de submersdo
diurna € de 2h 53m no mesmo periodo. Para um dia obtemos os valores médios de
12h 38m de tempo de emerséo e de 5h 34m de tempo de submersio diurno. Durante
as marés mortas, alguns ninhos podem ficar fora de agua até 72 horas, enquanto que
outros permanecem permanentemente submersos por mais de 96 horas. Este calculos
assumem que a ac¢do da ondulagdo € negligencidvel, o que ndo € realista. No
entanto, na rea por nos estudada, a ondulagéo raramente excede 0.5m. A sua acgio
tem como consequéncia um encurtamento do tempo total de emersdo e de submersio,
criando um periodo de submersdo intermitente. Verifica-se ainda que os ninhos
estudados se encontram a uma altura média de 2.05m acima do zero hidrografico, ou
seja no médio-litoral.

Os resultados acima apresentados indicam que o tempo disponivel para
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todas as actividades realizadas pelos machos parentais das espécies intertidais €, em
média, de 5h 34m. Este valor foi utilizado para calcular as taxas didrias de actividade
dos machos (ver Capitulo3.3). Para as espécies subtidais, utilizou-se o periodo didrio

de luz no pico da época de reproducéo (14h em Maio).

3.1.2. Epocas de reprodugio (I, IV, VI, IX, X)

A reproducdio nos peixes teledsteos de regides temperadas é um fenémeno
caracteristicamente ciclico. Este facto ¢ imposto, em tltima anélise, pela variagio
também ciclica das condi¢des ambientais (Scott 1979). A maioria dos peixes
marinhos apresentam um ciclo de vida onde se inclui uma fase larvar plancténica.
A existéncia de considerdveis variagdes nas populagdes de peixes e de invertebrados
marinhos que apresentam este tipo de ciclo de vida, levaram & hipétese que a
dimensdo da populago adulta € controlada pela variagio no recrutamento (ex:
Thorson 1950; Todd 1985). Do mesmo modo, os padrdes temporais de reprodugio
estariam sincronizados com as necessidades dos estados larvares e teriam sido
seleccionados de modo a maximizar o recrutamento e a ultrapassar as variagdes
previsiveis e imprevisiveis da mortalidade larvar (ex: Schwassmann 1971; Robertson
1991). Segundo esta hipétese, o periodo reprodutor deveria realizar-se na altura do
ano onde a produgio de descendentes seja maximizada (Wootton 1990).

A medida que as condigdes fisicas do meio se alteram com as estagdes,
também o meio adequado aos estados larvares varia. As larvas dos peixes devem
eclodir num ambiente que possa providenciar, de um modo adequado, alimento,
protecgdo dos predadores e factores abidticos favoraveis. Em latitudes elevadas, as
variagBes sazonais mais significativas d4o-se no que diz respeito 4 temperatura e ao
fotoperiodo. Correlacionadas com as alteragdes nestes factores abi6ticos existem, em
geral, variagdes na abundincia e qualidade do alimento. Tais variacbes sdo
claramente ilustradas pelo ciclo de produgfo existente no oceano (Cushing 1975).

Os estados larvares dos peixes devido ao seu pequeno tamanho e fracas
capacidades locomotoras, apenas s3o capazes de capturar presas pouco activas e que
apresentem um tamanho adequado (Frank & Leggett 1986). A época de reprodugio

deve assegurar que a ecloséo das larvas se dé numa altura do ano em que o espectro
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de tamanhos e a abundincia das presas sejam apropriados, encontrando-se
sincronizada com o ciclo de abundéncia de presas (Jobling 1995). Este facto revela-
se também importante devido a susceptibilidade das larvas a predagio, sendo
vantajoso um rapido crescimento dos estados larvares (Wootton 1990).

Dado estes factos, tradicionalmente € usual dizer-se que a reprodugio se
encontra sincronizada de modo a assegurar condi¢des do meio adequadas ao
desenvolvimento dos estados larvares e dos juvenis (De Vlaming 1974). A hip6tese
de que a biologia larvar controla a calendarizagio da reprodugio tem dominado a
analise dos padrdes sazonais de reprodugio de peixes marinhos temperados (ex:
Qasim 1956a; Parrish et al. 1981; Bakun ef al. 1982; Lambert & Ware 1984;
Sherman er al. 1984; Checkley er al. 1988) e também de peixes tropicais (ex:
Johannes 1978; Thresher 1984; Walsh 1987; Gladstone & Westoby 1988). No
entanto, a relagd@o entre os ciclos biolégicos € os seus determinantes ambientais é
certamente subtil, sendo o ciclo reprodutor de uma espécie resultante de um
compromisso envolvendo muitas consideragdes ambientais (Scott 1979) a actuar
sobre histdrias vitais particulares.

Em habitats onde a variagdo das condi¢des ambientais é extrema, os ciclos
reprodutores tendem a recorrer de uma forma regular e precisa de ano para ano,
apresentando periodos de reprodugdo curtos e bem definidos. Tais habitats sio
exemplificados pelas zonas temperadas frias, que s3o dominadas pelos ciclos anuais
de fotoperiodo, temperatura e disponibilidade de alimento (Scott 1979). O calendério
dos ciclos reprodutores de espécies existentes nestes habitats é extremamente
preciso: as datas do pico da desova em salmdes, arenque, solha e bacalhau,
apresentam um desvio padréo inferior a uma semana (Cushing 1969). Em habitats
em que os ciclos ambientais s3o menos marcados, os ciclos reprodutores s3o
organizados de uma forma menos rigida e os periodos de reprodugdo mais
prolongados (Scott 1979). Em zonas em que nfo existem flutuacdes ciclicas
significativas nas condi¢des ambientais, a reprodugo pode dar-se em qualquer altura
do ano. E por exemplo o que se passa com alguns teledsteos do Oceano profundo
(ex: Gordon 1979) e muitas espécies dos mares tropicais quentes (Thresher 1984).

Nos tropicos, as flutuagdes sazonais de temperatura e fotoperiodo
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apresentam variacdes muito pequenas. Nestes habitats, existe uma grande variagio
nos padrdes de reproducdo de diferentes espécies de peixes marinhos, com espécies
areproduzirem-se ao longo do ano, e outras que apresentam épocas de reprodugio
bem definidas (Lowe-McConnell 1979, 1987; Longhurst & Pauly 1987; Thresher
1984). Mesmo nas espécies que se reproduzem todo o ano, existem muitas vezes
variagdes sazonais claras em relagdo & propor¢do de animais da populagio que se
encontram sexualmente activos (Wootton 1990).

As tentativas de relacionar a sazonalidade da reprodugo com os ciclos de
sobrevivéncia larval (ex: Munro et al. 1973; Russell et al. 1977; Johannes 1978;
Kock 1982; Doherty 1983; Bakun 1986; Walsh 1987; Lobel 1989) sdo pouco
informativas no que diz respeito aos factores que determinam essa sazonalidade. A
complexidade dos padrdes de variagdo geografica inter e intraespecifica das épocas
de reproducdo e a complexidade da variagdo interespecifica das relacGes entre a
reprodugdo e os gradientes ambientais num mesmo local, mostram que se a
reprodugdo se encontra sincronizada com os ciclos de sobrevivéncia larvar, entdo os
factores ambientais que determinam essa sobrevivéncia devem ser muito mais
complexos, subtis, especificos para cada espécie na sua acgdo, e espacialmente
variaveis em relacdo ao que tem sido geralmente aceite (Robertson 1991). Nzo €
possivel encontrar explicacGes simples que abarquem a variabilidade existente.

Nos ultimos anos, encontraram-se desfazamentos significativos
(“mismatches”) entre a época de reproducio e os ciclos de recrutamento larvar em
muitas espécies (Russel et al. 1977; Williams 1979; Doherty 1980; Gladstone &
Westoby 1988; Pitcher 1988; Robertson 1990). A ac¢do conjunta de uma série de
constrangimentos ambientais € intrinsecos a actuar sobre os adultos de algumas
espécies, podem evitar a sincronizagdo da postura com os padrdes sazonais de
sobrevivéncia larvar. Ndo existe razdo para assumir que a melhor época para a
reproducéo seja também a melhor para a sobrevivéncia larvar, existindo mesmo
evidéncia que aponta no sentido inverso nalguns casos (Robertson 1991). Por vezes,
em espécies tropicais com reproducéo continua, a reproduco durante a estagdo
menos favoravel, pode representar uma estratégia de compensagéo de perdas no

recrutamento devido a catéstrofes ocasionais, como os ciclones que se verificam na
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estacdo quente (Gladstone & Westoby 1988). Estes desfazamentos podem ser
devidos ao facto de os adultos utilizarem uma estratégia de reproducio estocéstica
(“bet-hedging”) ao longo de um extenso periodo, de modo a ultrapassarem a
imprevisivel variagdo espacial no ciclo de sobrevivéncia larvar (Robertson 1991). As
variagdes nos ciclos de reproducido em diferentes locais devem ser devidas a
mecanismos que actuam sobre a biologia dos adultos uma vez que, muitas vezes, a
néo existéncia de “feedback™ (as larvas sdo muitas vezes recrutadas para locais
diferentes dos locais de producdo e, portanto, para populacbes diferentes) ndo
permite a selecgéio sincronizar o ciclo de reprodugio de cada populagio com o ciclo
de sobrevivéncia larvar especifico desse local (Robertson 1991). Adicionalmente, as
larvas dos peixes costeiros podem apresentar mecanismos comportamentais que Ihes
permitem manterem-se perto da costa, evitando a dispersdo para o mar aberto
(Marliave, 1977, 1986). Algumas espécies apresentam uma variabilidade acentuada
na etapa do desenvolvimento em que a mudanga de o modo de vida plancténico para
benténico se d4, que podera ser de grande importincia adaptativa em espécies
bénténicas que tém de encontrar um substrato adequado para sobreviver (X).

Internamente, o processo de maturagdo das goénadas € regulado pela
produgdo de hormonas pelo hipotdlamo que controlam a sintese de gonadotropinas
pela porgdo anterior da glindula pituitiria (neurohipéfise), que por sua vez
estimulam o desenvolvimento das génadas (Jobling 1995; Moyle & Cech 1996)
(Figura 1).

Para assegurar que um peixe se encontre em condi¢des de se reproduzir na
altura apropriada, tem de existir um mecanismo fisiol6gico que controle o timing de
maturacio das génadas. Este mecanismo tem provavelmente dois componentes: um
ciclo endégeno de desenvolvimento das génadas e um mecanismo que sincroniza
esse ciclo com os estimulos externos (Wootton 1990). A temperatura e o fotoperiodo
sdo provavelmente os estimulos externos criticos e a sua acgdo tem sido sujeita a
diversos estudos experimentais (ex: Wooton 1982; Lam 1983; Bye 1984). As pistas
utilizadas pelos peixes de latitudes mais baixas de modo a assegurarem um correcto
“timing” em relag@o ao seu esforco reprodutivo sio menos claras, mas incluem

provavelmente variagdes na abundancia de alimento, na composigdo quimica da
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Figura 1 - Eixo hipotalamo-pituitaria-génadas representando as vias de estimulagio
(+) e de inibigdo (-) do ciclo reprodutor, consistindo em substincias ou factores
(caixas arredondadas) que regulam estruturas ou comportamentos (rectangulos) nos
peixes [adaptado de Jobling (1995) e de Moyle & Cech (1996)].
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agua, e variagGes subtis da temperatura e do fotoperiodo (Lowe-McConnell 1979,
1987; Burns 1985).

Um problema adicional quando se consideram os factores que controlam a
reprodugio, advém do facto dos ciclos reprodutores serem adaptativos. Cada espécie
desenvolveu o seu ciclo de reprodugio dependendo do seu nicho evolutivo/ecologico
(Scott 1979). O modo como cada ciclo reprodutor € sincronizado com os ciclos
ambientais € provavelmente especifico de cada espécie. Assim, embora o “timing”
da reprodugdo de muitas espécies de teledsteos tenha sido estudado, ndo € correcto
extrapolar os resultados obtidos numa espécie directamente para outra.

Os ciclos reprodutores, apesar do seu ritmo endogeno, sdo sincronizados
temporalmente por factores ambientais regularmente recorrentes. Estes actuam
estimulando ou inibindo estdgios especificos da gametogénese ou de outros
processos reprodutivos. O primeiro factor ambiental a ser identificado como
sincronizador do ciclo reprodutivo foi o fotoperiodo, existindo actualmente um
grande niimero de trabalhos acerca do controle que o fotoperiodo exerce na
reproduc@o. Este factor € tido, tradicionalmente, como sendo o principal estimulo
externo que afecta os ciclos reprodutores nos animais, sendo que a sua variagio
sazonal dentro de pardmetros precisos sincroniza o ciclo de maturagdo dos gimetas
(Lofts 1970). No entanto, os peixes das zonas temperadas encontram-se também
sujeitos a regimes ciclicos de variagdo da temperatura. Para alguns teledsteos, a
temperatura parece substituir o fotoperiodo como o principal factor ambiental que
sintoniza temporalmente a reproduc@io. Para que o ciclo reprodutor decorra
normalmente €, no entanto, necessario que estejam presentes uma série de estimulos
diferentes (Scott 1979).

Os factores que desencadeiam o crescimento e desenvolvimento das génadas
encontram-se assim relacionados com os ciclos anuais de fotoperiodo e de
temperatura. Estes dois factores parecem ser, em conjunto, responséveis pela
mediagdo do ciclo reprodutor de muitas espécies de peixes das regides temperadas
(Jobling 1995), actuando directamente, ou através dos orgdos dos sentidos, nas
glandulas que produzem as respostas fisiologicas ou comportamentais adequadas

(Moyle & Cech 1996). Na maioria das espécies de teledsteos a gametogénese
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estende-se por grande parte do ciclo reprodutor, enquanto que a desova é em geral
de duragdo relativamente curta. Embora a sincronizagio da desova seja de
importancia critica, aberragdes no “timing” da gametogénese podem ser também
prejudiciais ao sucesso da reproducdo (Scott 1979).

A maturagdo das génadas nestes animais consiste, como j4 foi referido,
numa série de fases relacionadas entre si (Figura 1), cada uma das quais requerendo
uma coordenagio precisa, de modo a que os animais se encontrem maduros na altura
certa da reprodug@o. O processo de desenvolvimento dos gAmetas e de crescimento
das gonadas inicia-se, de um modo geral, muito tempo antes do inicio da época de
reprodugdo: por vezes varios meses antes (Jobling 1995). E o sistema neuro-
enddcrino que, em ultima instincia controla directamente as diferentes fases de
desenvolvimento das génadas e de maturagdo dos gdmetas. Aqui, o eixo hipotalamo-
pituitdria-gonadas parece assumir importancia determinante (Jobling 1995). Assim,
tém de existir mecanismos que permitam que os animais possam “prever” qual a
altura certa para que a maturagéo se dé.

Em Gasterosteus aculeatus (Gasterosteidae), a maturagio das gonadas da-
se sob controle do fotoperiodo, mas os estddios finais de maturago ocorrem mais
rapidamente em temperaturas mais elevadas (Baggerman 1980). Nesta espécie, o
aumento do fotoperiodo € o factor mais importante na promogéo do desenvolvimento
das génadas, embora sejam necessarios uma temperatura e substrato apropriados
para que a desova se efectue (Moyle & Cech 1996). Por contraste, em Cyprinus
carpio (Ciprinidae), o fotoperiodo tem uma diminuta acgo, comparado com o efeito
da temperatura (Davies et al. 1986). A composigdo quimica da dgua pode também
afectar a maturagdo das génadas; uma diminuigio do pH causado por chuvas &cidas,
por exemplo, pode criar graves problemas de maturagio das génadas na truta arco-
iris (Weiner et al. 1986).

E também conhecido que em Oncorhynchus mykiss (Salmonidae), o grau
de maturagio dos gdmetas e o “timing” da desova depende de um ritmo circanual
endogeno, regulado pelo fotoperiodo. N&o se conhecem bem qual a inter-relacdo
entre os efeitos da temperatura na regulagéo do ciclo endégeno nos salmonideos. No

entanto, sabe-se que temperaturas baixas provocam uma reducgdo da taxa de
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desenvolvimento dos odcitos, tendo como consequéncia um atraso na desova
(Jobling 1995).

Em Parablennius zvonimiri (Blenniidae), Louisy (1989) mostrou que, em
condigdes controladas, esta espécie comega a reproduzir-se quando se aumenta
progressivamente o fotoperiodo e a temperatura. A diminuigio da temperatura da
agua provoca o fim da reprodugdo, mesmo mantendo-se um aumento regular do
fotoperiodo. Assim, nesta espécie e nas condiges acima descritas, a temperatura é
o factor que tem uma acg8o determinante sobre a reprodugio.

Na espécie Repomucenus beniteguri (Callionymidae) a época de reprodugio
apresenta dois periodos distintos durante o ano (Maio a Julho e Setembro a
Novembro). A reprodugio inicia-se na Primavera quando a temperatura da igua
atinge 18°C e termina quando a temperatura excede 28°C. E retomada quando a
temperatura desce abaixo dos 27°C e continua até se verificarem temperaturas
inferiores a 15°C (Jobling 1995). O desenvolvimento das génadas e a maturagio
parecem assim ser inibidos por temperaturas abaixo de 15°C e acima de 27-28°C.
Este facto sugere que a temperatura seja o principal factor exégeno que induza o
inicio e o fim da época de reproducéo nesta espécie.

Shackley & King (1977) concluiram que tanto o fotoperiodo como a
temperatura influenciam o ciclo de maturagdo das génadas em Lipophrys pholis. No
entanto, Papitsch ez al. (1981) referem que a temperatura parece ser mais importante
do que o fotoperiodo na maturagdo de Salaria pavo, embora apenas uma
combinagio dos dois factores seja eficaz na maturagio plena das génadas.

A variago sazonal do fotoperiodo parece fornecer informagdo utilizada para
a coordenagdo temporal do desenvolvimento das génadas e maturagdo dos odcitos
em muitas espécies de peixes temperados. A temperatura parece afectar
essencialmente o grau de desenvolvimento de processos fisiolégicos e actuar na
maturagdo final dos gdmetas (Jobling 1995).

No sentido de se tentar avaliar quais as influéncias dos factores ambientais
na reproducio das espécies por nos estudadas, determinaram-se as suas épocas de

reprodugdo através da inspecgdo periddica de ninhos (I, IV, VI, IX) (Figura 2).
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Figura 2 - Epocas de reproducdo das espécies por nos estudadas (Coryphoblennius
galerita, Salaria pavo, Lipophrys pholis, Tripterygion delaisi e Parablennius
pilicornis), determinadas através do método de inspecgio directa de ninhos (I, IV,
VI, IX).

Posteriormente, os resultados obtidos foram comparados com as épocas de
reprodugo descritas na bibliografia para outras zonas da sua 4rea de distribuic#o.

O método de observagdo directa de ovos nos ninhos de peixes costeiros por
nds utilizado (T), permite uma determinago mais precisa das épocas de reprodugo,
quando comparado com os métodos tradicionais que se baseiam essencialmente na
histologia de génadas (ex: Hickling & Rutenberg 1936). De facto, verifica-se muitas
vezes que a ocorréncia de odcitos maduros e esperma ndo significa que a populagio
se encontre a reproduzir, acontecendo por vezes uma regressdo das génadas se as
condi¢des ambientais se alterarem (ex: Aronson 1951, 1957). Por outro lado, uma
vez que no € vidvel fazer uma anélise histologica a um grande niimero de animais,
a determinac@o das épocas de reproducdo baseadas neste método so muitas vezes
subestimadas, uma vez que no principio e no fim da época de reprodugio apenas

uma pequena fraccdo dos individuos se encontra a reproduzir. Pensamos assim que
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a monitorizagdo regular de estacGes na costa através da observacio directa dos
ninhos € um método que permite uma determinagdo rigorosa das épocas de
reproducdo de peixes costeiros.

A espécie Lipophrys pholis reproduz-se de Outubro/Novembro a Maio em
Portugal (1, IX) (Figura 2), enquanto que nas Ilhas Britanicas o periodo reprodutor
€ de Margo/Abril a Agosto (Lebour 1927; Qasim 1957; Bowers et al. 1960; Dunne
1977; Shackley & King 1977; Milton 1983). Estes resultados sdo bastante dispares,
com um desfazamento de varios meses entre o inicio e o fim da época de reproducéo
nas duas zonas. De salientar que, em Portugal, esta espécie comega a reproduzir-se
perto do minimo anual de fotoperiodo (cerca de 10 horas de luz), enquanto que nas
Tlhas Britanicas, a reprodugo inicia-se com um fotoperiodo de mais de 12 horas de
luz (Shackley & King 1977). Assim, verifica-se que uma espécie que se reproduz na
Primavera/Verdo nas Ilhas Britinicas, reproduz-se entre o Outono € a Primavera em
Portugal. Estes resultados estéio de acordo com uma das predigdes da regra de Orton
(1920): “southern fishes will spawn in the cooler months of the year at the southern
limit of their range”.

Sendo L. pholis uma espécie que se distribui da Noruega a Mauritania
(Zander 1986; Bath & Wirtz 1992), o seu centro de distribui¢io encontra-se a uma
latitude muito mais elevada que o da maioria dos outros blenideos europeus. Assim,
estando Portugal perto do limite sul de distribui¢4o desta espécie, é de supor que esta
se encontre adaptada predominantemente a d4guas mais frias. Até que ponto € que as
diferengas observadas nas épocas de reprodug@o entre as Ilhas Britanicas e Portugal
se devem a diferencas genéticas entre as duas populagdes ou sio um resultado de
diferentes condi¢bes ambientais a actuar sobre um mesmo padrio de respostas
fisiol6gicas, ¢ um ponto em aberto. Existem, no entanto, duas semelhancas
importantes entre a populagdo de L. pholis por nos estudada e o caso relatado por
Shackley & King (1977). Em ambas, a época de reprodugio: (i) inicia-se perto ou
apo6s o minimo anual de temperatura da 4gua; (ii) termina quando a temperatura da
agua € sensivelmente a mesma. Estes factos sugerem a hipétese de que a temperatura
da 4gua do mar parece desempenhar um papel decisivo na determinago da época de

reprodugdo desta espécie (I). Taylor (1986) observou também que a variacdo da
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época de reproducdio entre trés populagdes de Fundulus heteroclitus
(Ciprinodontidae) de diferentes latitudes resulta na concentragdo da actividade
reprodutora entre limites de temperatura da 4gua similares para as trés populacgGes,
0 que parece apoiar a hipdtese acima referida..

Por outro lado, Conover (1992) analisando os padrdes de reprodugdo
sazonal de peixes costeiros a diferentes latitudes chegou a concluso que em latitudes
mais elevadas as épocas de reproducio tendem a comegar mais tarde e a terminar
mais cedo. Este autor propde que nas latitudes mais elevadas, a época de reproducio
deve iniciar-se quando as condi¢des se tornam favoraveis para o crescimento das
larvas e dos juvenis. O fim da reprodugdo ocorreria quando o tempo disponivel for
demasiado curto para os juvenis atingirem um tamanho que lhes permita sobreviver
ao Inverno. Este padrio é compativel com o que se observa em Fundulus
heteroclitus, que apresenta uma vasta distribuigio latitudinal ao longo de toda a
costa Atlantica dos Estados Unidos e Canad4, verificando-se um aumento na duragio
da época de reproducdo nas latitudes mais baixas. Esta espécie reproduz-se de
Janeiro a Setembro no extremo sul de distribuigio (30°0°N) e apenas de Maio a
Julho na regido temperada norte (41°30'N) (Taylor 1990). Um outro exemplo diz
respeito a Gasterosteus aculeatus, que se reproduz no principio da Primavera no sul
da sua distribui¢o € no Ver4o nas zonas mais a norte (Wootton 1984).

Em L. pholis, no entanto, o fim da época de reprodugéo ocorre mais cedo em
Portugal, o que ndo € explicado pelo modelo de Conover (1992). Muitas das
conclusdes deste autor dizem respeito a ciprinodontideos, grupo em que muitas
espécies sdo anuais. No entanto, em espécies iteroparas, como L. pholis, é
provavelmente importante limitar a duraggo de cada época de reprodugio no sentido
de armazenar reservas que permitam o crescimento do adulto (IX), uma vez quea
fecundidade tende a aumentar com o tamanho do corpo (Wooton 1990). Miller
(1961) refere também que a variagdo latitudinal devera ser mais pronunciada no que
diz respeito ao inicio da época de reprodugéo, uma vez que as larvas que eclodem
para o fim da época devem estar sujeitas a condigdes desfavoraveis devido 3 reduzida
disponibilidade alimentar e as baixas temperaturas. Este efeito foi demonstrado por
diversos autores (ex: Dahlberg & Conyers (1973) para peixes da costa Atlantica dos
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Estados Unidos, Miller (1961) para Gobius paganellus e Faria & Almada (1995)
para G. paganellus e G. cobitis). Um outro argumento que pode apoiar a diferenga
observada tem a ver com o facto de existir por vezes um efeito inibitério da
reproducdo provocado por temperaturas elevadas. Em Gillichthys mirabilis
(Gobiidae) a manutengZio de temperaturas superiores a 22°C inibem a recrudescéncia
ou iniciam a regressdo das génadas (DeVlaming 1972a,b,c). Em Gasterosteus
aculeatus, temperaturas acima de 18°C provocam uma regressdo dos ovarios nas
fémeas e da actividade das células de Leydig nos machos (Borg 1982; Borg & Van
Veen 1982). Wallace & Selman (1979) referem que temperaturas acima de 21°C
inibem fortemente a maturagdo dos odcitos nesta espécie. Jobling (1995) refere
também que as altas temperaturas verificadas no Verdo tém um efeito inibitorio na
diferenciagdo e maturagdo das gonadas de Cyprinus carpio (Ciprinidae) e
Repomucenus beniteguri (Callionymidae). Um outro exemplo diz respeito ao
blenideo Hypsoblernnius jenkinsi que se reproduz na costa oeste dos Estados Unidos
de Agosto a Setembro em Marineland e de fim de Maio a Junho em Newport, sendo
que Newport € em média 2 a 3°C mais quente que Marineland (Stephens ef al.
1970). O facto do fim da época de reprodugio ser cerca de trés meses mais cedo na
zona mais quente parece suportar a hipétese acima referida. Esta possivel inibigio
da reproduc@o por temperaturas elevadas é também compativel com o que ocorre em
C. galerita (VI), Gobius paganellus e G. cobitis (Faria & Almada 1995).

Este facto explicaria assim por que razio a época de reprodugdo de L. pholis
termina mais cedo em Portugal do que nas Ithas Britanicas. E possivel que no limite
sul da sua distribui¢go, devido as elevadas temperaturas que se fazem sentir no
Verido, esta espécie se encontre em “stress” fisioldgico.

A espécie Coryphoblennius galerita reproduz-se de Fevereiro/Margo a
Setembro/Outubro em Portugal (Almada et al. 1983; VI) (Figura 2). Tal como para
L. pholis, a época de reprodugdo de C. galerita varia consideravelmente com a
latitude: fim de Junho a principio de Agosto na costa sul de Inglaterra (Milton 1983);
Abril a Agosto na costa sudoeste da Irlanda (Fives 1980a); e Abril a Setembro na
Bretanha, Franca (Fives 1970). Verifica-se também neste caso um aumento na

duragdo da época de reproducdo nas latitudes mais baixas, sendo esse aumento
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devido principalmente a um recuar do inicio da época de reprodugéo, o que vem
confirmar os padrdes acima referidos para L. pholis.

Para Salaria pavo, a época de reprodugdo em Portugal estende-se de
Abril/Maio a Setembro/Outubro (IV) (Figura 2). Ruchon e al. (1993, 1995) referem
o periodo de Abril a Setembro para a época de reprodugo desta espécie numa lagoa
costeira em Mauguio (Franga). No entanto, n3o apresentam dados de temperatura da
agua. Patzner (1983) e Uiblein (1993) apresentam dados muito diferentes para
popula¢des da mesma zona geogréfica (Trieste, Mar Adriatico). Assim, enquanto
que o primeiro autor refere o periodo de principio de Julho a meio de Agosto, Uiblein
(1993) refere o periodo de Maio a Setembro para a época de reprodugio desta
espécie. Esta discrepancia pode ser devida ao facto de Patzner (1983) ter baseado as
suas conclusdes na existéncia de odcitos maduros nos ovdrios de fémeas desta
espécie. Se as amostras analisadas forem de pequena dimensdo, e apenas um
pequeno nimero de individuos da populagio se encontrar a reproduzir no principio
e no fim da época de reproduc@o, € possivel que o periodo de reprodugio referido por
este autor se encontre subestimado (€ de salientar que n3o € referido o namero de
individuos em que se baseia este estudo). No entanto, noutros pontos do
Mediterrineo a época de reproducao desta espécie estende-se de Maio a Julho (norte
do Mediterraneo, Eggert 1932) ou a Agosto (Israel, Fishelson 1963). Uma vez que
ndo nos parece que os dados existentes acerca da época de reproduggo de S. pavo ao
longo da sua 4rea de distribui¢do permitam uma anélise rigorosa, fica em aberto qual
a influéncia dos diferentes factores ambientais na reprodugao desta espécie.

Para Parablennius pilicornis a época de reproducdo estende-se de
Fevereiro/Margo a Agosto/Setembro (Almada et al. 1987) (Figura 2). Denoix (1984)
refere para Biarritz ¢ Hendaya que os machos defendem um territorio do fim de
Margo ao fim de Setembro. Nao indica no entanto, qual € o periodo em que os
machos guardam ovos. Nio existem outras referéncias relativas a época de
reprodugdo desta espécie, apesar da sua larga distribuigio geografica: Mediterrdneo
(Bath 1977); Atlantico oriental: do Golfo da Biscaia a0 Cabo da Boa Esperanca
(Motos & Ibafiez 1977; Devesa et al. 1980; Almeida ef al. 1980) e mesmo na costa
sul africana do Oceano Indico (Penrith & Penrith 1972); e Atlantico ocidental: da
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Flérida ao Rio de Janeiro (Briggs 1958).

Para Tripterygion delaisi, a época de reprodugdo estende-se de
Fevereiro/Margo a Agosto/Setembro (Figura 2). Jonge & Vidler (1989) referem o
periodo de Margo a Junho para a reproducgo desta espécie na Corsega, Gordina et
al. (1972) o periodo de Abril a Agosto para Banyuls, e Zander (1986) o periodo de
Maio a Julho para o norte do Mediterraneo. E de salientar que no Mediterraneo a
época de reproducgo termina mais cedo, podendo este facto dever-se as temperaturas
mais elevadas que ai se fazem sentir no Verdo. Do mesmo modo, o inicio da
reprodugdo mais tardio (Abril ou Maio) pode também estar relacionado com as
baixas temperaturas de Inverno. No entanto, nfo existem dados de temperatura da
agua do mar disponiveis para se proceder a uma comparagdo mais detalhada entre
as diferentes regiGes.

Como ja foi referido, uma das caracteristicas comuns aos peixes bent6énicos
de pequeno tamanho das regides temperada quente e tropical é a existéncia de
cuidados parentais e de posturas sucessivas durante uma época de reprodugio que
dura vérios meses. Este tipo de peixes ocorre ao longo de uma vasta distribuicio
latitudinal, existindo uma tendéncia para uma maior duragdo das épocas de
reprodugio nos trépicos (Breder & Rosen 1966). O controle dos ciclos anuais de
reprodug¢do por factores exégenos como o fotoperiodo e a temperatura tem sido
demonstrado, mas os trabalhos existentes referem-se a um pequeno niimero de
espécies, ndo sendo ainda possivel determinar padrdes gerais de controle do ciclo
reprodutor (Bye 1984, 1990; Stacey 1984; Taylor 1990). E pois urgente prosseguir
este tipo de estudos acerca da influéncia dos factores ambientais no controle da
reprodugdo. Uma 4rea particularmente frutuosa sera a interrelagdo de estudos de
ecologia e filogenia.

Um padrdo que parece emergir do presente estudo € que, & excepgdo de L.
pholis (que € a espécie cujo centro de distribuigio se situa mais a norte), todas as
outras espécies por nos estudadas apresentam uma época de reprodugio que ocorre,
com pequenas variagdes, entre Fevereiro/Margo e Agosto/Setembro. Lejeune (1985)
apresenta um caso semelhante para oito espécies de labrideos cujas épocas de

reproducdo se situam entre Margo/Abril e Julho/Agosto na Cérsega. Por outro lado,
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em ambos os casos, as convergéncias encontradas dizem respeito a espécies
aparentadas (labrideos, Lejeune 1985; blenioides, presente estudo) e cuja ecologia
¢ muito semelhante. Interessante € o facto de as temperaturas da 4gua do mar que se
verificam no principio e no fim da época de reprodugéo nos dois locais serem muito
parecidas (13-13.5°C no inicio € 20°C no fim para a Cérsega e 13.5-14°C no inicio
e 18-20°C no fim para a nossa 4rea de estudo). Esta observacao parece reforgar, mais
uma vez, o papel decisivo que a temperatura da 4gua do mar tem no controle da
reproducdo de peixes costeiros da zona temperada. Robertson (1991) refere que, em
recifes de coral de latitudes mais elevadas, a sazonalidade dos constrangimentos
ambientais produz ndo s6 uma definicdo mais precisa das épocas de reproducio,
como também uma tendéncia para a coincidéncia dos periodos reprodutores num
grande ntimero de espécies. As diferengas latitudinais nas épocas de reprodugio de
peixes marinhos temperados podem reflectir um gradiente latitudinal na intensidade
desses constrangimentos.

Muitos dos trabalhos anteriormente referidos acerca do papel dos diferentes
factores ambientais no controle do ciclo reprodutor em peixes sio realizados em
“condigdes controladas”, sendo muitas vezes dificil de separar o efeito dos factores
a controlar, daqueles provocados pelas condi¢des de cativeiro. O estudo da
variabilidade natural permite obviar a muitos destes constrangimentos. Assim,
observando o efeito dos diversos factores ambientais em diferentes populages de
uma mesma espécie cuja distribuicdo latitudinal seja mais ou menos ampla,
poderemos tentar determinar quais os efeitos desses factores no controle da
reprodugdo neste tipo de peixes. Uma outra abordagem que pensamos ser frutuosa
€ atentativa de relacionar as épocas de reprodugfo de peixes ndo aparentados, mas
cujo habitat e ecologia da reproducgo sejam semelhantes. Cruzando a informagao
latitudinal com a informag@o ecoldgica e filogenética, serd possivel aferir qual a
participagéo dos diferentes factores ambientais no controle da reprodugio. E evidente
que, paralelamente, € fundamental aprofundar o conhecimento acerca da fisiologia
da reprodugdo das espécies em causa e dos mecanismos internos de controle da
reprodugio.

Embora tenha sido demonstrado de um modo indiscutivel que o fotoperiodo,
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a temperatura, a disponibilidade de alimento € outros factores ambientais influenciam
a reprodugdo destes animais, ndo € possivel afirmar categoricamente que um
estimulo particular induz sempre uma resposta correspondente. Para avaliar a
importancia relativa dos factores que influenciam a biologia das larvas, dos juvenis
e dos adultos como determinantes dos padrdes sazonais de reprodugio, € assim
necessdria muito mais informacao adicional acerca dos aspectos bésicos das histérias
vitais destes peixes (Robertson 1991). Qual o grau de variagdo espacial nos padres
sazonais de reprodugdo e recrutamento? Quais os factores que afectam o crescimento
¢ maturacdo dos juvenis? De que modo € que os factores ambientais, tais como a
disponibilidade de alimento e as caracteristicas fisicas do meio, afectam a capacidade
reprodutora dos adultos? Como € que os efeitos desses factores variam sazonalmente
e de que modo € que os adultos repartem os diferentes recursos entre a reprodugio,
0 crescimento, € o acumular de reservas em diferentes alturas do ano? Quais as
influéncias de limitagOes intrinsecas, tais como pequena longevidade e fraca
capacidade de acumulac@o de reservas, na calendarizagio da reproducio?
Pensamos que investigagdes futuras deverdo tomar em consideragdo uma
visdo menos simplista das interacgdes entre o ambiente e os animais. Uma relagio
simples de causa efeito ndo deverd ser o objectivo deste tipo de estudos. Pelo
contrério, os efeitos independentes de diferentes varidveis deverio ser relacionados
com a condigdo fisiolégica do animal e o estadio provéavel do ciclo endégeno em que
ele se encontra. Paralelamente serd necessario aprofundar o estudo dos mecanismos

fisiolégicos que regulam a reprodugéo nos peixes.

