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Abstract

The currently most accepted population theory éef fish was developed on tropical
reefs and suggests that populations of most refefsfpecies are limited primarily by
recruitment, with little post-recruitment resoutireitation. | tested the validity of this
theory for temperate reef fishes by examining ghorates in six common species from
a number of isolated populations for evidence sbuece limitation. If resources are
limiting, spatial and temporal variation in recraént and mortality should lead to
isolated populations experiencing differing levaisesource availability, particularly
food availability, which will be reflected in grotvtrates. | worked with six of the most
common reef fishes found in Tasmanian waters daatinafindings would form the
basis of a broadly applicable model. These Widolabrus tetricusNotolabrus
fucicola Pictilabrus laticlavius Pseudolabrus psittaculuPenicipelta vittiger and

Meuschenia australis

Before examining growth rates it was first necestadefine the scale at which
populations could be considered to be isolated.shoet and long-term movement
patterns of each species were studied using vidasgrvations to interpret short-term

patterns, and recaptures of tagged fish to intetpeelong-term patterns.

Methods of ageing each species were developedaihted, with growth rates of
tagged fish being used to validate the use oftbtfor ageing. General growth curves

are presented.

For most of the species, there was some uncertaimtyrrent texts about the sexual
system used and the relationship between sex ahdodnatism and dimorphism. To
clarify this situation the reproductive biologyedch species was examined. The

relationship between sex and growth rate was alammed.



For two speciesN. tetricusandN. fucicolg annual growth data from tagged fish were
obtained over a 3-4 year period, allowing intereadrgrowth variability to be
examined. As well as providing an insight into agiability of growth with time, these

results also aid in the interpretation of growthveis determined from otolith ageing.

In all species investigated, no significant diffezes in growth rates were detected
between populations occupying similar habitats sufgect to similar environmental
conditions. These results suggest that post-recemt resource limitation in the form of
food limitation may not be an important factor ughcing the post recruitment growth
and survival of many temperate reef fishes witlagiel larval stages. This agrees with
the assumptions made, but rarely tested, in cutiheairies concerning the regulation of

populations of reef fish, particularly those on parate reefs.
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Chapter 1 Introduction

1.1 General

In Australia, and in fact worldwide, the impactatthumans have exerted on
populations and assemblages of temperate reekfesteeonly just beginning to be
recognised, impacts that have been caused by meptssuch as exploitation,
pollution, and habitat modification (Lincoln-Smiéimd Jones 1995). With this
recognition has come the realisation that our kedgg of the biology and ecology of
most of the impacted species is very limited, drad tesearch for both fisheries
management and conservation purposes is urgergtlede This paucity of research has
occurred for two principle reasons. Firstly, reatéd fisheries are generally small and
target a range of species, producing low econoetigms. Often in such fisheries, the
costs of research and management can outweigtathe of the fishery (Russ 1991).
Therefore, fisheries management authorities andifignbodies have largely ignored
this area of research, in preference for the nfgberies based on pelagic and demersal
species which provide substantially greater econoeturns. The second reason for the
absence of temperate research, is that most ste¢fiologists prefer to work in tropical
waters due to the substantial advantages that difeseover temperate waters (Sale
1980, Ebeling and Hixon 1991). These advantagésdacalmer working conditions,
greater visibility, warmer temperatures enablinggler dive times and improved diver
comfort, and the opportunity for greater experimaéreplication that is offered on coral

reefs due to the occurrence of isolated coral haadgatch reefs.

While research on temperate reef fishes has bewted, and is the subject of only a
few specific reviews (e.g. Choat 1982, Jones 1388)¢ is now an extensive literature
on the biology and ecology of tropical reef fishesich of which has been recently
reviewed in Sale (1991) by a number of authorss tie subject of other more specific
texts and reviews (e.g. Ehrlich 1975, Sale 1980e3ter 1984, Doherty and Williams

1988a). In addition, much is now known about tHeaiveness of tropical marine



reserves (Roberts and Polunin 1991), and the marageof tropical reef fisheries
(Polunin and Roberts 1995). A substantial propartibthe knowledge gained from
tropical studies, particularly in the area of p@tian regulation, could be directly
applicable to temperate regions. However, in amecemparison of the published
information on community structure of tropical aedperate reef fishes, Ebeling and
Hixon (1991) concluded that there were, at thagfitno few studies available from
temperate reefs to assess the universality of cantyntegulation models developed
from tropical studies, particularly given the rddferences that exist between temperate

and tropical reef fish communities at a descriplexeel.

Some of the more recently published studies examgilwing-term changes in
assemblage structure in both temperate (Holbet@k. 1995) and tropical (Sakt al.
1994) reef fishes suggest that there may be songrwence in the patterns operating at
the assemblage level, as the relative compositidrehundance of most constituent
species are highly variable. However, it is notgletir as to whether these patterns are
caused by the same processes. For coral reef dsg@mbat least for the majority of
species which have an open reproductive sysyemandispersive larval phase, there is
an increasing amount of evidence suggesting tieastiongest process structuring
assemblages is temporal variability in the avdilglof new recruits from the plankton
(Doherty and Williams 1988a, 1988b, Doherty and IEo\i994). However, while
recruitment limitation is emerging as an importsinticturing process, studies have also
shown that, at least occasionally, recruitmentfi@gent for resource limitation to

occur, with density dependant processes then begomore important (Jones 1987a).
More research is needed to determine how frequestlyitment strength in most
species is sufficient for post-recruitment processebecome important. For species
with closed reproductive systems, recruitment abpbly rarely limiting, and in such
species resource limitation is likely to be the mogortant process structuring

populations (Thresher 1983, 1985).



In temperate waters, the vast majority of researcpopulation regulation has been
fisheries based rather than reef based, and haddaessed on commercial pelagic and
demersal species. This work has shown that margyespendergo large changes in
population size between years which is primarildrated by interannual variability in
larval mortality (Cushing 1975). This situatiomstly parallels that now reported in
tropical reef fishes (Doherty and Williams 1988a)d suggests that there may be some
similarity between the processes structuring pdjmia for many tropical reef fishes

and commercially exploited temperate pelagic andetsal fishes.

Due to a lack of research much less is known ofrieehanisms regulating population
size for temperate reef fishes. While it is possiblat these mechanisms will be similar
to those operating on tropical reefs and in tentpazammercial species, preliminary
studies have had conflicting results. For exanmplephens and Zerba (1981), who
examined many species in an assemblage of reekfistund no evidence of resource
limitation, while Jones (1984b) reported that resedimitation substantially

influenced growth rates and time to maturityPiseudolabrus celidotufesource
limitation has also been reported in the tempesatgperchEmbiotoca jacksorand

E. lateralis(Holbrook and Schmitt 1986; Schmitt and Holbro®®Q). However,
resource limitation would be expected in theseiggeas both have a closed, rather than

open, reproductive system, giving birth to live gguvhich remain on the parental reef.

If the impacts of fishing, pollution and habitas$oare to be properly assessed on
temperate reefs, far more work needs to be direttedderstanding the processes
regulating assemblages of fishes on them, andifgieigt any parallels that occur
between temperate and tropical reefs. Some of tst important questions that need to
be answered include the following.

(1) Are assemblages of temperate reef fishes pityrianited by recruitment or by

resource availability?



(2) If recruitment is important, what are the preses that influence recruitment
success?

(3) If resource limitation is important then whasources are limiting (food, space,
shelter)?

(4) Is there a stock recruitment relationship ofpegafor most species in most years?

As reef-based fisheries target a range of spesieg the same or similar fishing
methods, the management problems associated valthfistheries represent a
particularly substantial challenge to fisheries agers (Roberts and Polunin 1991, Russ
1991). This is because of the interactive natutthisftype of fishery where, although
one target species may be particularly well manaigexigh appropriate research and a
sustainable catch limit, the many other speciesateacaught as a by-catch may be
accidentally overexploited. These problems mayamtially overcome when the
biology and ecology of all exploited species i$yfuinderstood, and appropriate
management strategies are implemented. Howeverauohtcome is not likely in the
immediate future given the present level of fundang research priorities of fisheries

authorities (Russ 1991).

An alternative and parallel approach to this mamege problem may be the
establishment of networks of marine reserve arlesed to fishing. This alternative
approach to protecting a breeding population capabsupplying new recruits to
adjacent areas has been widely advocated (e.gisViall'1; Ballantine 1991; Bohnsack
1990). As well as providing a valuable managemehiti®n, this strategy also acts as
insurance against the collapse of fisheries manbgacditional methods. It also
enables the conservation of marine communitiekeir hatural state and significantly
aids scientific research by allowing assessmettiefmpacts of fishing in adjacent
areas by comparison with levels of unexploitedlstan reserves. The vast majority of
marine reserves established so far have beengitélaegions and, therefore, marine

reserve research has mostly been concentratedsa tkgions. The results of research



into the effectiveness of tropical marine reseilves been reviewed by Roberts and
Polunin (1991). The major findings of this reviewn that the average size and
abundance of many large carnivorous fishes werarerdu by the reserves, but nothing
was yet known of the rates of immigration or emiignato reserves, or of the
contribution that recruits supplied by breedingckin reserves make to adjacent

fished populations.

Understanding the role that movements can plalyaretfectiveness of reserves is an
essential pre-requisite for the design of suchrvese As research into spiny lobster
Jasus edwardspopulations in the Cape Rodney to Okakari PointihdaReserve in
temperate New Zealand has shown, lobster numbdrsiae increased significantly
compared to adjacent areas after the reserve wasissed. However, small offshore
movements by male lobsters resulted in them enmgyautside the reserve boundaries
where they were targeted by local fishermen (Manbid and Breen 1992). If the aim
of a reserve is to contain and protect breedingifadions of reef fishes, then the
movement patterns of the species to be protected toebe fully understood, so that

reserve size and boundaries can be chosen to mainsses.

The major aim of the research presented in thisghs to examine the applicability of
population regulation models, developed on tropieafs, to temperate reef fish
assemblages. This work also has two important skegraims, of firstly providing
information on fish movements that may be valuablihe design of more effective
marine reserves, and secondly expanding the exiydimé&ed knowledge of the

biology of some of southern Australia's most commesf fishes.

The particular focus of the primary aim was to testassumption of Doherty and
Williams (1988a, 1988b) recruitment-limitation médéat most natural reef fish
populations are rarely resource limited.This wasedoy examining the extent to which

natural populations are limited for those resouwgegh determine growth rates. Jones



(1984b) found that isolated populations of the terafe reef fisiPseudolabrus
celidotus,occurring in similar habitats, could have subs#diytdifferent rates of

growth and times to maturity, presumably as a tefugreater food limitation in areas
of high recruitment or survivorship. As this resulis counter to that predicted by
Doherty and Williams (1988a, 1988b), it is impottemexamine whether the results of
Jones (1984b) were more widely applicable to teatpaeef fishes, or are atypical. To
do this, | chose to work with six of the most conmmeef fishes found in Tasmanian
and southern Australian waters as model speciesieng the extent to which growth
varied between isolated populations occupying sintiabitats, but which were
presumably subject to different rates of recruittreerd mortality, and therefore to

different levels of resource availability which édinfluence growth.

Before this could be done, it was first necessamgxamine the extent of movements of
the model species, so that the scale at which papaok could be considered to be
isolated was identified. Also, growth had to bedstd in each species, and the ageing
techniques used to examine growth had to be valid@ecause growth rates may be
sexually specific, it was also necessary to exarthiaesexual systems of each species,
and to determine any relationship between sex amgmology that would enable easy

identification of the sexes.

Particular emphasis was placed on the movemerdrpatof the model species because
of the implications that these movements havehereffective design of marine
reserves, specifically the minimum size that indial reserves should be, and the type
of boundaries that may be effective in constrair@nggration. As the species chosen
for this study were amongst the most common on &agmn reefs, they represented an
appropriate choice for studying the effectivendsgserves in Tasmanian waters at

protecting representative assemblages of reefdishe



1.2 The model species

The six model species consisted of four labridist¢labrus tetricus, N. fucicola,
Pictilabrus laticlavius,andPseudolabrus psittaculyand two monacanthids
(Penicipelta vittigerandMeuschenia austral)srepresenting two of the most common
families found in southern Australian waters. Tisdribution of each species includes
all Tasmanian waters with suitable habitat. The @octature for the labrids follows the

review of Russell (1988), while that for the monabtads follows Laset al. (1983).

1.2.1Notolabrus tetricusCommonly called the bluethroated wrasse, or l#adh
parrotfish, this species was first describetla@srus tetricusdy Richardson (1840) from
a type specimen collected in Port Arthur, Tasmadhiaas been known d@seudolabrus
tetricus and was only recently placed in the geNasolabrusby Russell (1988). Its
distribution is from Sydney (N.S.W.) to Spencer8l.A.), and it occurs on both
sheltered and exposed reefs from 0 to 40 m, altingegerally in the deeper waters on
exposed reefs. In Tasmanian waters this specie@gsgmn500 mm, and the diet is
predominantly molluscs, echinoids and crustacegaansicularly decapod crustaceans

(Edmunds 1990).

1.2.2Notolabrus fucicolaCommonly called the purple wrasse, saddled wrasse

kelpie, this species was first described.abrus fucicolaby Richardson (1840) from a
type specimen again collected in Port Arthur, Tagmarl his species was previously
known asPseudolabrus fucicoléeing only recently placed in the geMstolabrusby
Russell (1988). The species distribution is fromtsern New South Wales to

Kangaroo Is. (S.A.), and it is usually found on@sgd reefs in 0 to 15 m of water. This
species grows to at least 450 mm in Tasmanian syadad has a diet of crustaceans and

molluscs (Edmunds 1990).



1.2.3Pictilabrus laticlavius This species is commonly called the senator weass
senatorfish, and was first described.abrus laticlaviusby Richardson (1839) from a
type specimen collected in Port Arthur, Tasmartibat also been described as
Eupetrichthys gloveriScott 1974). Its distribution is from Seal Ro¢ksS.W.) to the
Houtman Abrolos Islands (W.A.), and is usually fdun 0 to 20 m of water on
sheltered to moderately exposed reefs. This spgoiegs to 300 mm in Tasmanian
waters, with a diet of molluscs and small crustaseparticularly amphipods (Edmunds

1990).

1.2.4Pseudolabrus psittaculu3his species is commonly called the rosy wraasd,
was first described dsabrus psittaculusby Richardson (1840) from a type specimen
collected in Port Arthur, Tasmania. It has alsonbeéstakenly identified aB. miles
(Bloch and Schneider 1801), a closely related ggdiound in New Zealand waters.
This species is found from Sydney (N.S.W.) to Kidgorge's Sound (W.A.), and is
found on reefs of all exposures, in 10 to 220 mwafer. In Tasmanian waters, this
species grows to 250 mm, and has a diet of smadtiebrates, which are
predominantly crustaceans, echinoderms, and mali{isdgaret al. 1982). It has also

been observed cleaning ectoparasites from othespeeies (pers. obs.).