3.2. Padrdes de comportamento (IL, ITL, IV, V, VII, VIII, XI)

Como ja foi referido, os peixes marinhos benténicos de pequeno tamanho que
ocorrem em substratos duros, tendem a apresentar territorialidade e cuidados
parentais dirigidos a uma postura de ovos adesivos colocados, em geral, em
cavidades no substrato. No caso dos peixes costeiros das zonas temperadas quentes
¢ tropicais, os cuidados parentais sdo na maioria dos casos exclusivamente
masculinos (Almada 1990). A defesa de um territ6rio € assegurada através de um

patrulhamento activo da 4rea defendida e de comportamentos agonisticos contra
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intrusos. Os cuidados parentais sdo geralmente essenciais para a sobrevivéncia das
posturas, apresentando os machos comportamentos de ventilagdo, remogio de ovos
mortos e limpeza da massa de ovos (Gibson 1969).

O comportamento das espécies de blenidides Mediterranicos e tropicais
encontra-se extensamente documentado (para revisdes ver Wirtz 1978; Thresher
1984; Heymer 1987). O mesmo n#o se passa com as espécies do Atlantico nordeste,
onde os estudos comportamentais s@o ainda escassos (para uma revisdo ver Almada
& Santos 1995). Apesar disso, tem sido desenvolvido um esforgo acentuado para
inverter esta situacdo (Qasim 1956a; Gibson 1967a,b, 1968, 1970, 1971; Wirtz
1974, 1975, 1976; Wirtz & Davenport 1976; Fives 1980b; Laming et al. 1982;
Almada et al. 1983, 1987; Denoix 1984; Santos 1985a,b, 1987, 1992; Santos &
Almada 1988; Northcott 1991; IT; III; IV; V; VII).

As espécies por nds estudadas apresentam diferencas no que diz respeito a
detalhes do seu comportamento (XI). As espécies subtidais apresentam numerosos
padrdes de comportamento que envolvem movimentos na coluna de 4gua,
nomeadamente em contextos agonisticos e de corte, enquanto que estes padrdes sdo

extremamente raros nas espécies intertidais (Tabela II).

Tabela II - Padroes de comportamento efectuados na coluna de 4gua por cada uma

das espécies, em situagdes de corte ou noutros contextos.

I Corte I Total | Tempo de

Espécie Machos Fémeas | Machos Fémeas observagdo
C. galerita 0 0 0 2 14h 35min
L. pholis 0 0 1 0 26h 25min
S. pavo 0 0 0 0 35h 21min
T. delaisi 79 0 141 2 14h 08min
| P. pilicornis 69 0 98 15h 15min

Outros comportamentos que impliquem a perda de contacto com o substrato

como, por exemplo, comportamentos de ameaga (ex: “pairar” em Parablennius

60



Etologia, Ecologia e Biologia da Reprodugdo de Blenidides

pilicornis, Denoix 1984; Almada er al.1987), natagdo a algumas dezenas de
centimetros do substrato em diferentes contextos (perseguicdo, fuga, deslocacdo) e
“alimentagdo de particulas” na coluna de 4gua, ocorreram também quase
exclusivamente nas espécies subtidais (Tabela IT). Além disso, a sinaliza¢io de corte

na auséncia de uma f€mea € também um padréo praticamente exclusivo das espécies
subtidais (Tabela III).

Tabela III - Percentagem de cortes efectuadas com ou sem a presenga da fémea. Em
Lipophrys pholis, apenas se observou uma corte em 17h 51m de observagdes focais

aos ninhos dos machos. No caso de Salaria pavo, a iniciativa de corte pertence as

fémeas, permanecendo os machos no interior do ninho, na maioria dos casos (V).

Numero de cortes Fémea presente

(%)

Fémea ausente
(%)

C. galerita 19 84.2 15.8
" S. pavo 524 100.0 0.0
T. delaisi 44 31.8 68.2
P. pilicornis 30 33.3 66.7

Os comportamentos sexuais nos bleniéides possuem padrdes convergentes
com os de outras familias de peixes costeiros que apresentam cuidados parentais
masculinos (ex: Pomacentridae: Helfrich 1958; Emery 1968; Myrberg 1972; ver
revisdes de Gibson 1969, 1982; Wirtz 1978; Thresher 1984; Almada & Santos
1995). A fémea aproxima-se do territorio do macho que realiza movimentos de
sinalizagdo estereotipados (para uma revisio ver Thresher 1984; Santos 1992;
Almada & Santos 1995). Estes comportamentos implicam muitas vezes a perda de
contacto com o substrato nas espécies subtidais, podendo ser realizados a vérias
dezenas de centimetros do fundo (ex: Parablennius incognitus, Abel 1964, Louisy
1983; Ecsenius bicolor, Wickler 1965; Hypsoblennius gentilis, Stephens et al.
1966; Meiacanthus nigrolineatus, Fishelson 1975; Parablennius rouxi, Heymer &
Ferret 1976, Tripterygion spp., Wirtz 1978; Parablennius zvonimiri, Wirtz 1978;
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Heterostichus rostratus, Coyer 1982; Ophioblennius atlanticus, Marraro & Nursall
1983; Plagiotremus azaleus, Thresher 1984; Acanthemblemaria crockeri, Lindquist
1985; Parablennius pilicornis, Denoix 1984; Almada et al. 1987). Os
“comportamentos de coluna de 4gua” s@o provavelmente padrdes primitivos dos
bleni6ides semelhantes aos padrdes de sinalizagdo de muitos pomacentrideos que
nidificam em superficies de rocha (Helfrich 1958) e tém como fungio a sinalizagio
do territrio para as fémeas e para machos rivais. De facto, este tipo de padrdes
comportamentais ocorrem em tripterigideos (Shiogaki & Dotsu 1973; Wirtz 1978),
clinideos (Coyer 1982), chaenopsideos (Thresher 1984), e em muitos blenideos de
diferentes subfamilias (Fishelson 1975; Wirtz 1978; Thresher 1984; Santos 1985a,
1992; Almada ef al. 1987; Almada & Santos 1995).

Por oposigdo, verifica-se que nas espécies intertidais ou que habitam em
locais de baixa profundidade, os comportamentos de corte s&o realizados sem perda
de contacto com o substrato (ex: Coryphoblennius galerita, Guitel 1893; Almada
et al. 1983; Aidablennius sphynx, Guitel 1893; Kraak 1994, 1996; Lipophrys
pholis, Qasim 19564, II; Salaria pavo, Fishelson 1963; Patzner et al. 1986; IV; V;
VII; Lipophrys canevae, Abel 1964; Acanthemblemaria balanorum e A.
macrospilus, Stephens et al. 1966; Lindquist 1985; Hypsoblennius gilberti,
Stephens et al. 1970; Chasmodes bosquianus, Phillips 1971). Assim, aparecem
nestas espécies comportamentos como o “nodding” (movimento ritmico vertical da
cabega) e/ou o “estremecimento lateral da cabega”, observados por exemplo em
Lipophrys canevae (Abel 1964), L. dalmatinus (Abel 1980), L. adriaticus (Wirtz
1978), L. velifer (Wirtz 1978, 1980), L. pholis (IL), Coryphoblennius galerita
(Guitel 1893; Almada et al. 1983), didablennius sphynx (Kraak 1994) e Salaria
pavo (Fishelson 1963; Patzner et al. 1986). Estes comportamentos encontram-se
muitas vezes associados a “méscaras faciais” conspicuas ou cristas na cabega (Abel
1964; Zander 1975; Papaconstantinou 1979), que desempenham um papel
fundamental nos sinais sociais. Estas caracteristicas sdo exclusivas dos machos, ou
especialmente desenvolvidas nestes, e tornam a cabeca destes muito conspicua,
mesmo sem abandonar o ninho (Zander 1975; Papaconstantinou 1979). Em varias

espécies 0s proprios movimentos de ameaga (primeiro passo na expulsio dos

62



Etologia, Ecologia e Biologia da Reproducdo de Blenidides

intrusos) envolvem predominantemente movimentos da cabega e podem ser
efectuados com o animal dentro do abrigo (Abel 1964; Phillips 1977; Almada et al.
1983; II; VIII). Estes comportamentos que envolvem movimentos da cabega e
padrdes de coloragio conspicuos podem ser importantes em duas situagdes distintas:
1) peixes que vivem em zonas de elevada turbuléncia; ii) peixes de tamanho diminuto
e que nidificam em cavidades tubulares pouco maiores que a dimens&o do seu corpo
(ex: chaenopsideos, Stephens et al. 1966).

Os resultados apresentados para as espécies intertidais estudadas sugerem
que estas reduzem ao minimo os movimentos efectuados na coluna de 4gua (XI). As
condigdes de turbuléncia do intertidal rochoso fazem com que os animais que ai
habitam tenham de apresentar adapta¢6es que contrariem as elevadas possibilidades
de serem deslocados por movimentos da 4gua, e mesmo de se ferirem contra as
rochas. Nursall (1977) refere que o habitat turbulento em que Ophioblennius
atlanticus ocorre coloca a esta espécie algumas dificuldades fisicas. E comum
ocorrerem individuos que apresentam marcas no corpo decorrentes de abrasio contra
as rochas, bem como feridas provocadas pelos espinhos de Diadema antillarum.

Esta redug¢&o dos comportamentos na coluna de 4gua foi também por nés
observada em gobiesocideos. A espécie Lepadogaster lepadogaster purpurea, que
ocorre no intertidal ou a baixa profundidade, apresenta uma reduczo extrema dos
comportamentos realizados na coluna de 4gua, sendo a maioria das interacgdes entre
individuos realizadas no interior dos abrigos (VIII). Por oposi¢io, Lepadogaster
candollei, que ocorre a maiores profundidades, apresenta intimeros comportamentos
na coluna de dgua como, por exemplo, natagdo, alimentacio a meia-dgua e pairar (D.
Gongalves et al. em prep.). Verifica-se ainda que L. L. purpurea permanece a maioria
do tempo no interior dos abrigos, enquanto que em L. candollei uma significativa
propor¢do do tempo € passada no exterior dos mesmos.

No entanto, € interessante verificar que em blenideos que nidificam em
pogas de maré, que pelas suas caracteristicas permanecem longos periodos sem
agitacdo, estes padroes de comportamento na coluna de 4gua sdo frequentes (ex:
Istiblennius zebra, Phillips 1977; Parablennius sanguinolentus, Santos 1985a,

1992). Parece existir assim uma modifica¢do evolutiva dos comportamentos nas
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espécies intertidais devida a acgdo da turbuléncia. A natagio a meia 4agua &
substituida por reptagdo junto ao fundo, sendo afectado um conjunto de
comportamentos que dependiam de exibigdes a meia 4gua (para uma discussio ver
Almada 1990).

3.3. Territorialidade

3.3.1. Variacio temporal na utilizagio de abrigos (I, ITI, IV, VI)

Nas Figuras 3,4 e 5 apresentam-se o nimero de ninhos que continham peixes e ovos
nas inspecgdes realizadas na baixa-mar para, respectivamente, Lipophrys pholis,
Coryphoblennius galerita e Salaria pavo.

Observa-se, em todos os casos, uma correlagio significativa entre o nlimero
de ninhos ocupados por peixes e o niimero de ninhos que contém ovos: L. pholis
(Spearman Rank Correlation: 1986/88: r= 0.951, p<0.01, n=12 inspec¢des;
1992/94: r=0.810, p<0.001, n=16 inspecgdes), C. galerita (1992 a 1994: r=0.801,
p<0.001, n=23 inspecgdes) € S. pavo (1988/90: r=0.801, p<0.01, n=11 inspeccdes;
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Figura 3 - Numero de ninhos que continham peixes € ovos nas inspecgdes realizadas
aos locais de nidificagdo de Lipophrys pholis. Quando se realizou mais do que uma

inspecgdo no mesmo més, os dados sdo referidos por ordem cronolégica.

64



Etologia, Ecologia e Biologia da Reproducéo de Blenidides

J F M A M J J A S O N D J F M
1993 Més 1994
|MlPeixes CIOvos
Figura 4 - Numero de ninhos que continham peixes e ovos nas inspecgdes realizadas

aos locais de nidificacdo de Coryphoblennius galerita.
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Figura 5 - Ntimero de ninhos que continham peixes e ovos nas inspecgdes realizadas
aos locais de nidificagdo de Salaria pavo. Quando se realizou mais do que uma

inspec¢do no mesmo més, os dados sdo referidos por ordem cronologica.
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1996: r= 0.976, p<0.001, n=8 inspecgdes). Em todas as espécies, o ntimero de
machos presentes nos locais de nidificagio aumenta no inicio da época de
reprodugéo e diminui quando esta termina (Figuras 3, 4, 5). Estes dados indicam que
os machos das espécies intertidais por nés estudadas apenas sio territoriais durante
a época de reprodugio e que estes locais ndo sdo utilizados como abrigo fora desta
(IIT; IV; VI). No caso de L. pholis, observou-se ainda uma correlagdo negativa
significativa entre a presenca de peixes e de caranguejos (Pachygrapsus marmoratus
e Eriphia verrucosa) ao longo do ano (r,=-0.769, p<0.05, n=12 inspecgdes). Este
resultado sugere uma possivel competicdo por abrigos entre L. pholis e estas duas
espécies de caranguejos.

Adicionalmente, verificou-se que nas espécies intertidais por nés estudadas
os ninhos eram utilizados por periodos muito mais curtos que a época de reprodugio
no seu todo. A duragio da ocorréncia de ovos e peixes em cada ninho apresentou
uma variago elevada em L. pholis (ovos: média=1.66 meses, d.p.=0.94, min.=1,
max.=4, n=22 ninhos; peixes: média=2.24 meses, d.p.=1.56, min.=1, max.=6, n=19
ninhos) e C. galerita (ovos: média=1.88 meses, d.p.=1.36, min.=1, max.=6, n=20
ninhos; peixes: média=2.14 meses, d.p.=1.47, min.=1, max.=7, n=20 ninhos). Em
S. pavo, foi possivel seguir 18 machos marcados através de cortes de raios da
barbatana dorsal e verificou-se que cada macho apresentava periodos em que
guardava ovos, alternados com periodos em que ndo possuia ovos no ninho (IV)
(média= 1.94 meses, d.p.=1.16, min.=1, mix.=4).

No que diz respeito as espécies subtidais, ndo foi possivel por razdes
logisticas proceder a uma comparagio semelhante 2 utilizada para as espécies
intertidais. No entanto, observou-se que fora da época de reprodugio os machos de
ambas as espécies permaneciam no mesmos locais utilizados como ninhos. Nalguns
casos foi mesmo possivel reconhecer os individuos por marcas naturais, verificando-
se que continuavam nos abrigos que tinham utilizado como ninho durante a época
de reprodug@o. Os machos de T. delaisi, deixam de limpar os ninhos, apresentando-
se estes indistinguiveis das zonas que os envolvem. O facto de os machos destas
duas espécies permanecerem, fora da época de reproducdo, nos mesmos locais

utilizados como ninhos, sugere a hip6tese de os machos destas espécies apresentarem
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territorialidade permanente, tal como acontece em muitos blenideos tropicais (ex:
Fishelson 1975; Losey 1976; Nursall 1977; Phillips 1977). Em muitos destes casos,
as fémeas também apresentam territorios individuais permanentes, enquanto que
noutros as fémeas tendem a ter areas vitais que se sobrepdem (Nursall 1977, 1981;
Phillips 1977; Williams 1978; Hastings 1986). Observagdes preliminares sugerem
que, em P. pilicornis, as fémeas apresentam “postos de vigia” onde se imobilizam
durante vérios minutos e de onde podem controlar uma area aprecidvel 4 sua volta.
Verificou-se que, muitas vezes, a aproximagéo de um outro peixe, conspecifico ou
ndo, no campo visual da fémea, originava uma resposta agonistica por parte desta.
Este facto levanta a hipétese das fémeas desta espécie defenderem uma determinada
drea, pelo menos durante a época de reprodugdo. No entanto, a distdncia méxima ao
ponto de origem foi sempre significativamente superior nas fémeas para todas as
espécies estudadas (Mann-Whitney U-test: C. galerita: Z=4.51, p<0.001; L. pholis:
Z= 4.25, p<0.001; S. pavo: Z= 6.23, p<0.001; T. delaisi: Z= 2.40, p<0.05; P.
pilicornis: Z= 4.66, p<0.001). Este resultado indica que, se as fémeas defenderem
uma determinada 4rea, o seu territorio devera ser muito superior ao defendido pelos
machos.

Para comprovar a existéncia de territorialidade permanente nos machos das
espécies subtidais por nés estudadas e a eventual defesa de um territério por parte
das fémeas de P. pilicornis, tera de se proceder a um acompanhamento regular de
individuos marcados destas espécies ao longo do ano através de observagdes animal-
focal (Martin & Bateson 1993), e através da inspecgdo directa de ninhos utilizando
o método por nds desenvolvido (I; III; IV; VI; IX).

3.3.2. Experiéncias de remocio (III)

Na sequéncia das amostras destrutivas recolhidas para a determinagdo dos
pardmetros do esforgo reprodutivo das diferentes espécies estudadas, procedeu-se
sempre que possivel ao controle subsequente dos ninhos dos machos parentais
removidos. A 4rea ocupada pela massa de ovos era medida e mapeada de modo a
servir como referéncia nas visitas posteriores.

Para C. galerita, a remogdo de 13 machos (Junho de 1993) resultou na
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reocupagdo de cinco ninhos 24h depois, 0 que corresponde a uma taxa de reocupagio
de 38.5%. Dos oito ninhos nédo reocupados, cinco apresentavam ao fim desse tempo
mais de 80% da postura intacta. Para L. pholis, a remogdo de 17 machos (seis em
Margo de 1986 e onze em Margo de 1993) resultou numa taxa de reocupagio nula
24h depois, possuindo 11 dos ninhos mais de 80% da postura intacta. Verificou-se
ainda que as massas de ovos podem sobreviver até cinco dias ap6s a remogdo do
macho parental nesta espécie e que os ninhos nfo voltam a ser utilizados por nenhum
outro peixe na mesma época de reproducéo (III). No caso de S. pavo, a remogdo de
15 machos (sete em Julho de 1991 e oito em Maio de 1994) resultou na reocupagio
de 10 ninhos 24h depois, 0 que corresponde a uma taxa de reocupagio de 66.7%.
Dos cinco ninhos ndo reocupados, trés apresentavam mais de 70% da postura
intacta. Esta elevada taxa de reocupagdo em S. pavo, encontra-se directamente
relacionada com a competigio por locais de nidificagio que se verifica na populagio
por nos estudada, devido a escassez dos mesmos (IV; V; VII). No entanto, se
considerarmos apenas os ninhos nio reocupados para o conjunto das espécies
intertidais, 63.3% apresentam mais de 70% da postura intacta 24h ap6s a remogio
do macho parental.

Por oposi¢do, a remogdo dos machos das espécies subtidais (P. pilicornis
e T. delaisi) leva a predacio quase imediata das posturas. De facto, apesar de ndo ter
sido possivel, por razdes logisticas, acompanhar os ninhos destas espécies, verificou-
se uma predagdo muito elevada das posturas imediatamente apés a remogdo do
macho parental. As espécies que foram vistas a consumir ovos foram: Centrolabrus
exoletus, Ctenolabrus rupestris, Symphodus melops, juvenis de Diplodus vulgaris
e ainda conspecificos de ambas as espécies. Este padrdo ja tinha sido observado por
Wirtz (1978) para Tripterygion spp. Este autor refere que ao remover um macho do
seu territ6rio, todos os ovos eram predados em menos de meia hora. Os predadores
de ovos mais comuns eram Crenilabrus, juvenis de sparideos, blenideos e
caranguejos. Uma maior predagdo das posturas no subtidal é também referida por
DeMartini (1978) para Enophrys bison e por Norton (1991) para vérias espécies de
cotideos .

Em blenideos que nidificam em pogas de maré, verifica-se uma situagio
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semelhante a das espécies subtidais. As pogas de maré “recriam” de algum modo as
condi¢des subtidais, ocorrendo nessas pogas muitas espécies tipicas da zona
subtidal. Santos & Almada (1988) referem que, em Parablennius sanguinolentus,
aremogdo do macho parental e a exposi¢do da postura, virando a rocha onde ela se
encontra, leva a sua predag@o em poucos minutos por juvenis de tainhas e sargos.
Conclui-se que os cuidados parentais sdo importantes para a sobrevivéncia
dos ovos. No entanto, em contraste com o que se passa com as espécies subtidais, em
que a remog¢do do macho parental leva & destruicdo quase imediata da postura, nas
espécies intertidais os ovos podem sobreviver varios dias sem serem predados
(excluindo-se o caso particular das pogas de maré). Este facto apoia a hipétese de
que as pressOes de predagdo sobre as posturas dos peixes que nidificam no intertidal
sdo muito inferiores as que ocorrem na zona subtidal. Uma outra evidéncia que
reforga esta hipétese € o facto de vérias espécies de peixes ndo residentes efectuarem
as suas posturas nesta zona, abandonando a massa de ovos (ex: Enophrys bison,
DeMartini 1978; Menidia menidia, Middaugh et al. 1981; Crenilabrus melops,
Potts 1985). Gibson (1988) e Horn & Gibson (1988) sugeriram de igual modo que
os peixes residentes do intertidal rochoso se encontram sujeitos a pressdes de
predagdo menos severas, pelo menos no que diz respeito a predadores aquaticos.
Se esta hip6tese for verdadeira, entdo os custos impostos pela nidificagio
numa zona onde o tempo disponivel para a alimentagéo € extremamente reduzido
(ver 3.1.1.), poderdo ser compensados através de uma redugio das actividades de
patrulhamento e de um menor esforgo de defesa do territ6rio, resultante de uma
menor taxa de intrusdes (ver 3.3.3.), nomeadamente por potenciais predadores das

presas.

3.3.3. Distribuiciio espacial das actividades dos machos parentais (I1I, IV, VII,
XD

A distribui¢io espacial da alimentag&o, do patrulhamento e das interacgdes inter e
intraespecificas nos territorios dos machos parentais das espécies estudadas

encontra-se representada nas Figuras 6 a 10.
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Figura 6 - Distribui¢do espacial das principais actividades realizadas pelos machos

parentais de Salaria pavo fora do ninho.
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Figura 7 - Distribuig4o espacial das principais actividades realizadas pelos machos
parentais de Lipophrys pholis fora do ninho.
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Figura 8 - Distribui¢do espacial das principais actividades realizadas pelos machos
parentais de Coryphoblennius galerita fora do ninho.
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Figura 9 - Distribui¢do espacial das principais actividades realizadas pelos machos

parentais de Parablennius pilicornis fora do ninho.
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Figura 10 - Distribuigo espacial das principais actividades realizadas pelos machos
parentais de Tripterygion delaisi fora do ninho.

Em S. pavo, as actividades concentram-se todas a uma distincia inferior a
10cm do ninho. Como j4 foi referido, na populagio por nés estudada, os ninhos
encontram-se densamente agregados em tijolos e podem estar completamente
rodeados de outros ninhos. Assim, os territorios dos machos parentais desta espécie
encontram-se praticamente restritos ao préprio ninho (IV; V; VII). Os machos
parentais das outras duas espécies intertidais (L. pholis e C. galerita) apresentam
territorios mais pequenos que os das espécies subtidais. A distAncia mais curta a que
um intruso se consegue aproximar do ninho é também significativamente menor nas
espécies intertidais (C.galerita: média= 15.2cm, d.p.= 8.3, min.= 10cm, max.=
40cm, n= 42 interacgdes; L. pholis: média= 38.2cm, d.p.= 15.9, min.= 10cm, max.=
60cm, n=28 interacgdes; 7. delaisi: média= 42.6cm, d.p.= 27.3, min.= 10cm, max.=
100cm, n= 47 interacgdes; P. pilicornis: média= 43.4cm, d.p.= 25.3, min.= 10cm,
max.= 100cm, n= 64 interac¢des; Kruskal-Wallis: H (3, n=181)=57.27, p<0.001).
A érea defendida pelos machos parentais das cinco espécies foi de: S. pavo= 10cm;

L. pholis= 60cm; C. galerita= 40cm; P. pilicornis= 100-150cm; 7. delaisi= 100-
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150cm (Figuras 6 a 10). Além disso, as espécies subtidais apresentam
significativamente mais patrulhamentos que as intertidais, sendo que os
patrulhamentos foram ausentes em S. pavo e extremamente raros em C. galerita. As
taxas de patrulhamento médio diario foram: L. pholis=20.6 (d.p.=13.3, min.=2.9,
max.=44.5,n=7), T. delaisi= 164.2 (d.p.= 159.9, min.= 42.0, max.= 630.0, n=11),
e P. pilicornis= 144.7 (d.p.= 83.4, min.= 33.6, max.= 336.0, n= 17) (Kruskal-Wallis:
H (2, n=35)=15.29, p<0.001).

A distribuicio espacial dos actos alimentares foi também diferente entre as
espécies intertidais e subtidais. Enquanto que nas primeiras uma proporgdo
substancial dos actos alimentares ocorre fora da drea defendida pelo macho (C.
galerita= 51%, L. pholis= 13%), nas espécies subtidais o territorio corresponde a
area vital (Figuras 6 a 10).

Observa-se ainda uma proporgéo significativamente superior de intrusées
interespecificas em relagdo as intraespecificas nas espécies subtidais (Tabela IV).
Além disso, as taxas estimadas de intrusdes interespecificas e de intrusdes totais nos
territorios dos machos das espécies subtidais foram também significativamente
superiores (Figura 11). A taxa didria média de intrusdes interespecificas foi de:
C.galerita=34.4 (d.p.=15.5, min.= 16.7, méx.= 50.1, n= 16), L. pholis=22.6 (d.p.=
24.0, min.= 2.8, max.= 83.5, n= 13), T. delaisi= 136.5 (d.p.= 81.9, min.= 42.0,
max=336.0, n=16), ¢ P. pilicornis=210.2 (d.p.= 128.1, min.= 42.0, max= 462.0,
n=20) (Kruskal-Wallis: H (3, n=65)=42.77, p<0.001); e a taxa diaria média do total
de intrusdes no territério dos machos parentais foi de: C.galerita=72.8 (d.p.=31.1,
min.= 16.7, max.= 133.6, n= 21), L. pholis= 46.7 (d.p.= 51.1, min.= 5.6, max.=
200.4,n=17), T. delaisi= 224.8 (d.p.= 221.2, min.= 42.0, méx.= 1008.0, n=17), e
P. pilicornis=263.2 (d.p.= 135.1, min.= 67.2, max.= 504.0, n= 20) (Kruskal-Wallis:
H (3, n=75)=45.30, p<0.001). Nas espécies subtidais, ocorrem também intrusGes
de algumas espécies de peixes que sdo potenciais predadores das posturas dos
machos parentais, tais como o gobiesocideo Lepadogaster candollei (Almada et al.

1987; observagdes pessoais) e muitos labrideos (Tabela V).
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Tabela IVa - Numero de intrusdes interespecificas e intraespecificas que ocorreram
nos territérios dos machos de cada espécie. Ndo se quantificaram as intrusées nos
territérios de S. pavo, uma vez que os ninhos dos machos desta espécie se
apresentam agregados, ndo sendo possivel individualizar as intrusdes. Além disso,

em muitos casos o territdrio encontra-se restrito ao proprio ninho, pelo que ndo se

pode falar de intruso.
Espécie Intrusées Intrusdes
interespecificas intraespecificas
C. galerita (n=23) 34 64
L.pholis (n=22) 34 50
T. delaisi (n=22) 72 19
P. pilicornis (n=23) 99 2.5

Tabela IVb - Andlise estatistica utilizando o programa ACTUS (Estabrook &
Estabrook 1989).

Espécie— (i) Intrusdes | (i) Intrusdes
Interesp.= intraesp. l
C.galerita (n=23) 0* 1000 1000 0*
L.pholis (n=22) 4* 1000 996 0*
T.delaisi (n=22) 991 1* 12% 1000
P pilicornis (n=23) 999 0~ 3= 1000

(i) casos cujos valores simulados ndo excedem os observ?idos; (ii) casos cujos valores
observados ndo excedem os simulados. x*= 73.81, g.1.= 3, p<0.001. * p<0.05 (one-
tailed).
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Taxa diaria de intrusdes (média + d.p.)
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Intrusdes interespecificas Total de intrusdes
Figura 11 - Taxas didrias de intrusdes interespecificas e do total de intrusdes nos

territérios dos machos parentais de Coryphoblennius galerita, Lipophrys pholis,

Tripterygion delaisi e Parablennius pilicornis).

Tabela V - Namero total de intrusdes nos territorios dos machos parentais.

Intrusos C. galerita I L. pholis | T. dm
C. galerita 64 33 - —
L. pholis 19 50 — -
T. delaisi = - 19 3
P. pilicornis - - 8 25
Outros blenidides 3 - 9 2
II Labrideos - - 32 29
“ Gobideos — - 15 3
Sparideos 9 - = 60
Gobiesocideos - - 8 -
Atherina sp. -- - == 2

Cﬂguejos 3 1 — -
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Os machos parentais das espécies subtidais passam mais tempo fora do

ninho do que os machos das espécies intertidais (Tabela VI).

Tabela VIa - Numero de minutos inteiros passados dentro e fora do ninho pelos

machos parentais das diferentes espécies estudadas.

Espécie N Tempo total de Tempo dentro | Tempo fora
observagéo (min) do ninho do ninho

_ (min) | (%) | (min) | (%)
C. galerita (n=23) 493 366 742 7 25.8
L. pholis (n=22) 1071 949 88.6 14 114
S. pavo (n=65) 1867 1801 | 96.5 6 3.5
T. delaisi (n=22) 440 153 348 | 129 | 652
P. pilicornis (n=23) 456 97 213 | 90 L

Tabela VIb - Andlise estatistica utilizando o programa ACTUS (Estabrook &
Estabrook 1989).

Espécie (i) Tempo (i)zmpo (ii) Tempo | (ii) Tempo
dentro fora dentro fora ’
C. galerita (n=23) 168 1000 850 0*
L. pholis (n=22) 27* 1000 976 0*
S. pavo (n=65) 0= 1000 1000 0*
T. delaisi (n=22) 1000 0* 0* 1000
P. pilicornis (n=23) 1000 0* 0* 1000

(i) casos cujos valores simulados ndo excedem os observados; (ii) casos cujos valores
observados ndo excedem os simulados. x*= 1353.86, g.L.= 4, p<0.001. * p<0.05
(one-tailed).
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Além disso, apresentam também distancias totais percorridas significativamente
superiores. A média do total de desloca¢des didrias foi de: C.galerita= 43.42 m
(d.p.= 43.90, min.= 3.34m, max. =133.60m, n= 16), L. pholis= 33.66 m (d.p.=
35.18, min.=0.56m, mix.= 101.87m, n= 12), S. pavo=21.10m (d.p.= 25.04, min.=
1.67m, méx.= 70.14m, n= 11), T. delaisi= 113.77m (d.p.= 152.18, min.= 8.35m,
méx.= 705.60m, n= 20), e P. pilicornis= 152.10m (d.p.= 85.68, min.= 30.06m,
méx.= 374.08m, n=23) (Kruskal-Wallis: H (4, n=82)= 38.14, p<0.001). Do mesmo
modo, a distdncia méxima ao ninho a que os machos parentais foram observados é
significativamente superior nas espécies subtidais. A média da distdncia maxima ao
ninho observada foi de: C.galerita=38.7cm (d.p.= 34.8, min.= 10cm, max.= 100cm,
n=23), L. pholis= 32.3cm (d.p.= 35.2, min.= Ocm, max.= 100cm, n= 22), S. pavo=
12.9¢m (d.p.= 37.2, min.= Ocm, méx.= 200cm, n= 65), T. delaisi= 66.0cm (d.p.=
27.4, min.= 30cm, max.= 100cm, n=20), e P. pilicornis= 97.0cm (d.p.= 36.9, min.=
40cm, max.= 200cm, n= 23) (Kruskal-Wallis: H (4, n=153)= 82.53, p<0.001).
Uma caracteristica interessante comum aos dois grupos de espécies € que
todos os machos efectuam mais movimentos radiais do que tangenciais, isto €, os
machos apresentam mais movimentos do ninho para a periferia e vice-versa, do que
movimentos entre locais periféricos (Mann-Whitney U-test: C. galerita 7= 4.69,
p<0.001; L. pholis Z=3.47, p<0.001; T. delaisi Z= 3.67, p<0.001; P. pilicornis Z=
4.69, p<0.001). Quando comparados com os movimentos tangenciais, o0s
movimentos radiais minimizam o tempo total que o macho passa fora do ninho (XI).
Os padrdes de utilizaggo de territorio apresentados pelas espécies intertidais
e subtidais reforcam os resultados referidos no capitulo anterior acerca da redugio
de comportamentos na coluna de 4gua apresentada pelos peixes intertidais. De facto,
a estrutura territorial destes animais revelou que as espécies intertidais defendem
territ6rios menores, apresentam uma redugio da actividade geral e permanecem mais
tempo dentro do ninho. Estes dados reforcam a hipétese de que a turbuléncia € a
pressdo predominante que afecta o0 comportamento das espécies intertidais. Ficou
demonstrado que o tempo médio disponivel para a alimenta¢do nas espécies
intertidais era extremamente reduzido (5h34min por dia, ver 3.1.1.). Se

considerarmos que os machos dessas espécies passam, em média, 86.4% do tempo
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dentro do ninho (Tabela VIa), conclui-se que o tempo disponivel para todas as
actividades realizadas fora do ninho nas espécies intertidais, incluindo a alimentag&o,
€ de cerca de 45 minutos por dia. As espécies subtidais, pelo contrario, podem
alimentar-se durante todo o periodo diurno (cerca de 14h no pico da época de
reproducio), e passam uma percentagem muito inferior de tempo dentro do ninho
(Tabela VIa). Aplicando os mesmos célculos a estas espécies, conclui-se que o tempo
disponivel para as actividades fora do ninho € de cerca de 10h 05min. No entanto,
isto ndo significa necessariamente que os machos parentais das espécies intertidais
se encontrem sujeitos a custos energéticos mais elevados. De facto, sabe-se que eles
podem reduzir o seu metabolismo quando fora de d4gua (ex: Laming ez al. 1982).
Além disso, uma vez que estes machos apresentam territérios menores, um nivel
significativamente inferior de intrusGes interespecificas e uma reducdo das
actividades locomotoras, estes factos podem também contribuir para uma redugio
dos gastos energgticos.

Como ficou demonstrado com as experiéncias de remogdo (capitulo 3.3.2.),
as pressoes de predagdo sobre as posturas s3o menores no intertidal e assim, os
custos impostos pela redugio do tempo de alimentagio aos machos parentais destas
espécies, podem ser compensados em termos de um nivel significativamente inferior
de actividade relacionada com a defesa das posturas e o patrulhamento do territorio.
O facto das massas de ovos das espécies intertidais poderem subsistir alguns dias
apos a remogdo do macho parental e de ndo se terem verificado tentativas de
predagdo durante as observagdes comportamentais destas espécies (com a excepgdo
de um ninho de C. galerita que foi assaltado por um macho de Lipophrys canevae),
sugere que a reprodugfio na zona intertidal, apesar de ter custos em termos do tempo
disponivel para a alimentac&o, pode efectivamente significar uma redugio da pressdo
de predagdo sobre as posturas e dos custos energéticos de defesa do territorio contra
potenciais predadores. A existéncia de espécies que abandonam os ovos sem
qualquer tipo de cuidado parental na zona intertidal, em geral em tufos de algas (ex:
Clinocottus acuticeps, Marliave 1981) e de outras que s6 defendem a postura na
preia-mar, abandonando o intertidal na baixa-mar (ex: Enophrys bison, DeMartini
1978; Menidia menidia, Middaugh et al. 1981; Symphodus melops, Potts 1985),
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vem reforgar este raciocinio.

Sugerimos que esta hipétese possa ser testada a uma escala mais ampla
utilizando outros grupos de peixes, além dos bleni6ides, que contenham espécies
sujeitas a diferentes graus de turbuléncia. Pensamos que os gobideos, cotideos e
gobiesocideos podem oferecer boas oportunidades para desenvolver este tipo de
estudos.

3.4. Histérias vitais e padrdes de esforco reprodutor (IV, VII, XII)
Apresentam-se de seguida os resultados relativos aos parimetros do esforgo
reprodutor para as espécies por nés estudadas. Os resultados sdo apresentados por
espécie, sendo integrados no final do capitulo.

Salaria pavo

O indice gonadossomatico (IGS) das fémeas apresenta o valor mais elevado em Maio
(média =6.93, d.p.= 1.84, min.= 5.16, méx.= 9.30, n= 6), enquanto que os machos
parentais e iniciais apresentam os valores mais elevados em Julho (média= 1.36,
d.p.=0.29, min.= 0.90, méx.= 1.75, n= 10; e média= 1.73, d.p.= 1.49, min.=0.17,
max.= 3.59, n= 9, respectivamente) (Figura 12). A variagio dos valores de IGS
corresponde & época de reproducdo descrita para esta populagdo (ver 3.1.2.). Os
machos iniciais apresentam uma época de reprodugio mais curta do que a dos
machos parentais e fémeas.

Na Figura 13 apresentam-se os valores de IGS e a sua variagio com o
tamanho nos machos parentais e iniciais durante a época de reproducéo. Verifica-se
que existe uma clara bimodalidade nos valores de IGS dos machos iniciais. Observa-
se que 54.2% apresentam valores de IGS iguais ou inferiores aos dos machos
parentais, enquanto que 45.8% apresentam valores muito superiores aos dos machos
parentais, existindo uma lacuna entre 0.975 e 2.392 (VII). Patzner & Seiwald
(1987), estudaram o ciclo testicular desta espécie para o Mediterrineo e apresentam
valores de IGS de 2.26 £ 0.26 no inicio da época de reproducio e de cerca de 0.4

perto do fim. Os machos parentais estudados apresentam valores da mesma ordem
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Figura 13 - Variagdo dos valores do indice gonadossomatico (IGS) dos (M) machos

parentais (n=24) e dos (A) machos iniciais (n=24) de Salaria pavo com o

comprimento standard, nas amostras de Maio de 1990, Julho de 1991 e Julho de

1993.
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de grandeza, mas alguns machos iniciais tém indices muito mais elevados (mix.=
4.53). Esta situagdo foi também referida por Ruchon ez al. (1995) para uma
populacéo desta espécie que habita uma lagoa costeira em Franga, e encontra-se
documentada para muitas outras espécies que apresentam ticticas alternativas de
reproducio (ex: Lepomis macrochirus, Dominey 1981; Gross 1982; Symphodus
ocellatus, Warner & Lejeune 1985; Tripterygion tripteronotus Jonge & Videler
1989; Porichthys notatus, Bass & Andersen 1991; Parablennius sanguinolentus,
Santos 1992; Santos et al. 1996; para uma revisdo ver Taborsky 1994).

Com base nestes valores de IGS, os machos iniciais foram classificados em
dois grupos: grupo 1= valores de IGS<1.0; grupo 2= valores de IGS>2.3. Estes
grupos diferem também no comprimento standard (CS) (grupo 1: média= 6.98cm,
d.p.=0.85, min.= 5.1, méx.= 8.2, n= 13; grupo 2: média= 5.84cm, d.p.= 0.80, min.=
4.8, max.= 7.2, n= 11; Mann-Whitney: Z=-2.670, p<0.01) e no indice de altura da
crista (lac) (grupo 1: média= 0.996, d.p.= 0.092, min.= 0.83, max.= 1.15, n= 13;
grupo 2: média= 0.909, d.p.= 0.046, min.= 0.83, max.= 1.00, n=11; Mann-Whitney:

=-2.216, p<0.05). Assim, o grupo 2 dos machos iniciais contém individuos mais
pequenos, com cristas menos desenvolvidas e testiculos maiores. Os individuos do
grupo 1 sdo provavelmente animais em transicio para o fendtipo dos machos
parentais. No entanto, estes dois grupos néo diferem na idade (grupo 1: média= 0.92
anos, d.p.= 0.40, min.= 0.5, max.= 2.0, n=13; grupo 2: média= 0.91 anos, d.p.= 0.20,
min.= 0.5, mdx.= 1.0, n=11; Mann-Whitney: Z= 0.292, p>0.05), apresentando a
maioria dos machos iniciais um ano de idade (Figura 14). Estes resultados sugerem
mais pequenos e com cristas menores actuando como parasitas de fertilizagdo e os
maiores investindo maioritariamente em crescimento. Estes dois tipos de machos
iniciais foram, no entanto, analisados em conjunto por razées de tamanho de
amostra. Assim, os resultados obtidos para os machos iniciais no que diz respeito aos
parametros do esforgo reprodutor, devem ser encarados com cautela, uma vez que
estamos a analisar individuos que s@o funcionalmente diferentes. Este padrdo parece
ser compativel com a existéncia de ticticas alternativas de reprodugio adoptadas em

diferentes fases da ontogenia, transformando-se os pequenos machos iniciais em
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Figura 14 - Distribui¢go etaria das fémeas (n=51), machos iniciais (n=52) € machos
parentais (n=53) de Salaria pavo nas amostras de Agosto de 1988, Maio de 1990,
Julho de 1991, Abril, Julho e Setembro de 1993 e Janeiro de 1994.

machos parentais, tal como se encontra descrito, por exemplo, para Pomatoschistus
microps (Magnhagen 1992). No entanto, ndo se pode excluir a hipotese de pelo
menos alguns machos iniciais adoptarem de facto uma estratégia alternativa de
reproducdo, semelhante & que ocorre, por exemplo, em Salmonidae e Centrarchidae
(ver Gross & Charnov 1980; Gross 1984, 1985). Neste caso, alguns machos iniciais
teriam uma longevidade inferior, e actuariam como parasitas de fertilizacdo durante
toda a sua vida, enquanto que outros poderiam adiar a maturacio sexual,
continuando a crescer e transformando-se em machos parentais. Este assunto
merecerd uma atengdo particular nos nossos proximos trabalhos.

Os valores mais elevados do indice hepatossomatico (IHS) s#o atingidos
antes de se iniciar a época de reproduggo (fémeas: média= 3.88, d.p.= 1.07, min.=
2.28, max.= 5.92, n= 8, em Abril; machos parentais: média= 3.44, d.p.= 1.09, min.=
1.06, max.= 4.45, n= 8, em Abril; machos iniciais: média= 3.32, d.p.= 0.64, min.=

2.30, max.= 4.30, n= 8, em Janeiro) (Figura 15).
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Figura 15 - Variagdo dos valores do indice hepatossomatico (IHS) nas fémeas,

machos parentais e machos iniciais de Salaria pavo ao longo do ano.

Existe uma diferenca significativa entre categorias sexuais (Kruskal-Wallis:
H (2, n=135)=25.99, p<0.001). As fémeas apresentam valores significativamente
superiores (p<0.001) aos dois tipos de machos (teste de Dunn: fémeas/machos
parentais: Q=4.89; fémeas/machos iniciais: Q= 3.65). A variagio mensal dos valores
de IHS ¢ também significativa para cada categoria sexual (Kruskal-Wallis: fémeas:
H (5, n=46)= 15.49, p<0.05; machos parentais: H (5, n=47)= 32.17, p<0.001;
machos iniciais: H(5, n=42), p<0.001). No entanto, no caso das fémeas, as
diferengas entre os varios meses ndo se revelaram significativas (teste de Dunn).

Os machos parentais apresentam um decréscimo acentuado dos valores de
IHS para Julho (teste de Dunn: Jan/Jul: Q= 3.24, p<0.05; Abr/Jul: Q= 3.66, p<0.01),
ou seja logo no inicio da época de reproducéo, e s6 recuperam ap6s esta terminar
(Set/Abr: Q= 3.16, p<0.05). Podroschko et al. (1985) referem uma situagdo oposta
para uma populacdo do Adridtico, apresentando os machos um incremento dos
valores de IHS durante a época de reproducio. No entanto, a colheita dos animais

utilizados para este estudo foi feita através de armadilhas com isco. Este facto pode
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ter distorcido as amostras no sentido de se estarem a analisar machos ndo parentais,
uma vez que os machos parentais desta popula¢do defendem um territério onde
permanecem durante a época de reproducio (Patzner et al. 1986). Assim sendo, ndo
se pode concluir que as diferengas encontradas expressem diferencgas reais entre as
duas populagdes. Pela mesma razio, ndo se procedeu a comparagio da nossa
populacdo com a estudada por Ruchon ez al. (1995). As fémeas apresentam alguma
variagdo no IHS, mas os valores permanecem altos durante a época de reprodugdo.
Estes resultados sdo compativeis com o que foi descrito por Podroschko et al.
(1985). Os machos iniciais apresentam um padrio intermédio, com um decréscimo
mais suave 4 medida que a época de reprodug@o avanga (teste de Dunn: Jan/Set: Q=
4.03, p<0.001).

Os valores mais elevados do factor de condig&o eviscerado (Kev) ocorrem
antes da reprodugdo (Abril) nas fémeas (média= 13.00, d.p.= 0.98, min.= 11.73,
méx.= 14.17, n= 8) e nos machos parentais (média= 15.69, d.p.= 1.37, min.= 13.78,
max.= 15.06, n= 8). Os machos iniciais apresentam os valores mais elevados em

Setembro (média=13.06, d.p.= 0.91, min.= 12.37, méx.= 14.97, n= 8) (Figura 16).
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Figura 16 - Variaggo dos valores do factor de condig#o eviscerado (Kev) nas fémeas,

machos parentais e machos iniciais de Salaria pavo ao longo do ano.
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Existe uma diferenca altamente significativa tanto entre meses, como entre categorias
sexuais (Tabela VII).

Tabela VII - Resultados da ANOVA (two-way) a variagdo do factor de condigdo

eviscerado (Kev) entre meses e entre categorias sexuais.

Efeitos gI I MS I 1;

Meses 5 0.302 12.13 0.000001
Categorias sexuais 2 0.346 13.91 0.000004
Interaccdo 10 0.116 4.66 0.000014

Nas fémeas, o Kev decresce significativamente de Abril a Julho (Tukey
HSD: p<0.01) e recupera de Julho para Setembro (Tukey HSD: p<0.05). Existe
assim uma quebra de condicdo somética das fémeas até ao pico da época de
reproducdo. Em Julho, o Kev das fémeas € significativamente inferior ao dos machos
parentais (Tukey HSD: p<0.05). Estes, apresentam valores de Kev significativamente
superiores aos das fémeas (Tukey HSD: p<0.01) e aos dos machos iniciais (Tukey
HSD: p<0.01) em Abril. O Kev dos machos parentais decresce em seguida
significativamente para Julho (Tukey HSD: p<0.001), Agosto (Tukey HSD: p<0.01)
e Setembro (Tukey HSD: p<0.001). Assim, os machos parentais partem de valores
mais elevados e decrescem quase ao nivel das fémeas em Julho. S6 recuperam apés
o fim da reprodugéo. A variagio do Kev nos machos iniciais revelou-se nio
significativa, embora decres¢a ligeiramente para o fim da época de reproducdo.
Assim, todas as categorias sexuais apresentam os valores inferiores de condigio
somatica préximo do fim da época de reproducio, sendo no entanto afectadas de
diferentes modos.

Através do método de marcag@o e recaptura foi possivel seguir, de Margo
a Setembro, os machos que se encontravam nos transeptos. Estes dados revelaram
que os machos parentais perderam peso significativamente entre Junho e Julho
(Wilcoxon: Z= 2.67, p<0.01, n=10) e entre Julho e Setembro (Wilcoxon: Z=2.20,
p<0.05, n=6). Nao foi possivel proceder ao mesmo tipo de estudo para as fémeas ¢

machos iniciais, uma vez que ambos apresentam uma elevada mobilidade (IV). Esta
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perda de peso nos machos parentais encontra-se também descrita para Cottus gobio,
onde os machos podem perder at€ 18% do seu peso durante a época de reprodugio
(Marconato et al. 1993).

Os valores mais elevados do indice alimentar (IA) ocorrem antes da época
de reproducio nos machos parentais (média= 4.55, d.p.= 1.22, min.= 3.35, max.=
6.65, n=7, em Janeiro) e nos machos iniciais (média= 5.06, d.p.= 1.50, min.= 3.40,
méx.=7.61, n=7, em Abril), e no inicio da época de reprodugio nas fémeas (média=
4.54, d.p.=1.74, min.= 2.92, max.= 7.15, n=6, em Maio) (Figura 17). Existe uma
diferenca significativa tanto entre meses, como entre categorias sexuais (Tabela

VII).
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Figura 17 - Variagdo dos valores do indice alimentar (IA) nas fémeas, machos

parentais e machos iniciais de Salaria pavo ao longo do ano.

As fémeas apresentam um ligeiro incremento dos valores de IA de Janeiro
para Maio, permanecendo estes elevados durante toda a época de reprodugdo. Os
machos parentais, por seu lado, apresentam um decréscimo dos valores de IA de
Janeiro a Agosto (Tukey HSD: Jan/Mai: p<0.05; Jan/Jul: p<0.001; Jan/Ago:

p<0.01). O seu IA ¢ significativamente inferior ao dos machos iniciais em Abril
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(Tukey HSD: p<0.05), € ao das fémeas (Tukey HSD: p<0.05) e machos iniciais
(Tukey HSD: p<0.05) em Julho. A variagdo dos valores do IA nas fémeas e nos

machos iniciais ndo revelou diferengas significativas.

Tabela VIII - Resultados da ANOVA (two-way) a varia¢do do indice alimentar (IA)

entre meses e entre categorias sexuais.

l Efeitos _I é.l. MS F p "
Meses 5 2859 3.33 0.007686
Categorias sexuais 2 19449 22.66 0.000001
Interacgdo 10 3206 3.73 0.000242

Adicionalmente, a andlise da quantidade de alimento presente nos tubos
digestivos das diferentes categorias sexuais, revelou que as fémeas apresentam tubos
digestivos significativamente menos vazios do que seria de esperar ao acaso,
ocorrendo o inverso no caso dos machos parentais (Tabela IX).

Um outro dado interessante € que 65% dos machos parentais apresentam
ovos de blenideos nos seus tubos digestivos (n=26), enquanto isso ocorre em apenas
uma f€mea (n=27). Sendo S. pavo a tnica espécie de blenideo a nidificar na zona,
e dado que os machos parentais raramente abandonam o ninho, estes ovos sdo
provavelmente oriundos do préprio ninho do macho parental. Muitos desses ovos
continham embrides aparentemente intactos. Este comportamento de canibalismo
filial encontra-se descrito para muitas espécies de peixes que apresentam cuidados
parentais masculinos (ex: Oxylebius pictus, DeMartini 1987; Gasterosteus
aculeatus, FitzGerald 1991; Cottus gobio, Marconato et al. 1993; Hypsypops
rubicundus, Sikkel 1994; ver ainda FitzGerald 1992). Além disso, as fémeas
apresentam também um maior numero de actos alimentares por minuto (fémeas:
média=0.319, d.p.= 0.283, min.= 0, max.= 0.846, n= 16; machos parentais: média=
0.017, d.p.= 0.077, min= 0, méx.= 0.533, n= 65; Mann-Whitney: 7=-6.28,
p<0.001).
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Tabela IXa - Ocorréncia de estdmagos vazios nas diferentes categorias sexuais nas

amostras recolhidas durante a época de reproducio (Maio, Julho e Agosto).

'I Tubos digestivos Machos parentais l Machos iniciais | Fémeas
Vazios 18 I 6 I 2

Parcial ou completamente 8 25 25

cheios

Tabela IXb - Andlise estatistica utilizando o programa ACTUS (Estabrook &
Estabrook 1989).

Tubos digestivos Machos parentais | Machos iniciais
i) Vazios 996 165 11*
i) Parcial ou completamente 3* 843 962
cheios
—————————
ii) Vazios 4* 906 998
ii) Parcial ou completamente 999 212 68

cheios
——=- = ——————— eSS
(i) casos cujos valores simulados nfo excedem os observados; (ii) casos cujos valores

observados nfio excedem os simulados. x*= 73.81, g.L.= 3, p<0.001. * p<0.05 (one-
tailed).

Na Tabela X apresentam-se os valores cumulativos de ovos presentes nos
ninhos de cada macho do grupo mantido em aquario.

O numero de ovos que eclodiram foi estimado utilizando-se o tempo de
desenvolvimento de 15 dias referido por Patzner & Brandstitter (1988) para esta
espécie. Este niimero foi adicionado ao niimero total de ovos presentes nessa
inspecgdo, resultando no ntmero cumulativo de ovos postos no intervalo
considerado. Assumimos que a maioria dos ovos foram fertilizados e que a
mortalidade antes da eclosdo era negligencidvel. A taxa didria de ovos postos por
fémea foi calculada subtraindo o niimero de ovos da primeira contagem ao ntimero

total de ovos postos e dividindo pelo nimero de dias (30) e de fémeas (5). Obteve-se
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assim uma taxa didria de 162 ovos por fémea. Sabendo que o peso médio de cada
ovo € de 0.75mg (n=20), multiplicando este valor pela taxa diaria de ovos postos por
fémea e pelos quatro meses de época de reprodugio, obtém-se uma média de 14.6g
de ovos postos por fémea numa época de reprodugio. O peso médio das fémeas
presentes nos transeptos no més de Julho (pico da época de reprodugio) foi de 8.8g
(n=20). Assim, cada fémea dever4 por, em média, um peso em ovos superior ao seu
préprio peso. Este facto mostra que, apesar do pequeno tamanho e da reduzida
fecundidade por postura, as fémeas desta espécie apresentam uma fecundidade anual
surpreendentemente elevada quando consideramos a época de reprodugio no seu
todo. Estes célculos devem ser considerados no entanto, com cautela, uma vez que
as fémeas em aquério podem encontrar-se mais bem alimentadas do que estariam na

natureza, produzindo por isso um niimero superior de ovos (ver Wootton 1979).

Tabela X - Niimero cumulativo de ovos presentes nos ninhos dos machos do grupo
mantido em aqudrio: quatro machos parentais, um macho nfo parental e cinco
fémeas. (?) - Nao foi possivel determinar se existiam ovos no ninho. (*) - Os ovos

foram destruidos pelo macho ndo parental.

Macho 3 | Macho 3
Ninho A | Ninho B
1 2118 219 ? - - 2337
IL 2 2426 490 ? --- -—- 2916
7 3966 2541 2 - ——-- 6507
12 5236 3773 4543 -—-- - 13552
17 7431 4225 1155 - - 12811
23 9587 7123 * 130 693 17533
I 30 13861 934_1__5 * 616 2888 26710

Os resultados apresentados acima confirmam que um dos principais custos
associados a reproducdo para os machos parentais é a reducéo de oportunidades de

alimentagdo. De facto, os machos parentais apresentam, durante a época de
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reprodugdo, valores de indice alimentar e de nimero de actos alimentares
significativamente menores do que as fémeas, e uma proporgéo significativamente
maior de estdmagos vazios. Além disso, perdem peso, e os valores do indice
hepatossomatico e do factor de condicdo eviscerado decrescem acentuadamente.
Verificou-se ainda que alguns machos parentais apresentam ovos de Blenniidae nos
seus tubos digestivos. Este facto representa provavelmente um caso de canibalismo
filial, sendo estes ovos um meio do macho parental atenuar o défice energético em
que se encontra (XIT).

As fémeas, pelo contrario, apresentam niveis elevados de indice alimentar
e de taxas de alimentagio, que sdo provavelmente responsaveis pelo grande numero
de ovos que podem produzir. Apesar deste esfor¢o reprodutor elevado, o indice
hepatossomatico mantém-se alto e o factor de condi¢io eviscerado, apesar de sofrer
uma diminui¢o no inicio da época de reproducdo, recupera mais depressa que o dos
machos.

Os machos iniciais tém custos menores e apresentam uma €poca de
reprodug@o mais curta do que a dos machos terminais. A sua biologia da reprodugio
reflecte provavelmente um compromisso entre tentar fertilizar alguns ovos e investir
no crescimento.

Sugerimos que esta redugo marcada nas oportunidades de alimentacdo dos
machos parentais € devida a densa agregacgdo de ninhos existente nesta populagdo
com a consequente pressdo exercida pelos machos iniciais e pelos machos ndo
parentais (Figura 18). De facto, os machos parentais ndo defendem reservas
alimentares, uma vez que o seu territério se encontra restrito ao proprio ninho,
permanecendo quase sempre dentro do mesmo. Quando existem saidas, elas sdo em
geral efectuadas a uma curta distancia (ver 3.3.3.). Abandonar o ninho nem que seja
por breves instantes por parte do macho parental, pode significar a perda do
“precioso” local de nidificagdo para outro macho que entretanto 14 tenha entrado.
Apresentando os ninhos desta espécie na Ria Formosa aberturas muito estreitas (ver
3.3.1.), € de facto muito facil para um macho defender um ninho do seu interior, mas
muito dificil tomar um ninho que ja seja pertenca de outro macho. A escassez de

locais de nidificacdo na populacdo por nos estudada, estaria assim directamente
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relacionada com o aparecimento de uma téctica alternativa de reproduco nos
machos e com uma modificagdo do comportamento de ambos os sexos, invertendo-se

os papeis sexuais (Figura 18).

Escassez e agregacdo de ninhosl

v

Nuamero limitado de

5| Competicéo

machos a nidificar entre machos

dades di y
Oportunidades de o e
desova limitadas [ ande pressao de

machos ndo parentais

para as fémeas e de machos iniciais

v v

Competicéo Iniciativa de corte Machos nio abandonani

entre fémeas pertence as fémeas o ninho e ndo cortejam

»|Raz&0 operacional dos sexos I Téctica alternatival ¢
enviezada para as fémeas de reproducio

Figura 18 - Relagdes provaveis entre os diferentes factores que influenciam os
parimetros do esforgo reprodutor e o comportamento sexual da populagio de Salaria

pavo da Ria Formosa.

Coryphoblennius galerita

O indice gonadossomatico (IGS) apresenta os valores mais elevados em Junho
(fémeas: média = 6.45, d.p.= 3.03, min.= 1.00, max.= 13.26, n= 12; machos: média=
1.60, d.p.= 0.38, min.= 0.81, max.= 2.27, n= 12), estando a evolugio dos valores de
IGS de acordo com a época de reproducéo determinada para esta espécie (ver 3.1.2.)
(Figura 19).

Os valores mais elevados do indice hepatossomatico (IHS) s&o atingidos em
Fevereiro, no inicio da época de reproducio (fémeas: média= 3.18, d.p.= 1.04, min.=
1.43, max.= 5.11, n= 12; machos: média=2.02, d.p.= 0.50, min.= 1.29, max.=2.95,
n= 12) (Figura 20). Existe uma diferenga altamente significativa entre sexos,
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IGS (média = d.p.)

T T T T T T T T T
Fev Jun Set Dez Fev Jun Set Dez

Fémeas Machos

Figura 19 - Variagdo dos valores do indice gonadossomatico (IGS) nas fémeas ¢

machos parentais de Coryphoblennius galerita ao longo do ano.

THS (média + d.p.)

e BT

0 T T T T T T T T T
Fev Jun Set Dez Fev Jun Set Dez

Fémeas Machos

Figura 20 - Variagdo dos valores do indice hepatossomético (THS) nas fémeas e

machos parentais de Coryphoblennius galerita ao longo do ano.
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apresentando as fémeas os valores mais elevados de IHS. Os valores globais de IHS

ndo variam significativamente entre datas (Tabela XI).

Tabela XI - Resultados da ANOVA (two-way) & variacdo do indice hepatossomatico

(IHS) entre meses e entre sexos.

Efeitos : gl MS F é “
Meses 3 0.885 1.50 0.220821
Sexos 1 19.693 33.30 0.000001

I Interacgio _ 3 ﬁ_l 2.06= 0.110557

As fémeas apresentam valores de IHS significativamente superiores aos dos
machos durante a época de reprodugdo (Tukey HSD: Fevereiro: p<0.01; Junho:
p<0.01). O IHS das fémeas decresce para o fim da reproducio, mas essa diferenga
ndo € significativa, enquanto que nos machos os valores de IHS permanecem
constantes ao longo da época de reprodugio, sendo no entanto sempre inferiores aos
das fémeas.

Os valores mais elevados do factor de condigdo eviscerado (Kev) ocorrem
antes da reprodugéo (Dezembro) em ambos os sexos (fémeas: média= 18.57, d.p.=
1.71, min.= 16.11, max.= 22.08, n= 12; machos: média= 18.43, d.p.= 1.38, min.=
15.56, max.=20.41, n= 12) (Figura 21). N3o existem diferencas significativas entre
sexos (Kruskal-Wallis: H (1, n=98)=0.45, p>0.05), mas ambos os sexos apresentam
variagdes significativas do Kev ao longo do ano (Kruskal-Wallis: fémeas: H (3,
n=49)= 27.35, p<0.001; machos: H(3, n=49)= 15.95, p<0.05). As fémeas
apresentam um decréscimo dos valores de Kev durante a época de reprodugio (teste
de Dunn: Fev/Jun: Q=3.51, p<0.01), enquanto que os machos quebram mais cedo
(teste de Dunn: Dez/Fev: Q=2.79, p<0.05). Ambos os sexos recuperam entre Junho
e Setembro, ou seja, para o fim da época de reprodugio (Jun/Set: fémeas: Q=-3.76,
p<0.01; machos: Q=-2.75, p<0.05).

Os valores mais elevados do indice alimentar (IA) ocorreram no pico da
€poca de reprodugéo para as fémeas (média= 9.62, d.p.= 2.59, min.= 6.08, max.=

14.35, n=12, em Junho) ¢ fora da época de reproducio para os machos (média= 7.35,
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Kev (média+ d.p.)
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Figura 21 - Variagdo dos valores do factor de condigio eviscerado (Kev) nas fémeas

e machos parentais de Coryphoblennius galerita ao longo do ano.

d.p=2.23, min.= 3.57, méx.= 10.03, n= 12, em Dezembro) (Figura 22). Existe uma
diferenca significativa entre sexos (Kruskal-Wallis: H (1, n=98)= 11.46, p<0.001).
Ambos os sexos apresentam diferengas significativas na varia¢do dos valores de IA
ao longo do ano (Kruskal-Wallis: fémeas: H (3, 0=49)=10.71, p>0.05; machos: (H3,
n=49)= 18.05, p<0.001). No entanto, o sentido dessa varia¢do € oposto em ambos
0s sexos. Assim, as fémeas apresentam um aumento significativo do IA para o pico
da época de reprodugdo (Teste de Dunn: Dez/Jun: Q= 2.86, p<0.05), enquanto que
os machos apresentam os valores mais baixos em Junho, recuperando
significativamente para Setembro (Teste de Dunn: Jun/Set: Q= 3.57, p<0.01). De
notar que em Julho, as fémeas apresentam os valores de IA mais elevados, enquanto
que os machos atingem os valores mais baixos. Este resultado est4 de acordo com o
namero de actos alimentares por minuto contabilizados para cada sexo durante as
observagdes de comportamento (fémeas: média= 7.90, d.p.= 4.43, min.= 1.4, max.=
18.0, n=22; machos: média=0.77, d.p.= 1.25, min.= 0, max.= 5.65, n= 23; Mann-
Whitney: Z=-5.53, p<0.001).
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3 IA (média + d.p.)
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Figura 22 - Variagdo dos valores do indice alimentar (IA) nas fémeas e machos

parentais de Coryphoblennius galerita ao longo do ano.

Em C. galerita, os resultados apresentados acima apoiam a nossa hipétese
da redugdo das oportunidades de alimentagdo nos machos durante a época de
reprodugdo, apresentando estes valores significativamente inferiores de indice
alimentar e de taxas de alimentagdo. Além disso, ocorre também uma quebra da
condicdo somética durante a época de reprodugo. No entanto, contrariamente ao que
acontecia em S. pavo, os valores de IHS dos machos permanecem constantes ao
longo do ano, o que poderd ser indicativo de menores custos associados a reprodugao
para os machos desta espécie. As fémeas apresentam mais uma vez valores de THS
mais altos que os dos machos e valores elevados de IA e de taxas de alimentagio

durante a reprodug&o.

Lipophrys pholis

O indice gonadossomatico (IGS) das fémeas apresenta os valores mais elevados em
Margo (média = 5.01, d.p.= 1.76, min.= 2.18, max.= 7.89, n= 12) enquanto que o
dos machos atinge o pico em Dezembro (média= 1.29, d.p.= 0.29, min.= 0.81, max.=
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1.87, n= 11), estando a evolugdo dos valores de IGS de acordo com a época de

reproducdo determinada para esta espécie (ver 3.1.2.) (Figura 23).

IGS (média + d.p.)

6 -

5 - -\ B

4 —

3 L

9

i -4 %—I\I\-//}

0 T T T T T T T T T T T T T
Mar Abr Mai Ago Out Dez Mar Abr Mai Ago Out Dez

Fémeas Machos

Figura 23 - Variac¢do dos valores do indice gonadossomitico (IGS) nas fémeas e

machos parentais de Lipophrys pholis ao longo do ano.

Os valores mais elevados do indice hepatossomético (IHS) so atingidos em
Outubro, no inicio da época de reprodugio (fémeas: média= 2.50, d.p.= 0.55, min.=
1.65, méx.= 3.60, n= 13; machos: média= 2.15, d.p.= 0.57, min.= 1.37, max.=2.97,
n=13) (Figura 24). Existe uma diferenca significativa entre sexos (Kruskal-Wallis:
H (1, n=146)= 30.52, p<0.001), apresentando as fémeas valores superiores. A
varia¢@o dos valores de IHS das fémeas ao longo do ano nfo apresenta diferengas
significativas (Kruskal-Wallis: H (5, n=69)= 11.23, p>0.05). Por oposigdo, os
machos apresentam uma variagdo significativa dos valores de IHS ao longo do ano
(Kruskal-Wallis: H(S, n=77)= 29.74, p<0.001). Os valores de IHS quebram
significativamente de Outubro a Abril, ou seja, durante a reprodugio (teste de Dunn:
Out/Mar: Q= 3.29, p<0.05; Out/Abr: Q=4.08, p<0.001), e s6 recuperam ap6s o fim
da época de reproducéo (teste de Dunn: Mai/Out: Q= -2.97, p<0.05).
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Figura 24 - Variagdo dos valores do indice hepatossomético (IHS) nas fémeas e

machos parentais de Lipophrys pholis ao longo do ano.

Os valores mais elevados do factor de condigdo eviscerado (Kev) ocorrem
antes da reprodug@o (Outubro) nos machos (média= 18.75, d.p.= 0.87, min.= 17.53,
max.= 20.16, n= 11) e em Maio nas fémeas (média= 18.37, d.p.= 1.09, min.= 16.19,
max.= 19.96, n= 12) (Figura 25). Existe uma diferenca significativa tanto entre
meses, como entre sexos (Tabela XII). No entanto, a variagdo do Kev de cada sexo
ndo revelou diferengas significativas entre meses (Tukey HSD).

Os valores mais elevados do indice alimentar (IA) ocorreram em Abril para
as fémeas (média= 9.87, d.p.=2.30, min.= 5.67, max.= 13.30, n=8) e em Maio para
os machos (média= 9.18 d.p.= 1.42, min.= 7.11, max.= 11.58, n=14) (Figura 26).
Existe uma diferenca significativa entre meses, mas ndo entre sexos (Tabela XIII).

As fémeas apresentam um incremento dos valores do IA de Outubro para
Dezembro, mantendo valores elevados até Abril, que decrescem novamente até
Outubro. Estas variagdes ndo se revelaram no entanto significativas. Nos machos,
os valores do A diminuem significativamente de Maio para Agosto (Tukey HSD:

p<0.05), mantendo-se elevados durante a época de reprodugio. Este resultado
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Figura 25 - Variagdo dos valores do factor de condigdo eviscerado (Kev) nas fémeas

e machos parentais de Lipophrys pholis ao longo do ano.
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Figura 26 - Variag@o dos valores do indice alimentar (IA) nas fémeas e machos

parentais de Lipophrys pholis ao longo do ano.
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Tabela XII - Resultados da ANOVA (two-way) & varia¢do do factor de condigio

eviscerado (Kev) entre meses e entre sexos.

Meses 5 7650 4.90 0.000375
Sexos 1 6924 444 0.036994
Interaccdo 5 il 1879 1.20 L 0.310423

Tabela XIII - Resultados da ANOVA (two-way) a variagdo do indice alimentar (IA)

entre meses € entre se€xos.

Efeitos ___ 49 MS F _|

Meses 5 9820 6.71 0.000013
Categorias sexuais 1 2882 1.97 0.162859
Interacgio 1 S 2368 1.62 0.159294 |

contradiz o padréo até agora observado tanto em S. pavo, como em C. galerita, e ndo
estd de acordo com a descida que se verifica no IHS dos machos durante a época de
reprodugdo. Além disso, tal como ja foi descrito para as outras duas espécies
intertidais, os machos apresentam valores de actos alimentares por minuto
significativamente inferiores aos das fémeas (fémeas: média= 0.703, d.p.= 0.501,
min.= 0, max.= 1.888, n=29; machos: média= 0.197, d.p.= 0.420, min.= 0, max.=
1.250, n=22; Mann-Whitney: Z=-4.05, p<0.001). Uma explicagdo possivel para
estes valores discrepantes de IA observados € o facto de se ter verificado que grande
parte dos contetidos digestivos destes machos consiste em conchas inteiras de cracas
e lapas (por vezes de dimens3o muito aprecidvel, ex: 1.6x1.3cm) (ver também Qasim
1957; Dunne 1977; O’Farrell & Fives 1990; e ainda Stobbs 1980 para o
gobiesocideo gigante Chorisochismus dentex), com muito pouca matéria organica
(dados ndo publicados). Assim, € possivel que os elevados valores de IA nio
correspondam de facto a niveis elevados de alimentagdo (o que € apoiado pelos
valores de IHS e pelas taxas de alimentag3o), mas apenas a matéria inorginica cujo

tempo de passagem pelo tubo digestivo dos machos seja elevado. Horn & Gibson
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(1990) referem que os tempos de passagem de Ulva lactuca pelo tubo digestivo de
L. pholis variam entre 18.4h a 26°C e 47.4h a 11°C. A nossa hipétese & que os
restos inorganicos tenham tempos de passagem ainda maiores, “acumulando-se” nos

tubos digestivos dos machos.

Parablennius pilicornis
O indice gonadossomatico (IGS) atinge os valores mais elevados em Maio (fémeas:
média=4.46, d.p.=0.85, min.= 3.27, méx.= 5.54, n= 13; machos: média=1.11, dp=
0.25, min.= 0.71, méx.= 1.69, n= 14), estando a evolugio dos valores de IGS de
acordo com a época de reprodugdo determinada para esta espécie (ver 3.1.2.) (Figura
27

Os valores mais elevados do indice hepatossomatico (THS) sio atingidos em
Novembro, fora da época de reprodugio (fémeas: média= 3.91, d.p.= 1.09, min.=
2.62, max.=5.81, o= 10; machos: média=2.92, d.p.= 0.55, min.= 2.15, max.= 4.09,
n=11) (Figura 28). Existe uma diferenca altamente significativa tanto entre meses

como entre sexos (Tabela XIV).

IGS (média+ d.p.)
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Figura 27 - Variagdo dos valores do indice gonadossomético (IGS) nas fémeas e

machos parentais de Parablennius pilicornis ao longo do ano.
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Figura 28 - Variacdo dos valores do indice hepatossomatico (IHS) nas fémeas e

machos parentais de Parablennius pilicornis ao longo do ano.

Tabela XIV - Resultados da ANOVA (two-way) a variagdo do indice

hepatossomatico (IHS) entre meses e entre sexos.

| Efeitos 1. MS F

3692 20.00 0.000001

Meses

Sexos 25157 136.25 0.000001 "

3
1
Interacgédo 3 779 4.22 0.008030 II

As fémeas apresentam valores de IHS significativamente superiores aos dos
machos durante todo o ano (Tukey HSD: Margo: p<0.001; Maio: p<0.001; Agosto:

p<0.001; Novembro: p<0.05). O IHS das fémeas decresce significativamente para
o fim da reproducéo (Tukey HSD: Mai/Ago: p<0.05), recuperando imediatamente
apds esta terminar (Tukey HSD: Ago/Nov: p<0.01). Nos machos parentais a quebra
de IHS ocorre mais cedo (Tukey HSD: Mar/Mai: p<0.05), recuperando também ap6s
a época de reprodugdo terminar (Tukey HSD: Ago/Nov: p<0.001). Mais uma vez se

confirma o padrdo geral de valores de IHS superiores nas fémeas, apresentando os
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machos uma quebra significativa do IHS ap6s o inicio da época de reprodug@o.
Os valores mais elevados do factor de condigéo eviscerado (Kev) ocorrem
em Agosto nas f€meas (média=17.53, d.p.=2.96, min.= 13.01, méx.= 23.77, n=11)
€ em Maio nos machos (média= 16.37, d.p.= 1.23, min.= 14.30, max.= 18.75, n= 14)
(Figura 29). A variac@o dos valores do Kev ao longo do ano ndo revelou quaisquer

diferencas significativas (Tabela XV).