1.2.5Penicipelta vittiger Commonly called the toothbrush leatherjacket #pecies

was first described ddonacanthus vittige€Castelnau 1873, from a specimen collected
in St Vincent Gulf, South Australia. It was alssdebed a$. vittigerin that year by
Castelnau. In a recently published fish identifmathandbook, Gomoet al. (1994)
placed this species in the geisanthaluterespresumably due to its similarity to the
closely related specidés spilomelanurusThe distribution oP. vittigeris from Coffs
Harbour (N.S.W.) to Jurien Bay (W.A.), on exposedemi-exposed coastal reefs of O
to 55 m depth, although it is most commonly foumdhallow water from 0 to 10 m.
This species grows to 320 mm in Tasmanian watashas a diet of small

invertebrates, particularly amphipods and epifaumadrtebrates such as hydrozoans



(Last 1983). Feeding on algal associated invertebn@sults in incidental inclusion of
algae of up to 40% of gut contents (Last 1983),fartther research is needed to

determine the extent to which this is digested.

1.2.6Meuschenia australisommonly called the brownstriped, brownbanded, or
southern leatherjacket, this species was firstrdest asBalistes australionovan
1824, from a type specimen collected in Tasmadrha. distribution of this species is
from Wilsons Promontory (Vic.) to Robe (S.A.) andifound on coastal reefs of all
exposures, from 0 to 30 m. While quite common ieriflanian waters, it is less
common elsewhere. This species grows to 320 mnagmiinian waters, and feeds on
benthic invertebrates, including molluscs, echispltydrozoans and poriferans (Last

1983).



Chapter 2 Short and Long-Term Movement Patterns

1.1 Introduction

2.1.1General

Based on more than three decades of research ingalumerous studies, the majority
of species of tropical reef fish are now regardebteing sedentary in habit, with
individuals usually remaining in association wiimall areas of reef for most of their
life (Ehrlich 1975; Sale 1991). This conclusiorbased on the results of tagging studies
(e.g. Randall 1962; Bohnsack 1990; Recksie&l. 1991), as well as direct observations
made on individual fish using SCUBA (e.g. Bardaéb8; Clarke 1970; Reese 1973;
Thresher 1979). The scale of the daily movementisinvihe reef of these sedentary
species, may range from several metres in a seraliarial species (Sale 1971) to
several kilometres in species involved in eithessrreef spawning migrations
(Johannes 1978), or migration from sleeping toifegdites (Hobson 1972). As well as
differences between species, there can also b&deoalle intra-specific variation in
range size, with home-ranges tending to increapedportion to the size of individuals
(Sale 1978) and in inverse proportion to habitalityi(Matthews 1990). Intra-specific
behavioural factors may also significantly influerspatial relationships (Ogden and

Buckman 1973).

The majority of temperate reef fishes may alsodakestary. However, few studies are
available for direct parallels to be drawn betwgenmovement patterns of fishes on
temperate and coral reefs. This derives primardynfthe difficulties associated with
using SCUBA in colder waters with low visibilityrém the limited number of
temperate studies conducted so far, families optate reef fishes found during
behavioural studies to have site-attached repratsess include labrids (Jones 1984),

cheilodactylids (Leum and Choat 1980) and pomamen(Clarke 1970; Moran and

10



Sale 1977; Norman and Jones 1984). In taggingestutimilies in which some species
have been found to display site-attachment incthdescorpaenids (Matthews 1990),
embiotocids, labrids and pomacentrids (Davis andesson 1989), and serranids (bass)
(Davis and Anderson 1989; Parker 1990; Low and ¥VE¥91). Davis and Anderson
(1989) studied four common Californian reef fishedected from different families

and trophic positions, and found that all were-sitached, indicating site-attachment

may be common in temperate reef fishes, regardfefssnily or trophic position.

While many temperate species may be site-attacia®@yal studies have suggested that
the tendency for year-round residency may decne#dbhdncreasing latitude because, at
least in some temperate regions, large seasonativas in water temperature are
experienced, forcing reef residents into deepeahoife waters to avoid environmental
extremes (Parker 1990) or causing them to hidestate of torpor during the coldest

months (Ollaet al. 1979).

2.1.2Aims

The major aim of this study was to define the scalmovements of the six species
whose biology is examined in the following chaptdiisis was necessary to delineate
population boundaries, a parameter which is ofi@ddr importance for the research
presented in Chapter 6 where growth rates are c@uetween populations separated

by relatively small distances (2 to 50 km).

A further aim of this study was to extend the liditktnowledge of short and long-term
movement patterns of temperate reef fishes, asitvement patterns of even the most
common southern Australian reef fishes have not lbescribed. A final aim was to
assess the ability of natural habitat boundarieoitstrain such movements. An
understanding of factors such as these is essémtidle design of marine reserves on

temperate reefs, as well as for proper managenidisheries targeting reef species.
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The species selected for study include some afntb&t common fishes in southern

Tasmanian waters, and include four species ofdatand two species of monacanthids.
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2.2 Materialsand Methods

2.2.1Study sites and species

The study was conducted on a reef of 1 ha surrogndlich Rock in Southern
Tasmania, Australia, and at an adjacent reef adpimPoint one km away (Fig. 2.1).
The reef at Arch Rock extends from the intertidahtdepth of 7-10 m, with an average
offshore extension of 20 m, and completely surreuhe island, which has a
circumference of 320 m. This reef is isolated fribv@ nearest adjacent reef by a 1 km
stretch of sand, with an average depth of 15 m¢hvis bare during winter but
colonised by red algae during spring and summeg.h&bitat at this site is
characterised by the macroaldaervillea potatorum andLessonia corrugatan the
immediate sub-littoral zone, extending throld&crocystis pyrifera, Ecklonia radiata,
andSargassum fallaxrom 2-10 m, to a carpet of predominantly rechalgt 10 m. Sea

temperatures range from 8-18°C during the year.

At Ninepin Point the reef extends from the intaatitb a depth of 15 m immediately off
the end of the point, and to approximately 5 m kdegten more than 50 m away from
the end. This is a large reef covering approxinyidia, with habitat characteristics

similar to that described for Arch Rock.

The species studied (Table 2.1) were the bluethvoadse Notolabrus tetricus)purple
wrasse Notolabrus fucicola)senator wrasséctilabrus laticlavius) rosy wrasse
(Pseudolabrus psittaculugpothbrush leatherjacke®énicipelta vittige)y, and brown
banded leatherjacke¥leuschenia australjs The labridsN. tetricus andN. fucicolg
and the monacanthi@. vittiger, together constitute some of the most abundatiosha

reef fish in Tasmanian waters, white laticlavius is abundant in sheltered waters.
2.2.2Short-term movements and observations
A grid 70 m x 25 m, divided into 5 m x 5 m squangas established on the Arch Island

reef by means of bricks and rope. This extended tiee shoreline to the maximum
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Figure 2.1. Lower D'Entrecasteaux Channel regiofeemania, showing the location
of the Arch Rock study site and Huon region fishemtion sites.

Table 2.1. Biological characteristics of the spedncluded in the Arch Rock
movement study.

Family Name Max. length Sexua Sexual Sexually Reference
(cm) systen dimorphism? dichromatic?
Labridae Notolabrus 45 Protogynou: No Yes Russell
tetricus hermaphrodit (1988)
Labridae Notolabrus 50 Gonochorisr No No Russell
fucicola (1988)
Labridae Pictilabrus 30 Protogynou: No Yes Russell
laticlavius hermaphrodit (1988)
Labridae Pseudolabrus 25 Protogynou: No Yes Last,et al.
psittaculus hermaphrodit (1983)
Mona- Penicipelta 32 Gonochorisr Yes Yes Last,et al.
canthidae vittiger (1983)
Mona- Meuschenia 30 Gonochorisr Yes Yes Last,et al.
canthidae australis (1983)

offshore extension of the reef (20 m) and 5 m bdyarth one axis perpendicular to

the shoreline and the other roughly following degdhtours. The grid was established
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to provide a reference point for mapping the hoareges of individualy tagged fish

(v. section 2.2.3). The grid and adjacent reef wereeyed regularly to map the
position of each tagged fish, enabling the sizkearhe ranges to be estimated from the
area inside a polygon described by the locatiosigiftings, using the minimum area

polygon method of Mohr (1947).

Randomly selected individuals were also followedrahe grid for periods of sixty
minutes and their movements recorded on a mapedajrid printed on waterproof
paper. This technique was later modified by recgydhe fish movements with an
underwater video camera (Sony Hi8 mounted in an Aipo housing) to avoid the
loss of fish among the macroalgae while informat@s being recorded. Determining
the position on the grid and direction of movemaffish from the video record was
simple, as the position could be identified frorstitiguishing features on the reef, and
the slope of the reef was sufficient to differetgievhich axis of the grid was being
crossed at any time, with the grid lines being ilgadentifiable. Estimates of home-
range size were derived from the number of 5 mraguantered, or enclosed, during a

60 min period.

Behavioural observations, including the frequenfcgggressive displays and chases,
were used to determine whether home-ranging indalglwere territorial or not. The
movement results were derived from 100 h of obsemaver the grid and a further

100 h over the remaining reef area.

2.2.3Long-term Movemernts

For the long-term study, fish traps were used piwra fish greater than 15 cm total
length. The traps were rectangular, measuring 180 am, were constructed with a
framework of 6 mm dia. steel rod, and were covénetleavy cotton 1 cm mesh netting.
A trap door for releasing fish was placed at ond @rhile the other end had a funnel of

20 cm dia. to allow fish entry. The traps were posed on the bottom by a diver and
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were baitedn situwith crushed sea urchinsléliocidaris erythrogrammpg Traps were
set for 1 h periods, and in daylight hours only.aNlthe traps were pulled, captured fish
were placed in a bin of seawater until they codddgged. Fish were tagged with small
T-bar tags (Hallprint), inserted at the base ofdbesal fin. All tags were printed with
an individual code. Fish tagged over the grid uUsedhe short-term movement study
were tagged with T-bar tags additionally color abdeath a waterproof paint to aid in
underwater identification of individual fish. Aftésigging, fish length, apparent sex, and

position on the reef were recorded before release.

Traps were positioned at random on the reef to migei the possibility of even the

most sedentary species encountering a trap duaicly teapping session, although the
reef was arbitrarily divided into sixteen 20 m Ishgre x 25 m offshore sectors to
simplify analysis of movement patterns. Ranges wletermined on the basis of the
number of sectors in which individuals were recegdithroughout the study. Because
the reef had little offshore extension (20-25 mj &w fish ever crossed the sand-reef
interface, the study was considered to be one diiroral with movement around the
island being the movement of interest. Initial @kabservations of movement indicated
that a finer resolution study in two dimensions waBsecessary as movements in excess

of 20 m were observed in all species.

The nearest adjacent reef, at Ninepin Point, apprately 1 km away, was searched
periodically to identify any individuals migratirgetween reefs. Tags were printed with
a return address to facilitate the return of fightared by net fishermen who intensively
gillnet reefs near Arch Rock during the summer thenThe study site itself was

protected for the duration of the study by a terappgovernment ban on net fishing.
Fish were tagged and recaptured over a 2.5 yeerdoeetween May 1990 and January
1993 with weekly sampling for the first 9 monthgldahen with month long sampling at

3-monthly intervals. The recapture results weraluseestimate the net survival rate of
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tagged fish; an estimate which includes loss dwartmration, mortality, and tag
shedding. This estimate may be of use in asseksiets of emigration in species where
rates of natural mortality and tag loss may beragslto be small. Fish were not double
tagged to estimate rates of tag shedding becausmoérns of the possibility of
increased tag-induced mortality. The method oftteés@nd Ford (from Begon 1979)
was used to estimate annual survival rates afciiledes the average survival rate over
the whole recapture period, rather than for indigidoeriods as in the stochastic
methods ( e.g. Jolly/Seber, from Begon 1979). Tharacteristic is important in data
sets with small numbers of captures and recaptaseis minimises the effect that
sampling errors have on the estimate, by combimfagmation from all recapture
periods. In the method of Fischer and Ford themedg of population survivorship is
derived by an iterative process, using a numbsupfivorship estimates until the
observed total days survived by marks is equalled theoretical estimate of total days
survived by marks in the population when the swxship estimate is applied to the

capture data.

The long-term recapture data for each species aralysed b2 contingency tables to
examine the significance of inter-specific diffeten in the estimated distribution of
individuals amongst five range-size categories,fandny evidence of intra-specific
length or sex related differences amongst thesgjoaes. The cells for the contingency
tables contained the number of fish whose maximbsernsed range fell within each of
the range categories, 0-20 m, 20-40 m, 40-60 n8@0y, 80-100 m, > 100 m. Where
the number in any cell fell below five, adjacemga categories were pooled. Any
individuals which changed sex during the coursthefstudy were excluded from the
test of sex related differences, and likewise,ividdials which grew from one size
category to the other were excluded from the ®faed comparison. For the length
related comparisons, only two size classes wergaoed (small : large) and the cut-off
point for each class was arbitrarily chosen to enas even a balance of numbers

between classes as possible.
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2.3 Results

2.3.1Short-term Movements

Attempts to map the home-ranges of individuallyogrased fish failed due to rapid
algal fouling of the colour-coded tags used fonitfecation. Tags usually became
fouled within 2-3 weeks, and before sufficient gsioould be mapped to determine
home-ranges by the polygon method. Estimates oeh@nges of individual fish were
therefore made by following and mapping the movamémdividuals over the grid for
1 h periods. The results of these short term mom¢wieservations are summarised in

Table 2.2.

2.3.1.1Notolabrus tetricusOne hour movement maps were compiled for botrafem
and males. These indicated that both males anddsmeere active within a home-
range, swimming almost continuously and coveringtinod the area within their range
during this period. Female home-ranges were estitnat range from 225-7252nand
extended over the full depth range of the reefaligoverlapping those of many other
females and two or three males. While there weaguient displays of aggression
between juveniles and between females, there wasidence of territorial defence by
either group. The range of juveniles appeared teskeicted to approximately two grid
sectors (50 @) however this was not able to be verified as thieye highly cryptic and
were rarely able to be followed for more than 5 tméfiore eluding the observer. Males
were highly territorial and patrolled clearly defthranges, with any intrusion by a
neighbouring male resulting in a chase. The thrakesn whose territory overlapped the
study grid, had estimated territorial ranges 60-Z75 m. During the breeding season
(mid-August to January) males continuously couttedfemales within their territory,

displaying with a raised caudal fin as they passath female.