Kev (média+ d.p.)
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Figura 29 - Variagio dos valores do factor de condi¢do eviscerado (Kev) nas fémeas

e machos parentais de Parablennius pilicornis ao longo do ano.

Tabela XV - Resultados da ANOVA (two-way) & variagdo do factor de condigdo

eviscerado (Kev) entre meses e entre sexos.

Efeitos _ gl MS F é “
Meses 3 1204 1.97 0.125780
Sexos 1 97 0.16 0.691566
Interaccdo 3 971 1.59 0.199212

Os machos apresentam valores de Kev constantes durante a época de

reproducdo, enquanto que as fémeas apresentam inclusivamente uma subida do Keyv,
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que no entanto ndo se revelou significativa. Ambos os sexos apresentam assim
valores elevados de condi¢@o somatica durante a época de reproducio.

Os valores mais elevados do indice alimentar (IA) ocorreram em Agosto
para as fémeas (média=9.31, d.p.= 1.10, min.= 7.40, max.= 11.36, n=11) e no inicio
da época de reprodug@o para os machos (média= 8.66, d.p.= 1.46, min.= 5.89, max.=
9.95, n=9, em Margo) (Figura 30).

IA (média+ d.p.)
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Figura 30 - Variagdo dos valores do indice alimentar (IA) nas fémeas e machos

parentais de Parablennius pilicornis ao longo do ano.

Existe uma diferenca significativa entre sexos (Kruskal-Wallis: H (1, n=87)
= 12.32, p<0.001), apresentando as fémeas os valores mais elevados de IA. A
variagdo mensal dos valores de IA nas fémeas nfo apresenta diferengas significativas
(Kruskal-Wallis: H (3, n=43) = 3.71, p>0.05). Nos machos, pelo contrario, essa
variagdo revela-se significativa (Kruskal-Wallis: H (3, n=44) = 14.35, p<0.05). Mais
uma vez, os machos apresentam uma diminuig4o dos valores de IA durante a época
de reprodugio (Teste de Dunn: Mar/Mai: Q=3.64, p<0.01), atingindo 0 minimo em
Maio (média= 5.60, d.p.= 0.83, min.= 4.46, max.= 7.85, n= 14), enquanto que as

fémeas mantém o IA elevado durante todo o ano. Este resultado é mais uma vez
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apoiado pelo nimero de actos alimentares por minuto contabilizados para cada sexo
durante as observagdes de comportamento (fémeas: média= 0.92, d.p.= 0.92, min.=
0, max.= 3.35, n=23; machos: média= 0.27, d.p.= 0.23, min.= 0, max.= 0.8, n=23;
Mann-Whitney: Z=-3.37, p<0.001).

Confirmam-se os padrdes obtidos para as espécies intertidais, apresentando
os machos uma reducdo da actividade alimentar, expressa pelos valores
significativamente inferiores de indice alimentar e de taxas de alimentagio e pela
quebra do IHS ao longo da época de reproducgio. As fémeas apresentam mais uma
vez valores de IHS, de IA e de taxas de alimenta¢io mais altos que os dos machos
durante a reprodugéo. No entanto, contrariamente o que ocorre nas outras espécies,
os valores de IA das fémeas ndo diminuem apoés a reprodugio terminar. Este facto
poderé estar relacionado com a eventual existéncia de territorialidade nas fémeas

desta espécie (ver 3.3.1.).

Tripterygion delaisi

O indice gonadossomatico (IGS) atinge os valores mais elevados em Margo (fémeas:
média= 6.73, d.p.= 2.64, min.= 3.54, max.= 11.16, n= 10; machos: média= 1.83,
d.p.=0.36, min.= 1.23, max.= 2.35, n= 12), estando a evolugio dos valores de IGS
de acordo com a €poca de reproducéio determinada para esta espécie (ver 3.1.2.)
(Figura 31). A variag@o dos valores de IGS € semelhante & descrita por Jonge &
Videler (1989) para a Cérsega.

Os valores mais elevados do indice hepatossomatico (THS) s3o atingidos
antes do inicio da época de reproducio (Novembro) por ambos os sexos (fémeas:
média=4.28, d.p.= 1.04, min.=2.20, max.= 5.83, n= 8; machos: média= 3.62, d.p.=
0.89, min.= 2.40, max.= 5.01, n= 10) (Figura 32). Existe uma diferenca altamente
significativa tanto entre meses como entre sexos (Tabela XVI).

As fémeas apresentam valores de IHS significativamente superiores aos dos
machos durante a época de reproducdo (Tukey HSD: Margo: p<0.001; Junho:
p<0.001; Julho: p<0.001). O IHS das fémeas decresce suavemente ao longo da época
de reproducdo, recuperando significativamente ap6s esta terminar (Tukey HSD test:

Jul/Nov: p<0.01). Nos machos parentais a quebra de IHS € muito acentuada e ocorre
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IGS (média = dp.)
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Fémeas Machos

Figura 31 - Variagdo dos valores do indice gonadossomatico (IGS) nas fémeas e

machos parentais de Tripterygion delaisi ao longo do ano.

IHS (média+ d.p.)

0 T T T T T T T T T
Mar Jun Jul Nov Mar Jun Jul Nov
Fémeas Machos

Figura 32 - Variag@o dos valores do indice hepatossomitico (IHS) nas fémeas e

machos parentais de Tripterygion delaisi ao longo do ano.
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Tabela XVI - Resultados da ANOVA (two-way) a variagdo do indice

hepatossomadtico (IHS) entre meses e entre sexos.

l Efeitos gl MS E p
Meses 3 6397 3725 0.000001
Sexos 1 15555 90.58 0.000001
Interac¢éo 3 1238 0.000247

logo no inicio da época de reproducdo (Tukey HSD test: Nov/Mar: p<0.001). Mais
uma vez se confirma o padrdo geral de valores de IHS superiores nas fémeas,
apresentando os machos uma quebra significativa do IHS ap6s o inicio da época de
reproducio.

Os valores mais elevados do factor de condi¢do eviscerado (Kev) ocorrem
antes do inicio da época de reproducéo (Novembro) para ambos os sexos (fémeas:
média= 18.20, d.p.=1.62, min.= 16.85, max.= 21.74, n= 8; machos: média= 16.26,
d.p=1.63, min.= 14.03, max.= 19.51, n= 10) (Figura 33). Observa-se uma diferenca
significativa dos valores de Kev entre meses, mas no entre sexos (Tabela XVII).

Kev (média + d.p.)

20
19 H
18
17 H
16
15 =
14 -
13 +
12 ~
11 +

10 T T T T T T T T T
Mar Jun Jul Nov Mar Jun Jul Nov

Fémeas Machos

Figura 33 - Variagdo dos valores do factor de condigio eviscerado (Kev) nas fémeas

e machos parentais de Tripterygion delaisi ao longo do ano.
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Tabela X VII - Resultados da ANOVA (two-way) & varia¢do do factor de condicdo

eviscerado (Kev) entre meses e entre sexos.

Efeitos I gl MS F

Meses 3 45.68 25.60 0.000001

Sexos 1 1.17 0.65 0.420833

Interacgdo 3 6.72 3.77 0. 013973_“

As fémeas apresentam um decréscimo significativo dos valores do Kev ao
longo da época de reprodugdo (Tukey HSD test: Nov/Mar: p<0.01; Mar/Jul:

p<0.01), recuperando significativamente apos esta terminar (Tukey HSD test:
Jul/Nov: p<0.001). Por seu lado os machos apresentam uma quebra mais suave dos
valores do Kev ao longo da época de reproducéo, recuperando também de um modo
significativo apds o seu término (Tukey HSD test: Jul/Nov: p<0.01). Ambos os
sexos atingem os valores minimos de condi¢do somatica no fim da época de
reproducdo.

Os valores mais elevados do indice alimentar (IA) ocorreram perto do fim

da época de reprodugdo (Julho) para ambos os sexos (fémeas: média= 4.61, d.p.=
0.88, min.= 3.46, max.=6.53, n= 13; machos: média=2.92, d.p.=0.58, min.=2.14,
max.=3.78, n=11) (Figura 34). Existe uma diferenga altamente significativa tanto
entre meses, como entre categorias sexuais (Tabela X VIII).
Os machos, por seu lado, apresentam valores de IA inferiores aos das fémeas durante
a época de reprodugdo (Tukey HSD test: Jun: p<0.001; Jul: p<0.001), ndo
apresentando a variacio anual deste indice diferencas significativas. Este resultado
¢ mais uma vez confirmado pelo namero de actos alimentares por minuto
contabilizados para cada sexo durante a época de reprodugdo (fémeas: média= 0.44,
d.p.=0.83, min.= 0, max.= 4.00, n= 22; machos: média= 0.05, d.p.= 0.08, min.= 0,
max.= 0.30, n=22; Mann-Whitney: Z=4.04, p<0.001).

As fémeas apresentam um ligeiro incremento dos valores de IA ao longo da

época de reprodugdo, decrescendo para o fim (Tukey HSD test: Jul/Nov: p<0.001).
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Figura 34 - Variagdo dos valores do indice alimentar (IA) nas fémeas e machos

parentais de Tripterygion delaisi ao longo do ano.

Tabela X VIII - Resultados da ANOVA (two-way) a varia¢do do indice alimentar

(IA) entre meses e entre categorias sexuais.

" Efeitos gl I MS F p |
Meses 3 5.61 8.54 0.000057
Categorias sexuais 1 26.92 40.98 0.000001
Interacgdo 3 =2.49 3.80 0.013472 |

Mais uma vez, confirma-se o padrio geral de redugdo da actividade
alimentar para os machos, expressa pelos valores significativamente inferiores de
indice alimentar e de taxas de alimentagfo. As fémeas apresentam valores de THS
mais altos que os dos machos e valores elevados de IA e de taxas de alimentagéo

durante a época de reprodugéo.
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Os resultados apresentados acima para as cinco espécies estudadas, apoiam
a nossa hip6tese de trabalho de que existe uma reducio da actividade alimentar nos
machos parentais. De facto, estes apresentam taxas de alimentagdo e indices
hepatossomaticos inferiores aos das fémeas, sendo os indices alimentares também
em geral inferiores. Além disso, na maioria dos casos os machos sofrem uma quebra
significativa do IHS assim que a época de reprodug@o se inicia, ou seja, no periodo
em que o macho se encontra a defender um territério e ocupado com cuidados
parentais para com as posturas. Pode inclusivamente ocorrer canibalismo filial como
modo de compensar os custos inerentes aos cuidados parentais (XII). Esta
diminui¢do da actividade alimentar associada aos cuidados parentais encontra-se
documentada para alguns Gobiidae e Blennidae (Qasim 1956a, 1957; Miller 1984;
Hastings 1986; Magnhagen 1986; Santos & Almada 1988; Zander 1990 a,b;
Marconato et al. 1993). Por seu lado, as fémeas possuem uma fecundidade
consideravel que é mantida a custa de taxas de alimentagio elevadas. Este padrdo
encontra-se descrito para outros blenidides e pomacentrideos (ex: Coralliozetus
angelica, Hastings 1986; Parablennius zvonimiri, Louisy 1989; Stegastes
leucosticus, Horne & Itzkowitz 1995; Parablennius sanguinolentus, Santos et al.
1996). Além disso, apresentam valores de IHS elevados durante a época de
reproducio, tal como esta descrito para muitos outros peixes (ex: Miller 1984;
Chellappa et al. 1995). Este facto esta provavelmente relacionado com o acumular
de energia no figado, que sera canalizada para o processo de vitelogénese (Jobling
1995; Moyle & Cech 1996). Isto significa que as fémeas convertem alimento em
ovos. Verifica-se uma quebra geral da condi¢do dos animais no fim da €poca da
época de reproducdo (ver também Qasim 1957; Unger 1983; Hastings 1986; Crivelli
& Britton 1987; Santos & Almada 1988; Santos 1992; Santos ef al. 1996; XII).

Nio se detectaram diferencas entre espécies intertidais e subtidais, no que
diz respeito a0 modo como a energia € canalizada para a reproducio. Assim, apesar
do reduzido tempo que os machos das espécies intertidais tém disponivel para a
alimentagfo, ndo existe em geral um agravamento da condi¢o dos animais quando
comparados com as espécies subtidais. Existirdo provavelmente mecanismos

compensatorios como a ja referida reduco da pressio de predagio sobre as posturas
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e dos custos energéticos de defesa do territério contra potenciais predadores (ver
3.3.3.). Além disso, as espécies intertidais apresentam muitas vezes uma reducio da
taxa metabolica e consequentemente dos gastos energéticos quando emersas (ex:
Laming et al. 1982).

Um trabalho comparativo mais detalhado acerca dos pardmetros indicadores
do esforgo reprodutor nos machos de blenidides que nidificam em diferentes habitats
permitird compreender melhor aspectos da ecologia comportamental dos peixes

bentonicos das costas rochosas.
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4. CONCLUSOES

O presente trabalho pretendeu investigar alguns aspectos da ecologia, biologia da
reprodugéo e comportamento de blenidides. Foram focados os seguintes aspectos:
1) caracterizacgo dos locais de nidificacfo; ii) determinac@o das épocas de reproducio
e dos factores que poderdo estar envolvidos no seu controle; iii) comparagdo do
comportamento das espécies intertidais e subtidais e estudo do papel da turbuléncia
na modificacdo dos comportamentos das espécies intertidais; iv) padrdes de
territorialidade e papel dos cuidados parentais na protec¢do das posturas; v) historias
vitais e comparacdo dos padrdes de esforgo reprodutor entre machos e fémeas.

Procedeu-se a uma comparacio latitudinal das épocas de reproducéo das
espécies para as quais existiam dados suficientes e relacionou-se essa variagdo com
a temperatura da 4gua do mar. Foi demonstrado o papel decisivo que a temperatura
tem no controle da reprodug@o de peixes costeiros de substrato rochoso da zona
temperada quente. Apesar disso, outros factores influenciam a calendarizagio da
reprodugdo, factores esses que actuam em janelas temporais diferentes. Como
perspectivas futuras deste tipo de estudos, a comparacgio dos efeitos dos diversos
factores ambientais em diferentes populagdes de uma mesma espécie, cuja
distribuicdo latitudinal seja mais ou menos ampla, podera permitir determinar quais
os efeitos desses factores no controle da reprodugio. Uma outra abordagem que
pensamos ser frutuosa € a tentativa de relacionar as épocas de reprodugéo de peixes
n#o aparentados, mas cujo habitat e ecologia da reproducgio sejam semelhantes. O
cruzamento da informacéo latitudinal com a informag3o ecolégica e filogenética, sera
um modo de aferir qual a participagdo dos diferentes factores ambientais no controle
da reproducio.

Um dos temas centrais deste estudo consistiu na investiga¢do da influéncia
da turbuléncia na estrutura dos territorios e no comportamento dos peixes litorais.
Muitos dos resultados apresentados neste trabalho podem ser interpretados como
adaptacdes dos peixes intertidais a condigdes de turbuléncia elevada. Quando
comparados com as espécies subtidais, os machos das espécies intertidais defendem
territorios mais pequenos, apresentam uma reducdo geral de actividade
permanecendo mais tempo dentro do ninho, e os comportamentos que envolvem
perda de contacto com o substrato s3o extremamente raros. Um dos custos provaveis

da reprodug@o na zona intertidal € a redu¢io de oportunidades de alimentagio, uma
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vez que os ninhos permanecem grande parte do dia fora de 4gua. No entanto, isso
ndo significa que os machos das espécies intertidais apresentem custos energéticos
mais elevados associados com a defesa do territério e os cuidados parentais. De
facto, além dos machos destas espécies possuirem a capacidade de reduzir os niveis
metabolicos quando fora de 4gua, a defesa de um territério menor e uma redugéo
geral das actividades locomotoras, numa zona onde os niveis de intrusdo no territorio
séo menores, podem também contribuir para uma reducdo dos custos energéticos.
Os nossos resultados indicam ainda que as pressdes de predagdo sobre as posturas
sdo muito menores na zona intertidal. Assim, os beneficios de nidificar neste habitat
poderdo compensar os custos impostos pela reducdo do tempo disponivel para a
alimentagdo. Esta hipotese podera ser mais aprofundada investigando outros grupos
de peixes que contenham espécies sujeitas a diferentes graus de turbuléncia. Os
gobideos, cotideos e gobiesocideos poderdo constituir um bom material para este tipo
de estudos.

Os cuidados parentais e a defesa do territorio impdem ao macho parental
uma reducio das oportunidades de alimentagio. De facto, estes apresentam taxas de
alimentacdo e indices hepatossomaticos inferiores aos das fémeas, sendo os indices
alimentares também em geral inferiores. Além disso, na maioria dos casos os machos
sofrem uma quebra significativa do indice hepatossomatico assim que a época de
reproducdo se inicia. As fémeas, pelo contrario, mantém taxas de alimentaco e
indices hepatossomaticos elevados durante um periodo de reprodugio longo, que sio
provavelmente responsaveis pelo elevado niimero de ovos que conseguem produzir.
Ambos 0s sexos apresentam os valores mais baixos de condi¢do somatica no fim da
época de reprodugio.

E interessante verificar que ndo se detectaram diferencas entre espécies
intertidais e subtidais, no que diz respeito ao modo como a energia € canalizada para
a reprodugdo. Assim, apesar do reduzido tempo que os machos das espécies
intertidais t€m disponivel para a alimentac&o, ndo se observa um agravamento geral
da condi¢do dos animais quando comparados com as espécies subtidais. Um trabalho
comparativo mais detalhado acerca dos pardmetros indicadores do esfor¢o reprodutor
nos machos de bleni6ides que nidificam em diferentes habitats permitird aprofundar
melhor aspectos da ecologia comportamental dos peixes bentonicos das costas

rochosas.
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SHORT COMMUNICATIONS

ON THE BREEDING SEASON OF LIPOPHRYS PHOLIS (PISCES:
BLENNIIDAE) AT ARRABIDA, PORTUGAL

VITOR C. ALMADA, EDUARDO N. BARATA, EMANUEL J. GONCALVES AND
RUIF. DE OLIVEIRA

Grupo de Estudos Eco-Etoldgicos, Instituto Superior de Psicologia Aplicada, Rua Jardim do Tabaco, 44,
1100 Lisboa, Portugal

Direct observations of egg masses on the shore indicates that Lipophrys pholis is a winter
and spring spawner in Portuguese waters. The results are compared with those published
for the British Isles.

Lipophrys pholis, Linnaeus, 1758, is a very common intertidal fish in the north-eastern Atlantic
and in the North Sea. Considerable work has been published concerning its breeding season in
British waters (Lebour, 1927; Qasim, 1957; Shackley & King, 1977). The breeding season of the
species at the southern limit of its range is almost unknown, and Zander (1986) mentions the
period from April to August for the whole species. Based on dates of first appearance of larvae in
plankton collected in the Bay of Biscay, Villegas (1981) concluded that breeding should have
begun as early as the end of December.

In this report we present data on the spawning season of this blenny based on direct observation
of the presence of eggs and/or parental guarding males on the shore.

Data were collected at a site located at Arrdbida (38°28'N, 8°59'W), near Settubal, 50 km south
of Lisbon, Portugal. In the course of behavioural observations on the breeding males of L. pholis,
the area was visited at various intervals during the period 1986 to 1989. The nests were located
intertidally in holes in vertical walls. On each visit, the presence of eggs and/or black males
inside the nests was registered. Each nest was mapped for inspection in subsequent visits. The
results are summarized in Figure 1.

It is clear that in our study area breeding begins as early as December, and has virtually ended
in June. These results contrast sharply with those reported for Great Britain, and give support to
one of the predictions of Orton’s rule that “southern fishes will spawn in the cooler months of the
year at the southern limit of their range” (Qasim, 1956). A species that in Great Britain breeds
during spring and early summer, breeds in Portuguese waters from early winter to mid-spring.

Blennids are most numerous in the tropics, and most European species breed during spring
and early summer (Zander, 1986). The majority of them, either extend their ranges to west Africa
or are specially abundant in the Mediterranean Sea. In contrast to this pattern, L. pholis is virtually
absent from the Mediterranean, and ranges from Norway to north Morocco (Zander, 1986). The
centre of its range is located at a much higher latitude than that of all other European blennids,
and it is probably a species adapted to cooler waters. Santos, R.S., Almada, V.C. & Santos, A.L,
(communication presented at the Sixth European Ichthyological Congress, Budapest, 1988) also
found that the breeding season of a population at Faial, Azores, is from December to February/
March.
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Figure 1. Number of males of L. pholis found guarding eggs. Data were collected from 1986 to 1989.
The observations are sequenced by months; letters stand for dates as listed below. Vertical bars
represent the absolute number of guarding males found at each visit. The number of holes checked at
each visit (N) is provided after each date. A: 29.11.88 (N=28); B: 23.12.87 (N=19); C: 7.1.89 (N=10); D:
22.87 (N=19); E: 15.2.87 (N=19); F: 5.3.88 (N=19); G: 14.3.87 (N=19); H: 30.3.86 (N=12); I: 23.4.87
(N=19); J: 26.4.86 (N=12); K: 17.5.86 (N=12); L: 11.6.87 (N=19); M: 27.9.88 (N=19).

To what extent the difference in spawning seasons between Britain and Portugal reflects
genetic differences between populations or are the result of different environmental conditions
acting upon the same basic pattern of physiological responses is unknown.

Shackley & King (1977), investigated the possible roles of photoperiod, air and sea temperatures
in the control of reproduction in L. pholis. They concluded that both photoperiod and temperature
seem to affect the course of the annual cycle of gonadal maturation. Our results suggest that,
either the population in our study area is adapted to different thresholds of these environmental
parameters, or that temperature is a more effective factor than photoperiod in timing the onset of
reproduction in this species.

In Figure 2, we present data on photoperiod, air and sea temperatures taken at the nearest
meteorological stations (Forte do Cavalo and Settibal, for sea and air temperatures, respectively).
It is interesting to find that in Portugal, this blenny starts to breed when daylength, air and sea
temperatures reach their lowest points, while in Britain breeding begins after several months of
increasing daylength, with twelve or more hours of daylight.

In experiments with varying temperature and light regimes Papitsch et al. (1981) using Salaria
pavo Risso, 1810, concluded that the temperature is slightly more effective than photoperiod in
promoting the maturation of the gonads although only a combination of these two factors was
effective in producing a substantial progress of maturation.

Two features are apparently similar in our population and those studied by Shackley & King
(1977): (i) in both cases breeding begins after or at the minimum annual sea temperature; (ii)
breeding ends at roughly the same sea temperature in the two areas. These findings suggest the
hypothesis that temperature may play a role as a factor controlling the termination of the
breeding season when it rises above a certain threshold value.

The abundance of L. pholis in the rocky coasts of western Europe and the ease with which nests
can be checked, make these fishes an ideal species for comparative studies on the latitudinal
variation in the effects of environmental factors on the control of reproduction.
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Figure 2. Annual variation of air (A) and sea (B) temperatures, and of photoperiod (C) from January
1986 to December 1987. Sea and air temperatures are given in °C, and photoperiod is expressed in
mean daylight hours.

The authors gratefully acknowledge the following people and institutions: Instituto Nacional
de Meteorologia e Geofisica (Departamento de Climatologia and Departamento de Meteorologia
Marinha) that provided the meteorological data; Dr. Octdvio Paulo (Faculdade de Ciéncias de
Lisboa) for the help in the preparation of the figures; and finally Cristina Saraiva and Julia
Berkkan who kindly reviewed the English.
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RESUMO: Apresenta-se neste trabalho um etograma dos machos parentais de
Lipophrys pholis baseado em observagdes subaquéticas durante duas épocas de
reprodugéo sucessivas. Os comportamentos locomotores e alimentares sao descritos.
Os padroes de comportamento agonistico observados confirmam as descrigdes
anteriormente publicadas para os juvenis. Como novas descri¢des assinalam-se : "virar
a cabega na direcgio do oponente", "abrir e fechar a boca" e "oscilagdes verticais da
cabega". Este tltimo elemento s6 foi encontrado em machos reprodutores parecendo
ter um papel importante na corte. Os comportamentos parentais incluem: "rotagio
sobre o eixo do corpo", "rogar o ventre sobre os ovos", "ventilagdo caudal" e "remogio
de bolhas de ar do interior do ninho". Na baixa-mar os machos parentais permanecem
emersos nos ninhos junto dos ovos. Quando perturbados apresentam um conjunto de
reacgoes defensivas e produzem um som caracteristico. Os resultados sdo discutidos
numa perspectiva ecolégica e evolutiva.

ABSTRACT: This paper presents an ethogram of the breeding males of Lipophrys
Ppholis based on underwater observations during two censecutive breeding seasons.
Locomotory and feeding behaviour patterns are described.. Agonistic behaviour
patterns confirm previous work on captive juvenile fishes. New patterns include: "head
turning’, "opening and closing the mouth" and "nodding". "Nodding" was only
performed by nesting males and seems to be an important element of courtship.
Parental behaviour includes: "rotation along the body axis", "skimming", "tail fanning"
and "removal of air bubbles from the nest". During low tide the nesting males stay out
of water inside the nests. When disturbed they show a number of defensive responses
and produce a characteristic sound. The results are discussed in an ecological and
evolutionary context.



INTRODUCTION

This paper presents an ethogram of the bree-
ding males of Lipophrys pholis (Linnaeus, 1758)
in natural waters.

Few data are available on the ethology of this
blenniid. Qasim (1956) described spawning and
parental behaviour in captivity. Gibson (1967a,
1968) presented a detailed ethogram of the ago-
nistic behaviour of juvenile captive fishes and
showed experimentally that this species shows
an endogenous tidal rhythm of activity, dis-
playing peaks and lows at high and low tide res-
pectively. Gibson (1971) also showed that this
activity rhythm may be kept synchronized with
tide if the fish is subjected to cyclical fluctua-
tions in the water pressure. Based on successive
recaptures of marked fishes, Gibson (1967b)
showed that L. pholis has an home range that
includes several pools, although individuals
seem to visit some pools more frequently then
others. Finally, Wirtz (1974, 1975, 1976) and
Wirtz & Davenport (1976) studied the physio-
logical effects of social contact in this species.

As data on blenniids living in areas where
strong tides prevail are still scarce, it seems of
interest to get more information on the natural
behaviour of L. pholis.

MATERIAL AND METHODS

Observations were conducted both by skin-
and scuba-diving at Praia dos Pilotos (Arrabida
coast, Portugal: 38° 28’ N, 8° 59’ W) during the
breeding seasons of 1986 and 1987.

The total observation time was about 54
hours (13h 38m of focal observations on 12 nests
and 40 hours of ad libitum observations). The
duration of each observation session varied
from 12 to 45 minutes. Observations were distri-
buted in time from mid morning to sunset.

The males of this blenniid establish small
breeding territories intertidally, around a hole
or a crevice where spawning takes place from
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December to May. The male guards and cares

for the developing eggs. In our study area, we

identified 30 nests on the vertical walls of rocks,
and it was around such nests that observations
were centered.

Nests were also visited during low tide at va-
rious times of the year and were checked for the
presence of eggs and/or fishes. During diving
observations notes were taken with a pencil on
plastic sheets.

This study was divided in two phases: (i) in
the first one we tried to describe the behaviou-
ral repertoire of the breeding males. Thus, ob-
servations were randomly distributed on as
many nests as possible. The short hand notes ta-
ken in situ by each of four observers were later
confronted in order to provide more objective
descriptions. For each description only the ele-
ments for which a good agreement between ob-
servers could be reached were retained; (i) in
the second phase only the behaviour patterns
that had been formally described were recor-
ded, using a predetermined code. Before each
dive asketch of the nest and its surroundings was
drawn on a plastic sheet to allow easy coding of
the position relative to the nest of the different
behavioural acts. The aim of this phase was to
get contextual information on the behaviour
patterns previous described. Twelve nests,
containing eggs, were selected for systematic
observations.

RESULTS
1. Non-social behaviour

1.1. Locomotion and associated behaviour

a) Hopping - When moving for short di-
stances the fish "hops". It takes off the substra-
tum with a quick stroke of the pectoral fins and
settles after moving for about a body length. It
may perform one or few undulations of the bo-
dy and tail while in motion.
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b) Swimming - For longer distances, after ta-
king off with a movement of the pectorals, the
fish swims in an anguilliform way.

c) Hovering - A pattern as yet undescribed
for L. pholis. In mid water, the fish keeps posi-
tion for a few seconds at an oblique angle, with
the head up. This position is maintained by the
combined action of undulations of the body and
tail with rotatory movements of the pectorals.
Afterwards, the fish dives quickly to the subs-
trate. This pattern was of short duration. This
action wasrarely observed and its meaning is un-
clear.

d) Raising in mid water - A pattern as yet un-
described for L. pholis. At an oblique angle and
with the head up, as described above, the fish
undulates the entire body ascending in the wa-
ter column. The movement is intermittent.

Between two bouts the fish goes down slight-
ly, while the angle of the body with the horizon-
tal decreases. This pattern was rarely observed
and always with the fish oriented to the observer.

¢) Creeping - This behaviour occurs when
the fish moves in the nest, both when it is under-
water or exposed to air, or out of the nest when
the water layer is too thin to allow "hopping" or
swimming,. In this type of locomotion the fish is
in close contact with the substratum and moves
backwards or forwards propelled by the pecto-
ral fins and body undulations. The anal fin pro-
bably helps in exerting pressure against the
irregularities of the substratum.

1.2. Postures outside the nest

We include in this section different kinds of
postures that the fish adopts outside the nest.

a) The fish remains still on the substratum
with its body closely adjusted to the contours of
the substratum surface.

b) The fish remains stiil with the body for-
ming an "U" or "S" curve that does not fit the to-
pography of the substratum.
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13. Postures inside the nest

The terminology used for these postures fol-
lows that of Phillips (1977) for Istiblennius ze-
bra.

a) Head out - The fish remains still inside the
nest with its head out.

b) Part out - Similar to "head out" with more
than half of the body out.

¢) In - Only the head is visible just at the nest
entrance. It differs from "Head out" in that the
head does not protrude from the nest (see
Fig. 1).

d) All in - The fish is inside the nest but not
visible.

The postures "head out", "part out" and "in",
may be adopted with the fish standing on the -
bottom of the nest or at varying angles, with the
abdomen turned to the nest walls. These three
postures may be combined with other behaviou-

Figure 1. Schematic illustration of the different postures
adopted by the breeding males of L. pholis when inside the
nest. (A) "In"; (B) "Head out"; (C) "Part out”.

%
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ral patterns. When the fish is "all in" (posture d)
it cannot be observed.

1.4. Nest entry

There has been considerable discussion
about the meaning of the way parental male
blenniids enter their nests (Abel, 1964; Wirtz,
1978).

The frequency with which males entered tail
first (TF) or head first (HF) was noted (n =70,
HF =66, TF=4). It is clear that the males enter
predominantly head first (G-test: n=70,
G=63.64, df.=1, p«0.01). This probably re-
flects the fact that the nests are not tubelike
structures which fit tightly the size of the animal
as described for other blenniids (Abel, 1964,
1980).

1.5. Behaviour of the breeding males du-
ring low tide

During low tide, the breeding males of L.
pholis remain inside the nests with the eggs.
There is a highly significant correlation between
the presence of eggs in holes and the presence
of males (data collected during low tide inspec-
tions of holes - Spearman rank correlation:
R.S.=0.961, p<0.01, number of inspections =
11).

In diving observations during the ebbing
tide, it was noted that the activities outside the
nest of the parental males decreased sharply
when the nests begun to be exposed to air be-
tween consecutive waves. After some minutes
they ceased to leave the nests entirely.

When the nests were inspected during low
tide, the breeding males were always in "in" and
"all in" postures. If undisturbed, the opercular
movements were absent or too weak to be noti-
ced, and the fishes were motionless. This inacti-
vity does not mean, however, that the fishes were
not able to respond to environmental stimuli.
When the observer’s face approached close to
the nest entrance, the fish moved backwards, re-
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maining deeper inside the nest.

In seven instances we prodded the fishes
with a piece of wire. In this situation, the fishes
reacted quite wildly. The body curved with vio-
lent and sudden lateral flexions, remaining cur-
ved to one side for several seconds, then flexing
suddenly to the opposite side. During these mo-
vements, the head was raised and the mouth
opened, and the body seemed to be in great mus-
cular tension. Together with these pronounced
movements, the fishes bit the wire, produced a
clacking sound and showed a high frequency of
opercular movements. The direction of the des-
cribed movements seemed to be independent of
the wire position. Although these behaviour pat-
terns were induced by the action of the observer,
they may represent a more general pattern of
response to intrusions during low tide, for exam-
ple by crabs.

1.6. Feeding

The feeding acts that were observed typical-
ly involved the following sequence: i) the fish
settles motionless on the substratum; ii) it per-
forms a quick forward dash, simultaneously lo-
wering the head, iii) it grips a food item that is
attached to the substratum; iv) the food item is
pulled by raising the head together with a quick
vigorous backward movement of the body. The
whole sequence lasts a second or less. The fee-
ding acts occur in bouts of a few acts. Between
bouts, the fish usually moves to another place.

When food items are too big to be taken
whole, the fish may try to detach a fragment by
vigorous lateral shaking movements of the head,
while the mouth firmly grips the food item.

1.7. Chafing

The fish swims to a hard surface, tilts the bo-
dy while-moving and presses the head, flank or
tail against the substratum, after which it re-
sumes normal swimming. In other teleosts it is
supposed to be a response to the presence of ec-
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toparasites. In L. pholis "chafing" is however ve-
ry frequently performed during agonistic inter-
actions, suggesting that it has signal value in this
context. Gibson (1968) already commented on
the similarity of form between "chafing" and
"submission" in L. pholis and on the possibili-
ty that "submission" evolved from "chafing" as a
"derived activity".

1.8 Defecation

One fish was observed to defecate outside
the nest. After taking off the substratum the fish
turned 180° along the body axis and while in a
"belly-up" position it quivered and a compact
mass of faeces was expelled.

2. Social behaviour
2.1. Agonistic behaviour

As the agonistic behaviour repertoire of this
species was previously described by Gibson
(1968), we will only mention some additional be-
havioural patterns that emerged from our obser-
vations.

2.1.1. Behavioural patterns: new descrip-
tions

a) Head turning - Turning the head towards
an intruder was frequently followed by retreat
of the intruding fish. So it seems that this beha-
vioural element is a part of the agonistic reper-
toire of this species. It was always observed with
the breeding males in "part out" posture (see
Fig.2a).

b) Nodding - "Nodding" was performed
when the fish was in the nest, and consisted of
repeated vertical head movements in bouts of 4
to 7. It was often preceded or followed by ope-
ning and closing the mouth. This action was per-
formed as the intruding fish was at distances
from 20 to 60 centimeters. "Nodding" was usual-
ly followed by the retreat of the intruder. In ma-
ny of the instances that we observed it seemed
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to be directed to females. On some occasions
however, it was performed by a breeding male
towards a neighbouring male whose nest was 13
centimeters away (see Fig. 2b).

¢) Opening and closing the mouth - This pat-
tern consists of the fish opening and closing the
mouth in rapid succession. It may occur as sin-
gle acts or bouts. In two cases we recorded bouts
of 10 and 15 acts in 30 and 60 seconds respecti-
vely. In 33% (n=83) of the cases recorded an
intruder was present. This behaviour was often
associated with other acts such as "nodding",
head turning and colour changes. Its association
with other agonistic behavioural patterns, its re-
petition in bouts and the frequent presence of
an intruder, suggests that it may be functional as
a low intensity display in agonistic interactions.

d) Colour change - The colour patterns of L.
pholis may vary with background, light intensity
and social context (Gibson, 1968), and with the
reproductive state (Qasim, 1956). The breeding
males are very dark, uniformly coloured, and
this makes their whitish lips very conspicuous
(Qasim, 1956). Our observations confirm that
fishes found guarding eggs consistently showed
the dark coloration pattern (Almada et al., in
preparation). During high tide the breeding
males tend to remain in this dark colour pattern
both inside and outside the nest. In 76 instances
in which the fishes left the nests, only in 9 cases
they changed coloration assuming the mottled
pattern common to females and non-parental
males. Only once a male changed from black to
mottled being inside the nest. These colour
changes could be rather sudden but, in other
cases, the dark colouration faded away only gra-
dually. Upon returning to the nest the fish regai-
ned the dark colour pattern. The process of
colour change took about 2 seconds. In all ago-
nistic interactions observed the parental males
remained black , so it is possible that the cases
of colour change were induced by the presence
of the observer.
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Figure 2. Some behaviour patterns of the breeding males of L. pholis. (A) "Head turning”; (B) "Nodding"; (C) "Releasing of

air bubbles from the nest".