Table 2.2. Results of behavioural observationsiotemperate reef fishes, at Arch
Rock, Tasmania. Range estimates were derived i&)rmdividuals, each followed for
1h.
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Species Sex Number (N) Estimated range Territorial ? Home ranging ?

Notolabrus male 3 400-775 yes -
tetricus female 5 225-725 M no yes
Notolabrus male 5 >70x25m no ?
fucicola female 5 >70x25m no ?
Pictilabrus male 1 175 n? yes -
laticlavius female 0 ? ? ?
Pseudolabrus male 2 280-330 m yes -
psittaculus female 3 325-375 m no yes
Penicipelta male 5 ? no ?
vittiger female 5 ? no ?
Meuschenia  male 5 >70x25m no ?
australis female 5 >70x25m no ?

2.3.1.2Notolabrus fucicolaAll individuals, whose movements were mappedgeah
freely over the entire grid (70 m x 25 m) duringree hour period. Over the duration of
the study, several distinctly marked individualgeveeen on numerous occasions and
on all sectors of the reef, indicating that at ieasne individuals had ranges equal to, or
in excess of, 1 ha. While males were frequentlpived in chases during the breeding
season (mid-August to January), there was no eg@ehterritorial behaviour, with
males and females occupying continuously overlaphome-ranges. Males constantly
followed females during the breeding season, ocnadly displaying to them with

raised dorsal and anal fins, until being eitherseldeoff by another male or swapping to

follow another female.

2.3.1.3Pictilabrus laticlavius The cryptic coloration of juvenile and femalehfi:iade
them difficult to see, and this, combined with tHeabit of hiding amongst the algal
canopy, prevented a detailed study of short-termemnts in this species.

Observations of males in the breeding season @Qadeist to January) indicated that
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they may be territorial as frequent chases werergbd, and one male observed for
60 min actively patrolled a home-range of 174 ahased off all male intruders and

courted females.

2.3.1.4Pseudolabrus psittaculus this species females actively swam within
overlapping home-ranges of approximately 325-375which were restricted to the
deeper parts of the reef (5-10 m). Males weretterail with estimated ranges of 280-
330 n?, and chased off any male intruders. During thedirey season (Late August to
January) males regularly displayed to the femalésimtheir territory with a raised

caudal fin.

2.3.1.5Penicipelta vittiger Although many adult fish were present over thd,gheir
behaviour limited meaningful observation becaus#endbeding on their primary food
source (epiphytic invertebrates), individuals hardbved for periods in excess of

60 min, except to adjacent plants. When mobileyiddals crossing the observation
grid displayed no evidence of site-attachmenthiatscale, or of territorial behaviour.
During the breeding season (September to Januatgsmoonstantly followed females
until either swapping to another female or beinglaed in a chase with another male,

with the chase usually resulting in both malesngsiontact with the female.

2.3.1.6Meuschenia australisShort-term movements of both sexes were on & scal
larger than the grid, and there was no evidensgt@fattachment at that scale. Males
and females shared broadly overlapping home-ramggshere was no indication of
territorial behaviour by either sex. During thedatang season (September to January)
males were often seen following females for extdrmuiEriods. Interactions between
males were infrequently observed, possibly duééddw population density of this

species.
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2.3.2 Long-term Movements

Over a period of 2.5 years, 1294 fish were taggethe reef surrounding Arch Rock,
and 2601 recaptures were recorded. During this, taxgensive diving surveys of the
adjacent reef systems at Ninepin Point failed tecteany immigrants from Arch Rock,
although twaP. vittiger were captured at nearby sites by recreationa¢fraen. One of
these had travelled 1.5 km (to White Rock, neaepin Point), the other 4.5 km (to
Charlotte Cove), with both movements from Arch Rowkolving the crossing of

extensive areas of open sandy bottom.

Annual loss rates calculated from recapture dategube method of Fischer and Ford
(from Begon 1979) gave an indication of the ratesnoigration for some species (Table
2.3, calculated from the capture data shown indabt), as loss is equivalent to

emigration plus mortality (including tag loss).

Table 2.3. Average annual survival rate estimiitesix temperate reef fishes at Arch
Rock, Tasmania, calculated using the method ohEisand Ford (from Begon 1979).
Table includes summary data on the number of racagvents, the number of
individual fish tagged, and the total number ofafgares over the period of the study.
The raw data used to estimate survival rate iseptesl in table 2.4.

Notolabrus  Notolabrus  Pictilabrus  Pseudolabrus Penicipelta  Meuschenia
tetricus fucicola laticlavius  psittaculus  vittiger australis

Recapture 6/90-3/91 6/90-5/91 8/90-8/91 8/90-5/91 6/90-3/91 6/90-3/91
period

Recapture 12 12 7 6 8 12
events

Number 278 63 49 53 87 60
tagged

Number of 122 150 19 56 32 170
recaptures

Estimated 1.00 1.00 0.13 0.60 0.37 1.00

survival rate
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Table 2.4. Recapture data used in the estimati@amdal survivorship in Table 2.3.

(a) Notolabrus tetricusrecapture data.

Recapture Days  Captures Recaptures Period of first capture
period since 1 2 3 4 5 6 7 8 9 10 11
0
1 0 9 0
2 26 11 0 0
3 88 34 0 0 0
4 95 22 0 0 0 0
5 123 2 0 0 0 0 0
6 145 35 12 4 0 5 3 0
7 162 24 11 0 1 7 3 0 0
8 172 31 13 1 0 5 1 0 5 1
9 192 9 7 0 1 3 3 0 0 0 0
10 203 25 31 2 1 7 4 0 10 2 4 1
11 265 76 34 0 4 10 5 0 4 5 3 2 1
12 279 9 14 1 1 3 0 0 1 0 4 0 4 0

(b) Notolabrus fucicolarecapture data.

Recapture Days  New  Recapture Period of first capture
S
period since 0 captures 1 2 3 4 5 6 7 8 9 10 11
1 0 10 0
2 26 10 3 3
3 88 7 5 3 2
4 95 11 5 2 2 0
5 123 4 1 1 0 0 0
6 145 8 17 5 3 2 4 3
7 162 8 14 3 4 2 1 1 3
8 172 0 15 2 2 2 3 2 4 0
9 192 0 13 5 3 0 0 0 3 2 0
10 203 2 33 7 4 5 5 4 4 3 0 0
11 265 2 29 5 6 4 3 1 5 4 0 0 1
12 279 1 15 3 1 5 1 0 4 1 0 0 0 0
(c) Pictilabrus laticlavius recapture data.
Recaptur Days New Recapture Period of first capture
€ S
period since 0 captures 1 2 3 4 5 6
1 0 3 0
2 60 11 3 3
3 90 12 2 0 2
4 120 7 5 0 3 2
5 180 12 3 0 1 1 0
6 210 4 2 0 1 0 1 0
7 270 20 4 0 1 0 2 1 0
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(d) Pseudolabrus psittaculusecapture data.

Recaptur Days New Recaptures Period of first capture
e
period since 0 captures 1 2 3 4 5 6
1 0 10 0
2 57 16 1 1
3 78 9 4 2 2
4 112 10 13 2 7 4
5 181 8 18 2 7 6 3
6 261 9 20 1 9 5 4 1

(e) Penicipelta vittiger recapture data.

Recapture Days  New Recapture Period of first capture
s
period since 0 captures 1 2 3 4 5 6 7
1 0 17 0 0
2 60 12 2 2
3 120 12 3 3
4 150 23 6 3 2 1
5 180 6 4 0 0 2 1
6 240 11 2 0 0 1 1
7 270 6 2 0 0 1 1
8 330 18 13 2 1 1 2 1 3 3

() Meuschenia australisecapture data.

Period of first capture

Recapt ure Days New Recapture
s
period since 0 Captures 1 2 3 4 5 6 7 8 9 10 11
1 0 30 0
2 26 6 9 9
3 88 6 19 19 0
4 95 0 15 12 3 0
5 123 1 5 4 0 1 0
6 145 2 29 21 3 5 0 0
7 162 2 32 22 2 6 0 0 2
8 172 1 23 17 1 4 0 0 0 1
9 192 1 23 14 1 5 0 0 1 1 1
10 203 2 27 20 0 5 0 0 1 1 0 0
11 265 8 29 20 2 4 0 0 2 1 0 0 0
12 279 1 14 12 0 1 0 0 1 0 0 0 0 0

In three speciedy. tetricus, N. fucicola, and M. australignnual survivorship was
estimated at 100% which indicates that if any eatign occurs in these species, rates
must be low. The unusually high annual survivorgspmates appear to be related to
intra-specific variability in trap response, agach of these species a number of

individuals were strongly attracted to the trapd aere captured during most recapture
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events, thus inflating the observed total daysisad/beyond that expected if trapping
was completely at randorRictilabrus psittaculushiad an estimated annual survivorship
of 60%, and although mortality, tag loss and entignacannot be separated, such a

high survivorship still indicates that any emigoatimust be at low levels.

The survivorship estimates fBr. vittiger (37 %) andP. laticlavius(13%) were
considerably lower than the remaining species amth@t be used as an indication of
emigration rates due to confounding by mortalitg &g loss. However, these low
values probably reflect high levels of natural rabty, or tag loss due to factors other
than mortality, rather than high levels of emigratiPenicipelta vittigeris a short lived
species, living between 2 to 3 years (Chapter 8)vawuld therefore be expected to
have high levels of natural mortality, particulaaly most tagged individuals in this
species would have been already at least 1 yeatdédjing. A large number of
Pictilabrus laticlaviuscaught during the trapping period had tag scaesymably due
to tag loss caused by abrasion related to thisepetose affinity with the substrate,

indicating a potential source of bias in annualsarship estimates.

The long-term home-range patterns estimated fraapteres over a 2.5 year period
between May 1990 and January 1993 are shown irRERAgwith summary data in Table
2.5. As all species displayed considerable intecsig variability in home-range size,
the results in Fig. 2.2 are presented as the cuivellpercentage of individuals which
were always recaptured within each maximum range.rajority of individuaN.
tetricus, N. fucicola, P. laticlavius, P. psittaaalandP. vittiger had estimated home-
ranges of less than 100 m x 25 m during this peatidough a significant proportion of
N. fucicola (43%) had an estimated range in excess of 10@Bm. The high average
days between first and last capture (Table 2.5ratdd that these patterns were stable
over time and not just the result of short-termd&scy.Meuschenia australiavas the
most wide-ranging species with only 15% of indua¢s always being recaptured

within a range of 100 m x 25 m or less.
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range (m x 25 m)

N. tetricus (N=324)
N. fucicola (N=73)
P. laticlavius (N=48)
P. psittaculus (N=48
P. vittiger (N=75)
M. australis (N=68)

Figure 2.2. Intra-specific home-range variatioantified from recaptures of tagged fish
at Arch Rock, Tasmania, between May 1990 and Jgrie®3. Calculated from the
maximum observed ranges of fish recaptured at teast and plotted as the cumulative
percentage of individuals always recaptured withmange equal to or less than the
range shown.

Table 2.5. Summary data of the movements of sexisg of temperate reef fish at
Arch Rock, Tasmania. Derived from a 2.5 year ragapstudy, between May 1990 and

January 1993.
Mean Highest Percentage Average days
Species Captures Recaptures recaptures recaptures  recaptured at between first
per per leastonce  and last
individual individual capture
Notolabrus 612 644 1.1 14 53 287
tetricus
Notolabrus 103 588 5.7 43 71 370
fucicola
Pictilabrus 183 90 0.5 8 26 249
laticlavius
Pseudolabrus 85 155 1.8 11 56 398
psittaculus
Penicipelta 214 170 0.8 22 35 178
vittiger
Meuschenia 97 954 9.8 46 70 402
australis




Using the values from Fig 2.2, a pairwise comparispx? of the difference between
the range-size of each species showed all spexctss significantly different from each
other, at least at the 0.05 significance level (@&6). The range-size order by species
wasP. laticlavius< P. psittaculus< N. tetricus< P. vittiger< N. fucicola< M.

australis with the three territorial species having smadistimated ranges than those of

the other species.

Table 2.6. Results of pairwise comparisong®yusing contingency tables based on
long-term recapture results (from Fig. 2.2), of digtribution amongst 5 range size
categories of six temperate reef fishes flAnge of species 1 = species 2). Results are
given as probability and(degrees of freedom).

Species Notolabrus Notolabrus Pictilabrus Pseudolabrus Penicipelta
tetricus fucicola laticlavius psittaculus vittiger

Notolabrus 0.0001(5)

fucicola

Pictilabrus 0.0001(5) 0.0001(3)

laticlavius

Pseudolabrus  0.0462(3) 0.0001(3) 0.0252(3)

psittaculus

Penicipelta 0.0015(5) 0.0253(4) 0.0001(3) 0.0003(3)

vittiger

Meuschenia 0.0001(2) 0.0001(2) 0.0001(2) 0.0001(2) 0.0001(2)

australis

When the long-term recapture results for each spagere examined byy& test for
sex-related differences in home-range size, nome detected (Table 2.7). The results
were then examined by)@ test for length related differences in home-rasige (Table
2.8). In four speciedy. tetricus, P. laticlavius, P. psittaculandM. australis length

was significantly related to range size, with rangereasing with length.

The labrid species are almost certainly permaresitients of the study reef as no
emmigrants were detected during extensive surviegdjacent reefs, and no tags were
returned from local fishermen. This observatiomiaddition to the low estimated

mortality rates folN. tetricusN. fucicola, and P. psittaculusyhich indicate that any
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loss due to emigration must be low (Table 2.3)vel as the high average days

between first and last capture for all of thesecigse(Table 2.5).

Table 2.7. Results of? tests, based on contingency tables derived frorfotigeterm
recapture results, of the influence of sex on ik&idution amongst 5 range size
categories of six temperate reef fishes:(fnge of males = females).

Species (N) Degrees of Significance  Significant
Females Males freedom level (p) result (Y:N)

Notolabrus 301 23 2 0.92 N

tetricus

Notolabrus 47 19 1 0.16 N

fucicola

Pictilabrus 15 33 1 0.87 N

laticlavius

Pseudolabrus 41 7 1 0.98 N

psittaculus

Penicipelta 35 26 2 0.82 N

vittiger

Meuschenia 38 30 1 0.46 N

australis

Table 2.8. Results of? tests, based on contingency tables derived frenhoifg-term
recapture results, of the influence of fish lengtithe distribution amongst 5 range size
categories of six temperate reef fishes:(tdnge of small = large,Hrange of small <

large).