2.1.2. Organization of agonistic interactions

The summary that follows must be conside-
red with caution because it was based on a low
number of agonistic interactions (n=13):

i) The majority of interactions involve only a
small number of behavioural elements (up to 3
different acts).

ii) Overt attack was infrequent occurring on-
ly 3 times in 13 interactions.

iii) The majority of interactions (9 in 13) be-
gun with the parental male in "head out" posture.

- iv) An important proportion of interactions
were decided with approach, or approach and
charge only (4 in 10).

v) Two interactions were resolved without
the parental male leaving the nest.

vi) We never observed a parental male being
attacked by an intruder or any prolonged fight.

vii) The parental male generally returns to
the nest soon after the intruder left (8 in 10).

viii) Concerning the identity of the intruder,
the majority of interactions involved conspeci-
fics (n=13; Coryphoblennius galerita =1; L.
pholis =12).

- Intrusions by neighbour parental males of
Coryphoblennius galerita released a significant-

ly lower proportion of agonistic responses in
males of L. pholis, and were frequently ignored
(Almada et al., in preparation).

Crabs (i.e. Pachygrapsus marmoratus and
Eriphia verrucosa) were also attacked by vigo-
rous biting and were driven away by this action.
It is unclear however, to what extent these at-
tacks are best classified as agonistic rather then
predation attempts by the fish.

2.2. Sexual behaviour

In about 54 hours of observation during the
breeding season we never observed a complete
courtship sequence. This may have been caused
either by low frequency of spawning and courts-
hip or by courtship being restricted to very spe-
cific periods, for example at dawn or at a
particular moon phase, that we may have mis-
sed. '

On one occasion a black male was in "part
out" posture, when a female entered the nest and
remained there while the male maintained the
"part out" posture. No obvious specialized
courtship display were noted. Lack of oxygen
forced us to interrupt this observation.

In another instance we observed what ap-
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pears to be an unsuccessful courtship attempt.
A male was in "head out”" when a female, reco-
gnizable by its swollen abdomen, approached
the nest. When the female was about 20 centi-
meters away from the nest, the male begun to
"nod" in a bout of 5 "nods". The female came clo-
ser to the nest (about 10 cm) when the male
backed to an "in" posture.

The female, then moved to the nest opening,
stopping with the body lying across the entrance
and pectorals fully open. After a few seconds the
female moved away and stopped at about 30
centimeters from the nest, staying parallel with
a neighbour territorial male that had moved in-
to the area. This male performed quick lateral
flexions of the body upon which the female mo-
ved back to the nest of the first male. The resi-
dent male "nodded" 4 times, and the female
moved away about 60 centimeters from the nest
where it stood still.

Our observations suggest that "nodding" may
be involved in the process of courtship as in ma-
ny other blenniids (see discussion).

2.3. Parental behaviour

a) Rotation along the body axis - The fish
may rotate along the body axis remaining still
again at an angle of up to 90° or 180° with the
standing position. In this case it stays attached
to the walls or to the ceiling of the nest.

b) Skimming - Inside the nest in one of the
postures mentioned above the fish may move
with pronounced lateral flexions of the body,
rubbing its ventral part against the inner nest
surface, where the eggs are attached. This beha-
viour is supposed to be related to the care of
eggs. Mechanical cleaning of eggs is one of its
possible functions (Qasim, 1956).

c) Tail fanning - Like many other blenniids
(see Almada et al., 1983 for references), the
breeding males perform tail fanning, a beha-
viour in which the fish stays in "part out" posture
while the tail moves regularly from side to side.
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This behaviour may cause an increase of water
circulation in the nest, facilitating oxygenation
of the eggs and removal of silt and debris.

d) Removal of air from the nest - This beha-
viour is probably similar to the removal of debris
and small objects (including dead eggs) with the
mouth that many blenniids often perform
(Wirtz, 1978). In our observations we found that
males of L. pholis can remove air from inside the
nest using this same behaviour. Air removal was
observed in two nests. The males disappeared
inside the nest, and after emerging released an
air bubble. One of the fishes released the bub-
bles in "head out" posture ( see Fig. 2c), while
the other male was observed to leave the nest re-
leasing the bubbles at distances that ranged
from 20 to 60 centimeters. The first male remo-
ved bubbles in bouts of 4 to 6 acts, releasing a
single bubble in each movement. The other male
performed repeated excursions to release the
bubbles (also one at a time). In a period of 4 mi-
nutes this male came out 9 times to release bub-
bles.

This behaviour is particularly interesting.
Since the nests of L. pholis stay out of water at
low tide and the topography of the inner nest
surface is irregular, it is probable that air
pockets may represent a significant problem for
the development of the eggs. These are spawned
predominantly on the ceiling and walls of the
nest, and if air pockets are retained inside it du-
ring high tide, they may prevent many eggs from
direct contact with sea water. We also found this
behaviour in Salaria pavo (Almada et al., in pre-
paration), another intertidal blenniid.

DISCUSSION

Despite considerable disagreement among
authors on the limits of the genera and their af-
finities (see Louisy, 1983), there is a consensus
that the species placed in the genus Lipophrys
are closely related to Parablennius and Salaric
(Louisy, 1983). Generally species of Parablen-
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nius tend to occur subtidally, while those of Li-
pophrys are predominantly intertidal (Zander,
1972). The species of Perablennius that have
been studied ethologically, tend to show beha-
vioural elements such as "signal jumping" of P.
rouwxi (Heymer & De Ferret, 1976), P. pilicomnis
(Denoix, 1984; Almada et al.,1987), and P. in-
cognitus (Abel, 1964; Louisy, 1983); "loop swim-
ming" of P. sanguinolentus (Santos, 1985);
"nod-swimming" of P. zvonimiri ( Wirtz, 1978)
and P. pilicomis ( Denoix, 1984) and "hovering"
of P. pilicornis (Denoix, 1984; Almada et al.,
1987), that involve loss of contact with the subs-
tratum and some degree of movement in the wa-
ter column during the displays. These "water
column displays" are probably primitive blen-
nioid patterns that are important in signalling
the territories of males to females, and probably
to potential rivals. Indeed, this type of behaviou-
ral patterns occur in tripterygiids (Shiogaki &
Dotsu, 1973; Wirtz, 1978), chaenopsids (Ste-
phens et al., 1966), and in blenniids only weakly
related to Parablenniini, like Meiacanthus (Ne-
mophini) (Fishelson, 1975) and Istiblennius
(Salariini) (Phillips, 1977). In contrast, in the ge-
nus Lipophrys these displays are uncommon or
absent. On the other hand, head movements,
like "nodding" and "lateral head shaking" obser-
ved in L. canevae (Abel, 1964), L. dalmatinus
(Abel, 1980), L. adriaticus (Wirtz, 1978) and L.
velifer (Wirtz, 1978, 1980), often associated with
conspicuous head masks (Abel, 1964; Zander,
1975; Papaconstantinou, 1979), tend to play the
major role as social signals. Qur results in L.
pholis fall within the general Lipophrys beha-
viour repertoire. We suggest that, reduction of
movements in the water column and its compen-
sation by an increase in colour markings, may be
associated with the evolution of an intertidal
mode of life in this genus. In the intertidal zone,
water movement and turbulence may be quite
intense, and may have acted strongly in evolu-
tion against displays that involve active swim-
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ming and loss of contact with the substratum.
Another intertidal blenny common on expo-
sed rocky shores in Europe (C. galerita), also
lacks "water column displays". In this species the
male courts females by "nodding" and threatens
conspecifics by wide amplitude head move-
ments (Guitel, 1893; Almada et al., 1983). These
kind of displays also have the advantage of allo-
wing the signalling fish to stay in the security of
the nest, with only the head and part of the bo-
dy protruding. In several Lipophrys species the
fishes are quite small and nest in narrow tubu-
lar holes as for example L. canevae (Abel,
1964), L. dalmatinus (Abel, 1980) and L. veli-
fer (Wirtz, 1980). The emphasis on head move-
ments and colour patterns may thus be
important in two distinct situations: i) blenniids
that live in turbulent waters; ii) blenniids that are
very small and nest in narrow tubes that tightly
fit their bodies. These are the two conditions
where we find species of the genus Lipophrys.
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SOME FEATURES OF THE TERRITORIES IN THE BREEDING
MALES OF THE INTERTIDAL BLENNY LIPOPHRYS PHOLIS
(PISCES: BLENNIIDAE)

VITOR C. ALMADA, EMANUEL J. GONCALVES, RUI F. DE OLIVEIRA AND
EDUARDO N. BARATA

Grupo de Estudos Eco-Etolégicos, Instituto Superior de Psicologia Aplicada,
Rua Jardim do Tabaco, 44, 1100 Lisboa, Portugal

In this paper we present data on the organization of the territories in males of Lipophrys
pholis during the breeding season. Data were collected during high tides by skin-and scuba-
diving and during low tides by direct inspection of nests. Our study area was located at
Arrébida, Portugal. The main results are: (i) The territories of the breeding males of this
species are temporary, being established each breeding season. (ii) The guarding males stay
inthe nest holes with the egg masses while the tide is low and are subjected to several hours
of emersionin eachtidal cycle. (i) Even when the nests are submerged the fishes stay inside
the nest for an average of 92% of the time. All the activities performed outside the nest
correspond to anaverage of 27 minutes per day. (iv) There was alow frequency of territorial
intrusions. Conspecific intruders released a significantly higher frequency of agonistic
responses than did Coryphoblennius galerita. (v) Removal experiments showed that vacated
territories are not occupied by other males during the same breeding season. (vi) Without
the presence of the guarding male the eggs are slowly destroyed by predation and infection,
but some eggs can still survive and hatch up to five days after the removal of the parental
male. The results are discussed in terms of the probable costs and benefits of breeding
intertidally.

INTRODUCTION

In contrast to the rich literature on the ethology of tropical and Mediterranean
blenniids (for references see Wirtz, 1978 and Thresher, 1984), data on the behaviour of the
intertidal species of the north-eastern Atlantic are still scarce (Qasim, 1956; Gibson, 1967,
1968; Fives, 1980; Almada et al., 1983; Santos, 1985a,b).

Direct field observations of the social behaviour of these intertidal fishes are important
for a better understanding of the behavioural pecuhantles associated with the coloniza-
tion of intertidal biotopes.

In several tropical and subtropical blenniids both males and females defend perma-
nent individual territories (Fishelson, 1975; Losey, 1976; Nursall, 1977). In other species
the males defend permanent territories while the females tend to have home ranges that
broadly overlap (Phillips, 1977).

The data available for temperate species suggest that in many cases only the males are
territorial and that territoriality is restricted to the breeding season (Gibson, 1967;
Almada et al., 1983; Louisy, 1983).
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In this report we present preliminary data on the territoriality of the parental males of
Lipophrys pholis (Linnaeus, 1758). This is an intertidal species found in the north-eastern
Atlantic and North Sea, from Morocco to Norway (Zander, 1986). It occurs in tide pools
and rocky walls often subjected to strong wave action. Its reproductive behaviour in
captivity was described by Qasim (1956). Gibson (1967), based on a capture/recapture
method, showed that the fishes have a home range that may include several pools,
although they tend to visit some pools more often than others. Gibson (1968) studied the
social behaviour of the juveniles in captivity. Almada et al. (1990b) provided an ethogram
of the breeding males of this species in natural waters.

In this paper we addressed the following questions: (i) To what extent are the
territories seasonal or permanent? (ii) In what way is the time budget of the parental
males affected by the tidal cycle? (iii) How important are the actions of the parental males
for the survival of the eggs? (iv) Are there any non-territorial fishes that can occupy
vacated territories?

MATERIAL AND METHODS
Study Area

Data were collected at Arrdbida coast Portugal (38°28'N 8°59'W) between the beaches
of Alpertuche and Pilotos.

On the western Portuguese coast the predominant direction of the waves is north-
west; as the Arrdbida coast faces south-east it is subjected to low wave action, except
when south winds blow. This coast consists of a Jurassic calcareous cliff. At low tide,
between the cliff and the sea, an area of sand, boulders and large rocks becomes
uncovered. These rocks present crevices, holes and small caves, that the males of
Lipophrys pholis use as nests during a long breeding season that begins at least as early as
December and is virtually ended in June (Almada ef al., 1990a). The observations were
made on the vertical walls of these rocks.

Apart from L. pholis we found only two other fish species on the rock walls: the
blenniids Coryphoblennius galerita (Linnaeus, 1758) and Lipophrys canevae (Vinciguerra,
1880).

Behavioural Observations

Data were collected by skin- and scuba-diving. The total amount of observation time
was about 54 hours.

From a sample of identified nests (30) we selected 12 for focal-animal observations
(Altmann, 1974). Each observation lasted from 12 to 20 minutes. The amount of focal
observation time was 13h 38m. The distribution of the observations during the day
ranged from 10h 15m to 18h 15m. They were made in March and April 1986 and April
1987.

The area around each nest was arbitrarily divided as follows: (i) taking the nest as
centre, a series of concentric circles was drawn. The difference of radius between
consecutive circles was 10 cmy; (ii) this diagram was divided into four quadrants (up,
down, left and right).
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The successive locations that a fish visited during each observation period were
recorded on a plastic sheet. We also recorded the different behavioural categories
performed by the fish in each location with a predetermined code.

In these observations we used one minute as the time unit. During each observation
the following data were recorded: (i) frequency of visits to the nest, their duration and
the postures adopted by the fish; (ii) frequency of excursions out of the nest, their
duration, locations visited and the activities performed by the fish during each excursion;
(iii) appearance of intruders, their species, the location of their closest approach to the
nest and whether they withdrew without apparent reaction by the resident male or left
after agonistic action of the territorial fish. _

The activities performed out of the nest were recorded as follows: feeding - a single act
or a bout of them were treated as one unit; agonistic interactions - a fish oriented to,
threatened, attacked or chased an intruder (no reciprocal fights were observed); patrol-
ling - if during an excursion a fish visited its territory without feeding and no intruder
was present when the fish went out of the nest, the excursion was classified as patrolling;
courtship was too rarely observed to be quantified.

The Use of Time

To find the duration of emersion of each nest, we have determined, during low tide,
the height of eleven nests to the hydrographic zero. Data were then fed into a computer
programme (‘“Abaco’ developed by the authors) which calculates for any set of given
points the submersion and emersion times, and the fraction of submersion time that falls
within daylight hours. The data needed are: tidal amplitude, the time of day at which
high and low tide occur, and the time of sunrise and sunset.

The formulae used for computations of tidal waves assume that they are sinusoidal
and are based on the tide tables provided by the Hydrographic Institute (Portugal).

The programme was run with the tidal cycles from 1 February to 30 April 1986. It is
within this period of time that the peak of the breeding season occurs. The intervals
between sunrise and sunset were based on monthly means.

Removal Experiments

In order to determine to what extent the presence of the parental male is important to
the survival of the eggs, we removed six males from their nests during low tide.

After removal of the parental males, the egg masses inside the nests were observed
during low tide. This was done with the help of a flashlight and natural light reflected
by a mirror. The relative positions of distinct egg masses and the approximate area that
they occupied were drawn on sketches. These sketches were used in subsequent visits as
a reference from which the effects of infection, predation and hatching on the different
egg masses were qualitatively estimated. The nests were also visited during high tide to
check the possible occurrence of new occupants.

All the statistical methods used in this work followed Conover (1980) and Sokal &
Rohlf (1981).
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RESULTS

Occupation of Holes

Holes that were used at any time by males as nests were subsequently inspected during
low tides at frequent intervals.

At each visit the following data were recorded: presence of eggs, presence of a black
male, presence of a non-parental fish, presence of a crab and absence of any occupant.

Table 1. Relative frequencies of the presence of eggs, black males, non-parental fish, crabs and
absence of any occupant, in holes at various intervals

Occupation by Lipophrys pholis
Black Non-parental

Date N Eggs males fish Total Crabs Empty
23.12.87 19 0.158 0.211 0.158 0.369 0.158 0.474
02.02.87 19 0.158 0.158 0.368 0.526 0.105 0.368
15.02.87 19 0.421 0.421 0.158 0.579 0.053 0.368
05.03.87 19 0.263 0.316 0.053 0.369 0.105 0.526
14.03.87 19 0.895 0.895 0.000 0.895 0.105 0.000
30.03.86 12 1.000 0.917 0.000 0917 0.000 0.083
23.04.87 19 0.789 0.737 0.000 0.737 0.053 0.210
26.04.86 12 0.500 0.500 0.083 0.583 0.000 0417
17.05.86 12 0.250 0.250 0.167 0.417 0.167 0.416
11.06.87 19 0.000 0.105 0.053 0.158 0.474 0.368
27.09.88 19 0.000 0.000 0.158 0.158 0.105 0.737
29.11.88 19 0.000 0.000 0.157 0.157 0.211 0.632

Data are listed by months independently of the year, starting at the beginning of the breeding season.
In each sample only holes that had been used as nests on previous dates were included.

The results are presented in Table 1 and show that:

(i) The presence of Lipophrys pholis in holes is higher in the breeding season than at other
times of the year (Fisher Exact Probability Test: P(one tailed)<0-01; number of nests=19;
means of occupation pooled for breeding and non-breeding dates in 1987 and 1988; non-
occupation includes holes that were empty and holes that were occupied by crabs). The
rate of occupation reached a maximum of 0-917 at the peak of the breeding season
(March) and declined sharply after the breeding season, reaching a minimum of 0-157 in
November. For each year the occupation rate rose again as the breeding season began.
This trend is also confirmed by a significant correlation between the number of holes
containing eggs and the number of holes occupied by fishes, parental or non-parental
(Spearman Rank Correlation: 7=0-951, P<0-01, number of visits=12). These results
indicate that only a low proportion of fishes used the nests as shelter out of the breeding
season and a high proportion of new territories was established in the nesting area each
year. Thus we conclude that the territories of the males of L. pholis are restricted to the
breeding season and are not the preferred shelter sites of females and non-breeding
males.

(ii) There is a significant correlation between the presence of eggs in holes and the black
coloration of occupants (r,=0-993, P<0-01, N=12). There were almost no black fishes out
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of the breeding season; thus our results confirm that black coloration is ‘typical” of
breeding males. In November (1988) two to four weeks before the beginning of the
breeding season, we found occupying holes four fishes that exhibited an intermediate
colour pattern, uniformly brown but not as dark as during the breeding season. This
finding, and the fact that during the breeding season some males are black although their
holes contain no egg masses, indicates that black coloration must depend on the social
status of the fish or on its maturational condition, or both. Since dominant males in
aquaria do not show the black coloration except during the breeding season (personal
observations) we conclude that this depends on physiological factors associated with
sexual maturation.

(iii) Some holes that served as nests may be used by crabs (i.e. Pachygrapsus marmoratus
(Fabricius, 1787) and Eriphia verrucosa (Forskall, 1775)). There is a significant negative
correlation between the presence of fishes and crabs (r=0-769, P<0-05, N=12). This
suggests the possible existence of competition between L. pholis and crabs for the
occupation of holes.

Table 2. Mean emersion time and mean daylight submersion time of 11 nests
between two consecutive high tides

Nest Height to the Mean Standard Mean daylight Standard
Hydrographic emersion deviation  submersion time deviation
zero (m) time

1 1.39 3h19m 1h 33m 4h 35m 2h 34m

2 1.69 4h 56m 38m 3h 43m 1h 43m

3 1.93 6h 00m 16m 3h 09m 1h 16m

4 2.02 6h 23m 18m 2h 57m 1h 08m

5 2.06 6h 34m 21lm 2h 52m 1h 05m

6 2.07 6h 36m 21m 2h 50m 1h 04m

7 2.10 6h 44m 24m 2h 46m 1h 02m

8 215 6h 58m 29m 2h 39m 59m

9 217 7h 03m 32m 2h 36m 57m

10 224 7h22m 41m 2h 26m 54m

11 2.74 9h 54m 1h 39m 1h 07m 49m

Overall means 6h 32m 2h 53m

Data based on 172 tidal cycles, 1 February to 30 April 1986.

The Use of Time

In Table 2, we present data on the mean emersion time and the mean submersion time
occurring during daylight hours, between two consecutive high tides, for 11 nests.

In Table 3, we present the percentage of time spent in the nest by individual males
when they are immersed. Although there is a considerable variation among males, all of
them spend most of the time inside the nest.

Inspection of Table 2 shows that, on average, between two consecutive high tides, the
nests stay out of water about 6h 32m and that the mean diurnal submersion time is about
2h 53m. For one day, we have on average for the eleven nests 12h 38m of emersion time
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Table 3. Percentage of time spent outside and inside the nests and the number of excursions of
parental males during high tide observations

Total Time in Time out Time in Time out
Nest observation (min)* (min)* (%) (%)
time (min)
A 115 1145 0.5 99.6 04
B 115 101.0 14.0 87.8 12.2
C 108 98.5 9.5 91.2 8.8
D 120 94.5 255 78.8 21.2
E 55 55.0 0.0 100 0.0
F 60 60.0 0.0 100 0.0
G 120 119.5 0.5 99.6 04
H 55 515 35 93.6 6.4
I 13 13.0 0.0 100 0.0
] 20 18.0 2.0 90.0 10.0
K 20 14.0 6.0 70.0 30.0
L 17 17.0 0.0 100 0.0
Total 818 756.5 61.5 92.57 7.5

*Total amount of time spent inside/outside the nest. ‘Mean percentage.

and 5h 34m of diurnal submersion time. This is the mean amount of time for which the
nests are submerged during day time. Since blenniids tend to be diurnal fishes (Wirtz,
1978), this is probably the maximum amount of time in which feeding and all other
activities performed outside the nest are possible. Since, on average, 92% of this time is
spent inside the nest (Table 3), we can conclude that all activities performed out of the
nest, including feeding, are restricted to about 27 minutes per day (10 minutes for the
highest nest and 43 minutes for the lowest nest). These values will vary with the location
of the nest, tidal amplitude and sea conditions. During neap tides some nests may even
stay unsubmerged for 72 hours while others remain submerged for more than 96 hours.

These calculations assume that wave action is negligible, which is unrealistic. How-
ever, except when south winds blow, changes of water level caused by wave action near
the rock walls hardly exceed 0-5 m. Wave action will thus shorten the total emersion and
submersion time and create a period of intermittent submersion. Our observations
suggest that males become more and more inactive as the tide ebbs and cease to leave the
nest when it starts to be exposed to air.

Activities Outside the Nest

In Figure 1 we present the relative frequencies of the main activities performed outside
the nest, namely feeding, agonistic interactions and patrolling.

Inspection of Figure 1 indicates that for the parental males of this species the defended
area around the nest corresponds broadly to the area where feeding occurs. Thus, for the
parental males, territory and home range have the same area. Due to the scarcity of data,
estimates of territory size must be taken with caution. Our observations suggest that an
area having the nest as focal point and extending as far as 60 cm, entails the space where
most activities are performed (feeding, 88-9%; patrolling, 88-1%; agonistic interactions,
91-7%). This does not mean that territories are circles with a 60-cm radius. In several
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Figure 1. Spatial distribution of the main activities performed by the parental males outside the
nest. Data were collected from eight nests. The total number of activities recorded was 81.

instances we found inter-nest distances smaller than 60 cm (N=9; mean=40-3 cm;
SD=14-97 cm; range 13-59 cm) with no apparent inter-male aggression. Rather, the
territories probably have an irregular shape being more spread in the directions where
the nearest neighbour is further away. Thus, the nest is the focal point of the territory but
in many cases will not be its geometric centre.

Territorial Intrusions and Agonistic Behaviour

Taking the arbitrary distance of 60 cm from the nest as the territorial limit we observed
22 intrusions by conspecifics and 12 by Coryphoblennius galerita, yielding on average 2-49
intrusions per hour (13h 38m of focal observation time).

In Table 4, we present data on the minimum distance to the nest to which intruders
were able to get.

It seems that, for many intruders, the presence of the resident fish is in itself sufficient
to induce them to retreat. It is also probable that the dark coloration of the fish and the
‘part out’ posture may have signal value in themselves. It can be seen that conspecifics
elicited a higher proportion of agonistic responses than did C. galerita (respectively 54-5%
and 8-:3%; G-test: G=5-738, df=1, P<0-01). The effective exclusion of all conspecifics from
the territory indicates that the females do not reside inside the territories of the males.

Table 4. Behavioural responses of parental males to territorial intrusions by conspecifics and

Coryphoblennius galerita
Intruder Behavioural response Distance to the nest (cm) *
0 10 20 30 40 50 60  Total
L. pholis Agonistic response 1 1 2 3 2 1 2 12
No reaction 0 1 3 2 1 0 3 10
C. galerita Agonistic response 0 0 1 0 0 0 0 1
No reaction 2 0 0 6 0 2 1 11

*Each value of distance represents the nearest point to the nest that an intruder could reach before retreating.
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Table 5. Results of removal experiments

Nest Changes in egg masses Days after removal of the parental fish
and occupation of holes 1 2 3 4 5 6

1 Predation = - =
Infection B = =
Hatching = 2 =

LT - = -
Occupation HT BM BM - - - -

2 Predation +
Infection - -+ + ALL
Hatching - -
LT - - - - - -
Occupation HT - - - - - -

3 Predation -
Infection
Hatching + ALL
LT - - - - - -
Occupation HT - - - - - -

4 Predation # -
Infection - + ALL
Hatching - =
LT - - - - - -
Occupation HT GAL - = - - =

5 Predation - +
Infection - -
Hatching + + ALL
LT - - - - - -
Occupation HT NPL - - - ~ -

6 Predation - - - -
Infection - - - - + ALL
Hatching - - - + -
LT - - - - - -
Occupation HT GAL - - - = -

ALL

o+
+

Data were collected during the six consecutive days after the removal of the parental fish.

LT, low tide. HT, high tide. BM, occupation by Lipophrys pholis showing black coloration. NPL, occupation by
a non-parental Liophrys pholis. GAL, occupation by Coryphoblennius galerita. ALL, all eggs of the nest suffered
the indicate change.

Removal Experiments

In six nests the parental male was removed during low tide and the egg masses were
described as mentioned in Material and Methods. These nests were visited on subse-
quent days. The disappearance of eggs was taken as indicating predation. The occur-
rence of a white milky appearance was taken as indicating that the eggs were infected or
dead. If advanced embryos (with pigmented eyes) disappeared leaving empty egg
capsules, we assumed that hatching had probably taken place. The results of this
experiment are summarized in Table 5 and suggest the following conclusions:

(i) Predation does not occur immediately after the removal of the parental male and
some egg masses can survive for some days without being harmed. From a sample of six
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nests observed one day after the removal of the guarding male only two showed signs
of predation. On the fifth day one nest had not suffered predation.

(i) The first signs of infection were detected on the second day.

(iii) Apparently some eggs can still hatch several days after the removal of the male.

(iv) In no case was one of the nests used by a new parental male during the same
breeding season nor was it occupied consistently by another conspecific as shelter.

We can conclude that parental care plays a definite role in promoting egg survival.
However, in contrast to what happens in other biotopes in which the removal of a
parental fish leads to an almost immediate destruction of the egg mass (Wirtz, 1978), in
the case of L. pholis the conditions that cause egg mortality are apparently less severe.

DISCUSSION

The active defence of the area around the nest by the males of Lipophrys pholis probably
serves at least two functions: (i) to keep potential egg predators and other intrudersaway
from the nest; (ii) to minimize feeding activities of conspecifics in the area surrounding
it.

Qasim (1956) notes that in the males of this species little feeding occurs during the
breeding season. Such a feeding restriction associated with parental care has been
documented for the males of some gobiids (Miller, 1984; Magnhagen, 1986). Miller (1984)
and Santos & Almada (1988) also refer to a decrease in the condition factor of the parental
males in several gobiids and Parablennius sanguinolentus (Pallas, 1811), respectively,
which is probably due to reduced feeding and/or high energetic demands. Zander
(1990a,b) showed that the breeding males of the gobiid Pomatoschistus minutus (Pallas,
1770) nest in areas that are not the most favourable for feeding while females exploit the
most productive zones. This finding also indicates that the needsrelated to parental care
(namely the need for adequate nest sites) may force the guarding males to restrict their
feeding opportunities.

The defence of food resources may be essential for the survival and breeding success
of the parental males of L. pholis in a period when parental care restricts their movements
to a very small area. It is interesting to note that intrusions by conspecifics elicited a
higher proportion of agonistic responses than the intrusions by Coryphoblennius galerita,
whose adults have distinct feeding habits (Gibson, 1972).

In the case of the parental males of Lipophrys pholis the location of the nests in the
intertidal zone must further restrict feeding opportunities since the nests remain out of
water for a substantial proportion of the time.

From the present study it was estimated that all activities performed outside the nest,
including feeding, took on average 27 minutes per day.

The fact that in our population the egg masses were not quickly preyed upon after the
removal of the parental males and the absence of any predation attempt during the
behavioural observations suggest that breeding in the intertidal zone, although costly in
terms of time available for feeding, may effectively reduce both predation pressure upon
the eggs and the energetic demands required to chase egg predators away.
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In contrast, blenniids and tripterygiids nesting on lower levels of the shore face
frequent attempts at egg predation (Wirtz, 1978; Almada et al., 1987).

Finally, Laming ef al. (1982) demonstrated that, when out of water, L. pholis shows a
reduced metabolic rate. This means that the low tide time must be a period of reduced
energy expenditure by the fish, which probably also helps to compensate for reduced
feeding opportunities.

More detailed comparative work on the bioenergetics of the breeding male blenniids
nesting in different habitats may prove to be a fruitful ground for a better understanding
of the behavioural ecology of benthic fishes of rocky shores.

The authors want to express their gratitude to the following persons and Institutions that made
this work possible in various ways: Instituto Superior de Psicologia Aplicada; Laboratério
Maritimo da Guia; Centro Portugués de Actividades Subaquéticas; Dra Paula Rito; Dra Raquel
Freudenthal; Dr Anténio Luis; Dr Manuel Eduardo dos Santos; Prof. Pedro Ré; Cristina Hunter and
Halder Hunter.
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In this paper we present data on the breeding ecology and patterns of nest aggregation ina
population of Salaria pavo (Pisces: Blenniidae), in an area where hard substrates are very scarce.
The study site was at Ria Formosa, an extensive littoral lagoon on the south coast of Portugal.
The only hard materials available are bricks, tiles, stones and debris that clam culturists use to
delimit their fields. The males of S. pavo establish nests intertidally in the holes of the bricks
where they guard the eggs. Data were collected at low tide inspections of these artificial ridges
and underwater behavioural observations during high tide. The main results are: (i) the same
male can establish sequentially more than one nest in the same breeding season; the number of
males that stay within the bricks increases before the start of the breeding season and declines
towards its end; (ii) there is a large excess of mature males that do not establish nests and they
are significantly smaller than the nesting males, suggesting very strong competition for nest
sites; (iii) the nests of several males occur in adjacent holes of the same brick, sometimes being
entirely surrounded by other nests. Thus, in this population, there is virtually no defended
territory around the nest, a situation not known for other blenniid species. This pattern of nest
aggregation implies both strong competition among males and reduction of aggression between
neighbour parental fishes. This can be explained by the extreme scarcity and spatial
distribution of available nest sites.

Key words: nest site competition; intertidal fishes; territoriality; reproductive ecology; nest
aggregations; Salaria pavo.

INTRODUCTION

The males of blenniid fishes typically guard eggs in holes or crevices where
females come to spawn. The males actively defend the nest hole and the
surrounding area against conspecifics and other intruders (see reviews in Wirtz,
1978; Almada et al., 1983; Thresher, 1984; Heymer, 1987). These territories may
extend several tens of centimetres from the nest hole. In some tropical species,
territorial behaviour is not restricted to the breeding season and fishes of both
sexes may live permanently in individual territories (Fishelson, 1975; Nursall,
1977), a phenomenon never documented for any temperate species.

The behaviour of Salaria pavo (Risso) was studied in the Mediterranean by
Fishelson (1963) and Patzner et al. (1986). Fishelson (1963) observed nests of
S. pavo in Israel, in crevices of rocks, and found that ° the adult males live in
permanent individual territories . This author suggested that this species could

+Author to whom correspondence should be addressed.
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form stable social groups (‘ reproductive units ’) since, on different occasions,
several fishes appearing to be the same could be found in the same area. Patzner
et al. (1986) studied a population of S. pavo in the Adriatic Sea and also found
nests in rock crevices but noted that the fishes can use other cavities, including
beer cans. They also found that the shortest inter-nest distance was 10 cm,
although the males were not in direct visual contact. Moosleitner (1980)
mentioned that on a sandy beach in Greece, where hard substrates were scarce,
many males congregated under the same boulder during the breeding season,
but he provided few details on the breeding ecology of this population.
However, this finding suggests that, in conditions where nest sites are scarce and
aggregated, the territories of the breeding males can be very small.

A population of S. pavo that breeds in a lagoon was found at Ria Formosa
(Portugal) where the only hard substrates available are bricks and other debris
that form the boundaries of clam cultures. The available nest sites are scarce and
locally concentrated. Thus, this population provides an excellent opportunity to
study the behaviour of this species under such extreme conditions. In this paper
we describe the breeding ecology of this population with special reference to the
patterns of nest aggregation.

MATERIAL AND METHODS

The study area was located at Ria Formosa (36°59' N, 7°51° W) on the south coast of
Portugal. The study site was a lagoon formed by a succession of sand barrier islands and
banks that run roughly 50 km along the coast. Although it is a very sheltered area,
several channels ensure that tidal currents keep it in permanent contact with the open sea.
The littoral zone of these islands, facing the lagoon, is dominated by sand and mud flats,
and dense eelgrass beds are found in the subtidal zone. Almost no rocky substrate is
present. The mud flats are used for clam culture, which covers the substrate artificially
with a few centimetres of sand and gravel. The boundaries of adjacent clam cultures are
delimited by bricks, tiles, stones, and many kinds of hard debris that form little ridges
10-20 cm high. Alongside the °clam fields’ runs a network of artificial channels
consolidated with stones, tiles and sand sacks that establish a permanent connection with
the lagoon. Although during low tide, the clam fields stay exposed, the water keeps
flowing in and the channels never dry out. The fauna and flora of the clam fields is
characteristic of a soft bottom substrate. However, along the ridges it is replaced by a
heterogenous community with several species commonly found in rocky intertidal
habitats (e.g. Fucus sp., Ulva lactuca, Enteromorpha sp., Chthamalus sp., Gibbula spp.,
Mpytilus galloprovincialis, Patella sp.). It is in this particular habitat that S. pavo are
found, being absent from the seaward coast of the sand islands.

All the nests found occurred intertidally in these ridges. Although many individuals
move to the channels and adjacent eelgrass beds when the tide ebbs, a substantial number
of fishes can also be found out of water during low tide, in the ridges, under stones and
tiles and inside bricks.

Field observations were made both during high and low tide in the years 1987, 1988
and 1990. A region, 40 m in length, of ridges was selected for regular inspection during
low tide. Each nest or shelter site was described and its location mapped. The presence
of egg masses was also recorded. All the fishes found were captured by a hand net,
measured to the nearest mm, sexed by observation of the genital papillae and secondary
sexual characters, weighed and marked. Marking was performed by cutting two or three
rays of the dorsal fin, according to a predetermined code so that each fish could be
recognized individually. At each visit all individuals were inspected for marks and their
identity recorded. This procedure took only a few minutes. The fishes were left for a
while in clear water and subsequently they were placed exactly where they were found



BREEDING ECOLOGY IN SALARIA PAVO 821

TasLE 1. Percentage of nesting males, non-nesting males, females

and juveniles in bricks and other materials (tiles, stones, etc.)

during low tide. Data pooled for all inspections made during the
breeding seasons of 1988 and 1990

Bricks Other materials Total

(o) (o) ()
Males with eggs 97-6 2-4 124
Males without eggs 45-7 54-3 70
Females 581 419 86
Juveniles 0 100 2

together with their nests or other shelter objects. No casualties or egg mass destruction
were observed and the males continued to guard their nests.

During high tide, focal observations were made by skin-diving, focusing on specific
nests or groups of nests. The number of fishes found in each location and their sex
(whenever possible) were noted. A total of 13 h 6 min of observation was made.

Statistical analysis of the data was performed using the PC computer program
Statgraphics (version 4.0) (Copyright 1985-1989 STSC, Inc. and Statistical Graphics
Corporation) and the simulation statistical program Actus (Bstabrook & Estabrook,
1989) designed for the analysis of contingency tables. This program is specially useful to
analyse tables with small values that yield very low expected frequencies not meeting the
assumptions of standard #* tests. It uses random numbers to simulate 1000 tables, each
with the same row and column total of the original table. Each simulated table is
compared with the original data table. The numbers of cases out of 1000 simulations in
which the simulated count for each cell does not exceed the observed count for that cell
and the cases in which the observed counts do not exceed the simulated counts, are
presented separately. In both situations, values smaller than 50 are one-tailed significant
(P<0-05). The significance of % is assessed by the number of times out of 1000 that the
value of 2 for the simulated tables is equal to or greater than that for the original table
(Estabrook & Estabrook, 1989).