Species (N) Length classes Degrees of Significance Significant
Small Large compared (cm) freedom level (p) result (Y:N)

Notolabrus 51 206 15-20: 20+ 2 0.044 Y

tetricus

Notolabrus 19 55 15-25: 25+ 1 0.521 N

fucicola

Pictilabrus 25 22 15-21: 21+ 1 0.014 Y

laticlavius

Pseudolabrus 31 14 15-20 : 20+ 1 0.018 Y

psittaculus

Penicipelta 20 41 19-25: 25+ 2 0.892 N

vittiger

Meuschenia 18 49 15-21: 21+ 1 .001 Y

australis

27



While short term visual observations on the montdrspecies. vittigerandM.
australis failed to identify any clear patterns of spatialisation, the long-term
recapture data provides some indicatidtenicipelta vittiger displayed the strongest
tendency for site-attachment with 79% of recaptumedsiduals always being
recaptured within a range of 100 m x 25 m or |@¢gh a moderate recapture rate (35%
recaptured at least once) and a high average @@yeén first and last capture (178
days), it appears likely that the majority of indivals are permanent residents of the
reef. Recapture rates and days between first anddpture may be lower than those
estimated for the labrid species avfidaustralisas a result of the comparatively short
lifespan ofP. vittiger (Chapter 3). While two tag returns from locahsmen indicate
that this species can move considerable distaiceés(d 4.5 km) and across major
habitat boundaries, it appears that these indilsd@gpresent only a small percentage of
the population. Extensive searches of adjacens feehd no evidence of immigrant

P. vittiger, which would have been expected if emigrationgatere higher.

For M. australis the long-term recapture data indicated that argynall proportion of
individuals were always recaptured within a ranfj@0® m x 25 m or less (Fig. 2.2).
While a study over larger spatial scales is neg¢determine whether or not the
majority of individuals are home-ranging, the réswlf the present study suggest that
most individuals were at least permanent residefriise reef. This is indicated by the
high average days between first and last capt2 gays), the very high proportion

recaptured at least once (70%), and the annualsuship estimate of 100 %.

2.4 Discussion

The short and long-term movement patterns of thedapecies observed during this
study appear similar to those described for otlperate labrids such Bseudolabrus
celidotus, reported by Jones (1984) and fall within the eaafjbehaviours described

for labrids in general (Thresher 198Kptolabrus tetricus, Pictilabrus laticlaviuend
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Pseudolabrus psittaculusre site-attached protogynous hermaphrodites,enieenales
have widely overlapping home-ranges and maleseariéotrial, at least during the
breeding season, and exclude all other males fn@n tange Notolabrus fucicolais
unusual in that it is not hermaphroditic, althoagsimilar sexual system has now been
described in three northern European labrids (@ost891) and this sexual system
may be more common than previously thought, at ieagmperate regions. However,
unlike the northern European labrids where malegaritorial (Costello 1991), the
social system oN. fucicola is more similar to that of the Carribean spetlakchoeres
garnoti described by Thresher (1979), where spawningasiscuous and home-

ranges are broadly overlapping.

Behavioural observations indicated that neither asanthid species displayed evidence
of territorial behaviour, and many individuals haderlapping ranges. This contrasts
with the territorial behaviour reported by Barlo®987) for large individuals of a

tropical monacanthid species, the longnose fileigslgmonacanthus longirostriand

for several species in the related family Baligtidacluding the tropical species
Odonus nigerandPseudobalistes fuscugFricke 1980) an&ufflamen verres

(Thresher 1984). As the monacanthids are predortijnatemperate and sub-tropical
family (Randallet al. 1990), and observation-based temperate reseagemésally

limited by cold and low visibility water, there ai@v published descriptions of their
behaviour, and more studies are needed beforeasiaemderstanding of their typical

movement patterns emerges.

The long-term movement results indicated that tiaxe considerable intra-specific
variation in range size, and while this was noini to be sex-related in any of the
species examined, range size was found to incregseportion to the size of
individuals in four of the six species examinedisTdize related relationship has been

described in tropical species (Sale 1978) for adtlene other temperate species (Jones
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1984) and is a relationship that may apply in masydent species on both temperate

and tropical reefs.

Regardless of sexual systems and behaviour, atlpggies appeared to be permanent
residents of the reef and, in this, the resultisfstudy on common southern
hemisphere temperate reef fishes are in keepirgtivitse of Davis and Anderson
(1989) on common northern hemisphere temperatdisbels. Permenant residency
may be a characteristic of many temperate reefiepeand is a feature previously
described for tropical reef fishes (Ehrlich 197B)is result is not unexpected as
familiarity with a section of reef offers many adwages such as an intimate knowledge
of feeding, sleeping and shelter sites, and thégamrages should not be expected to

vary between tropical and temperate reefs.

Unlike some temperate regions where environmentatmes force offshore
movements (Parker 1990) or hiding and torpor (&tlal. 1979), all species under
investigation remained present and active througtimuyear, probably because of the
small seasonal water temperature variation of &18°this site compared to that
described by Parker (1990) for North Carolina (8€28 As large seasonal water
temperature variations have not been reportedoiathern Australia, it is likely that the
results from this study can be extended to othies sind species, suggesting a general

trend for year-round residency in the southern ralisin reef fish fauna.

The natural habitat boundary of 1 km of open sdaltom between the study site and
the nearest adjacent reef system appeared to Berestict the movement of post-
recruitment reef fish. There was no evidence of eneent across this boundary by the
labrids and only limited evidence of emigratiomadnacanthid residents, even though
some individuals oN. fucicolaandMeuschenia australigrere known to range over the
entire reef on a daily basis. The 4.5 km movemetnded for on®. vittiger does

indicate that movements across boundaries andavgdistances are possible but this
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is likely to be restricted to a small percentagéhefpopulation, and similar intra-
specific variability in behaviour has been recordedeveral tropical species (Bohnsack

1990).

The effectiveness of natural habitat boundarigg@venting emigration, and the long
and short-term scales of movement in resident isélgould be important
considerations in the future design and manageonfantrine reserves on temperate
reefs where protection of local fish populationdesired. This is especially the case for
small reserves such as the Ninepin Point and Bheserves in Tasmania where the
core protected area consists of only 1 km of coestBpecies such &t fucicola,and
Meuschenia australiare capable of daily movements of at least 180 oni
dimension, and movements of 230 m in just 10 msusee been reported by Leum
and Choat (1980) fa€Cheilodactylus spectabalianother common temperate reef
resident. These movements imply that a signifigaoportion of some species may
range outside of a small (1 km) reserve as patef normal daily behaviour and be
subject to fishing mortality. To address this pesh] the minimum reserve diameter
should be at least an order of magnitude greater tiine daily movements of the most
wide-ranging residents in order to minimize los$&bere the creation of appropriate
sized reserves is not possible, sites should leeteel where natural habitat boundaries
can be used to isolate the reserve from adjaceasaeffectively fencing in the

protected population.
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Chapter 3 Growth

3.1 Introduction

To allow for comparisons of inter-population vaildy in growth rates (discussed in
Chapter 6) it was first necessary to establishvatidate a reliable method of ageing
each of the species in this study. Of the six ggegnder investigation, only the growth
of N. tetricushas been previously reported (Shepherd 1985)hatsstudy was in South
Australia where growth rates may differ from soe#fstern Tasmania, it was considered

necessary to further investigate growth in thiscese

The two most conventional methods of ageing tentpdishes are the counting of
assumed annual growth rings on scales and ot¢ligesid 1983). Growth rings in the
otoliths of temperate fishes have been shown wifeetly related to seasonal changes
in water temperature which causes resulting chaimgiés® metabolic and growth rates
of fish (Williams and Bedford 1974). Otoliths costsof calcium carbonate crystals
deposited in an organic matrix (Degensal. 1969). Changes in temperature result in
changes in the ratio of calcium carbonate to oprotein, producing alternating
translucent and opaque zones when viewed by ligtrostopy. The growth of scales in
many temperate species is periodical with relagigblbort periods of growth usually
followed by longer periods of slow or no growth éBeish and McFarlane 1987). These
changes in growth are reflected in the densityiroluii on the scales which can be used

for ageing.

While in the past, the reading of scales has beeepted as a routine and accurate
method of ageing, with little or no effort towandsidation (Beamish and McFarlaine
1987), recent reviews of scale and otolith ageitegdture where validation has been
attempted, indicate that counts of scale, and et@ith surface annuli, can sometimes
under estimate the true age of fish greater tha0Olyears by a factor of up to 3x

(Beamish and Chilton 1981, Beamish and McFarlaB&7). This is particularly the
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case in species with an asymptotic growth curvehSmdings highlight the need for

effective validation of the chosen techniques.

The most reliable means of validation appears tmakk-recapture studies (Hales
1989), in particular ones where hard parts are timagked with oxytetracycline or
another label able to be identified in subsequant part analysis. This method was
used effectively by Francet al.(1992) to validate the use of otolith annual rogints

of adult snapperagrus auratus

In this study the length based growth was deterchioethe six species under
investigation by a capture-recapture study at ARokk, Tasmania. This growth was
used to validate the ages estimated from growtysrin otoliths and scales of fish
collected in the immediate vicinity of Arch RockaNtlation was assisted, where
possible, by diver based visual observations ofy/fa class size structure of each

species at Arch Rock.

3.2 Materialsand Methods

3.2.1Tag-based growth estimates

3.2.1.1Site and sampling detailtn order to estimate rates of growth, the sixcsge
under investigation were captured, tagged, releasddsubsequently recaptured at Arch
Rock in the D'Entrecasteaux Channel (Fig. 2.1, @&} at regular intervals between
September 1990 and January 1994. This study wakicted in parallel with a study on
movement (Chapter 2) and the methods used to eapaig and recapture fish are
described in detail in that chapter. Tagging wasegaly restricted to fishes greater
than 15 cm in total length to minimise the potdntigpact that tags might have on

growth and mortality.

3.2.1.2Analysis of growthTo simplify the analysis of growth informatiorofn

recapture tagged fish, only length increments ffisimat large for 10-14 months were
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used. These measured increments were then adjrstedta to estimates of 12 month
growth. Length increments from fish recaptured migishorter and longer periods were
not used due to the increased contribution of nreasent errors in short-term recapture
based estimates, and the likely effect of seasaré&tion in growth on pro-rata

estimates of annual length increment.

The length based growth relationship for each gseare plotted as Ford-Walford plots
with the pro-rata estimate of length at one yetardlgging plotted against length at

tagging. The growth data are also plotted as Mamaglor plots where annual length

increment is plotted against length at tagging. e Bertalanffy parameterg L
(length at agg]) and K (growth constant) were estimated from thespture data using
a re-arranged and re-paramaterised version ofadhéertalanffy growth function. The
version used wasL=(L -Lt)(1-eXAt) (Fabens 1965). The values of K and Wwere
estimated by a least squares iterative approadcig tise non-linear model function of
the computer statistical package SYSTAT. Thesempai@rs were estimated for
comparison with those predicted from the age-lengfditionship determined from
otolith based age estimates, to help assess tiutyalf assumed annual increments in

otolith marks.

The Manzer-Taylor plot was used to check the vordBnffy estimates derived from

the model, as the x intercept of the linear regoesfitted to this plot is equal tof.and

the slope is equal to -(Tted) (Ricker 1975).

3.2.20tolith and scale based growth estimates

3.2.2.1Sites and collection methadash were sampled at several sites to obtain
otoliths for ageing. In an initial collection dlotolabrus tetricuandN. fucicolamade

at Ninepin Point in September 1990, scales asasatitoliths were collected for ageing.
However, a subsequent examination of these scadésated that major growth checks

were far too numerous and irregular in spacingetamnual, and would therefore be
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unsuitable for ageing. For this reason only otslitrere collected for ageing in

subsequent collections.

In March and April 1993 fish were sampled from foeefs in the southern end of the
D'Entrecasteaux Channel adjacent to, and including)) Rock. These sites were at
Charlotte Cove, Butts Reef, and Roaring Beach (&i). Only a few specimens of
Pictilabrus laticlaviusandPseudolabrus psittaculusere collected in this sample, and
therefore further collections were made at sewstas on the Tasmanian East Coast in
February 1994 to obtain sufficient specimens tarera growth in these species. The
east coast sites surveyed were Fortescue Bay, GRalat and Stinking Bay (in Port

Arthur), Marion Bay, and Spring Beach (Fig 6.1).

Fish were captured using fine mesh nets with séwagah sizes (5, 7, 9, and 11 cm), as
well as in traps and by spear. The trap constmatialescribed in Chapter 2. This
mixture of capture methods was used in order tqptaas wide a size range as possible

in each species.

After capture, fish were kept in iced seawaterluh@y were able to be processed.
During processing they were measured to the neaméishetre in total length, and the
otoliths were removed. Total length here is defiteede from the tip of the snout to the
posterior most tip of the caudal fin. Otoliths waredried for a week and then stored in
glycerol for at least one day before being aged.ageing, the otoliths of all six species
were viewed whole as growth checks appeared seffitigi distinct to use this method.
Thin sections of otoliths were not used as grovdhtpe labrids) was not consistently

in one plane, especially in older individuals (felalder). September 1 was taken to be
the nominal birth date for all species examinethesdate is close to the beginning of

their spawning season (Chapter 4).
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3.2.2.2Analysis For each species the von Bertalanffy growth patars Ifj and K

were estimated from the otolith based length atdage, using the equation

L= LO(1-eK(Age-) where To = the time at which the fish would hhae zero length if
it had always grown in the manner described byetheation. Estimation of parameters
was by least squares estimation using the nonflimeael function of the computer
statistical program SYSTAT. From these values the Bertalanffy growth curve for

each species was derived and plotted along withatlvedata.

For the three species shown to be gonochoristhapter 4 Notolabrus fucicola,
Penicipelta vittigeandMeuschenia austral)ghe influence of sex on growth rate was
tested using the otolith age data from the resiltee Huon region survey (for

N. fucicolg and the East Coast survey (RurvittigerandM. australig. The data was
tested by ANCOVA, examining differences in elevatand slope. Where the slope
term (Sex*Age interaction) was not significant, amth P>0.25, the ANCOVA was
repeated deleting the interaction from the modéh¢cease the power of detecting
differences in elevation. The analyis was restti¢cteearly age classes where growth
was expected to remain sufficiently linear. Reslsipdots were examined to detect any

age classes adding excessive shape, and to reh@waeriom the analysis.