RESULTS

NEST SITE SELECTION

The nesting males were found almost exclusively in the cavities of the bricks,
most of which remain out of water during low tide (Table I). Not all the bricks
were used as nests. Only those having one of the ends obstructed and the other
opening narrowed, usually by remnants of concrete, were used. Juveniles,
females and non-nesting males, on the contrary, were rather less selective
concerning the kind of materials under which they sheltered.

There was an excess of nesting males in the bricks and of non-nesting males
and females in other materials (Table IT). The difference in the use of bricks by
nesting males, non-nesting males and females may have been due either to
differential substrate preferences or to active exclusion of the other fishes by the
nesting males. If so, we would expect that, when the number of nesting males
decreased, the number of non-nesting males and females would increase and vice
versa, yielding a negative correlation. This was not the case (Spearman rank
correlation: r¢=0-086, P=N.s., n=6 monthly inspections during the breeding
season). '
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TasLE II. Statistical analysis of the data shown in Table I using ACTUS. (a) Cases in

which the simulated values did not exceed the observed values. (b) Cases in which the

observed values did not exceed the simulated values. x*>=59-372, d.f.=3, P<0-001. For
details see Material and Methods

Males with eggs  Males without eggs  Females  Juveniles

(a) Bricks 999 62 27 225
Other materials 0* 994 1000 977
(b) Bricks 2% 945 981 1000
Other materials 1000 11* 2¥ 122

*P<0-05 (one tailed).
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F1G. 1. Numbers of males found guarding eggs at low tide inspections in the years of 1988 and 1990. The
observations are sequenced by months; letters stand for the following dates: A, 12 February 1990;
B, 18-20 March 1988; C, 30 March 1990; D, 27 April 1990; E, 20-21 May 1988; F, 25 May 1990;
G, 28-29 June 1988; H, 30-31 July 1988; I, 2-3 September 1988; J, 3 October 1988; K, 30 October
1988.

BREEDING SEASON

The breeding season of this population was studied by monthly inspections of
holes used as nests during the years 1988 and 1990 (Fig. 1). Data for the 2 years
are presented together since there were not enough monthly observations in each
year. This population had a very extended breeding season, starting by the end
of April and ending in September. On 27 September 1987 three males were still
found guarding eggs (not included in Fig. 1 because data were collected in a
different set of ridges). This contrasts sharply with the 2-5 months breeding
season (early June to the middle of August) of the Adriatic population studied by
Patzner (1983).

TEMPORAL PATTERNS OF NEST OCCUPATION

The males were not permanent occupants of the nests (Fig. 2). Their number
increased with the approach of the breeding season and declined as it ended.
Since in 1988 the observations started only in March, this increase before the
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FiG. 2. Total number of males found in the study area at low tide inspections in the years of 1988 and
1990. The observations are sequenced by months; letters stand for the following dates: A, 12
February 1990; B, 18-20 March 1988; C, 30 March 1990; D, 27 April 1990; E, 20-21 May 1988; F,
25 May 1990; G, 28-29 June 1988; H, 30-31 July 1988; I, 2-3 September 1988; J, 3 October 1988;
X, 30 October 1988.

onset of the breeding season was not visible. For reasons that are unclear, there
were also differences between the temporal pattern of variation of the number of
males between the 2 years studied. While in 1988 the number of males reached
its maximum in March, some weeks before breeding had started, in 1990 the
number of males continued to increase until May, some weeks after breeding had
started.

During the entire breeding season there was always an excess of males that did
not guard eggs (compare Figs 1 and 2). The proportion of males guarding eggs
ranged from 21-7% in April to 80-6% in July.

SIZE DIFFERENCES BETWEEN NESTING AND NON-NESTING MALES

The size of the nesting males was significantly greater than that of the
non-nesting males (standard length (cm): mean=11-3, s.0.=1-11, range=8-9—
13-4, n=29, for nesting males; and mean=9-4, s.0.=1-41, range=6-8-12-9, n=20,
for non-nesting males) (Mann-Whitney test: Z=—4-104, P<0-001). Active
sperm was collected from the vas deferens of the non-nesting males and their
gonado-somatic index (GSI) was equal to or greater than that of the nesting
males (Almada et al, unpublished), indicating that they were mature. Thus, they
represent an excess of mature fishes that did not establish nests.

SEX-RELATED DIFFERENCES IN THE PRESENCE OF FISHES IN THE
NESTING AREA

A total of 151 fishes, 85 males (56%) and 66 females (44%), were marked
individually (Table III). These numbers were used to generate expected frequen-
cies of males and females to test the hypothesis that, at the low tides of the
breeding season (May to September), the number of fishes inspected (83 males
and 43 females) was a random sample of the total number of fishes that visited
the area. A goodness of fit test showed that, during the breeding season there
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TaBLE III. Total numbers of males and females inspected, marked and recaptured

during low tide observations of the ridges in 1988. The recapture rate (recaptured

fishes/inspected fishes) is also provided. October 1—inspection at 3 October 1988;
October 2—inspection at 30 October 1988

S Inspected Marked Recaptured Recapture rate
on

Males Females Males Females Males Females Males Females
March 23 9 23 9 — — — —
May 22 16 13 15 9 1 0-40 0-06
June 23 11 14 11 9 0 0-39 0-00
July 26 9 12 5 14 4 0-54 0-44
September 12 7 10 7 2 0 0-17 0-00
October 1 10 12 8 11 2 1 0-20 0-08
October 2 11 11 5 8 6 3 0-55 0-27
Total 127 75 85 66 42 9 0-33 0-12

was a higher percentage of males (65:9%) than expected (y*=4-985, d.f.=1,
P<0-05, data pooled for the total number of low tide inspections). The same
comparison for the inspections outside the breeding season did not reveal any
significant difference between observed and expected values (y*=0-111, d.f.=1,
P=ns.).

The recapture rate of males was higher than that of females at each visit
(Wilcoxon signed ranks test: Z=2-041, P<0-05, n=6). Thus, during low tide, in
the breeding season, males tended to stay more consistently than females in the
nesting area.

The proportion of the total number of marked females that could be
recaptured was significantly lower than that of males (Fisher’s exact probability
test: Z=3-321, P<0-001).

Taken together, the results of low tide inspections indicate that the proportion
of males that stayed in the nesting area during the breeding season was much
higher than that of females, and each individual female tended to stay less
frequently in the nesting area than each individual male.

During diving observations, shortly after the tide began to rise, many females
and non-nesting males could be seen approaching the nests, moving along the
channels and the ridges, indicating that an important fraction of females as well
as non-nesting males moved from the adjacent eelgrass beds to the breeding area.
To test this hypothesis we compared the numbers of males and females observed
in each brick or set of bricks during high tide with the numbers observed in the
same sites at low tides of the same month. Since each site was inspected monthly,
once at low tide and observed several times during high tides, the counts for all
high tide observations of each site were averaged. Data for this analysis were
collected at eight sites. Three of them were inspected again in a subsequent
month, yielding a total of 11 comparisons. There were significantly more males
and more females at high tide observations (males: mean=6-3, s.0.=3-20,
range=2-3-11-3, n=69-2; females: mean=1-9, s.0.=1-21, range=0-4-5, n=21-0)
than at low tide inspections (males: mean=3-5, s.0.=2-06, range=1-7, n=38;
females: mean=0-36, s.0.=0-48, range=0-1, n=4) (Wilcoxon signed ranks test:
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FiG. 3. Data for 23 individually identified males that were followed during low tide inspections in 1988.
Symbols are as follows: iiit, eggs present in the nest; /, change of hole in the same brick; ?, change
of hole uncertain; +, change of hole to another brick; =, change of hole to another ridge, ———,
information missing. October 1, inspection at 3 October 1988; October 2, inspection at 30 October
1988.

Z=2-412, P<0-05, n=11, for males, and Z=2-214, P<0-05, n=11, for females).
Note that the numbers of fishes counted at high tide were very conservative, as
only those fishes that could be seen simultaneously were considered.

These results confirm that many females and non-nesting males visited the
nesting area during high tide, and that the nest sites were not commonly used as
shelter by females and non-nesting males during low tide, at least during the
breeding season.

Nesting males tended to stay in the breeding area during most of the breeding
season, many of them being found in the same nest for 2 or more months (Fig. 3).
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TaBLE IV. Numbers of fishes found in group and in isolation during low tide inspections
in the breeding season of 1988. For a definition of group see text

Males with eggs Males without eggs Females
Group Isolation Group Isolation Group Isolation
May 22 5 6 5 9 9
June 17 6 4 3 7 4
July 23 6 0 4 5 4
September 9 10 4 3 4 6
Total 71 27 14 15 25 23

TABLE V. Statistical analysis of the data shown in Table IV using

ACTUS. (a) Cases in which the simulated values did not exceed

the observed values. (b) Cases in which the observed values did

not exceed the simulated values. f= 8-889, d.f.=2, P<0-05. For
details see Material and Methods

Males with eggs Males without eggs Females

(a) Groups 936 191 179
Isolation 42% 925 930
(b) Groups 80 878 865
Isolation 972 121 109

*P<0-05 (one tailed).

Some males could establish more than one nest during the breeding season,
sometimes being found guarding eggs many metres away from the previous nest.

These results were based on data for males that could be recognized individu-
ally by their marks.

PATTERNS OF SPATIAL DISTRIBUTION OF NESTS

One remarkable feature of this population was the fact that nesting males
could occur in adjacent cavities of the same brick. Thus, when they were ‘ head
out’ as blenniids typically are, the males were in visual contact, with the nest
entrances separated only by the thin brick walls. In some bricks, we found
nesting males in cavities almost entirely surrounded by other nests. A fish was
classified as being in a group if other fishes were collected from the same brick on
the same occasion. The great majority of nests was found in groups with other
nesting males (Tables IV and V).

The mean number of nesting males per group was 2-95 (range=2-6, n=21).
Most groups included two or three nesting males, although two groups with six
nesting males were found. Moreover, the majority of the nests (65 of 81) was
separated from one or more neighbouring nests only by a thin brick wall. Thus
we conclude that, for the nesting males of this population, there was no defended
area surrounding the nest, contrary to what is typical for blenniid breeding
males.
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Another indication of an extreme reduction of territoriality was the fact that,
in five nests inspected during low tide, one other individual was collected from
the cavity where the guarding male stayed with the eggs (a female in four cases
and an unsexed individual in the fifth).

DISCUSSION

The present population of S.pavo differed in several aspects from other
Mediterranean populations of the same species. While in the populations
studied by Fishelson (1963) and Patzner ez al (1986) the males defended
territories around their nest hole, as typical for blenniids (e.g., Wirtz, 1978;
Almada et al, 1983; Thresher, 1984; Heymer, 1987), in our population, the
majority of males occupied contiguous brick holes and, for many males, there
was virtually no defended area except the nest itself. While Fishelson (1963)
suggested that females could form stable social groups with males, in our
population the majority of females did not stay in the spawning area during low
tide, approaching the nests as the tide rose. The differences in the recapture rate
between sexes and the changes of the composition of groups from month to
month show that, on each visit, different females joined each group. Thus, there
is strong evidence against the stable association hypothesis for this population.
Our results also differ from those of Moosleitner (1980), who studied another
Mediterranean population on a sandy beach where hard substrate was very
scarce, as in the present study. In both cases dense nest aggregations were found.
In Moosleitner’s population, however, the females stayed in the nesting area
during the breeding season and the males continued to occupy the same substrate
outside the spawning season. In our study, the nest sites were not the preferred
shelter sites. Indeed, not only were most females tidal visitors to the nesting area,
but also most males moved to the nest sites shortly before breeding started.
Their number declined at the end of the breeding season, so they did not occupy
permanent territories contrary to what was observed in a population in Israel
(Fishelson, 1963), and in many tropical blenniids (Fishelson, 1975; Nursall,
1977). It could be argued that the females were excluded from the nesting area
by the males. Although the available data did not support this hypothesis, as the
number of females did not increase in the months when the number of males
decreased, this subject deserves further investigation in the future.

Except for the extreme reduction of the territories, the data conform to the
pattern found in other intertidal blenniids of the temperate eastern Atlantic.
Both in Lipophrys pholis (L.) (Gibson, 1967, Almada et al., 1992) and
Coryphoblennius galerita (L.) (Almada ez al, 1983), the males move to the
nesting area only as the breeding season approaches and territoriality ceases at
the end of the breeding season. Females are non-territorial throughout the year
and no stable groups are known. A similar situation was found in a population
of Lipophrys canevae (Vinciguerra) breeding intertidally in the Atlantic coast of
Portugal (unpublished data). The same pattern was also found in Parablennius
sanguinolentus (Pallas) at the Azores (Santos et al, 1989). In reviewing the
biology and behaviour of littoral fishes, Gibson (1969, 1982) found that
permanent territories are not widespread in intertidal fishes, although in many
species home ranges are commonly found.
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We suggest that in conditions where strong tides and seasonality prevail,.the
ecological factors must exert a strong pressure against permanent territoriality in
intertidal fishes with male parental care. Indeed, for a fish to live on a permanent
territory centred on a nest site, the defended area must also provide adequate
shelter and, if it is to be economically defendable, a consistent availability of
food resources throughout the year (Brown, 1964). This is unlikely if food
abundance, degree of cover, temperature and other factors vary strongly in their
spatio-temporal patterns, as is the case for temperate shores. In these circum-
stances, it is likely that the best nest site and feeding site do not coincide, as
reported for temperate gobies by Magnhagen (1986) and Zander (1990).

The most striking features of our population are the extreme reduction of male
breeding territories and the formation of nest aggregations, not yet reported for
any other blenniid species. Colonial nesting was reported by many authors
(Fishelson, 1970; Bietz, 1981; Gross & MacMillan, 1981; Ribbink ez al, 1981),
and its possible functions discussed by Wilson (1975), Loiselle & Barlow (1978),
Krebs & Davies (1987). Keenleyside (1979) and Turner (1986) discuss teleost
breeding systems generally. Gross & MacMillan (1981) restrict the use of the
term coloniality to cases ‘ when proximity is a result of social attraction rather
than habitat shortages . . . >. The data presented in this paper do not exclude the
possibility of active attraction by conspecifics and this issue needs to be resolved
in the future by experimental work. However, the nest aggregations that we
found seem to be explained easily by the shortage of adequate nest sites and their
patterns of spatial distribution, as reported by Moosleitner (1980). As men-
tioned above, only brick holes with one of the openings obstructed, and the other
opening usually narrowed by remains of concrete, were used as nests. These
structures were very scarce and concentrated locally in some bricks. Indeed,
while most bricks did not satisfy these requirements, some had several adjacent
cavities that fulfil them, depending on the circumstances under which they were
taken from demolished buildings. The fact that a large proportion of mature
males did not establish nests and that those that did were larger than average,
suggested strong competition for a limited supply of adequate holes. This
hypothesis predicts that nests vacated during the breeding season should be
occupied quickly by floater males. Preliminary evidence supports this prediction.
In seven nests in which we removed the parental male, four were occupied by
another male within 24 h. In contrast to this situation, in a study of L. pholis
nesting on an area where nest holes were in large supply, vacated nests were
never reocccupied during the same breeding season (Almada et al., 1992).

For these male aggregations to be possible, a strong reduction of aggression
among neighbouring males must occur. Preliminary observations indicate that,
while prior to the start of the breeding season males fight intensely for nest sites,
after the males occupy nests, agonistic interactions among neighbouring males
are very uncommon. It would be of great interest to perform comparative work
in order to determine if this reduction of inter-male aggression represents a
genetic trait of this population or if it is an expression of phenotypical
behavioural plasticity of this species, in given ecological situations.

Almada et al. (1992) hypothesized that one of the functions of the breeding
territories of male blenniids was the defence of a food reserve upon which the
parental male can rely. Since, in this population, the territories of the parental
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males were reduced to a minimum (the nest hole), there was no feeding area
defended around the nest. Thus, the hypothesis predicts that parental males of
this population must rely upon body reserves accumulated before the establish-
ment of the nests, showing a sharper decline in their condition factor throughout
the breeding season, when compared with breeding males of populations that
control larger territories. Nest aggregations as those described in this paper,
should provide an opportunity to test this hypothesis in the future (Almada
et al., in preparation).

The present study was supported financially by Servigo Nacional de Parques, Reservas
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In most animal species females are the sex with the
limiting reproductive rate, which promotes the
predominance of male intra-sexual competition,
active courtship and more developed epigamic
characters in males (Trivers 1985). In some
species, however, sex-role reversal occurs, and the
females actively court and compete for mates
(insects: Gwynne 1981; Svensson & Petersson
1987; stomatopods: Hatziolos & Caldwell 1983;
poison-arrow frog: Wells 1978; birds: Petrie 1983;
Reynolds et al. 1986; Colwell & Oring 1988;
pipefish: Berglund et al. 1989; Berglund &
Rosengvist 1990, 1993; Rosengvist 1990). In these
cases the operational sex ratio is biased towards
females so that the reproductive rate is higher in
females, often because of special features of male
reproductive biology (e.g. pipefish; Berglund et al.
1989). In this paper we present evidence for
ecological modulation of sex roles in a natural
population of the blenniid fish Salaria pavo
(Risso).

While in other known populations of this
species parental males defend nesting territories
where they actively court females (Fishelson 1963;
Patzner et al. 1986), in the population studied,
where nest sites are very scarce, courtship is
almost entirely initiated by females, and both male
and female intra-sexual competition occurs.

Males of S. pavo establish nests in natural cavi-
ties where they guard the eggs. Several females
may Vvisit a single nest and each female may spawn
successively with different males during the breed-
ing season (Patzner et al. 1986). The courtship in
this species is usually initiated by the male (lateral
jerking, zig-zag swimming and figure-8 swimming)
and receptive females respond with ‘a specific
display - (nuptial® coloration, - rapid respiratory
movements, pectoral fin fanning and exposure of
the ventral region to the male; Patzner et al. 1986).

0003-3472/95/041125+03 $08.00/0

The population we studied occurs in-a lagoon
(Ria Formosa, southern Portugal), where the only
available cavities are in bricks used by clam-
culturists to delimit their fields. Only those brick
holes that have one of the openings obstructed
serve as potential nest sites, and some bricks have
several such holes. In such bricks guarding males
form dense nest aggregations and do not defend a
territory around the nest site. There is an excess of
mature ‘males that cannot establish nests and
nesting males are significantly larger than non-
nesting males. A detailed description of this
population and its ecology is provided in Almada
et al. (1994).

Behavioural observations on 97 mnests were
conducted by snorkelling in the breeding seasons
of 1989 and 1994 (total observation time=28 h,
54 min; each observation lasted from 15 to 90 min
with an average of 25 min). In each observation
we recorded the following variables: number of
nests in the brick; number of visits and sex of the
visitor; number of agonistic interactions and the
identity (parental, floater or female) of the partici-
pants, and number of courtship episodes and the
sex of the initiator.

" There was a high level of competition for nest
sites among the males. Intruding males were often
observed to threaten and sometimes bite the pro-
truding head of the guarding males, and most
agonistic interactions between guarding and
intruding males were initiated by the latter (chi-
squared goodness-of-fit test assuming equal fre-
quencies: x°=20-6, df=1, P<0-001). Removal
experiments confirmed the intense male compe-
tition for nests. In 15 nests in which the parental
male was removed, 10 had been reoccupied by
another male by the following day. This re-
occupation rate is much higher than that found in
a natural population of another intertidal ‘blenny

© 1995 The Association for the Study of Animal Behaviour
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(Lipophrys pholis (L.)) nesting in a rocky shore
habitat with no nest site limitations (Almada et al.
1992).

Courtship was initiated almost exclusively by
females which often actively displayed to a succes-
sion of neighbouring males without the latter
showing any courtship. In 598 courtship episodes
observed the male actively courted in only one
case. This is not due to a lack of courtship
repertoire in the males since in aquaria males from
this population actively courted females (unpub-
lished data), exhibiting the behavioural patterns
described by Fishelson (1963) and Patzner et al.
(1986) for the males of other populations of this
species.

The males were highly selective in which
females they admitted to their nests (success of
female courtship=3-69%, N=597) and were
aggressive towards courting females (partial cor-
relation between agonistic interactions directed
by the guarding males towards visiting females
and female courtship, controlling for the number
of female visits: r=0-77, df=63, P<0-001). The
observed nests had on average 89:1% of their
inner surface covered by eggs (sD=17-5%,
maximum 100%, minimum 40%, N=53).

Females preferentially attacked other females
rather than guarding males and floaters (fre-
quency of agonistic interactions .(number of
interactions/number of visits by the sex. that
initiated the interaction): . females—females:
X+sp=0-127+0259, N=62; females-males:
0-06 £0-152, N=56; Mann-Whitney U-test:
z= — 2-12, P<0-05) but male-male aggression was
more frequent than female—female aggression
(frequency of agonistic interactions (number of
interactions/number of visits- by the sex that
initiated  the  interaction):  males-males:
X+5sp=0-786+ 108, N=40; females—females:
0-127 £0-259, N=62; Mann-Whitney , U-test:
z=—530, P<0-001; only aggression :between
floaters and between floaters and guarding males
was included in the test as there were only two
interactions between guarding males in 63 focal
observations). There is a significant partial corre-
lation between the frequency of courtship episodes
by females and the frequency of agonistic inter-
actions between females in each nest, after con-
trolling for the number of visiting females
(r=0-74, df=63, P<0-001). This finding, together
with the qualitative observations on.active.inter-
ference by females in courtship episodes, suggest
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the existence of female-female competition for
males in this population.

When considering cases of sex-role reversal in
species with male parental care it is assumed that
females are both the most active sex in courtship
and the sex in which competition is strongest
(Rosenqgvist 1990; Berglund 1991). This link is
logical when the number of offspring that may be
cared for by a male is limited by physical con-
straints (e.g. size of ventral brooding area in male
syngnathids), although it may not be true in all
cases (e.g. Hippocampus fuscus, Vincent 1994).
However, the operational sex ratio may be biased
not only by physical limitations of one sex but,
among other factors, also by the availability of
nest sites in species in which males guard the
offspring in a nest. In this case there is no theor-
etical reason for a link between a more active sex
role and greater inter-sexual competition in
females, since the males must also compete for
nest sites. The present data indicate that in this
population nest site availability is an ecological
factor that limits. the number of males that can
guard eggs, which in turn limits spawning oppor-
tunities for the females. In this context female
courtship is associated with high levels of both
inter-male and inter-female competition. It is
interesting to note that in aquarium studies
of a closely related species, Salaria basilisca
(Valenciennes), Heymer (1987) found that court-
ship is also initiated only by females. This species
lives in Posidonia oceanica (L.) beds in which hard
substrates for nests are.probably very scarce.

Suppression of male courtship behaviour may
be explained by acute competition for nest sites
among males, associated with the females’ high
levels of readiness to spawn. If a male left a nest to
court, there would be a high risk that an intruding
male would take over the nest or enter the nest to
ejaculate (in this species the sperm must be
released in the water before the female spawns;
Patzner 1984). . This may also explain the suppres-
sion of territorial behaviour in this population.
The females’ role in courtship is possible because
of the pre-existence of a female display in the
species’ behavioural repertoire, and because of
the strong pressure on females to find spawning
opportunities.

This study is part of a project financed by
JNICT (PBIC/1313/MAR/92). We thank the staff
of Parque Natural da Ria Formosa for valuable
help during the field work, and especially its
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FEMALE MIMICRY AS A MATING TACTIC IN MALES OF THE
BLENNIID FISH SALARIA PAVO
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ANTONIO J. SANTOS

Unidade de Investigagdo em Eco-Etologia, Instituto Superior de Pisciologia Aplicada, R. Jardim do Tabaco
44,1100 Lisboa, Portugal

In this paper we present evidence for female mimicry in a population of Salaria pavo
(Pisces: Blenniidae). Parental males differ markedly from females by the presence of a
large crest on the head and anal glands on the two spiny rays of the anal fin. We found a
proportion of smaller and younger males that are almost identical to females both in
morphology and behaviour. These ‘female-like’ males lack secondary sexual characters
and actively court parental males, displaying the female’s colour pattern and courting
behaviour. These males are sexually mature and their gonadosomatic indices are higher
than those of parental males. Female mimicry is considered to be a functional way to
achieve sneak fertilizations.

INTRODUCTION

In many teleost species in which males compete aggressively for females, some males
(typically small ones) adopt behaviours and colour patterns that mimic those of the
receptive females as a means of approaching spawning fish and sneaking fertilizations
(for a recent review on the occurrence of these alternative reproductive tactics see
Taborsky, 1994).

In blenniids, spawning takes place in cavities defended by males which guard the
eggs until hatching (e.g. Gibson, 1969, 1982; Thresher, 1984; Almada & Santos, 1995). In
this family, although the reproductive behaviour of several species has been studied in
detail (for a review see Almada & Santos, 1995), alternative mating tactics have only
been found in Parablennius sanguinolentus (Pallas, 1811) (Santos, 1985; Santos & Almada,
1988; Santos, 1992; Santos et al.,, 1995). In this species, small mature males lacking
secondary sexual characters, act as sneakers, seeking opportunities to intrude into the
nests of parental males during spawning, whereas somewhat larger males behave as
satellites (sensu Wirtz, 1982) of specific nests. Both types of parasitic males are younger
and smaller than parental males. In other blennioids, nest intrusions and sneaking by
smaller and younger males were described for several tripterigiid species (Wirtz, 1978;
Thresher, 1984; de Jonge & Videler, 1989).

Although in the previously-mentioned cases parasitic males differ from territorial
males presenting colour patterns and/or morphological characteristics similar to fe-
males, no female mimicry was found. Sneakers get access to spawning females by quick
intrusions into the nests.
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In this paper, we present evidence for female mimicry in sneaking males of the
blenniid Salaria pavo (Risso, 1810). Although large males and females differ markedly in
morphology and colour patterns (Fishelson, 1963; Patzner et al., 1986), we found small
‘female-like’ males that display the female’s spawning colour pattern and courtship
behaviour to sneak fertilizations. The large males with fully developed crests and anal
glands were either parentals (defending a nest) or floaters (that move around the nests
and often behave aggressively to the nesting males). The breeding ecology and behav-
iour of this population have been described by Almada et al. (1994) and Almada et al.
(1995). Parental males form dense nest aggregations and females are the courting sex,
actively displaying to males and competing intensely for access to nests, which are very
scarce in the study area.

MATERIAL AND METHODS

Behavioural observations were conducted by snorkelling on 97 nests in the breeding
seasons of 1988 and 1994 (total observation time was 24 h 54 min). In each observation
we recorded: (a) the number of nests in each aggregation; (b) the number of visits and
identity of the visitor (floater, large males with developed secondary sexual characters
i.e. a large crest on the head and glands on the two spiny rays of the anal fin; sneaker,
small males without secondary sexual characters; or female); (c) the number of agonistic
interactions and the identity of the participants; and (d) the number of courtship
episodes and the identity of the initiator. In the field, sneakers were distinguished from
females by the lack of a swollen abdomen and less marked courtship colour patterns.
When courting, females and sneakers display a pattern of dark stripes on a light
background on the head and anterior part of the body. This pattern is less marked in
sneakers and is almost restricted to the head. It is likely that the observed number of
courtship episodes by these males may have been underestimated since all fish that
upon collection were classified as female-like males, proved to be males after gonad
inspection, and some fish classified as females proved to be males.

Fish samples for gonadal inspection and age determination were collected during the
breeding seasons of 1990, 1991 and 1993. Fish were caught with a hand net and killed
with an overdose of quinaldine. The following measurements were taken: body weight;
gonad weight; standard length (SL); head height (HH) (maximal height of the head);
body height (BH) (at the level of the pectoral fin); and development of anal fin glands
coded as: 0, not visible; 1, intermediate (the typical folds and circumvolutions of a fully
developed gland were not visible); 2, fully developed. The otoliths were removed for
subsequent reading. Additional samples were taken (August 1988, April-September
1993, and January 1994) to determine the timing of annual ring formation in the otoliths.
All samples were kept to a minimum and were collected during several years, since this
species is vulnerable in Portugal (ICN, 1993). Additional morphometric measurements
were taken from live fish that were immediately returned to their habitat. The develop-
ment of the testicular gland in relation to the testis was assessed using the testicular
gland index: TGL, b / +/cd; where a is the length of the testicular gland; b, the width of
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the testicular gland; ¢, the length of the testis and d, the width of the testis. Gonads were
fixed in Bouin'’s fluid and afterwards processed for histological sections. Testes sections
were dehydrated, embedded in paraffin and stained with haematoxylin-eosin.
Statistical analysis was performed using the PC computer programmes STATISTICA
for Windows 4-0 (Copyright Statsoft 1993) and BIOM (Copyright F. James Rohlf, 1984).

RESULTS

Morphological variation among males

Males attain larger size than females (SL: mean=10-0 cm, SD=1-90, range=5-3-13-4 cm,
N=89, for males; and mean=7-2 cm, SD=1-48, range=4-5-10-2, N=73, for females; Mann-
Whitney test: Z=4-313, P<0-001). The contrast between females and males with fully
developed secondary sexual characters is very striking (Fishelson, 1963; Zander, 1975;
Papaconstantinou, 1979; Patzner et al., 1986) and there is a large variation with size in
the expression of these characters in males (Almada et al., 1994). The males in which
these traits are less developed are hardly distinguishable from females, except on close
inspection of the genital papilla. These female-like males are specially interesting, since
histology of their gonads and gonadosomatic index values revealed that a large propor-
tion of them are fully mature fish (see below).

One way to express the relative development of the crest is the ratio head height
(HH):body height (BH). Since males attain larger sizes than females, the observed
difference in profile could merely reflect the effects of a common allometric pattern of
growth. To answer this question an analysis of covariance (ANCOVA) was done, using
the regressions between log SL and log HH and between log SL and log BH for males
and females (Table 1). For HH, the regression equations for males and females differ
both in slope and intercept, while for BH only the intercepts are significantly different.
In small males the ratio HH:BH is similar to that of females, but it increases progres-
sively as males attain larger sizes. Thus there is a wide spectrum of variation from
female-like to fully crested males. The development of the anal glands also increases
with size, and is strongly associated with crest development, when the effect of size is
removed (partial correlation r=0-677, P<0-01, N=31). The larger males also display a
very distinct and conspicuous colour pattern (Fishelson, 1963; Patzner et al., 1986).

Table 1. ANCOVA based on fish measured in May 1990 using the regressions between log
SL/log HH and between log SL/log BH for males and females.

Regression equations ANCOVA
Males (N=31) Females (N=28) Intercepts Slopes
Fis p Fiss p
logSL /logHH y=-1.07+1.47x y=-0.95+1.24x 55.470 <0.001 4.802 <0.05

logSL /logBH y=-0.91+1.25x y=-0.82+1.12x 4.868 <0.05 3.458 n.s.
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Development of male reproductive system

It could be argued that small female-like males without crest and anal fin glands are
immature juveniles. However, this is not true for at least a substantial proportion of
these males. In Figure 1 we present histological testicular sections of female-like males,
compared with those of parental males.
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Figure 1. Histological testicular sections of (A) female-like male and (B) parental male. Note the
testicular tubules full of spermatids in both cases. Scale bar: 100 um.
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In both cases the testicular tubules were full of spermatids with no apparent differ-
ence in structure between them. Histochemical investigations of both types of males
confirmed these results as they failed to reveal any differences in enzymatic activity
related to steroid production in their gonads (R.A. Patzner et al., unpublished data).
Moreover, sperm could be collected from the vas deferens of female-like males, and its
mobility was confirmed by observation of the seminal fluid under the microscope
(x1000).

The gonadosomatic index (gonad weight x 100/body weight) of parental and female-
like males and its variation with standard length during the breeding season is pre-
sented in Figure 2. The most striking pattern is the clear bimodality in the gonadosomatic
index values (GSIs) of female-like males. While 542% have GSIs equal or lower than
those of parental males, the remaining 45-8% have GSIs well above those of parental
males, and there is a gap between 0-975 and 2-392 GSI values. Patzner & Seiwald (1987)
studied the testicular cycle of this species in the Mediterranean and showed that the GSI
of males ranges from 2-26 +0-26 at the onset of the breeding season, to ~0-4 near its end.
Our results lie within this range of variation for parental fish, while some female-like
males have much higher values (the maximum value was 4-528).

= 5
)]
3 A
g 47 .
§ 3 A N A
x 3 - A
= A
£ A
o
g 27 "
: ) : i
2 4 s 0o no B . £l
g . 24 4 . ¥
N

<] & N
S I S

0 T T T T T T T

4 5 6 7 8 9 10 11 12

Standard length (cm)

Figure 2. Gonadosomatic index values (GSI) of O, parental males (N=24); A, female-like males
(N=24) and its variation with standard length for samples taken in May 1990, July 1991 and July 1993.

Based on the results presented in Figure 2, we classified the female-like males in two
groups according to their GSI values: <1-0 (group 1-54%), and >2-3 (group 2-46%).
They differ both in SL (group 1: mean=6-98 cm, SD=0-85, range=5-1-8-2 cm, N=13;
group 2: mean=>5-84 cm, SD=0-80, range=4-8-7-2 cm, N=11. Mann-Whitney Z=-2-670,
P<0-01), and in the HH:BH ratio (group 1: mean=0-996 cm, SD=0-092, range=0-83-1-15
cm, N=13; group 2: mean=0-909 cm, SD=0-046, range=0-83-1-00, N=11. Mann-Whitney
Z=-2-216, P<0-05). Thus, the latter group contains fish of smaller sizes, less developed
crests and bigger testes. The fact that group 1 fishes are larger, show a more developed
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crest, and have low GSI values, raises the possibility that they may be in the transition to
the large male’s phenotype.

A comparison of the testicular gland index (TGI) between parental males and group
1 and group 2 of female-like males revealed that there is a significant difference among
groups (parental males: mean=0-430 cm, SD=0-052, range=0-323-0-540 cm, N=14. Group
1: mean=0-530 cm, SD=0-069, range=0-419-0-648 cm, N=9 and group 2: mean=0-367 cm,
SD=0-020, range=0-339-0-393 cm, N=7. ANCOVA: F,,, =19-81, P<0-001). Group 2 fe-
male-like males (those with the highest GSIs) have significantly lower TGIs than either
group 1 fishes or parental males (Tukey HSD test: group 2-parental males, P<0-05 and
group 2-group 1, P<0-001). Parental males and group 1 fishes also have significantly
different TGI values (Tukey HSD test, P<0-001), being higher in group 1. Since the
group 1 female-like males have the lowest GSI values and are possibly in the transition
to the large male’s phenotype, their higher TGIs suggests that the testicular gland may
develop at a faster rate than the testes during the differentiation process.

Age determination

Observations of otoliths in seasonal samples revealed that an opaque zone was
formed during summer and a transparent zone was formed during winter. Thus we
counted one year for each sequence of an opaque and a transparent ring. The otolith
nucleus was not counted since it was probably formed during the larval and juvenile
phase, as it happens in other blenniids (e.g. Qasim, 1957; Milton, 1983; Santos, 1992).
Crested males were older than female-like males (crested males: mean=2-78 y, SD=0-51,
range=0-5-3-5 y, N=53. Female-like males: mean=0-97 y, SD=0-42, range=0-5-20 y,
N=52. Mann-Whitney Z=-5-581, P<0-001), and females were distributed in all year
classes (Figure 3).
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Figure 3. Age group distribution of females (hollow bars, N=51); female-like males (striped bars,
N=52) and crested males (black bars, N=53) for samples taken in August 1988, May 1990, July 1991,
April, July and September 1993 and January 1994.
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Most female-like males were fish born in the previous year and most crested males
were ~3 y-old. The only crested male from the year class 0+ was found in a very small
isolated nest, far from the nest aggregations. For both sexes, age and size were well
correlated (Spearman rank correlation: 7,=0-824, P<0-001, N=105 for males and r,=0-872,
P<0-001, N=51 for females). Group 1 and group 2 of female-like males did not differ in
age (group 1: mean=0-92 y, SD=0-40, range=0-5-2-0 y, N=13 and group 2: mean=0-91y,
SD=0-20, range=0-5-1-0 y, N=11. Mann-Whitney: Z=0-292, P>0-05).