3.2.3Validation

For the Ford-Walford plots, a line of best fit keetdata points was fitted for each
species. These were either linear relationshigmlynomial, depending on the type of
growth shown by each species. From these fittedefspd series of estimated lengths at
age were derived, starting with the mean lengtigatof an early age class determined
from the otolith aged fish. The minimum startingdéh at age was chosen to be in the
range for which recapture data was available, agtbwth models were not expected

to adequately describe growth outside of this ramge length at age relationship

derived from the Ford-Walford plot was then compaséth the one determined from
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otolith-based age estimates of collected fishsseas the validity and reliability of this

method of ageing.

As well as comparison with otolith-based growthvesrbased on the assumption of one
increment per year, comparison was also made withes based on the assumption of
two increments per year, and one every two yeamdetermine which assumption most
adequately described the observed growth. In easd, the starting point for the
derivation of the length at age relationship frdra tag-based growth model was
assumed to be of the age predicted from the assumipting tested. This method
requires no a-priori assumptions to be made regaitiie real initial length at age from
which the tag-based growth curves were derived.riibst valid otolith based curve
should simply be the one which most closely paatlee curve derived from tag-based

growth.

Validation was also assisted by examining fishemtilbns for any evidence of distinct
cohorts based on size distribution, and by obsgrthe length distributions of juvenile

fishes while diving to collect fish.

3.3 Resaults

3.3.1Notolabrus tetricus

3.3.1.1Tag based growth estimatdg¢otolabrus tetricusvas the most abundant of the
six species included in this study at Arch Rockngetn 1990 and 1994, and
consequently had the most recaptures, with 196esfe being useful for estimating
annual growth rates. A Ford-Walford plot showing #stimated length one year after
tagging against length at tagging of fish rangmagT 13-39 cm in total length is shown
in Fig. 3.1A. For this plot, a linear regressiostoexplained the relationship between
length one year after tagging and at tagging dvsrsize range, with y = 0.928x +
4.373 (P = 0.97). There was no evidence of any breakpaittis relationship which

may have been evident if growth rates changed suylétdlowing sex-inversion.
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Figure 3.1 Annual growth data from 1B®tolabrus tetricusagged and recaptured at
Arch Rock, Tasmania, between May 1990 and Jan#84.1Presented as (A), a Ford-
Walford plot of length at tagging against lengtle gear after tagging, and as (B), a
Manzer-Taylor plot of annual length increment agatagged length.

As well as individuals recaptured over a one yeaiogl, there were also many
individuals recaptured over longer periods. Whié¢adrom these longer-term
recaptures could not be easily incorporated intogttowth model because of the effect

of seasonal growth on pro-rata estimation of angu@hth, it still provides useful
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information on growth. Some of this informatiorpiesented as Fig. 3.2 which shows
the long-term growth curves of a selection of imdlinals chosen over the size range

tagged.
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Figure 3.2 Growth trajectories of a selectiomMotolabrus tetricusndividuals
representing the size range tagged at Arch Ro@jedtories are based on recaptures
between August 1990 and January 1994.

Table 3.1 Mean (s.e.) of von Bertalanffy growtttgmeters calculated from annual
growth increments measured from tagged and reaapfigh, at Arch Rock, Tasmania,
between May 1990 and January 1994.

Species N Lg(cm) K

Notolabrus tetricus 196 65.1(6.4) 0.066 (0.010)
Notolabrus fucicola 82 46.3(3.3) 0.089 (0.015)
Pictilabrus laticlavius 15 24.8(0.6) 0.33 (0.06)
Pseudolabrus psittaculus 43 33.0(9.8) 0.090 (0.059)
Meuschenia australi@Viale) 29 33.8(0.5) 0.61 (0.05)
Meuschenia australifFemale) 43  27.3(0.3) 0.70 (0.06)
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The von Bertalanffy growth parameterng bnd K were estimated from the growth

increment data by least squares iteration (Taldledgving L7 = 65 cm and K = 0.066,

values identical to those predicted from the MatTzgylor plot (Fig 3.1B).

Figure 3.1B also shows that annual growth ratedeamghly variable within this
species, although it appears that the varianceedses with increasing length,

presumably due to factors such as the overall deerg growth rate with age.

3.3.1.20¢tolith based growth estimateBo estimate the length at age relationship for
Notolabrus tetricus160 fish were collected over as wide a size rasgeossible in the
Huon region in April 1993. Ages were determinedriravhat appeared to be annual
growth rings laid down in sagittal otoliths. Thenah were usually clearly defined and
both sagittal otoliths were examined to minimisadiag errors. The most notable
feature of the otolith annular increments was teability in otolith radius to the first
growth ring. This is probably explained by the exted spawning season of this
species, as recruits spawned in late August wilereamuch larger period of growth

until the first ring than recruits spawned in |Bxecember.

From the otolith aged fish the von Bertalanffy gtbywarameters were estimated (Table
3.2) and the von Bertalanffy growth curve was itte the length-age relationship

(Fig. 3.3, 2= 0.90) using these estimates. Much of the variaboait this line can
probably be related to differences in timing ofruéiznent, as well as the accumulation
of differences due to differing individual growthtes. The value estimated by this

method for Ij (36 cm) differed substantially from that estimatexn the tagging data

(65 cm).

It was not necessary to consider the influenceexfan growth in this species as it was
found to be a protogynous hermaphrodite (Chapterith) all males being secondarily

derived from mature females, and with male grovaim¢p simply a continuation of
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female growth. The maximum age recorded for thecEs from otolith ageing was

10.5 years, in a fish collected in the East Coai¢ction(Fig. 6.2).
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Figure 3.3 Notolabrus tetricusength at age relationship, for fish collectedhia Huon
survey (April 1993) and aged from counts of otoéitinuli. The von Bertalanffy growth
curve calculated from this data is fitted. Age @aséd on the assumption of a September
1 birthdate.

Table 3.2 Mean (s.e.) von Bertalanffy growth paaters calculated from length at age
relationships determined fron fish collected in theon region near Arch Rock in April
1993, and aged by counting otolith annuli.

Species N LO(cm) K To

Notolabrus tetricus 155 36.12 (0.54) 0.20(0.01) -0.35 (0.06)
Notolabrus fucicola 58 39.90(1.05) 0.12(0.01) 2.36 (0.12)
Pictilabrus laticlavius 49 24.67 (0.25) 0.45(0.03) 0.57 (0.13)
Pseudolabrus psittaculus 20 2252 (3.81) 0.31(0.19 -0.66 (0.78)
Penicipelta vittiger(females) 29 27.36(0.31) 1.47(0.21) 0.82 (0.10)
Meuschenia australignales) 13 37.61(5.98) 0.32(0.15) 0.58 (0.56)
Meuschenia australifemales) 19 29.14 (3.64) 0.31 (0.22) -1.19 (1.68)
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3.3.1.3Validation The validity of the first growth check is almastrtain, as the 0+ and
1+ age groups were readily identifiable as distaattorts in their length distribution

(Fig 3.3), and no individuals intermediate in disween these cohorts
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Figure 3.4 Notolabrus tetricuscomparison of the growth curve derived from tagged
fish at Arch Rock, with the von Bertalanffy cunasrived from fish collected in the
Huon region (April 1993) and aged from otolith ahnunder three assumptions, (A)
annuli are annual, (B) produced twice yearly, (@douced once every two years.

were observed while diving to make the collectidnkewise, the 1+ cohort was
usually quite distinct from the 2+ cohort with nlovous overlap in size between the

two cohorts in the fish collected (Fig 3.3).

To assess the validity of the age-length relatignbhsed on two and more growth
rings, the mean length at age of the 1+ cohortr(ffag. 3.3) was used to predict the
mean lengths of ages 2+ onwards from the lengtaédgowth relationship of Fig

3.1A. The resulting growth curve was compared witin Bertalanffy growth curves
obtained from otolith ageing, assuming annuli acelpced annually, twice per year and
once every 2 years (Fig. 3.4). There is concordanitethe curve which assumed

one annuli per year, indicating that otolith anrauk annual and a valid method of aging

this species.

3.3.2Notolabrus fucicola

3.3.2.1Tag based growth estimaté¢otolabrus fucicolavas less abundant than

N. tetricusat Arch Rock, and as a consequence, only 103v&k tagged, resulting in a
total of 51 recaptures being useful for deriving@a growth rate estimates. All
recaptured fish were larger than 18 cm in totagilerat the time of tagging. A Ford-
Walford plot derived from the recapture data fahfbetween 18 to 38 cm is shown in
Fig. 3.5A. The line of best fit for this plot cae described by the linear equation

y = 0.9149x + 3.945 £=0.99). It was not possible to determine the extéitie
influence of sex on growth from this data, becaafd¢be difficulty of reliably

determining the sex of tagged fish.
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Numerous individuals were recaptured over a lomg tirame, with times at large of up
to 40 months. A selection of the growth traject®é tagged individuals chosen to
include examples from the entire size range ingattd are given in Fig 3.6.
Comparison of the slopes of adjacent growth cumvdisates that growth rates may
vary considerably between individuals. This vatigiis highlighted by the Manzer-
Taylor plot in Fig. 3.5B, with estimated annualdémincrements ranging from 1.0 - 3.5

cm in fish initially tagged at 22 cm total length.
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Figure 3.5 Annual growth data from Bibtolabrus fucicolaagged and recaptured at
Arch Rock, Tasmania, between May 1990 and Jan#84.1Presented as (A), a Ford-
Walford plot of length at tagging against lengtle gear after tagging, and as (B), a
Manzer-Taylor plot of annual length increment agatagged length.
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Figure 3.6 Growth trajectories of a selectiorNatolabrus fucicolandividuals
representing the size range tagged at Arch Ro@jedtories are based on recaptures
between August 1990 and January 1994.

The von Bertalanffy growth parameters Bnd K were estimated from the annual

length increment data by a least squares iteréfiahle 3.1), giving £ = 46.4, and K =

.0089, values identical to that estimated fromMfamzer-Taylor plot (Fig. 3.5B).

3.3.2.20tolith based growth estimateBo estimate the length at age relationship for
Notolabrus fucicolag4 fish were collected over as wide a size rangeoasible in the
Huon region survey in April 1993. Ages were deteraci from what appeared to be
annual growth rings in sagittal otoliths. The radia the first growth ring varied
considerably between individuals, probably dueitiences in the timing of

recruitment over the spring-summer period as olagems of this species at Arch Rock
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detected mating behaviour between late August addlanuary (Chapter 4). There
would therefore be at least 4 months of extra gnaaviailable to the earliest spawned

individuals than to the latest spawned.
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Figure 3.7 Notolabrus fucicoldength at age relationship, for fish collectedha Huon
survey (April 1993) and aged from counts of otoéitinuli. The von Bertalanffy growth
curve calculated from this data is fitted. Age @aséd on the assumption of a September
1 birthdate.

The otolith based von Bertalanffy growth paramelgnsand K (Table 3.2) were

estimated from the length at age data by the nwatimodel function of SYSTAT, and
the von Bertalanffy growth curve derived from thesémates was fitted to the length-
age plot of the raw data (Fig. 3.2,% 0.96). This curve fitted the data and adequately
describes the growth relationship, at least overatie classes collected (7 months to 17
years). Seventeen years appears to be close taetkiemum age of this species as no
older individuals were collected from the Huon site this study, or from the East

Coast sites examined in Chapter 6. The estimdted#0 cm) is substantially smaller

than that estimated from tagging data ( 46 cm).
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Figure 3.8 Comparison dfotolabrus fucicolagrowth curve derived from tagged fish
at Arch Rock, with the von Bertalanffy curves dedvrom fish collected in the Huon
region (April 1993) and aged from otolith annuliden three different assumptions, (A)
annuli are annual, (B) produced twice yearly, (€@douced once every two years.
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3.3.2.3Validation of growth Diver based observations during March-April atlAr
Rock and other adjacent sites in the Huon regiditated that there were two distinct
juvenile cohorts visible, one with a mean sizepmgraximately 6 cm, the other with
mean size of approximately 12 cm total length. 8ghsnt ageing of individuals
collected from these cohorts in April showed nowgtoring for individuals of the 6 cm
cohort (O+ years) and only one growth ring in atlividuals assigned by their length to
be in the 1+ year class (Fig 3.7). These obsemsippear to validate the reliability of

otolith growth rings for ageing, at least in thestiyear of growth.

To assess the validity of ageing based on two aemngs, the von Bertalanffy value

of length at age of the 3+ cohort of Fig. 3.7 wasdito predict the mean length of ages
4+ onwards from the Ford-Walford relationship ig.F3.5A. The year 3+ was chosen
as the starting point because that length (17.9veas)close to the length at which the
data from which the model was derived started. félealting growth curve was
compared with three von Bertalanffy curves basetherassumptions of otolith growth
rings being produced twice yearly, once yearly, ance every two years (Fig. 3.8).
There was a very good fit between the growth cder@ved from tagging and the curve
based on otolith increments of one per year, inohgdhat these rings are probably
annual and may be a valid method of ageing thisispeThe predicted lengths at age
for 4+ to 13+ year classes were exceptionally ctodbose derived from the von
Bertalanffy growth curve, although the curves dixgt after this, resulting in a
difference equivalent to 2 years growth after 1&rgeAs an example of the problems
associated with fitting models to such data sdtaye included the length at age
growth curve predicted from recaptures in 1990+4d B991-92. This curve fits the age
based von Bertalanffy curve almost perfectly (Bi@)(where the length based model is
y = 0.8946x + 4.4068). With the addition of recaptuin 1992-93 (only 12 fish) this

curve changed to that shown in Fig. 3.8A.
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Figure 3.9 Compaison dfotolabrus fucicoldHuon survey otolith based growth curve
with the curve derived from tag based growth di tsgged and recaptured fish
between May 1990 and January 1993.

3.3.2.4Sex-related growthThe relationship between sex and growth was exaahi
from two surveys where the sex of a sufficient nemdf individuals had been
histologically determined. These surveys were fiimepin Point in September 1990
and the East Coast sites in February 1994. Congpaoisage based growth rates was
by ANCOVA of untransformed data. The data was rasigformed before analysis as
residual plots indicated no obvious heteroscecistand a near normal distribution of
residuals. The results (Table 3.3) indicated thetd was no evidence to suggest a sex
related difference in growth, as both elevatiorxj%ad slope (Sex by Age interaction)

terms remained non-significant at both sites.
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Table 3.3 Results of a test of differences betwhergrowth rates of male and female
Notolabrus fucicolacollected during the Ninepin Point (September 138@ East
Coast (February 1994) growth rate surveys and bgedunting otolith annuli. Growth
rates were compared by ANCOVA of the length atradgtionship. Test 1 is a test of
slopes (sex*age) and elevation (sex). Test 2 éstadf elevation with the slope term
removed (once it is identified as non-significanptést 1).

Site Test Source  df SS MS F P
Ninepin Point 1 Age 1 65378 65379 0147 <0.01
” 1 Sex 1 16.0 16.0 0.04 0.85
1 Sex*Age 1 99.5 99.5 0.23 0.64
1 Error 45 19931 443
2 Age 1 67160 67161 154 <0.01
2 Sex 1 397 397 0.91 0.35
2 Error 46 20031 436
East Coast 1 Age 1 2114 2114 0464 <0.01
- 1 Sex 1 12.1 12.1 2.64 0.11
1 Sex*Age 1 5.82 5.82 1.28 0.26
1 Error 79 360 4.5
2 Age 1 2440 2440 0533 <0.01
2 Sex 1 9.36 1 9.36 0.16
2 Error 80 4.57

3.3.3Pictilabrus laticlavius

3.3.3.1Tag based growth estimatd&ctilabrus laticlaviuswas abundant at Arch rock
for the duration of the study period; however indibals rarely entered traps. Of the 183
individuals tagged during the study, only 26% wawbsequently recaptured, with only
16 fish being recaptured within the 10-14 monthdew after tagging required for
reliable estimation of annual growth rates. Manyhef recaptured fish had lost their
tags, probably due to the crepuscular nature efdhéecies. The recapture data are
presented in Fig. 3.10A, a Ford-Walford plot shayvihe estimated length one year
after tagging plotted against length at taggindfigdr initially tagged in the size range
15.5-26.5 cm total length. The relationship ovés #ize range was best modelled by

the linear regression y = 6.89 + 0.7216x, whicteditthe data &0.96).
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Figure 3.10 Annual growth data from Pkctilabrus laticlaviustagged and recaptured
at Arch Rock, Tasmania, between May 1990 and Jgrig®4. Presented as (A), a
Ford-Walford plot of length at tagging against léngne year after tagging (with unity
line fitted), and as (B), a Manzer-Taylor plot oihaal length increment against tagged
length.

Many fish were captured over shorter and longeiodsrthan 12 months, and the

growth trajectories of some of these individuaks stiown in Fig. 3.11. This figure
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indicates that there was a considerable degragrafspecific variation in growth rate,

and that these differences may continue over long frames, in excess of 12 months.

The von Bertalanffy growth parameters Bnd K were estimated from the length
increment data by least squares estimation (Tafh)egdsing L7 = 24.7 cm, and K
=0.33, results comfirmed from the Manzer-Taylort§ieig 3.10B). The Manzer-Taylor
plot also highlights the variability in growth beden individuals, although this
variability does not appear to be of the same oofleragnitude as that found in
Notolabrus tetricusndN. fucicola,species in which growth rates are much fastereat t

lengths shown here.
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Figure 3.11 Growth trajectories of a selectiofPwtilabrus laticlaviusindividuals
tagged and recaptured at Arch Rock between May a@€éiQlanuary 1994.

3.3.3.20¢tolith based growth estimateBo estimate the length at age relationship for
P. laticlavius 21 fish were collected over as wide a size raggpossible in the Huon
region in April 1993. Ages were determined from whjppeared to be annual growth
rings in sagittal otoliths. These rings were usubditter defined than those in otoliths of
N. fucicolaandN. tetricus.Like the other labrids, the radius to the firsigrivas highly

variable between individuals and probably reflébtesconsequence of an extended
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breeding season, with the subsequent recruitsafdr gear class potentially varying by

as much as 4 months growth. The von Bertalanfiwtjtgparameters i, K and To

were estimated (Table 3.2) and the von Bertalagriyvth curve derived from these

was fitted to the raw length at age data (Fig. 342 0.66). The predicted value foriL

of 24.5 cm was very close to that estimated froenrétapture data set (24.8 cm).
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Figure 3.12Pictilabrus laticlaviuslength at age relationship, for fish collectedhe t
Huon survey (April 1993) and aged from counts alitt annuli. The von Bertalanffy
growth curve is fitted. Age is based on the assiongif a September 1 birthdate.

The data points of Fig. 3.12 are heavily conceatrain the 4+ year class with few other
classes being well represented. Because it waghpo8fisat a growth curve derived

from such poorly distributed data points might bettruly representative of growth in
this species, the Huon region curve was compargdtivat obtained from 50 fish
collected in the East Coast survey in February X884 3.13). Fish collected from the
various sites within this survey were able to belpd because growth was shown to be
similar between sites (see Chapter 6). Fish catetom the East Coast had a much
more representative spread of age classes (Fig, 248 included representatives of the

1+ and 2+ classes which were missing from the Higdlection. The von Bertalanffy

growth parameters[t. and K derived from the East Coast survey were 240.3(s.e.)
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and 0.46 = 0.04(s.e.), and were close to thosermutdor growth of fish in the Huon
region (Table 3.2). A comparison of growth betrwésmtwo survey sites by ANCOVA
detected no significant differences in either slopelevation (Table 3.4), indicating
that the growth rates are similar between regidhe. maximum age determined for this

species by otolith ageing was 11.5 years (Fig.)3.13

301
25 . °
20

15

Length (cm)

107

0 T T T T T T T T T T T 1
0 2 4 6 8 10 12

Age (years

Figure 3.13Pictilabrus laticlaviuslength at age relationship, for fish collectedhe t
East Coast survey (February 1994) and aged fromtsad otolith annuli. The von
Bertalanffy growth curve is fitted. Age is basedtba assumption of a September 1
birthdate.

Table 3.4 Comparison of growth Bictilabrus laticlaviusin the Huon region with that
from the East Coast based on fish collections nmraéfebruary 1994 (East Coast, n =
48) and April 1993 (Huon, n = 20), and aged frowlitht annuli. Growth rates were
compared by ANCOVA of the length at age relatiopshiTest 1 is a test of slopes
(sex*age) and elevation (sex). Test 2 is a testafation with the slope term removed
(once it is identified as non-significant by tekt 1

Test Source df SS MS F P

1 Age 1 234 234 51.3 <0.01
1 Site 1 0 0 0 1.00
1 Age*Site 1 0.14 0.14 0.03 0.86
1 Error 64 292 4.55

2 Age 1 349 349 77.7 <0.01
2 Site 1 0.89 0.89 0.20 0.66
2 Error 65 292 4.49
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Figure 3.14 Comparison of the growth curvdaftilabrus laticlaviustagged at Arch
Rock, with the von Bertalanffy curves derived fréish collected in the East Coast
survey (February 1994) and aged from otolith ananatler three assumptions, (A)
annuli are annual, (B) produced twice yearly, (@douced once every two years.
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3.3.3.3Validation Unlike N. tetricusandN. fucicola where the 0+ and 1+ cohorts were
readily identifiable and able to be collect®d laticlaviusjuveniles are exceptionally
cryptic in their coloration and behaviour, and induals less than 9 cm were never
sighted, despite intensive searches. Validatiogrofvth was therefore limited to
individuals of 16 cm total length and above. Toeasghe validity of the otolith-based
growth estimates, the mean length at age of theoBeért of the East Coast survey was
used to predict the length at age relationshipeafy 3+ and onwards, from the tag
based Ford-Walford growth relationship of Fig. 31This method was also used to
predict the length at age relationship in the Hremon, using the mean length at age
of the 3+ cohort from the Huon Collection as thatstg point. The 3+ cohort was used
as no 2+ individuals were collected in the HuonvBur The resulting growth curves
were each compared with the von Bertalanffy cunkagained from otolith ageing (Figs

3.14 and 3.15).
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Figure 3.15 Comparison of the growth curvéadtilabrus laticlaviustagged at Arch
Rock, with the von Bertalanffy curve derived fromshf collected in the Huon region
survey (April 1993) and aged from otolith annuliden the assumption that annuli are
annual.
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For the East Coast survey, the length at age dexieed from tag based growth was
compared with three possible von Bertalanffy curessuming growth rings are
produced twice per year, once per year, or onceyéw® years (Fig. 3.14). This
comparison was made with the East Coast data rdttherthe Huon data because of the
greater number of replicates at the latter sitéhincomparison the best fit was
obtained from the assumption of one growth ringygar, indicating that these rings are
almost certainly produced annually. With the assiionf one increment per year, the
two growth curves were very similar for the Easa€icssurvey comparison, and never
diverged by more than one years growth over theagge of 2 - 11 years, indicating
that age estimates based on otolith growth ringgleaeliable. The two curves from
the Huon region growth comparison (Fig 3.15) wasasoclose a fit as those from the
East Coast; however, it is likely that the von Blmffy curve calculated for this site
from the otolith ageing data is not a true represten of the real growth curve because

of the limited data available for calculation oéthon Bertalanffy parameters.

3.3.4Pseudolabrus psittaculus

3.3.4.1Tag based growth estimatékhis species was the least abundant of the labrid
at Arch Rock, primarily due to the restricted a&hility of its preferred habitat, which
at Arch Rock was dissected reef at depths of 7 dngapater. However, recapture rates
were high, and of the 85 individuals tagged, 4theke were subsequently recaptured
during the 10-14 month period after tagging reqlifigg useful estimation of annual
growth. A Ford-Walford plot derived fron fish caudt0-14 months after tagging, is
shown in Fig 3.16A. The growth relationship shownhis plot is represented by the
linear regression y = 2.85 + 0.9138% £0.91).

The von Bertalanffy growth parameters land K (Table 3.1) were estimated from the

length increment data by least squares estimagiegating an  of 33.0 £ 9.8 (s.e.),

and an estimate of K of 0.090 = 0.059 (s.e.). €hegh error margins reflect on the
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accuracy of the estimates, and may be at leady plaetresult of insufficient data at the
extremes of fish sizes, and highly variable indiabigrowth rates. The Manzer-Taylor
plot of annual length increment against lengtragging (Fig. 3.16B) highlights the

variability in growth rate within this species.
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Figure 3.16 Annual growth data from B4eudolabrus psittaculiuagged and
recaptured at Arch Rock, Tasmania, between May B8@@0January 1994. Presented as
(A), a Ford-Walford plot of length at tagging aggtitength one year after tagging (with
unity line fitted), and as (B), a Manzer-Taylor ptd annual length increment against
tagged length.
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The growth trajectories of a random selection efrécaptured fish are shown in Fig.
3.17; some of these fish were at large for ovetl®months. The difference in the slope
of the growth trajectories indicates that thera considerable degree of intra-specific
growth variability and that this difference in grilwate may continue over long time

frames £ 12 months).

231

Figure 3.17 Growth trajectories of a selectiofPséudolabrus psittaculuedividuals
tagged and recaptured at Arch Rock between May a@fiQJanuary 1994.

3.3.4.20¢tolith based growth estimateBo estimate the length at age relationship for
P. psittaculus20 fish were collected over as wide a size ramsgeosgsible form the
Huon region in April 1993. Ages were determinedriravhat appeared to be annual
growth rings in sagittal otoliths. Like the othabtids examined, and probably for the
same reason, the radius to the first growth ring ighly variable. From these otoliths

the von Bertalanffy growth parameterg LK and To were estimated (Table 3.2), and

the resulting von Bertalanffy curve derived fronesh estimates is shown in Fig 3.18 (r

= 0.91). The estimated-iof 22.5 cm was close to that observed for the rethat

calculated from the recapture data (33.0 cm). Tta doints of Fig. 3.18 were heavily
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concentrated in the 1+ and 5+ year classes, pgshiiel to the abundance of these year

classes, and some bias associated with the colectethods.
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Figure 3.18Pseudolabrus psittaculuength at age growth data, for fish collectedhia t
Huon region survey (April 1993) and aged from csurftotoilth annuli. The von
Bertalanffy growth curve is fitted. Age is basedtba assumption of a September 1
birthdate.

Because it was possible that the growth curve ddflyy this data distribution might not
be truly representative of growth in this specibe,growth curve derived from 48 fish
collected from the East Coast survey in FebruaBAl®ig. 3.19) was also examined.
Fish collected from the various sites within thisvey were able to be pooled because
growth was shown to be similar between sites (degpt@r 6). Figure 3.19 has a much
more representative spread of age classes, ingudimerous ages missing from the
Huon sample. The von Bertalanffy growth parametene estimated to bel =

25.83% 1.6(s.e.), K=0.22 £ .05(s.e.). A comparisbgrowth at the two "sites" by
ANCOVA (Table 3.5) found that the regressions déstg growth had significantly
different slopes (site by age interaction, p = 8)d@flecting different growth rates. The
East Coast curve cannot therefore be used to ergsowth in the Huon region, but it

is still useful as an indication that the shap#hefcurve fitted to the Huon data
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approximates the correct one. The maximum agei®&fecies from otolith ageing was

10.5 years, recorded from the East Coast colle¢kan3.19).
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Figure 3.19Pseudolabrus psitaccullsngth at age relationship, for fish collected in
the East Coast survey (February 1994) and ageddoamts of otolith annuli. The von
Bertalanffy growth curve is fitted. Age is basedtba assumption of a September 1
birthdate.

Table 3.5 Comparison of growth BSeudolabrus psittaculua the Huon region with
that from the East Coast based on fish collectinade in February 1994 (East Coast, n
= 48) and April 1993 (Huon, n = 18), and aged fraalith annuli. Growth rates were
compared by ANCOVA of the length at age relatiopshi

Source df SS MS F P

Age 1 759 759 290 <0.001
Site 1 31.2 31.2 11.9 0.001
Age*Site 1 25.1 25.1 9.6 0.003
Error 62 163 2.62

3.3.4.3Validation Two distinct cohorts oPseudolabrus psittaculusere evident from
diving surveys of the Huon region in April 1993 whigsh were collected. These were

of newly arrived recruits of approximately 6 cmaidength, and another distinct group
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of approximately 10 cm total length. Only one indual of the 6 cm class was
collected; and there was no growth check on ittbtdNine individuals in the 10 cm
class were collected and all were found to havegoo@th check, thus validating the
use of otolith growth marks for ageing young fightos species. To assess the validity
of the age based growth estimates for fish in exocé2+ years, the mean estimated
length at age of the 2+ cohort was used to préldéctmean length at age of ages 3+ and
upwards, from the Ford-Walford growth relations(fjg. 3.16A). The length at 2+
years was chosen as the starting point as it reptesa length covered by the data from
which the model was derived. The resulting growttve was then compared with the
von Bertalanffy curves obtained from otolith ageiagsuming growth rings were
produced twice yearly, yearly, and once every teary (Fig 3.20). There was a good fit
with the curve based on one ring per year, sugggshiat of the three possibilities,
annual rings are the most likely. The two annuaivgh curves only ever differed by a
length equivalent to half a years growth betweendadpes of 3+ and 7+, suggesting

growth checks are annual and that they can betosagke this species reliably.