Behavioural observations

In this population, the females are the courting sex (Almada et al., 1995). When a
receptive female approaches a nest, it assumes a specific conspicuous colour pattern
while performing exaggerated pectoral fin and opercular movements (Fishelson, 1963;
Patzner et al., 1986). Some female-like males were observed approaching and courting
parental males, with the female’s characteristic colour patterns and movements. We
observed 29 courtship episodes of female-like males, with three of them being per-
formed when a female was already inside the nest, and four occurring simultaneously
with a display of a courting female. Additionally, on six different occasions female-like
males were observed trying to enter a nest without courting. In one of these cases a
female-like male tried to enter together with a female. In the remaining five cases, we
could not be sure if there was any female already in the nest, since spawning in this
species may last for several tenths of minutes. One or more of these males were
consistently found in the proximity of the nests in 31% of the observations (mean=0-5
female-like males, SD=0-8, range=0—4, N=42).

DISCUSSION

The results presented in this paper show that: (i) some small males, lacking secondary
sexual characters, are mature fish; (i) these males mimic the female’s behaviour in
courtship and actively try to enter the nests; (iii) they are younger than parental males.
Although we could not provide direct evidence that these female-like males fertilize
some of the eggs of the parental males, the data presented herein strongly suggests that
in this population female mimicry represents an alternative mating tactic adopted by
some small males as a means to sneak fertilizations. As stated in Material and Methods,
the frequency of courtship by female-like males is probably underestimated since some
of them could not be distinguished from females in the field. The presence of females in
the nests when female-like males tried to enter them is probably also underestimated,
since they could be already inside the nest when the observation started. In addition,
Patzner (1984) showed that the micropile of the eggs of Salaria pavo is in the centre of the
attachment disk, suggesting that sperm must be released before spawning. Thus, it is
possible that female-like males gain access to fertilizations even if they enter a nest and
release sperm when a female is absent. Since it is not known how fertilization actually
occurs this issue deserves further attention. The intrusions of small males into the nests
could also represent attempts at egg predation. Although the behavioural data pre-
sented does not exclude this possibility, it would not explain why these small males
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have large mature testes. Moreover, eggs were absent from the gut contents of females
and female-like males and were found only in small numbers in the parental males (E.J.
Gongalves & V.C. Almada, unpublished data).

The fact that the female-like males with larger testes have smaller testicular glands
than parental males agrees with the available data for other blennioids in which
parasitic male tactics are known (de Jonge et al., 1989 for Tripterygion tripteronotus
(Risso, 1810) and T. delaisi (Cadenat & Blache, 1970); Santos, 1992 for Parablennius
sanguinolentus). Apart from a probable role in sperm maturation (Lahnsteiner & Patzner,
1990; Lahnsteiner et al., 1990), Reinboth & Becker (1986) found that in the males of S.
pavo the testes and testicular gland differ in their enzymatic activity, in what concerns
steroid metabolism. They conclude that testosterone is mainly synthesized in the testes,
while the testicular gland is the main source of 11-oxygenated steroids. Brantley et al.
(1993) reviewing the available data on the levels of testosterone and 11-ketotestosterone
in territorial and parasitic teleost fish males, found that testosterone did not show a
consistent pattern of variation between the two types of males across species. In
contrast, levels of 11-ketotestosterone were consistently higher in territorial males. One
of the known functions of 11-ketotestosterone is related with the expression of male
secondary sexual characters (Liley & Stacey, 1983). This evidence raises the possibility
that the physiological basis for the difference in the expression of secondary sexual
characters between female-like and parental males, may be a low level of production of
11-ketotestosterone by the reduced testicular gland of female-like fish.

The data presented for S. pavo are consistent with an ontogenetic sequence in male
reproductive tactics, as found in P. sanguinolentus (Santos, 1992; Santos et al., 1995). The
breeding season of this population extends from April to September (Almada et al.,
1994). Thus fish born in the previous year may differ in age by many months so it may
happen that only males born at the beginning of the breeding season became fully
mature during the following year. Nevertheless, both high and low GSI female-like
males may later became parentals. Circumstantial evidence points in this direction. A
female-like fish kept for two years in captivity was observed to repeatedly court nesting
males in the aquarium, develop a crest in the second year, and genital inspection
showed that it was a male (E.J. Gongalves & V.C. Almada, unpublished data). Examina-
tion of histological sections of male testes in this population failed to reveal any trace of
sex change (L. Fishelson, personal communication).

In discussing the occurrence of multiple male reproductive tactics in fish, Taborsky
(1994) argued that, when there is great variation in resource-holding potential among
males, parasitic reproductive behaviour is more likely to represent tactics in which
males are making ‘the best of a bad job’, rather than strategies with equal payoffs. In this
population, nest sites are scarce, leading to strong competition between females for
access to the available nests. Thus, only the largest males can secure territories, with
floater crested males ready to take over vacated nests (Almada et al., 1994; Almada et
al., 1995). We suggest that, for small males, female mimicry represents a compromise
that enables some small fish to sneak fertilizations at a size in which they could not
establish and defend a nest. The intense competition between females leads to the
frequent occurrence of several females displaying simultaneously to the same male,



FEMALE MIMICRY IN SALARIA PAVO 537

frequent aggressive interactions between females, and attempts by females to follow
other females as they enter the nests. Parental males are very selective and reject most
courtship attempts (Almada et al,, 1995). In these conditions (intense courtship by
females and high rates of rejection by males), a small male whose behaviour and colour
pattern mimics those of the females and tries to follow them into the nests, is much more
likely to achieve sneaking than a male that lacks the female display and courtship
colour patterns.

The authors would like to express their gratitude to the staff of Parque Natural da Ria Formosa
for their valuable help during the field work, and especially to its Director Arq* Nuno Lecoq. We
would also like to thank Professor Lev Fishelson for valuable help in the histological procedures,
Elsa Rodrigues who reviewed the English, and two anonymous referees. This study is part of a
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Coryphoblennius galerita at three sites on the Portuguese coast breeds from February/March to
September/October. © 1996 The Fisheries Society of the British Isles
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Coryphoblennius galerita (L.) is a widely distributed, rocky intertidal fish (Zander, 1986).
It spawns demersal eggs that are cared for by the male until hatching (Milton, 1983). The
breeding season of this species varies substantially with latitude: late June to early August
on the south coast of the U.K. (Milton, 1983); April to August on the southwest coast of
Ireland (Fives, 1980a); and April to September in Brittany, France (Fives, 1970).
Observations of nests indicated that breeding lasts from March to September along the
coast of mainland Portugal (Almada et al., 1983), but there are no reliable quantitative
data for this part of the species range. In this paper we present data on the breeding
season of C. galerita in Portuguese waters, and compare the results with the information
available for other parts of the species range.

Most data were collected near the mouth of the R. Tagus (Lisbon) (38°41’ N, 9°22" W),
between June 1991 and November 1994. The area surveyed comprises about 1km of
rocky shore. Additional data were collected between February and September 1993 at
Cabo Raso (38°42' N, 9°29' W) and at Arréabida coast (38°28' N, 8°59" W).

Nests were located at low tide by inspecting small holes and crevices on exposed
intertidal rocks. Only holes that contained, or had contained eggs, were classified as
nests. The location of each nest was mapped for subsequent visits. All known nests were
visited at approximately monthly intervals, and the presence of fish and/or eggs was
recorded. From June 1993, 21 nests were inspected regularly, allowing a standardization
of the observational effort. Since the eggs and nest are guarded by males (Fives, 19805;
Almada et al., 1983), we assumed that males found together with eggs were breeding
individuals.

Males of C. galerita were found guarding eggs in small holes or crevices in rocks at
different levels in the intertidal zone. Visual observation of the nests indicate that they
usually contained eggs in different stages of development, showing that males guard eggs
spawned at different times. Regular monthly inspections of all known nests recorded
eggs up to September in 1991, from March to September in 1992 and 1994, and from
March to October in 1993 (Fig. 1).

Females with a red genital papilla, which in the related species Salaria pavo (Risso)
indicates spawning (Patzner et al., 1986), were found in tide pools only between March
and September.

Six nests were found with eggs on 26/27 February 1993 at Cabo Raso. Thus, we
conclude that breeding starts at the end of February/beginning of March and ends at the
end of September/beginning of October along the Portuguese coast.

Few fish were found in the holes used as nests outside the breeding season. There was
a significant positive correlation between the number of holes occupied by fish and the
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FiG. 1. Number of nests containing eggs during the years 1992, 1993 and 1994. The exact date for each
month and the number of nests checked at each visit () was as follows: 1992: 22 Jan. (7); 21 Feb.
(7); 19 Mar. (10); 17 Apr. (14); 16 May (14); 15 Jun. (15); 15 Jul. (18); 4 Aug. (18); 12 Sep. (18); 10
Oct. (18). 1993: 21 Jan. (20); 9 Feb. (20); 26 Mar. (20); 12 Apr. (20); 3 May (20); 2 Jun. (21); 4 Jul.
(21); 1 Aug. (21); 4 Sep. (21); 2 Oct. (21); 28 Nov. (21); 30 Dec. (21). 1994: 26 Jan. (21); 24 Feb.
(21); 15 Mar. (21); 24 Apr. (21); 24 May (21); 22 Jun. (21); 21 Jul. (21); 4 Sep. (21); 20 Sep. (21);
3 Oct. (21); 17 Nov. (21).

number of holes containing eggs (Spearman Rank Correlation: r,=0-801, P<0-001,
number of monthly visits=23). These results suggest strongly that territorial defence of
the nests is restricted to the breeding season, a situation that contrasts with the pattern of
permanent territoriality of some tropical blenniids (Fishelson, 1975; Losey, 1976; Nursall,
1977; Phillips, 1977).

In this population most nests were used for periods that were much shorter than the
breeding season as a whole. The duration of occupancy of both eggs and males in each
nest varied (eggs: mean=1-88 months, s.0.=1-36, range 1-6 months; males: mean=2-14
months, s.0.=1-47, range 1-7 months) (data for 20 nests followed during 1993).
Occupancy in six nests was intermittent, and in one nest a male was present even in
months when there were no eggs in the nest.

The breeding season of C. galerita in different locations increases in duration from
cooler to warmer waters. In Portugal, where temperatures are higher, breeding not only
starts earlier (February/March) but it also ends later (September/October) than in the
northern part of the species range. This difference is not due to methodological
differences. Indeed, while for instance Milton (1983) based his results on the inspection
of fish, our data are based on the occurrence of eggs in the nests. This method is likely
to underestimate the onset and the end of the breeding season, when very few nests
contained eggs. This means that, if anything, the breeding season in Portugal may be
somewhat longer than reported here.

An increasing duration of the breeding season with decreasing latitude was found by
several authors [e.g. Dahlberg & Conyers (1973) for fish of the Atlantic coast of the
United States and Miller (1961) for west European species]. Conover (1992) argued that
at high latitudes natural selection would favour fish that start to breed as soon as
environmental conditions are favourable in order to maximize the size attained by
juveniles when they reach their first winter. The onset and the end of the breeding season
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of several western Atlantic species tend to occur at similar temperatures at different
latitudes, leading to a marked reduction in the duration of the breeding season at higher
latitudes (Conover, 1992). Miller (1961) also argued that latitudinal variation should be
more pronounced for the beginning of the breeding season, since larvae that hatch late in
the year should be subjected to unfavourable conditions in terms of reduced food
availability and low temperature. This pattern was confirmed in C. galerita. Indeed,
latitudinal variation is more pronounced at the onset than at the end of the breeding
season.

These results stress the need for a more comprehensive comparative work on the
breeding season of inshore fish along their geographical ranges.

Part of this study was supported by Junta Nacional de Investigagdo Cientifica e Tecnologica as part of
the project PBIC/1313/MAR/92. C.F. and E.G. were also supported by grants from JNICT, respectively
(C/BIC/797/93) and (BD/872/90-1G). We thank Miguel Henriques, Elsa Rodrigues and David Gongalves
for help in the field work; Clara Amorim for review of the English; and two anonymous referees for
suggestions.
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Observations on the agonistic behaviour of Lepadogaster
lepadogaster purpurea (Pisces: Gobiesocidae)
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Agonistic behaviour of captive Lepadogaster lepadogaster purpurea was described, forming the
first record of such behaviour in the family Gobiesocidae. Both male and female engaged in
similar behaviours. The agonistic interactions were related mainly to the control of shelter sites
and larger fish tended to chase away and take over the shelter of smaller fish.

© 1996 The Fisheries Society of the British Isles

Key words: agonistic behaviour; Lepadogaster lepadogaster purpurea; clingfish.

Clingfishes are widely distributed on rocky coasts (Briggs, 1986, 1990), but knowledge of
their social behaviour is extremely scarce. This is probably because most species are very
small and cryptic and occupy microhabitats, such as among algae (Diplecogaster spp.,
Eckloiaichthys spp.. Breder & Rosen, 1966), under boulders (Lepadogaster spp.,
Chorisochismus spp.: Breder & Rosen, 1966), inside cavities (Lepadogaster spp.: personal
observations), and even among the spines of sea urchins (Diplecogaster spp.: Patzner
et al., 1992) and associated with crinoids (Lepadichthys spp.: Fishelson, 1966). Available
data refer mainly to the spawning habitat, descriptions of egg masses, parental care and
sexual dimorphism (Breder & Rosen, 1966; Gibson, 1969, 1982; Thresher, 1984). As far
as we know, no descriptions of agonistic behaviour are available for the family.

Lepadogaster lepadogaster purpurea (Bonnaterre) is a common clingfish in the inter-
tidal zone of the Eastern Atlantic and the Mediterranean (Briggs, 1986, 1990). In this
paper, the agonistic behaviour of L. L purpurea in captivity is described.

Fish were collected in December 1992 (group 1), March 1993 (group 2), August 1994
(group 3) and October 1994 (group 4) under boulders during low tide with a-hand net
at Arrabida, on the Atlantic coast of Portugal (38°28' N, 8°59°W), and kept in
63 x 32 x 31 cm and 80 X 40 x 38 cm aquaria with gravel and boulders to provide shelter.
Natural photoperiod was maintained by a fluorescent light (15 W), and temperature
varied from 14-17-5° C (group 1), 18-24° C (group 2) and 21-24° C (groups 3 and 4).
They were fed with shrimp (Palaemon spp.), common cockles (Cerastoderma spp.), and
other live marine invertebrates. A total of 24 fishes (total length: males: mean 6-95 cm,
s.D. 048, range 6:3-7-8 cm, n=12; females: mean 5-45 cm, s.D. 0-69, range 4-5-6-8 cm,
n=12) was observed for 190 h, including 110 h of focal and scanning sampling (sensu
Martin & Bateson, 1993). Each group was composed of three males and three females.
Males were larger and more colourful than females with reddish unpaired fins and more
conspicuous blue eye spots. Details of behaviour patterns were based on frame-by-frame
and slow motion analysis of videotape recordings. Statistical analysis was performed
using the PC computer program Statgraphics (version 4.0) and the simulation stat-
istical program ACTUS (Estabrook & Estabrook, 1989) designed for the analysis of
contingency tables. This program uses random numbers to simulate 1000 tables, each
with the same row and column total of the original table. Each simulated table is
compared with the original data table and values smaller than 50 are considered to be
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TaBLE I(a). Outcomes of agonistic interactions between
resident and intruder fish of contrasting body sizes

Larger resident  Larger intruder

Wins outcome 42 19
Loses outcome 3 13

TaBLE I(b). Statistical analysis using ACTUS

Larger resident Larger intruder
@
‘Wins outcome 942 86
Loses outcome 19* 995
(i)
‘Wins outcome 96 950
Loses outcome 994 12*

(1) Cases in which simulated values did not exceed
observed values; (ii) cases in which observed values did
not exceed simulated values. x?=13-10, d.f.=I,
P<0-001. For details of ACTUS see Estabrook &
Estabrook (1989).

*P<0-05 (one tailed).

one-tailed significant (P<0-05). The significance of ? is assessed by the number of times
out of 1000 that the value of y? for the simulated tables is equal to or greater than that
for the original table (Estabrook & Estabrook, 1989).

Fishes spent most of their time resting upside-down and attached by their sucker to the
underside of boulders. However, when two individuals met, the first stage of agonistic
interaction involved the fish turning its head towards the opponent and erecting all its
unpaired fins. When they got closer, assuming a parallel or anti-parallel position, this
display sometimes changed to a rhythmic undulation of the body in which the fully
erected unpaired fins were presented to the opponent with the tail often beating the other
fish. They also occasionally performed lateral head jerking of about 10° at a frequency of
two to three movements per second with the head turning towards one or both sides of
the body. Sometimes, the body was tilted laterally with the sucker attached to the
substratum, turning the dorsal region towards the other fish. In these displays, the mouth
was sometimes opened for periods of up to 5-6s. If the opponent did not retreat or flee,
one fish often charged the other by rapid swimming and butting, or they engaged in
mouth fighting. These fights were common among fishes of similar size. The opponents
opened their mouths up to an angle of 170°, and they pushed against each other using the
pectoral fins and tail movements. The longest mouth fighting observed lasted 6s.
Agonistic interactions ended suddenly when one fish fled. Sometimes the winner chased
the opponent.

The agonistic repertoire described above was common to both sexes. The frequency of
intra- and intersexual interactions did not differ significantly from a random distribution
(goodness of fit y* test=4-0, d.f.=2, P>0-05). The agonistic interactions seemed to be
disputes over the control of shelter sites. Not only did the fish spend most of their time
in shelters (mean 89-7%, s.n. 11-7, range 59-3-100%, for 12 fishes and 66 h focal
observation time; Wilcoxon signed ranks test: Z=3-059, P<0-01), but in addition most
interactions occurred when one fish attempted to enter an already occupied shelter site
(mean 85-8%, n=127 interactions). Larger fish tended to succeed in driving away the
smaller intruders and were sometimes able to dislodge smaller fish and take over their
shelter [Table I(a)]. However, there was an effect of residence since larger intruders lost
significantly more contests than expected by chance [Table I(b)]. Furthermore, each
shelter tended to be occupied by only one fish (in 132 scanning observations in which the
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location of each fish was recorded, only in four cases were two fishes in the same shelter).

In rocky intertidal fishes of other families, both sexes may exhibit agonistic behaviour
(Gibson, 1969, 1982) and, in at least some species, agonistic interactions are closely
related to the control of shelter sites (Gibson, 1968; Almada et al., 1983). L. I purpurea
is a very small fish that must rely on the use of shelter sites and crypsis to avoid predators.
Thus, it is likely that the agonistic behaviour observed is directly connected with the
access to shelter. Whether or not this leads to a fully territorial system or to a more
diffuse form of territoriality, as described by Gibson (1968) for the juveniles of Lipophrys
pholis (L.), is not yet clear and needs further investigation.

This study was supported financially by Junta Nacional de Investigagdo Cientifica e Tecnoldgica
(JNICT-PBIC/1313/MAR/92), Instituto Calouste Gulbenkian and Instituto da Juventude. We also thank
Dr Teresa Avelar who reviewed the English, and Dr Ian Winfield and two anonymous referees for their
valuable comments on the manuscript.
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Juvenile recruitment, growth and maturation of Lipophrys
pholis (Pisces: Blenniidae), from the west coast of Portugal
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Data on the juvenile recruitment, growth and size at maturation of Lipophrys pholis in
Portuguese waters are compared with the information available on the biology of this species at
higher latitudes. In Portugal, recruitment extends for a much longer period, young fish grow
faster and sexual maturation is earlier than at higher latitudes. There is a delay of 2-3 months
between the appearance of the first eggs on the shore and the recruitment of the first juveniles
to the pools. © 1996 The Fisheries Society of the British Isles

Key words: recruitment; growth; size at maturation; breeding season; Lipophrys pholis;
Blenniidae.

The biology of Lipophrys pholis (Linnaeus, 1758) has been studied intensively in the
northern part of its range, especially around the British Isles (Qasim, 1957; Bowers et al.,
1961; Dunne, 1977; Shackley & King, 1977; Milton, 1983), where it breeds from
March/April to August. L. pholis is a winter and spring spawner in Portugal (Almada
et al., 1990), in sharp contrast to the situation found around the British Isles. In this
paper, we present data on the growth, size and age at maturity, and timing of juvenile
recruitment of L. pholis, from the west coast of Portugal.

From January 1993 to June 1995, non-destructive samples were taken quarterly from
16 tide-pools at St Cruz (38°56’ N, 9°27° W), and monthly from 27 tide-pools at Parede
and Sdo Pedro do Estoril (38°41' N, 9°22' W). During each inspection, all the fishes that
could be collected with a 20-cm hand-net were taken from the tide-pool. For each fish,
total length (TL), sex (when possible), and presence of ripe eggs in females, were
recorded. The presence of ripe eggs in a female was assessed by a swollen abdomen, and
the release of eggs when a gentle pressure was applied to the sides of the abdomen. After
inspection, all fishes were returned to their original pool. The presence of nests and eggs
on crevices and holes on the shore was also monitored during low tide. We used 31 nests
that were mapped and visually inspected on a monthly basis, using the method described
in Almada et al. (1990).

Additional sites were selected for destructive samples: Cabo Raso (38°42" N, 9°29" W)
and Arrabida (38°28' N, 8°59" W). A total of 146 fishes (69 females and 77 males) was
collected in November 1992, March, August, October and December 1993, and April
1994. An additional sample of 28 juveniles (fishes of the size classes 1-2 and 2-3 cm was
collected in October 1993, at Parede. After collection, fishes were killed with an overdose
of quinaldine and measured to the nearest mm. They were dissected immediately.
Gonadal maturation assessment and ot6lith readings followed the methods described by
Qasim (1957).

The breeding season lasted from October/November to May (Fig. 1). The first
juveniles appeared in the pools in January/February, 2-3 months after the first eggs were

*Author to whom correspondence should be addressed.
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F16. 1. Number of nests containing eggs (——) and number of juveniles of size classes 1-2 cm (N) and
2-3 cm ([J) observed in pools, from January 1993 to June 1995.

Table . Size distribution (total length classes in cm) of fishes collected monthly in tide-pools, during 1993

1-2 2-3 34 4-5 5-6 67 7-8 8-9
January 7 5 6 13 29 36 24 2
February 4 27 15 17 19 24 10 5
March 8 25 28 18 9 19 12 3
April 12 29 31 24 15 16 12 4
May 15 32 35 34 18 12 9 9
June 20 54 58 55 40 16 6 2
July 3 30 107 64 49 7 3 0
August 0 14 54 53 43 14 4 1
September 0 0 16 64 65 21 9 2
October 0 0 1 28 53 54 15 15
November 0 0 2 7 39 40 11 5
December 0 0 4 4 22 35 13 5

found. Their mean length was 2-27 cm (s.0.=0-332; range 1-6-2-9 cm; n=188). These
fishes were still undergoing the transformation in colour pattern from larvae to juveniles,
but were already benthic. Recruitment of fish <2 cm long ceased 3 months after the end
of the breeding season. Fishes of 2-3 cm were absent after August/September.

The monthly size—frequency distributions did not differ significantly between years
[Kolmogorov—Smirnov two sample test: (1993/1994) DN=0-214, P>0-05, 1n;99;=1943,
N1994=2540; (1993/1995) DN=0-231, P>0-05, n,993=919, n,995=1114], nor between
sites (Kolmogorov—Smirnov two sample testt DN=0-444, P>0-05, ng p.u,=820,
ns: criz=413). Fishes that recruited to the pools in January could reach 7 cm by October
(Table I). Some fishes, however, were still only 34 cm long in January, when the next
recruitment started.

These results are consistent with the findings on otolith readings that showed that 0+
class fishes could reach 7-8 cm (mean=4-21cm; s.0.=1-62; range=2-0-7-8 cm; n=31).
The analysis of frequency distribution could not be extended to other year classes, since
fishes >7 cm began to leave the pools (particularly after September), seeking other
microhabitat types as shelter (e.g. crevices), where sampling is very difficult (unpublished
data).

Qasim (1957) reports a mean size of 454 cm for 0+ fishes 6 months after recruitment.
In our study area, 6 months after the months of strongest recruitment (April to June), the
modal class was 5-6 cm long, which suggests that growth of 0+ fishes is faster than
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in Britain. The mean sizes of fishes in our study area were also significantly higher
for year-classes 1+ (mean ;,q4=873 cm, n=30; meany,g;,=746 cm, n=118; t-test:
1=7-084, P<0-001), 2+ (mean,u; yuqs,=10-61 cm, n=60; meany,;,=9-47 cm, n=122,
t-test: 1=8-709, P<0-001) and 3+ (MeAN 4 s, = 12:53 cm, n=26; mean p,;, = 11-46 cm,
n=89; t-test: t=6-504, P<0-001) (sample sizes of older classes were too small to allow
statistical comparison).

The previous studies of L. pholis at higher latitudes report that both sexes mature when
they are 2-3 years old (Qasim, 1957; Dunne, 1977; Milton, 1983). All fishes of year class
1+ collected during the spawning season (three males and six females), proved to be
mature upon gonadal inspection, and two of the males were found guarding eggs.
Furthermore, we collected a total of 16 females of <8 cm (mean=7-09 cm; s.0.=1-71;
range 6-2-7-8 cm), being presumably about 1 year old, containing ripe eggs.

Conover (1992) analysed the seasonal spawning patterns of inshore fishes at varying
latitudes, and found that at higher latitudes breeding tends to start later and to end
sooner. He proposed that at higher latitudes breeding should start when conditions
become favourable for larval and juvenile growth. The end of the breeding season should
come when the time available is too short for late-born juveniles to reach a size that
ensures sufficiently high probabilities of survival during winter.

In L. pholis, a decrease in latitude is related to a lengthening of the breeding season and
of the period of juvenile recruitment. This lengthening is due mainly to a very marked
advance in the onset of breeding. Similar results were obtained for Coryphoblennius
galerita (Linnaeus, 1758), Gobius paganellus (Linnaeus, 1758) and Gobius cobitis (Pallas,
1814) (Almada et al, 1996; Faria & Almada, 1995). These results agree with the model.
In L. pholis, however, the end of the breeding season occurs earlier in Portugal, which is
not explained by the model.

Many of Conover’s findings are concerned with Cyprinodontiform fishes that often die
after 1 year of adult life. However, for species with a longer reproductive life, like
L. pholis, it is probably important to limit the duration of each breeding season in order
to restore reserves and to allow growth of the adult itself, since fecundity tends to increase
with body size (Wootton, 1990). In many fishes, the attainment of sexual maturity does
not occur at a fixed age, but rather when the fishes reach a minimum critical size (Miller,
1979; Wootton, 1990). The juveniles of L. pholis that are born in the summer in Britain
only have a few months of fast growth before the winter comes, and it is likely that they
are too small to respond to the eventual environmental cues that initiate gonadal
maturation. Juveniles recruited in early winter in Portugal, are probably able to reach the
minimum size necessary to respond to those stimuli, since they could grow almost
without interruption for many months.

Part of this study was supported by Junta Nacional de Investigagdo Cientifica e Tecnologica (JNICT)
as part of the project PBIC/1313/MAR/92. C.F. and E.G. were also supported by grants from JNICT,
respectively (C/BIC/797/93) and (BD/872/90-1G). We also thank M. do Carmo Nunes who helped in the
field work, and D. Gongalves who helped in laboratory procedures.
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Data are presented on the embryonic and larval development of Gobius cobitis (Pisces:
Gobiidae). Embryonic developmenit lasts from 15 days at 15°C to 17 days at 18°C.
Larval development takes 37—44 days. Larvae begin to settle on the bottom at 1-3—
1“4 cm total length. After five and a half months juveniles are about 5-5 cm total length.

Keyworps: Gobius cobitis, Pisces, early ontogeny.

Introduction

Gobius cobitis Pallas, 1811 is a very common inshore fish in the north-eastern Atlantic
and in the Mediterranean (Miller, 1986). This giant goby has been the subject of several
studies concerning its ecology, growth and feeding (Gibson, 1969; Wheeler, 1969; Gibson,
1970, 1972). Despite its abundance, reproduction of this species is poorly known. A
description of the eggs was provided by Le Danois (1913) and Sparta (1950), who also
described the early larvae. Gibson (1970) described the breeding habitat of this species in
Brittany (West coast of France) and studied the relationship between fecundity and body
size in females. Based on oocyte diameters he concluded that each female probably
spawns at least twice in each breeding season. Faria and Almada (1995) described the
breeding season and habitat of this species in Portugal, and provided notes on the total
number of eggs guarded by each male.

In this paper, we present data on the embryonic and larval development of G. cobitis.

Materials and methods

Eggs and larvae were obtained from a captive pair of G. cobitis (male: 25cm total
length (TL); female: 18cm TL) maintained for several years at a public aquarjum
(Aquario Vasco da-Gama, Lisbon). Fishes were fed with fish meat and shrimp. The
tank was illuminated with fluorescent light (60 W) from 09:00h to 19:00h, throughout
the year. The bottom of the tank was covered with a layer of sand and several large stones
were provided.

The sequence of embryonic development is based on a spawning that occurred on 15

*Author to whom correspondence should be addressed

0022-2933/96 $12-00 © 1996 Taylor & Francis Ltd.
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February 1993 (temperature range: 12—16°C) on a vertical stone. A sample of eggs was
removed daily from the stone by aspiration with a long pipette. They were observed under
a Nikon stereomicroscope, photographed by a Nikon Fx-35DX camera and preserved in
buffered 4% formalin.

Upon hatching, larvae were collected by aspiration and were reared in glass 171 tanks.
These tanks were subjected to a natural photoperiod with a supplement of fluorescent light
(15W)24h d;a.y"1 , and a constant flow of sea water was maintained. Larvae were fed twice
a day with cultured Brachionus sp., which were mixed and subsequently replaced by
Artemia sp. nauplii eight days after hatching.

The descriptions of larval development are based on eggs hatched at 10 February 1993
(temperature range: 13-5-17-5°C). Larvae were collected daily, and were subjected to the
same procedure described for the eggs. Larval and juvenile survival was good, and several
fishes reached sexual maturity and spawned in the aquarium.

Results
Embryonic development

The eggs correspond to the descriptions of Sparta (1950) and Gibson (1970). They are
fusiform (length: mean= 3-59mm, standard deviation (s.d.)= 0-07, range=3-44—
3-74mm; width: mean= 1-18 mm, s.d. = 0-03, range = 1-11-1-26 mm; n = 50), pointed
and yellowish, and are attached to the substratum by filaments.

Figure 1 presents the ontogenetic events of embryonic development. In Fig. 2 embryos
collected at different developmental stages are shown.

Hatching occurred through a three day period (22-24 days after spawning) at 12—
16°C. Another egg mass incubated between 14 and 31 March 1993 at a higher temperature
(15-18°C), took only between 15 and 17 days to hatch. Hatching took about eight seconds
(Fig. 2E). After sideways movements of the head, the egg capsules was ruptured at its
apex. The larva adopted an ‘S’ posture and, with movements of the trunk, pushed itself out.

When only the tail was left inside the egg, was this process assisted by pectoral fin
movements.

Larval development
The newly hatched larvae measured ca 5-5 mm. The mouth and anus were open, the
eyes were fully pigmented, the gas bladder was formed but was not full and the yolk was
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Ontogenetic events of embryonic development

Fic. 1. Ontogenetic events of embryonic development of Gobius cobitis in order of first
appearance: (1):cleavage process completed; (2) embryo recognizable; (3) cephalic and
caudal dilatation; (4) embryo reaches the margin of the yolk; (5) optic vesicles; (6) brain; (7)
eye lens; (8) tail bud free of the yolk; (9) gut; (10) somites; (11) notochord; (12) anus visible
but closed; (13) embryo movements; (14) pigmented eyes; (15) heart beating; (16) anus open;
(17) auditory vesicles and otholitis; (18) median finfold; (19) median finfold constriction near
the tail; (20) pectoral fin buds; (21) embryo as long as egg major axis; (22) mouth
differentiation; (23) gas bladder, (24) embryo longer than egg major axis (25) opercular
differentiation; (26) mouth open; (27) jaws; (28) hatching glands; (29) liver; (30) opercular
aperture open; (31) peristalsis; (32) eye movements; (33) hypurals rudiments; (34) hatching.
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Ontogenetic events of larval development

FiG. 3. Ontogenetic events of larval development of Gobius cobitis in order of first appearance: (1)
filled gas bladder; (2) exogenous feeding; (3) hypurals; (4) notochord starts to flex; (5) gill
arches; (6) anal fin rays; (7) second dorsal fin rays; (8) yolk completely resorbed; (9)
notochord flexion completed; (10) vertebrae; (11) median finfold resorption; (12) segmented
caudal fin rays; (13) ventral fin buds; (14) first dorsal fin; (15) ventral fin rays; (16) segmented
second dorsal fin rays; (17) pectoral fin rays; (18) jaw teeth; (19) first dorsal fin rays; (20)
larvae begun to contact the aquarium bottom; (21) most larvae settled on the bottom; (22)
pelvic disc.

reduced. A ventral row of melanophores extended from behind the anus to the caudal
peduncle. Two large melanophores were present above the anus and three others at the
dorsal midline, near the caudal peduncle. A yellow chromatophore was visible posterior to
the yolk. The gas bladder was pigmented with black chromatophores that also occurred
scattered over the yolk.

FiG. 4. Larvae collected at different developmental stages: (A) yolk-sac larva (day 0-5-5mm TL);
(B) notochord flexion completed (day 9-7-5mm TL); (C) second dorsal, caudal and anal fin
rays formed (day 20-11:0 mm TL); (D) juvenile (day 44-13-9 mm TL).
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Figure 3 presents the ontogenetic events of larval development. In Fig. 4 larvae
collected at different developmental stages are shown.

Larvae began to settle on the bottom 22 days after hatching at 1-3—1-4 cm TL. The
change to a benthic mode of life was gradual, with larvae spending an increasing
proportion of time on the substratum. Although there was considerable individual
variation in the timing of metamorphosis, which occurred 37-44 days after hatching at
ca 1-8 cm TL, most individuals became benthic 35 days after hatching. It is interesting to
note that the smallest fishes collected in tidepools were about 1-7 cm (mean = 1-68 cm,
s.d.= 017, range = 1-3—1-9cm, n = 64), with some fish still lacking the juvenile general
body shape and pigmentation. At metamorphosis the fish became heavily pigmented with
the body and head shape quickly changing to the juvenile pattern (Fig. 4D). At 108 and
169 days after hatching, the fishes measured ca 4-0 cm and 5-5 cm, respectively (108 days:
mean = 398 cm, s.d.= 0-78, range = 2:9-6-:0cm; n = 37; 169 days: mean= 5-45cm,
sd.= 116, range = 3-2—-8-1cm, n = 31).

Discussion

The embryonic development described here contrasts markedly with the data of Sparta
(1950). The very short developmental line reported by Sparta (10 days) could be explained
by a higher incubation temperature. This effect is well known for many fish species
(Blaxter, 1969). Here, we also observed a decrease in development time of seven days
with an increase of 2-5°C. Unfortunately, Sparta (1950) did not indicate incubation
temperature.

The basic sequence of embryonic developmental events agreed largely with that
provided by Ballard (1969) for Gobius niger Linnaeus, 1758. However, the timing of
events was different due to the larger eggs and longer developmental times of G. cobitis.
Variability in the timing of the shift from a planktonic to a benthic way of life has been
reported for many marine invertebrates (e.g. Todd, 1985), and some benthic fishes (e.g.
Ophioblennius atlanticus, Nursall and Turner, 1985) and could be of great adaptive

significance for benthic species like G. cobitis that must find an adequate substratum on
which to settle.
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Synopsis

This paper presents a comparative analysis of territoriality in three intertidal
(Lipophrys pholis, Coryphoblennius galerita, Salaria pavo) and two
subtidal (Tripterygion delaisi, Parablennius pilicornis) blennioid fishes.
Focal-animal observations of males guarding eggs showed that: (i) intertidal
species had smaller territories that were less frequently patrolled; (ii) in
subtidal species feeding was limited to the territory, while in intertidal fishes
a substantial proportion of the feeding acts occurred outside the defended
area; (iii) intertidal species spent less time out of the nest and showed a
lower level of locomotory activity; (iv) subtidal species were subjected to a
higher number of territorial intrusions with more species intruding their
territory, some of them potential egg predators; (v) subtidal species
performed several water column displays that played a significant role in
courtship, while in intertidal fishes these displays are almost absent.
Signalling without the presence of a female was only observed in subtidal
species. It is argued that intertidal fishes minimize the time spent out of the
nest and the loss of contact with the substrate, features that may be of high
survival value in conditions of strong turbulence. Although intertidal species
have a reduced time available for feeding, this may be compensated by lower
levels of locomotory activity, territorial defense and risk of egg predation.