3.3.5 Penicipelta vittiger

3.3.5.1Introduction This species was relatively common at Arch Rault aver the
duration of the study period 214 fishes were taggedvever, most individuals were
trap shy, with a mean number of recaptures peviddal of only 0.8 (Table 2.5). This
lack of attraction to traps, combined with a higkerof tag loss (probably associated
with the short life span of this species) meant there were few recaptures over a 10-
14 month period, the time window necessary to gawasonable estimate of annual
growth. This problem was further compounded byftioe that growth of males and
females had to be considered separately, as a cempaf the sex related growth

curves of this species (derived from otolith aget tollected during the East Coast
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Figure 3.20 Comparison of the growth curvd®séudolabrus psittaculuagged at
Arch Rock, with the von Bertalanffy curves derivieaim fish collected in the East
Coast survey (February 1994) and aged from otahthuli under three assumptions,
(A) annuli are annual, (B) produced twice yeary) produced once every two years.
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survey) found them to be significantly differenefSx Age interaction, p < 0.001, Table
3.6). This comparison was by ANCOVA of untransfodhtiata. The data were not
transformed as the residuals plot indicated tha ttabe normally distributed with no

obvious heteroscedasticity.

Table 3.6 Results of a test of differences betwhergrowth of male (n = 61) and
female (n = 71Penicipelta vittigercollected during the East Coast (February 1994)
growth rate survey and aged by counting otolithuinGrowth rates were compared by
ANCOVA to examine slope and elevation effects anlédngth at age relationship.

Source df SS MS F P
Age 1 1498 1498 700 < 0.001
Sex 1 11.0 11.0 5.3 0.025
Age*Sex 1 31.8 31.8 14.8 <0.001
Error 126 270 2.14

3.3.5.2 Males

3.3.5.2.1Tag based growth estimate&3nly four recaptures were made in the 10-14
month period after tagging, and therefore a Fordfd¥@ plot could not be constructed.
These recaptures are instead shown in Table 3€7gidwth trajectories of all 14
recaptured males are presented in Fig. 3.21, and 8tat growth is initially fast until a

length of approximately 27 cm is reached, afterclwtgrowth slows substantially.

Table 3.7 Annual growth estimates of f&enicipelta vittigerales tagged and
recaptured at Arch Rock, Tasmania, between May 2@@0January 1994.

Tagged length (cm) Estimated length after one (@a)

20.0 25.6
22.8 29.6
24.2 29.5
28.0 29.3
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Figure 3.21 Growth trajectories Benicipelta vittigermales tagged and recaptured at
Arch Rock between May 1990 and January 1994.

3.3.5.2.20tolith based growth estimatioDespite an extensive search, only 6 males of
this species were able to be collected in the Hagion survey for estimation of age
based growth (Fig. 3.22), and this sample is toallstm accurately define the growth
curve at this location. To help aid interpretatafrgrowth in the Huon region, the

growth curve obtained from 72 males collected snHast Coast survey in February
1994 was also examined (Fig. 3.23). Ages were ohéed from what appeared to be
annual growth rings in the sagittal otoliths. Isimilar manner to the labrids, the radius
to the first growth ring varied substantially beamandividuals and was probably a
result of the extended spawning season obsenvibisispecies (August to January).
The von Bertalanffy parameters were not able tedtenated from this data as the

iterative model used was unable to converve orstimate.
The mean length of the 2+ cohort from the East Caitss was 26.36 £ 0.24 (n = 51),

and when compared by t - test was not significadhtfgrent from the mean length at

age 2+ of 28.0 £ 1.79 (n = 6) for the Huon regiarvey (p = 0.09). If the mean length
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Figure 3.22Penicipelta vittigemrmale length at age relationship for fish colledtethe
Huon region survey (April 1993) and aged from ceurftotolith annuli.
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Figure 3.23Penicipelta vittigemrmale length at age relationship for fish colleatethe
East Coast survey (February 1994) and aged fromtsai otolith annuli.

of the East Coast fish is adjusted for the two rmaffference in growth between the
two surveys, then the equivalent April mean lerajtB+ East Coast fish would be 27.7
cm, a value almost identical to that found in theoR survey, and indicating that

growth in the two regions is very similar. The nrawim age of males of this species
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determined from otolith ageing was 3.5 years, alffiofew males appear to survive to

this age (Fig 3.23).

3.3.5.2.3validation In the Huon region in April 1993 a distinct O+eagjass of
Penicipelta vittigewas evident. At Arch Rock these appeared as ssludgliveniles
inhabiting shallow (0-5 miPhyllosphora comostorests at the western end of the
island. While none could be collected for ageihgjitmean length was estimated to be
6 cm with a range of £2 cm. These schooling juxeniere quite distinct at Arch Rock
from the first obvious group of males, which weoétary and more sedentary. These
males were probably not reproductively active &y thd not court females, and were
not brightly coloured and lacked the toothbrusk Epines of mature males. The length
of fish in this group was estimated in April 19931%-20 cm. The next distinct group
observed was that of brightly coloured and reprtdaly active males, with distinct
toothbrush-like spines on their sides between diftedorsal and anal fins. Members of
this group, which ranged in size from 24-30 cmeingth, were observed actively
courting females throughout the spawning seasoasd behaviourally distinct groups
correlate well with those identified from otolitiyeing (Figs 3.22 and 3.23) which
indicate that there are several distinct cohorif) & 1+ cohort centred around 18 cm
length and a 2+ cohort centred around 26 cm intkerihe tagging data (Table 3.7 and
Fig. 3.21) indicates that a fish of 20 cm lengtlitlfm the 1+ age class) can easily grow
to 26 cm or more in one year, and that thereaftevthh may slow considerably,
perhaps being related to the onset of sexual niatdiis observed growth pattern is
very similar to that predicted by otolith basedraates of growth, suggesting that

counting otolith annuli may be a reliable way oéisg males of this species.

3.3.5.3 Females
3.3.5.3.1Tag based growth estimatéthe female annual growth estimates derived
from tag recaptures are presented in Fig 3.24rd-Wwalford plot, however, as with the

males of this species, there were insufficient gaiats to to fit a growth model to this
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data. A plot of the growth trajectories of 15 o 20 recaptured individuals is shown in
Fig 3.25, hilighting a substantial variability individual growth rates. One individual
tagged at 23.7 cm was recaptured 24 months lag8.@tcm, indicating that females

can live for at least 3 years.
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Figure 3.24 Ford-Walford plot of length at taggamgpinst length one year after
tagging, for nindPenicipelta vittigerfemales tagged and recaptured at Arch Rock,
Tasmania, between May 1990 and January 1994. Tihelue is fitted.
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Figure 3.25 Growth trajectories of fem#&enivipelta vittigenndividuals tagged and
recaptured at Arch Rock. Trajectories are basewceptures between May 1990 and
January 1994.
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3.3.5.3.20tolith based growth estimatiofo estimate the length at age relationship for
P. vittigerfemales, 30 fish were collected over as wide arsinge as possible from the
Huon region in April 1993. Ages were determinecisimilar manner to the males of
this species. The von Bertalanffy parametens K and Tp were estimated from the
age-length data (Table 3.2); the von Bertalanfiwewvas derived from these estimates
and fitted to the raw data (Fig. 3.26,70.78). Growth appeared to virtually stop at
ages in excess of 3 years, although some indivsdaialive to 5+ years, suggesting that

females may be longer lived than the males ofgpexies.
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Figure 3.26Penicipelta vittigefemale length at age relationship, for fish cokelcin
the Huon region survey (April 1993) and aged frdwlith annuli. The von Bertalanffy
growth curve is fitted.

3.3.5.3.3validation Visual observations in the Huon region in Ap/ISB, in particular
those at Arch Rock, indicated that there were tigtrtt cohorts of juveniles, one of
approximately 6 cm in length and the other of 14:80in length. This was discussed
with respect to males in the preceding sectionibagpears that growth of both sexes is
similar for at least the first 1.5 years of growdl,the mean length of the 1+ cohort of
both sexes of fish aged from otoliths was estimatetB cm in April. From the limited

amount of tagging data available (Figs 3.24 an8)3tZappears that an 18cm fish
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would grow to approximately 24-25cm in the follogigear and to 26-29 cm in the
year after that. These results are similar todlestribed by the length at age curve,
assuming otolith growth rings were annual (Fig 3.2fhere a 1+ cohort of mean length
18.4 cm in April, grew to 25.3 cm by 2+ and 26.9 ley3+, suggesting counting otolith

annuli may be a valid method of ageing femalesisf$pecies.

3.3.6Meuschenia australis

3.3.6.1lIntroduction While M. australiswas the least abundant of the species studied at
Arch Rock, it was strongly attracted to fish traywgh 70% of tagged individuals being
recaptured at least once, with each individual dpegtaptured, on average, nearly 10
times over the period from May 1990 to January 1@%ble 2.5). The good recapture
success meant that there was a sufficient numbecaptures of both males and
females over 10-14 month periods to gain a reliatdght into annual tag-based

growth in this species. It was necessary to consisegrowth of each sex separately, as
an analysis of the annual growth increment data ffosch Rock by ANCOVA found a
highly significant effect of sex on growth rategj®.001, Table 3.8). The data was not
transformed as a plot of residuals showed a neanalalistribution with no obvious

heteroscedasticity.

Table 3.8 Results of a test of differences betwherannual growth rates of male (n =
30) and female (n = 4jleuschenia australisagged and recaptured at Arch Rock,
Tasmania between May 1990 and January 1994. Grateéh were compared by
ANCOVA, examining slope and elevation effects oa lgngth at tagging vs annual
length increment relationship.

Effect df SS MS F P
Length inc. 1 1185 1185 343 < 0.001
Sex 1 260 260 75.2 <0.001
Length inc*Sex 1 2.70 2.70 0.78 0.38
Error 68 236 3.46
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3.3.6.2 Males

3.3.6.2.1Tag based growth estimatioA: Ford-Walford plot derived from males
recaptured 10-14 months after tagging is showndrBR27A. For this species and size
range, a 2nd order polynomial best described tlaéwaship between tagged length and
length one year after capture, with y = 30.59 58.7 0.026% (r2= 0.94). This

recapture data is also shown as a Manzer-Taylor(ipig 3.27B) to highlight the degree

of variability in growth between individuals. ThervBertalanffy growth parametersiL

and K were estimated from the length increment bgati@ast squares estimation (Table
3.1), giving L1 =33.8 cm and K = 0.61.

As well as individuals recaptured over a one yeaiogl, there were numerous
recaptures over longer and shorter time frames, tivites at large ranging up to 42
months. Fig. 3.28 shows a selection of the grovdjecttories of individuals selected to
represent the size range tagged. The differencespes between some of these
trajectories indicates that growth rate differenoetsveen individuals can be substantial,
and maintained over long time periods. It is alspagent from Fig 3.28 that there is a
notable breakpoint in the rate of growth that os@mound 25-28 cm in length. Growth

is rapid up to this point, after which it slows saterably.

3.3.6.2.20tolith based growth estimateBo establish the length at age relationship for
maleM. australis,13 fish were collected over as wide a size rasgaoasible in the
Huon region in April 1993. Ages were determinedviravhat appeared to be distinct
annual growth rings in sagittal otoliths. The radia the first growth ring was highly
variable, and in a similar manner to the previousgcribed species is probably due to
the extended breeding season in this species.gdibased von Bertalanffy parameters

L0, K and Tp were estimated from this data (Table 3.1), andsdreBertalanffy curve

derived from these estimates was fitted to thetteayage data (Fig. 3.2%, ¥ 0.95).
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Figure 3.27 Annual growth data from RRuschenia australimales tagged and
recaptured at Arch Rock, Tasmania, between May #8@@0January 1994. Presented as
(A), a Ford-Walford plot of length at tagging aggtitength one year after tagging

(fitted with a 2nd order polynomial), and as (BManzer-Taylor plot of annual length
increment against tagged length.
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Figure 3.28 Growth trajectories of a selectioeuschenia australimales tagged at
Arch Rock. Trajectories are based on recapturesdset May 1990 and January 1994.
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Figure 3.29Meuschenia australimale length at age relationship for fish colleated
the Huon region (April 1993) and aged from otoatimuli. The von Bertalanffy curve is
fitted. Ages are based on the assumption of a Bdgael birthdate.

73



35 7
. ¢ 4 .
30 7 ¢
M4 .
e
O 251
< *
=4
Q 20 7
|
15
10 T T T T T T T 1
0 2 4 6 8

Age (years)

Figure 3.30Meuschenia australisale length at age relationship, for fish colledted
the East Coast survey (February 1994) and ageddoamts of otolith annuli. The von
Bertalanffy growth curve is fitted. Age is basedtba assumption of a September 1
birthdate.

As only 13 fish were collected during the Huon synit was possible that the growth
curve derived from this small data set may not adezy describe growth. To assess
the validity of this curve it was compared withttbatained from fish collected during
the East Coast survey in February 1994 (Fig. 38@pmparison of the first four year
classes of the two data sets by ANCOVA (Table Bi@icated that there was a
significant difference in slope between the grovefiressions for each site (p < 0.001),
with growth in the first two years at the East G@asvey sites being faster than the
Huon region. However, while growth differed betwéke two regions, these
differences were small, and although the East Gaase of Fig 3.30 cannot be used as
a replacement for the Huon curve of Fig 3.29 It gtovides an indication that the
curve fitted to the Huon region data is not inngpiate. The maximum age determined
from otoliths for males of this species was 7.5 yegecorded from the East Coast

collection (Fig. 3.30).