Introduction

Blennioid fishes are among the most abundant fish groups in tropical and
warm temperate rocky coasts, occurring both in intertidal and subtidal
habitats. Therefore, they provide an excellent opportunity to investigate the
ways in which intertidal conditions affect the behaviour of fishes that occupy
such habitats (Almada & Santos 1995). Their suitability for this type of
study is further emphasized by their small size and ease of observation and
by the fact that, the males at least, are territorial during the breeding season,
which allows detailed observations of individual fishes for long periods.
There is a considerable body of literature concerning the territorial
behaviour of blennioid fishes (Fishelson 1963, 1975, Stephens et al. 1970,
Nursall 1977, 1981, Wirtz 1978, Almada et al. 1983, 1987, 1992, 1994,
Lindquist 1985, Santos 1985, 1992, Hastings 1986, Patzner et al. 1986,
Koppel 1988, Santos et al. 1989).

There are, however, few detailed comparative studies on the
differences in territorial structure between intertidal and subtidal species.
Almada & Santos (1995) showed that the basic features of reproductive
behaviour, namely male breeding territoriality and parental care, are
common to both intertidal and subtidal blennioid fishes. They suggest that
intertidal fishes tend to differ from their subtidal relatives by having
courtship and agonistic behaviour patterns that minimize the loss of contact
with the substrate, a feature that is probably adaptive in conditions of
marked turbulence. Almada et al. (1992) suggested that intertidal blennies
may experience reduced egg predation and less territorial intrusions by
potential egg eaters, compared to subtidal equivalents. This situation may
offset the costs due to the limited time available to feed, imposed by the tidal
cycle. This view is in accordance with the more general hypothesis of
Gibson (1988) and Horn & Gibson (1988) that rocky intertidal resident
fishes are subjected to less severe predation pressure, at least by aquatic
predators.

Almada et al. (1992) showed that unguarded egg masses of
Lipophrys pholis may survive for up to 5 days without predation. Moreover,
it is known that subtidal species may visit the intertidal to spawn, leaving the
egg masses unguarded during low tide (e.g. DeMartini 1978, Middaugh et
al. 1981, Potts 1985). These findings also suggest a reduction of egg
predation in intertidal habitats.

In this paper, we present comparative data on the territoriality of the
breeding males of five blennioid species, three intertidal (Lipophrys pholis,
Salaria pavo and Coryphoblennius galerita) and two subtidal (Parablennius
pilicornis and Tripterygion delaisi).



Material and methods

Data were collected at Arrabida coast (38°28'N, 8°59'W) and Ria Formosa
(36°59'N, 7°51'W), in Portugal, during the years 1986, 1987, 1993 and
1994. At Arrdbida, the study site consists of vertical cliffs with bolders and
large rocks that become exposed at low tide. At Ria Formosa, the study site
is situated inside a lagoon, and the only hard substrates available are bricks
in which the males of S. pavo establish nests. In both sites wave action is
very reduced. Both study areas were previously characterized by Almada et
al. (1992, 1994).

Behavioural observations were conducted by skin- and scuba-diving.
We performed focal-animal observations (Altmann 1974) of territorial males
guarding eggs, during the breeding season of each species: C. galerita -
February/March to September/October (Almada et al. 1996); L. pholis -
October/November to March (Almada et al. 1990a, Faria et al. 1996); S.
pavo - April/May to September/October (Almada et al. 1994); T. delaisi -
January/March to August/September; and P. pilicornis - February/March to
August/September. The amount of focal observation time was: C. galerita=
8 h 13 min (n=23); L. pholis= 17 h 51 min (n=22); S. pavo= 31 h 7 min
(n=65); T. delaisi= 7 h 20 min (n=22); and P. pilicornis= 7 h 36 min
(n=23).

The area around each nest was arbitrarily divided in four quadrants
(upper, lower, left and right), and taking the nest as centre, a series of
concentric circles with 10 cm distance between each radius was drawn. The
successive locations that a fish visited during each observation period were
recorded on a plastic sheet. We also recorded the different behavioural
categories performed by the fish in each location, based on the descriptions
provided by Fishelson (1963), Wirtz (1978), Almada et al. (1983, 1987,
1992) and Patzner et al. (1986). The area defended against intruders was
considered as the territory.

In these observations the time unit used was one minute and the
following data were recorded: i) frequency of excursions out of the nest,
their duration, locations visited and the activities performed by the fish
during each excursion; ii) appearance of intruders, their species, the location
of their closest approach to the nest and whether they withdrew without
apparent reaction by the resident male or left after agonistic action of the
territorial fish. For more details on the behavioural observations see Almada
et al. (1990b, 1992, 1994, 1995).

The nests mean height to the hydrographic zero were similar in the
intertidal species studied (C. galerita, L. pholis and S. pavo). Almada et al.
(1992) determined that the average diurnal submersion time obtained for L.
pholis was 5h 34min. This value was used to calculate the daily rates of
patrolling, intrusions and total movement in the intertidal species (for details
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on this method see Almada et al. 1992). For subtidal species (7. delaisi and
P. pilicornis), these rates were calculated based on the daylight hour period
in the peak of the breeding season (14 h in May).

Statistical analysis was performed using the PC computer program
STATISTICA for Windows 4.0 (Copyright Statsoft 1993) and the
simulation statistical program ACTUS (Estabrook & Estabrook 1989)
designed for the analysis of contingency tables. This program uses random
numbers to simulate 1000 tables, each with the same row and column totals
of the original table. Each simulated table is compared with the original data
table. Values smaller than 50 are one-tailed significant (p<0.05). The
significance of % is assessed by the number of times out of 1000 that the
value of ? for the simulated table is equal to or greater than that for the
original table (Estabrook & Estabrook 1989).

Results
The spatial distribution of feeding, patrolling, intra and interspecific
intrusions as a function of the distance to the nest for each species, is shown
in Figure 1.

In S. pavo, all activities (including feeding) are concentrated in an
area of less than 10 cm from the nest. In this species, nests are densely
aggregated in bricks and each nest may be surrounded by several others in
the same brick. Territoriality is restricted to the nest itself (Almada et al.
1994, 1995, Gongalves et al. 1996). The breeding males of the two other
intertidal species (L. pholis and C. galerita) have territories smaller than
those of P. pilicornis and T. delaisi. Indeed, the shortest distance to the
nest at which intruders could penetrate is smaller in intertidal fishes (C.
galerita: mean=15.2 cm, s.d.= 8.3, range= 10-40 cm, n= 42 interactions; L.
pholis: mean=38.2 cm, s.d.= 15.9, range= 10-60 cm, n= 28 interactions; 7.
delaisi: mean= 42.6 cm, s.d.= 27.3, range= 10-100 cm, n= 47 interactions;
P. pilicornis: mean= 43.4 cm, s.d.= 25.3, range= 10-100 cm, n= 64
nteractions; Kruskal-Wallis: H (3, n=181)= 57.27, p<0.001). The radius of
the defended area was: C. galerita= 40 cm; L. pholis= 60 cm; S. pavo= 10
cm; 7. delaisi= 100-150 cm; P. pilicornis= 100-150 cm. In addition,
patrolling is significantly more frequent in subtidal species, being absent in
S. pavo and extremely rare in C. galerita. The mean individual patrolling
rates per day were: L. pholis=20.6 (s.d.= 13.3, range=2.9-44.5,n="7), T.
delaisi= 164.2 (s.d.= 159.9, range= 42-630, n= 11), and P. pilicornis=
144.7 (s.d.= 83.4, range= 33.6-336, n= 17) (Kruskal-Wallis: H (2, n=35)=
15.29, p<0.001).

The spatial distribution of the feeding acts is another feature that
distinguishes intertidal and subtidal species. In intertidal species, a
substantial proportion of the feeding acts occurred out of the defended area
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(C. galerita= 51%, L. pholis= 13%), while in subtidal species territories and
home range coincide (Figure 1).

The proportion of interspecific in relation to intraspecific intrusions
was significantly higher in subtidal species (Table 1). In addition, the
estimated numbers of interspecific and total intrusions occurring per day
were also higher in subtidal species. The mean interspecific intrusion rates
per day were: C. galerita=34.4 (s.d.= 15.5, range= 16.7-50.1, o= 16), L.
pholis=22.6 (s.d.= 24.0, range= 2.8-83.5, n= 13), T. delaisi= 136.5 (s.d.=
81.9, range= 42-336, n= 16), and P. pilicornis=210.2 (s.d.= 128.1, range=
42-462, n= 20) (Kruskal-Wallis: H (3, n=65)= 42.77, p<0.001); and the
mean total intrusion rates per day were: C. galerita=72.8 (s.d.= 31.1,
range= 16.7-133.6, n=21), L. pholis=46.7 (s.d.= 51.1, range= 5.6-200.4,
n=17), T. delaisi= 224.8, s.d= 221.2, range= 42-1008, o= 17), and P.
pilicornis=263.2 (s.d.= 135.1, range= 67.2-504, n= 20) (Kruskal-Wallis: H
(3, n=75)= 45.30, p<0.001). Subtidal species also suffered intrusions by
many non-blennioid fishes. Among them were potential egg predators like
the clingfish Lepadogaster candollei (see Almada et al. 1987) and several
wrasses (Table 2).

The nesting males of subtidal species spent a greater proportion of
time out of the nest, when compared with intertidal ones (Table 3). In
addition, the daily total amount of movement was also significantly higher
in subtidal species. The mean individual total amount of movement per day
was: C. galerita= 43.42 m (s.d.= 43.90, range= 3.34-133.60 m, n= 16), L.
pholis= 33.66 m (s.d.= 35.18, range= 0.56-101.87 m, n= 12), S. pavo=
21.10 m (s.d.= 25.04, range= 1.67-70.14 m, n= 11), T. delaisi= 113.77 m
(s.d.= 152.18, range= 8.35-705.60 m, n=20), and P. pilicornis=152.10 m
(s.d.= 85.68, range= 30.06-374.08 m, n= 23) (Kruskal-Wallis: H (4, n=82)=
38.14, p<0.001). Similarly, the maximum distance to the nest at which the
fishes could be observed was significantly higher in subtidal species. The
mean maximum distance from the nest was: C. galerita= 38.7 cm (s.d.=
34.8, range= 10-100 cm, n= 23), L. pholis= 32.3 cm (s.d.= 35.2, range= 0-
100 cm, n=22), S. pavo=12.9 cm (s.d.= 37.2, range= 0-200 cm, n= 65), T.
delaisi= 66.0 cm (s.d.= 27.4, range= 30-100 cm, n= 20), and P. pilicornis=
97.0 cm (s.d.= 36.9, range= 40-200 cm, n= 23) (Kruskal-Wallis: H (4,
n=153)= 82.53, p<0.001).

The two groups also differ in some details of their behaviour
patterns. Subtidal species performed numerous behaviour patterns that
involved movements in the water column, namely in courtship and agonistic
displays, while these elements were extremely rare in intertidal fishes (Table
4). In addition, courtship signalling in the absence of a nearby female was
common in subtidal species and almost absent in intertidal ones (Table 5).
In L. pholis, courtship was too rarely observed to be quantified.
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One interesting feature shared by the two groups, is that all species
performed more radial than tangential displacements, that is, they performed
more displacements involving the nest and the peripheral locations, than
movements between peripheral locations (Mann-Whitney U-test: C. galerita
7=4.69, p<0.001; L. pholis Z= 3.47, p<0.001; T. delaisi Z= 3.67, p<0.001;
P. pilicornis 7= 4.69, p<0.001). When compared with tangential
movements, radial displacements minimize the amount of time spent away
from the nest.

Discussion

The intertidal habitats of rocky coasts tend to experience much greater
turbulence than habitats located well below the tidal influence. Many of the
findings presented in this paper can be interpreted as representing
adaptations of intertidal fishes to turbulent conditions. When compared to
subtidal species, they defend smaller territories, present a reduced total
amount of activities, signalling and other behaviour patterns that involve
movements in the water column are almost absent, and they stay more time
inside the nest. These findings are in accordance with the hypothesis of
Almada & Santos (1995) that turbulence is a prevailing pressure that affects
many aspects of intertidal fish behaviour.

For a fish living in turbulent conditions, the risk of being dislodged
by water movements and even wounded is likely to be high. Nursall (1977)
stated that ‘Ophioblennius atlanticus, in its turbulent habitat, faces physical
difficulties. Individuals bearing minor abrasions on the body are not
uncommon. It is common for Redlip blennies to bear puncture wounds from
the spines of Diadema antillarum’. Some behavioural features of the
ntertidal species studied in this paper, suggest that they are minimizing the
time spent out of the nest and the loss of contact with the substrate.
Nevertheless, it is interesting to note that Phillips (1977) noted that
Istiblennius zebra, a fish that lives in high intertidal pools that remain quiet
for long periods, performs several behaviour patterns that involve loss of
contact with the substrate. A similar situation occurs in Parablennius
sanguinolentus at Azores (Santos 1985, 1992). These water column displays
play a significant role in courtship and other social interactions in other
blennioids living in low turbulence areas (e.g. Fishelson 1975).

Almada et al. (1992) showed that, for L. pholis, the mean time
available for feeding was very short (5 h 34 min per day). This corresponds
to the period when territories are underwater during daylight hours. The
same applies to C. galerita and S. pavo, since their nests are located in
similar heights on the shore. Subtidal species are likely to be able to feed
during all daylight time (about 14h in the peak of the breeding season).
However, this does not necessarily mean that the males of intertidal species
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have to cope with higher energetic costs associated with territorial defense
and parental care. Indeed, they may reduce their metabolism when out of
water (e.g. Laming et al. 1982), and the small territory size, lower level of
intrusions and reduced locomotor activities, may also contribute to save
energy.

If the predation pressures are smaller in the intertidal, the benefits of
breeding in this zone may further offset the costs imposed by the reduced
time available for feeding. Our data show that, unlike intertidal species,
subtidal fishes suffer territorial intrusions by several potential egg predators.
Moreover, the fact that several fish species visit the intertidal to spawn,
leaving their egg masses unguarded (e.g. Enophrys bison, DeMartini 1978,
Menidia menidia, Middaugh et al. 1981, Crenilabrus melops, Potts 1985),
is also in agreement with this hypothesis. It was also observed that when a
parental male is removed from his nest, subtidal species suffered almost
immediate egg predation (unpublished data), while in intertidal species, egg
masses can survive several days unharmed (Almada et al. 1992). We suggest
that this hypothesis can be further investigated using other fish lineages,
besides blennioids, that contain species subjected to different degrees of
turbulence. Gobiids, cottids and gobiesocids could provide good
opportunities for this type of studies.
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Table 1. a - Number of interspecific and intraspecific intrusions that
occurred in the male’s territory of each species. b - Statistical analysis using

ACTUS.
a Interspecific Intraspecific
intrusions intrusions

C. galerita (n=23) 34 64

L. pholis (n=22) 34 50

T. delaisi (n=22) 72 19

P. pilicornis (n=23) 99 25

b (i)Interspecific Intraspecific (ii)Interspecific Intraspecific
intrusions intrusions  intrusions intrusions

C. galerita

(n=23) 0* 1000 1000 0*

L. pholis

(n=22) 4% 1000 996 0*

T. delaisi

(n=22) 991 L* 12* 1000

P. pilicornis

(n=23) 999 0* 3* 1000

(i) cases in which simulated values did not exceed observed values; (ii) cases
in which observed values did not exceed simulated values. x*= 73.81, d.f=
3, p<0.001. For details of ACTUS see Estabrook & Estabrook (1989).

* p<0.05 (one-tailed).
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Table 2. Total number of intrusions in the male’s territory of each species.

Intruders C. galerita L. pholis T. delaisi P. pilicornis
(n=21) @®=17) (©=17) (n=20)

C. galerita 64 33 -- -

L. pholis 19 50 -- -

T. delaisi - -- 19 3

P. pilicornis -- -- 8 25
Other blennioids 3 -- 9 2
Wrasses - -- 32 29
Gobies - -- 15 3

Sea breams 9 -- -- 60
Clingfishes -- -- 8 --
Atherina sp. -- - -- 2
Crabs 3 1 -- --

Table 3. a - Number of minutes spent inside and outside the nest by the
parental male of each species. b - Statistical analysis using ACTUS.

a Total observation time  Inside the nest OQOutside the nest
(min) (min) (min)

C. galerita

(n=23) 493 366 7

L. pholis

(n=22) 1071 949 14

S. pavo

(n=65) 1867 1801 6

T. delaisi

(n=22) 440 153 129

P. pilicornis

(n=23) 456 97 90

b 1) Inside  Outside (i) Inside  Outside

C. galerita (n=23) 168 1000 850 0*

L. pholis (n=22) 27* 1000 976 0*

S. pavo (n=65) 0* 1000 1000 0*

T. delaisi (n=22) 1000 0* 0* 1000

P. pilicornis (n=23) 1000 0* 0* 1000

(1) cases in which simulated values did not exceed observed values; (ii) cases
in which observed values did not exceed simulated values. x*= 1353.86,
d.f=4, p<0.001. For details of ACTUS see Estabrook & Estabrook (1989).

* p<0.05 (one-tailed).
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Table 4. Water column movements performed by each species in courtship
or other contexts.

Courtship Total
Male Female Male Female
C. galerita 0 0 0 2
L. pholis 0 0 1 0
S. pavo 0 0 0 0
T. delaisi 79 0 141 2
P. pilicornis 69 0 98 21

Table 5. Percentage of coutship acts performed with or without the presence
of a female.

Number of courtship acts Female present Femalenot present

(%) (%)
C. galerita 19 84.2 15.8
S. pavo 524 100 0
T. delaisi 44 31.8 68.2
P. pilicornis 30 33.3 66.7
Figure legends

Figure 1. Spatial distribution of feeding, patrolling, interspecific and
intraspecific interactions, in the male’s territory of each species. a - C.
galerita (n= 23); b - L. pholis (n= 22); c- S. pavo (n= 65); d - T. delaisi
(n=22); e - P. pilicornis (n=23).
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ABSTRACT

In this paper we present data on the seasonal variation of gonadosomatic,
hepatosomatic and feeding indices in nesting males, females and female-like
males of the blenniid fish Salaria pavo. Eviscerated condition factors, female
fecundity and feeding rates are also presented. The results are consistent
with the hypothesis that females maximize their feeding rates during
reproduction, converting food into eggs through repeated spawning. Nesting
males feed at a very low rate during the breeding season. It is argued that
one major component of the reproductive costs in these males is the
reduction of feeding opportunities. Female-like males present lower
reproductive costs, which probably reflects the compromise between
fertilizing some eggs and growing.

Key words: Salaria pavo; Blenniidae; reproductive costs; parental care;
body condition; alternative reproductive tactics.

INTRODUCTION

The costs of parental care in teleost fishes, and the ways in which
males and females invest resources in reproduction have been studied in
several fish species (e.g., Miller, 1984; Sargent & Gross, 1986; Almada,
1990). At low to moderate latitudes, which allow a long breeding season,
it is commonly found that females spawn repeatedly and, in some cases,
produce a total weight of eggs that may exceed their own weight (Wootton,
1973; Barlow, 1984; Miller, 1984). In these situations, it is expected that,
for females, the breeding season is a period of maximal feeding, in which
food is steadily converted into eggs. This feature has been considered by
several authors as one of the factors that has contributed to the repeated
evolution of male parental care in bony fishes (Blumer, 1979; Baylis, 1981;
Guitleman, 1981; Barlow, 1984; Almada, 1990). For males that care and
guard the eggs, one of the likely features of male reproductive investment
is a reduction of feeding opportunities during the breeding season (e.g.,
Qasim, 1957; Miller, 1984; Sargent & Gross, 1986; Santos & Almada,
1988; Chellappa et al., 1989; Almada et al., 1992; Santos, 1992; Almada &
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Santos, 1995; Smith & Wootton, 1995; Santos ef al., 1996).

Salaria pavo (Risso, 1810) is an excellent material to test this
hypothesis. Like all other blenniids, the male guards and cares for the eggs,
and there is no defined parental cycle. The male may guard the nest for many
weeks, and a succession of females may spawn in the same nest, increasing
significantly the duration of continuous parental care. In addition, in the
population studied by us, the nests are densely aggregated and the nesting
males minimize their excursions out of the nest and occupy breeding
territories that are virtually limited to the nest hole, therefore with no food
resources. There is an excess of mature males that cannot establish nests and
nesting males are significantly larger than non-nesting males. The smaller
non-nesting males are almost identical to females both in morphology and
behaviour and act as sneakers (female-like males), while the larger ones act
as floaters and try to take over the nests of parental males. Several aspects
of the biology and behaviour of this population have been described in
previous papers (Almada et al., 1994, 1995; Gongalves et al., 1996). In this
paper, we present data on the patterns of resource utilisation by males and
females S. pavo.

MATERIAL AND METHODS

The population studied is found in a lagoon environment at Ria
Formosa, southern Portugal (36° 59'N, 7° 51' W), where the only available
cavities are bricks used by clam-culturists to delimit their fields. The
boundaries of adjacent clam cultures are delimited by several kinds of hard
debris (bricks, tiles, stones) that form ridges 10 to 20 cm high. All the nests
found occurred intertidally along these ridges. When the tide ebbs, nesting
males stay inside the bricks, while most females and non-nesting males move
~ to the channels and adjacent eelgrass beds.

Fish samples were collected during the breeding seasons of 1988
(August), 1990 (May), 1991 (July), 1993 (April, September) and 1994
(January). Fish were caught with the help of a hand net and killed with an
overdose of quinaldine. The following measurements were taken: body
weight (W), eviscerated weight (Wev), gonad weight (Wg), liver weight
(W), gut weight (Wa), and standard length (SL). The guts were inspected
for the amount of food present and were classified as: empty or with few
items, and partially or completely full. The presence of blenniid eggs was
also recorded. All samples were kept to a minimum and were collected
during several years, since this species has been listed as vulnerable in
Portugal (ICN, 1993), and this is the only stable population known in the
country. Additional measurements were taken from live fish that were
immediately returned to their habitat. The following indices were calculated:

Gonadosomatic index: GSI=100 (Wg/W)
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Hepatosomatic index: HSI= 100 (W/W)
Feeding index: FI= 100 (Wa/W)
Eviscerated condition factor: Kev= 1000 (Wev/SL?)

Low tide field inspections were made during the 1988 breeding
season. A total of 40 m of ridges was selected for regular inspection. All
nesting males found were captured with the help of a hand net, measured to
the nearest millimetre, weighed and marked. Marking was performed by fin
clipping. In each monthly visit, all caught individuals were inspected and if
they were already marked, their identity was recorded.

Focal behavioural observations were conducted by snorkelling on 65
nesting males and 16 females in the breeding season of 1994 (total
observation time = 35h 21min). In each observation we recorded the number
of feeding acts performed by the fish, and the net distance moved (the linear
distance from the starting point to the finishing position).

We kept one group of fishes (four nesting males, one floater male
and five females) in a 78x40x35cm aquarium with gravel and boulders to
provide shelter. Photoperiod was kept constant (LD 16:8) by a fluorescent
light (18 W), and temperature varied from 27-28°C. They were feed with
common cockles (Cerastoderma spp.) and live marine invertebrates. Glass
parallelepiped nests (3x3x15cm) with narrow apertures were constructed.
Each nest was wrapped with a black plastic sheet. The total area covered by
the egg layer was measured by removing the black plastic sheet and applying
a one square centimeter grid, counting the number of squares occupied by
the spawn. We also determined the density of eggs to estimate the total
number of eggs present in each nest. The egg masses were followed during
30 days.

Statistical analysis of the data was performed using the PC computer

program STATISTICA for Windows 4.5 (Copyright StatSoft, Inc. 1993)
and the simulation statistical program Actus (Estabrook & Estabrook, 1989)
designed for the analysis of contingency tables.
This program uses random numbers to simulate 1000 tables, each with the
same row and column total of the original table. Each simulated table is
compared with the original data table. Values smaller than 50 are one-tailed
significant (p<0.05). The significance of ¥’ is assessed by the number of
times out of 1000 that the value of x> for the simulated tables is equal to or
greater than that for the original table (Estabrook & Estabrook, 1989).

Data tranformations were applied to comply with the assumptions
of ANOVA (Sokal & Rohlf, 1981), and non-parametric tests were used
when those assumptions could not be satisfied.



RESULTS

GONADOSOMATIC INDEX

The mean (= s.d.) female gonadosomatic indices (GSI) reached a
peak in May (6.93 + 1.84, range= 5.16-9.30, n= 6), while the nesting males
and female-like males reached the highest GSI values in July (1.36 £+ 0.29,
range= 0.90-1.75, n= 10, and 1.73 +1.49, range= 0.17-3.59, n= 9,
respectively) (Fig. 1). The GSI values are in accordance with the breeding
season previously described for this population: end of April to September
(Almada et al., 1994). Female-like males presented high GSI values for a
shorter period (May-July).

HEPATOSOMATIC INDEX

The highest values of the hepatosomatic index (HSI) were reached
prior to reproduction (females: 3.88 = 1.07, range= 2.28-5.92, n= 8§, in
April; nesting males: 3.44 + 1.09, range= 1.06-4.45, n= 8, in April; female-
like males: 3.32 + 0.64, range= 2.30-4.30, n= 8, in January) (Fig. 2). There
is a highly significant difference both between months (Kruskal-Wallis test:
H (5, =135) = 51.36, p<0.001) and sexual categories (Kruskal-Wallis test:
H (2, =135) = 25.99, p<0.001). HSI values in July, August and September
were significantly lower (p<0.001) than January and April (Dunn’s test -
Jan/Jul: Q=4.37; Jan/Aug: Q=4.49; Jan/Sep: Q=5.16; and Apr/Jul: Q=4.02;
Apr/Aug: Q=4.20; Apr/Sep: Q=4.78). Females presented overall HSI values
significantly higher (p<0.001) than both types of males (Dunn’s test -
females/nesting males: Q=4.89; females/female-like males: Q= 3.65).

Nesting males presented a sharp decline in the HSI from May to
July, which was only recovered after the breeding season (between October
and January). Females presented some variation in the HSI, but the values
stayed high during the breeding season. Female-like males presented an
intermediate pattern with a smoother decline as breeding progresses.

EVISCERATED CONDITION FACTOR AND WEIGHTS

The highest values of the eviscerated condition factor (Kev) were
reached prior to reproduction (April) by females (13.00 £ 0.98, range=
11.73-14.17, n= 8) and nesting males (15.69 + 1.37, range= 13.78-15.06,
n= 8). Female-like males reached their highest Kev values in September
(13.06 + 0.91, range= 12.37-14.97, n= 8) (Fig. 3). There is a highly
significant difference both between months and sexual categories (Table I).
In females, the Kev dropped significantly from April to July (Tukey HSD
test: p<0.01) and recovered from July to September (Tukey HSD test:
p<0.05). In July, Kev of females is significantly lower than that of nesting
males (Tukey HSD test: p<0.05). Nesting males presented Kev values in
April that were significantly higher than those presented by females (Tukey
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HSD test: p<0.01) and female-like males (Tukey HSD test: p<0.01). Their
Kev values then decreased significantly to July (Tukey HSD test: p<0.001),
August (Tukey HSD test: p<0.01) and September (Tukey HSD test:
p<0.001). Kev variation in female-like males was not significant.

From the marking/recapture procedure, we were able to follow
individual nesting males from March to September. This data revealed that
nesting males significantly lose weight from June to July (Wilcoxon signed
ranks test: Z= 2.67, p<0.01, n=10) and July to September (Wilcoxon signed
ranks test: Z= 2.20, p<0.05, n=6). This method failed in following females
and female-like males since they presented a high mobility (Almada ez al.,
1994).

FEEDING

The highest values of the feeding index (FI) were reached prior to
reproduction by nesting males (4.55 £1.22, range= 3.35-6.65, n=7, in
January) and by female-like males (5.06 £1.50, range=3.40-7.61, n=7, in
April), and in the beginning of the breeding season by females (4.54 £1.74,
range=2.92-7.15, n=6, in May) (Figure 4). There is a highly significant
difference both between months and sexual categories (Table II). The
females presented a sightly increase in the FI from January to May and the
values stayed high during the breeding season. Nesting males presented a
decrease in FI values from January to August. Their FI was significantly
lower than that presented by female-like males in April (Tukey HSD test:
p<0.05) and by females (Tukey HSD test: p<0.05) and female-like males
(Tukey HSD test: p<0.05) in July. Nesting males presented a significantly
decrease of the FI from January to May (Tukey HSD test: p<0.05), July
(Tukey HSD test: p<0.001) and August (Tukey HSD test: p<0.01). FI
variation in females and female-like males was not significant.

Females also presented significantly less empty guts while nesting
males had more empty guts than expect by chance (Table III). Another
interesting feature is that 65% of the nesting males presented blenniid eggs
in their guts (n=26), while only one female presented eggs in the gut (n=
27). In addition, females performed significantly more feeding acts per min
(females: mean= 0.319, s.d.= 0.283, range= 0-0.846, n= 16; nesting males:
mean= 0.017, s.d.= 0.077, range= 0-0.533, n= 65; Mann-Whitney U-test:
7=-6.28, p<0.001), and significantly higher maximal displacements (females:
mean= 564.3cm, s.d.= 503.6, range= 50-2000cm, n= 14; males: mean=
12.9cm, s.d.= 37.2, range= 0-200cm, n= 65; Mann- Whitney U-test: Z=6.23,
p<0.001) than nesting males.

FEMALE FECUNDITY
In Table IV the cumulative numbers of eggs present in each nest
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from the aquarium group are shown. We used the developmental time of 15
days given by Patzner & Brandstitter (1988) to estimate the number of
hatched eggs. This number was added to the total number of eggs in that
inspection, resulting in the cumulative number of eggs laid in the interval
considered. We assumed that most eggs were fertilized and that mortality
prior to hatching could be ignored. The rate of eggs laid per female was
calculated by subtracting the number of eggs from the first count to the total
number of eggs laid and dividing by the number of days (30) and by the
number of females (5). We obtained a mean daily rate of 162 eggs laid per
female. The mean weight of each egg was 0.75mg (n=20). Using the mean
daily rate of 162 eggs and multiplying by four months (the duration of the
breeding season), each female would lay an average of 14.6g of eggs in each
breeding season. The mean weight of the females present in the low tide
inspections in June and July (the peak of the breeding season) was 8.8g (n=
20). If these calculations are realistic, total ovarian expenditure over the four
months breeding season could be higher than somatic weight.

Patzner (1985) based on the frequency distribution of oocyte stages
determined that, in an Adriatic population of this species, fecundity shows
a rectilinear relationship with body length expressed by the equation: F=
125L-5125 (where L is the standard length in mm). Applying this formula
to our data, the daily rate of eggs laid per female would be 82. This value is
half the one we determined with direct egg counts. Our method may have
overestimated the number of eggs if the females are overfed, or the method
used by Patzner (1985) could have underestimated the number of eggs laid,
if stage I and stage II oocytes would both develop in that breeding season.
A third hypothesis is that female fecundity is much higher in our population.
Either way, the weight in eggs laid by a female during the breeding season
would be equal to or greater than her own body weight.

DISCUSSION

The evidence presented in this paper shows that one major
component of the costs of reproduction in nesting males is a reduction of
feeding opportunities. Indeed, during the breeding season, nesting males
presented a lower feeding index and feeding rate and, a higher proportion
of empty stomachs than females. Nesting males also lose weight, their HSI
decline, and their Kev decrease significantly during the breeding season. In
addition, they did not grow during this period. Such a deterioration in the
condition of parental males had previously been reported in Lipophrys
pholis (Linnaeus, 1758) (Qasim, 1957), Parablennius sanguinolentus
(Valenciennes, 1836) (Santos & Almada, 1988; Santos, 1992; Santos et al.,
1996), and other fish taxa with male parental care (e.g., Miller, 1984,
Crivelli & Britton, 1987). For S. pavo, this reduced feeding is not a
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consequence of a suppression of the feeding motivation. Indeed, nesting
males kept in aquaria will readily take food if it passes near the nest entrance
(personal observations).

It seems likely that the nesting males engage in filial cannibalism as
a means of diminishing their energy intake deficit. This behaviour had been
described for several fish species with male parental care [e.g., Oxylebius
pictus Gill by (DeMartini, 1987); Gasterosteus aculeatus L. by (FitzGerald,
1991); Hypsypops rubicundus (Girard) by (Sikkel, 1994); see also
FitzGerald, 1992)]. Although the eggs found in the guts of nesting males
might represent dead embryos removed by the nesting males as part of their
parental activities, we noted that some embryos showed no sign of damage.

We suggest that this reduced feeding is caused or enhanced by the
dense nest aggregations found in this population, and by the constant
pressure exerted by non-nesting males, both floaters and sneakers (Almada
et al., 1994, 1995; Gongalves ef al., 1996). In fact, nesting males do not
defend food reserves, and leave their nests infrequently (Gongalves &
Almada, in prep.) and for short distances (as shown by the small maximal
displacements). This behaviour makes sense if one considers that the nests
are cavities with narrow entrances that are much easier to defend for a male
that is inside. With the high pressure of floaters and sneakers, a male that
leaves the nest frequently, would face the risk of having to dislodge an
intruder, that would have the advantage of being inside the nest.

The presence of dense nest aggregations and the excess of males
without nests may also explain the differences between our results and those
of Podroschko et al. (1985). These authors found that HSI did not
deteriorate during the breeding season in males of an Adriatic population
of S. pavo, who defended small territories around the nest (Patzner et al.,
1986). Such a comparison is however made more difficult by the fact that
these authors collected their fishes with baited traps, which could have
biased the samples in favour of males that were feeding actively.

It is also important to note that this reduction of feeding by the
nesting males is not a mere consequence of a shortage of food in the area.
Non-nesting males and specially females keep feeding actively during the
breeding season, and the available evidence suggests that this high level of
feeding is responsible for the large number of eggs produced by the females
throughout the season. Despite their high level of egg production, the HSI
of females is not reduced during the breeding season, and their Kev,
although depressed in the peak of the breeding season, has a quicker recover
than that of males.

Finally, the data suggest that the female-like males incur in lower
reproductive costs, at least in terms of energy. The GSI values also suggest
that, for these males, the breeding season maybe shorter, but more data are
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needed to test this hypothesis. These males are smaller and younger than the
nesting males (Gongalves ef al., 1996) and it is likely that their reproductive
biology reflects a compromise between the need to try to fertilize some
eggs, and the need to grow, becoming able to secure nests and act as
parental males.
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Table I - Two-Way ANOVA results for the effects of month and sexual
categories on the eviscerated condition factor (Kev).

Effects d.f. MS F p

Month 5 0.302 12.13 0.000001
Sexual categories 2 0.346 13.91 0.000004
Interaction 10 0.116 4.66 0.000014

Table II - Two-Way ANOVA results for the effects of month and sexual
categories on the feeding index (FI).

Effects d.f. MS F p

Month 5 2859 3.33 0.007686
Sexual categories 2 19449 22.66 0.000001
Interaction 10 3206 3.73 0.000242
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Table III. A. Occurrence of empty guts on the different sexual categories on
samples taken during the breeding season (May, July and August). B.
Statistical analysis using ACTUS: i) cases in which simulated values did not
exceed observed values; ii) cases in which observed values did not exceed
simulated values. ¥*=26.78, d.f=2, P<0.001. For details of ACTUS see
Estabrook & Estabrook (1989).

A. Nesting males  Female-like males Females
Empty guts 18 6 2
Partially or 8 25 25
completely full guts
B. Nesting males  Female-like males Females
D
Empty guts 996 165 11*
Partially or 3% 843 962
completely full guts
ii)
Empty guts 4* 906 998
Partially or 999 212 68
completely full guts

* P<0.05 (one tailed)
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Table IV - Cumulative numbers of eggs present in each nest from the
aquarium group: four nesting males, one floater male and five females. (?) -
The presence of eggs could not be determined. (*) - The eggs were
destroyed by the floater male.

Day Malel Male2 Male 3 Male 3 Male4  Total
Nest A Nest B

1 2118 219 ? 2337
2 2426 490 ? 2916
7 3966 2541 ? 6507
12 5236 3773 4543 13552
17 7431 4225 1155 12811
23 9587 7123 * 130 693 17533
30 13861 9345 % 616 2888 26710
FIGURE LEGENDS

Figure 1 - Variation of mean (£ s.d.) gonadosomatic indices (GSI) in
females (a), nesting males (b) and female-like males (c) throughout the year.

Figure 2 - Variation of mean (+ s.d.) hepatosomatic indices (HSI) in females
(a), nesting males (b) and female-like males (c) throughout the year.

Figure 3 - Variation of mean (+ s.d.) eviscerated condition factors (Kev) in
females (a), nesting males (b) and female-like males (c) throughout the year.

Figure 4 - Variation of mean (£ s.d.) feeding indices (FI) in females (a),
nesting males (b) and female-like males (c) throughout the year.
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