74



Table 3.9 Comparison of growth of malieuschenia australi; the Huon region with
that from the East Coast, based on fish collectmade in February 1994 (East Coast,
n = 33) and April 1993 (Huon, n = 13), and agedfr@tolith annuli. Growth rates were
compared by ANCOVA of the length at age relatiopshi

Source df SS MS F P
Age 1 445 445 131 <0.001
Site 1 145 145 42.8 <0.001
Age*Site 1 81.6 81.6 24.1 < 0.001
Error 42 142 3.38

3.3.6.2.3validation Although the reef at Arch Rock was searched esxtety for new
recruits ofM. australis none were found until September in 1991 and 1882n they
were 12-14 cm in length. This length was approxatyahat expected for a 1+ year
class having 9-12 months of growth. Observationtagged individuals of this year
class, as well as examination of tag based growtyes (Figs 3.27A and 3.28) indicate
that this group would be in the range of 17-20 oriength by April. In the Huon region
survey in April 1993, it was found that 1+ indivala did fall into the range of 17-20

cm (Fig. 3.29), suggesting that counting of otogitowth rings may be a valid method
of ageing these young fish. To assess the validitiie estimated age relationship based
on two or more growth rings, the von Bertalanffiyueaof length of the 1+ cohort from
Fig. 3.29 was used to predict the mean length e$ & onwards from the length based
growth relationship of Fig. 3.27A. The resultinggth curve was compared with three
von Bertalanffy curves derived from the age bage@th estimates (Fig. 3.31). The
best fit was to the curve assuming 1 annuli per yehcating it was the most
appropriate of the options, with the close fitloé tag and otolith based curves
indicating that the use of otolith growth rings npagvide a reliable way of ageing

males of this species.
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Figure 3.31 Comparison of the growth curveMefuschenia australisales tagged at
Arch Rock, with the von Bertalanffy curves derivieaim fish collected in the Huon
region survey (April 1993) and aged from otolitmah under three assumptions, (A)
annuli are annual, (B) produced twice yearly, (€@douced once every two years.
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3.3.6.3 Females

3.3.6.2.1Tag based growth estimatinA Ford-Walford plot of annual growth data
derived from famales at large for 10-14 monthsvegin Fig 3.32A. For fish in the
size range presented in this plot (12-29 cm) tleevtr relationship was best described
by the second order polynomial expression y = 24@2B58x + 0.26% (r2 = 0.90) where

x = length at tagging and y = length one year aftgging. The von Bertalanffy growth

parameters g and K were estimated from this data by least suastimation (Table
3.1) giving L] =27.3 cm and K = 0.70. The annual length increnderd is also
plotted as a Manzer-Taylor plot to show the extenwhich growth varies between

individuals (Fig 3.32B).

Growth trajectories for 21 of the recaptured ferma@ee shown in Fig 3.33, where times
at large range up to 42 months. Growth appears @by fast between the lengths of
12 cm to approximately 22 cm, with growth over thime range taking about one year.
Thereafter growth appears to slow considerablyh e length at which growth slows
probably being determined by the onset of sexualinta The differences in slopes
between many of these individual trajectories iaths that the growth rates can vary
significantly between individuals and that thedéedénces may be maintained over

long time frames.

3.3.6.3.20tolith based growth estimateBo establish the length at age relationship for
females of this species, 19 fish were collected agewide a size range as possible in
the Huon region in April 1993. Ages were determifredh what appeared to be annual
growth rings in sagittal otoliths, which were ideat to those of the males of this
species. The von Bertalanffy growth parametens K and Tp were estimated from the
age data and are given in Table 3.2. The von Betigl curve derived from these

estimates is shown fitted to the age length dafign3.35 (¢ = 0.78). The value

estimated for I (29.1 cm) was similar to that estimated from tgying data
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(27.3 cm). The maximum age determined from ota@dbks females of this species was

7.5 years, and was found in fish from the East Coaltection (Fig 6.5).
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Figure 3.32 Annual growth data from M2uschenia australilemales tagged and
recaptured at Arch Rock, Tasmania, between May 2@@0January 1994. Presented as
(A), a Ford-Walford plot of length at tagging aggtifength one year after tagging

(fitted with a 2nd order polynomial), and as (BManzer-Taylor plot of annual length
increment against tagged length.
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Figure 3.33 Growth trajectories of a selectioMeuschenia australifemales tagged
at Arch Rock. Trajectories are based on recaptagtgseen May 1990 and January
1994.
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Figure 3.34Meuschenia australiliemale length at age relationship, for fish cdkecin
the Huon region survey (April 1993) and aged frayards of otolith annuli. The von
Bertalanffy growth curve is fitted. Age estimates based on the assumption of a
September 1 birthdate.
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3.3.6.3.3validation As was discussed with respect to males, no nexuite were
found until juveniles with lengths greater thanch2 appeared. With the females,
individuals in the 12-13 cm size range were recdtotween October and March, and
were assumed to all have been spawned in the pieyear. By April 1991, a 12.3 cm
individual tagged in October 1990 had grown to X8rf giving an approximate size
range of the assumed 1+ cohort in April 1991 oft83% cm. This variability in length
at year 1+, is probably attributable to the timaigpawning in this species, where
individuals spawned early in September would hafeamonth growth advantage

over those spawned in late December.

The three individuals from the Huon collection detmed from otolith ageing to be in
the 1+ cohort, all fell within the size range pi#dd from observations and tag
recaptures, indicating that counting otolith growttrements may be a valid method of
ageing young females of this species. To assesatiuity of the estimated age
relationship based on two or more growth rings vithe Bertalanffy estimate of length
of the 1+ cohort from Fig. 3.35 was used to pretietmean lengths of ages 2+ and
onwards using the tag based growth relationshiigf3.32A. The resulting growth
curve was compared with three possible von Bertiglaarves derived from the otolith
based growth. The best fit was to the curve assyimie growth annuli in otoliths per
year, suggesting it was the most appropriate ofttreee possibilities. While the two
curves (tag and otolith based growth) were nottidah they were similar enough to
suggest, in a similar manner to the males of {esies, that counting otolith growth

rings is a valid and reliable method of ageing flemaf this species.
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Figure 3.35 Comparison of the growth curvéM&uschenia australiiemales tagged at
Arch Rock, with the von Bertalanffy curves derivieaim fish collected in the Huon
region survey (April 1993) and aged from otolitmah under three assumptions, (A)
annuli are annual, (B) produced twice yearly, (€@©douced once every two years.
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3.4 Discussion

3.4.1Validation

A combination of mark-recapture growth estimatiod &isual observations of early
year class size structure validate the length atrelgtionships determined from the
counting of growth rings in otoliths for the sixexpes in this study. This validation
process would have been substantially improved kiewd a large number of fish had
been marked by oxytetracycline, or a similar magrkéethe start of the study, and
otoliths collected for sectioning at the conclusadrthe study. The current view in the
literature is that this is the only method of rBlyavalidating the use of other ageing
techniques (Francis 1992). Unfortunately insuffitieesources were available for a
study of this magnitude, and harvesting of marksll Would have interfered with the

long term movement study being conducted on theegaopulation.

The methods adopted in this study, (comparisoagdihg data with age-length data)
appear to be the second best option for validafibe.main weakness of this method is
that the growth parameters derived from the twteddht data sets are not directly
comparable (Francis 1988a). This appears to bediyea problem when von
Bertalanffy type growth parameters are requiredtaed/on Bertalanffy equation is
transformed ta\L = (L[J-L)(1-e'KAY) (derived in Fabens 1965). Here, tkiederived

from age-length data is the expected annual inangnadnereas thaL from tagging

data is a measured value, and the two are compllifedrent parameters. A statistical
comparison of the growth parameters derived froentwo methods may therefore be

invalid.

In a large scale study of the growth of westerrk lobstersPanulirus cygnusMaller
and DeBoer (1988) found large biases and incomgigs in fitting the von Bertalanffy

curve to recapture data when using either the eimmadel of Fabens (1965) or that of

Sainsbury (1980) which assumes each animal hasvitd ] and K. They decided that
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such estimates are unreliable. For this reasonjaghéBertalanffy parameters derived
from age-length data in this study were not siaally compared with ones derived
from the tagging data for the purposes of validatlastead they were compared with
curves derived from Ford-Walford plots using themod of Manzer and Taylor (1947),
where an estimated length at age can be derivedtogpolating foreword along the
fitted line of the plot, from a "known" length age If a line of best fit is used on the
Ford-Walford plot rather than a simple linear ragien (except when this is
appropriate), changes in K (the growth constam)kataken into account. Ricker
(1975) recognised that K does not always remaisteo and showed four different

types of long term growth curves.

The curve comparisons made in this study all indt@hat the growth rings visible in
sagittal otoliths were produced annually. Whileveisrderived from recaptures were not
perfect fits to the von Bertalanffy curves deriyeain length at age estimates based on
the assumption of one growth ring per year, thesewséll closer to this curve than to

curves based on the assumptions of two rings @eroreone every two years.

Perfect fits between the two types of growth cumwese not expected because of their
different origins, and in general most tagging ldesg&rves were found to under-
estimate growth initially, and then to over-estiemgtowth as [ of the von Bertalanffy
curve was approached. It is likely that these diffiees are due to two main effects.
Firstly, growth of tagged fish may be slower thawagged fish due to various factors
such as increased drag, and sores and infectibie #g entry site. McFarlane and
Beamish (1990) demonstrated that external tagstdfie growth of female sablefish
(Anoploma fimbria by slowing growth by approximately 40% betweea year classes
2+ and 4+ and an average of 25% between the ya@ssed 2+ and 9+. Males of this
species were not as significantly effected by taggiVhile the impact of tagging on

growth will depend upon the species and type qfitag apparent that this impact can
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be significant and should be taken into accountnithg-based growth is used for
validation and to draw inferences about growthim tintagged population.
The second effect of tag based growth estimatipeas to be related to over-

estimation of the growth rate of the untagged pafporh as it approaches. This

effect appears to be related to an inherent bigsgebased growth, caused by intra-
specific variation in growth rate andjLAs size increases, the proportion of slower
growing fish in the population decreases, as, atpanticular length, they have lived
longer and have therefore been subject to naturalafity and predation for longer.
Therefore growth estimates become increasinglyebidy the faster growing fish as

size increases. This is compounded by individu&tinces in I, where slower

growing individuals never reach the length achievgthose with faster growth. Under
this assumption, theft. of length based growth curves would thereforexpeeted to
reflect that of the fastest growing individualghex than the population mean, which is
the value usually derived from length at age dBtese differences are evident if

Tables 3.1 and 3.2 are compared, where th@lLmost species and sexes was greatest

when estimated from tag-recapture data.

3.4.2Individual growth variability

For all species where sufficient tag recaptureswétained to examine growth based
on tagging, individual growth rates were highlyighte. Substantial variation in
individual growth rates of fishes has been widelyarted in the literature, and ranges
over several spatial scales, from differences betwebitats (Sogard 1992, Victor and
Brothers 1982) through differences between isolatgdsimilar habitats (Pitcher 1992)
to differences within the one location (Becknaral. 1991, Pitcher 1992). While many
of the differences in growth between habitats aedtions may be explained in terms
of variation in biological and physical parameteesween sites, this is not usually the
case at a single sampled location. Here, geneticacial factors have been suggested
as the major cause of growth variability (Chevad€&?) and have been shown to be

important in controlled experiments on ten€mca tinca by Backiel (1986).
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At Arch Rock, the observed variability in lengthsled growth is probably attributable
to three main factors. The first of these is likig\be habitat variation, especially in

N. tetricus, P. psittaculuandP. laticlavius species in which individuals are either
territorial or have very limited home ranges. Tvasiation arises due to the shelter from
prevailing westerly winds and southerly swells ti&t island provides along its eastern
and northern coasts, thus providing a range oftaiabirom the exposed southern and
western shores to the sheltered northern and eagteres. This difference is directly
reflected in the macroalgal communities which rafigen domination byecklonia
radiata andDurvillea potatorumon the southern coast &argassum fallaand
Macrocystis pyriferaon the northern coast. The effect of this hahigatation is likely

to be less important fo¥. fucicolaandM. australis species in which the majority of
individuals ranged over the entire reef on a dadglgis and were therefore better able to

overcome any localised resource limitation.

The second factor likely to influence growth is génvariation in growth rate and1.

This appears to be most obvious in femMleaustralis where growth reaches a plateau
after approximately two years. The length at wigobwth slows, varies greatly
between individuals, and is probably geneticallydah although it could also be related
to the length at which sexual maturity is reached energy is diverted from somatic

growth to reproduction.

The third factor likely to influence growth is satinteraction. This would appear to be
particularly the case during the breeding seasaighwior all the species in this study,
extended from at least early September to late mbee During this time males were
observed actively courting females, and in the chserritorial males, actively
defending territories from intruding males. Whitenepecific levels of aggression were
low between females of all species, females neglasls expended much time avoiding

males, especially in species suchPasittiger, M. australisandN. fucicolawhere there
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was a 1:1 sex ratio. Such social interactions aishoimpacted on the time available
for feeding, and would therefore at least potelytiahpact on growth, with any

variation in the level of social interaction beigjlected in growth rates.

This variability in individual growth rates for tdgased growth was also reflected in the
length at age relationships described from ot@dhing, as these relationships are not
only influenced by individual growth rates, butalsy the timing of recruitment. As all
species in this study spawned over at least arffmunth period, the earliest spawned in
each age class would be expected to have a sggmifgrowth advantage over the last

spawned; this is approximately 4 cm in most species

3.4.3Labrid growth

The growth and age structure of the labrids is study falls within the range described
for similar sized species of temperate labrids fiéew Zealand and Europe. At Leigh

in north eastern New Zealandotolabrus(= Pseudolabruscelidotuslives to 7 years

and grows to 27 cm, whildotolabrus(= Pseudolabruginscriptuslives up to 20 years
and grows to approximately 40 cm (Thompson 198iLEuropeCrenilabrus melops
lives to nine years and grows to 24 cm, whigdrus mixus livego 17 years and grows

to 35 cm (Costello 1991).

Notolabrus fucicolas a species found in New Zealand as well as TagmaAt Leigh in
north eastern New Zealand it is reported to livéSg/ears and grow to 34 cm
(Thompson 1981). This compares with a maximum &d& years and maximum
length of 39 cm found in this study for the Huogiom of south eastern Tasmania.
While N. fucicolais a secondary gonochoristic species (see Chéptmth sexes grow
at the same rate, indicating that a similar amofiehergy must be diverted into

reproduction in both sexes.
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The age and growth ®f. tetricushas been previously described from South Australia
in a brief study by Shepherd and Hobbs (1985) whidmined the growth relationship
from the scales of 58 speared fish. Their growttveus similar to the one derived from
this study, considering the habitat and temperatifferences that must exist between
the respective study sites. The mean size at mawiage from the South Australian

study was 38 cm at eight years, compared with 3atcnine years in this study.

3.4.4Monacanthid growth

Very little is known about growth of monacanthishies. This, in part, arises from the
fact that this is not a very speciose family, and not well represented in the tropics or
New Zealand where much of the research effort ehfrghes has been concentrated.
Estimates of maximum age reported for monacantihwade 10 years iNavodon
septentrionalisa species commercially exploited in the watef<aiina (Chien and Hu
1980) and 7 years iRarika scabera species found in New Zealand and south-eastern
Australia (Thompson 1981). In the related familyi&&lae,Pseudobalistes fuscugas
estimated to live to 7 years, with differential gtb between sexes, with females
reaching 25-30 cm and males reaching 40-45 cmik@&1i®80). Growth ifParika
scaberin the marine reserve at Leigh, New Zealand, vessiibed to be to 14 cm in the
first year and to 26-29 cm in the second yeary aftech growth stopped (Thompson
1981). The growth of the two monacanthids in thislg appears similar to that of
Parika scaberas growth is fast in the first 2-2.5 years, aft@ich growth slows
appreciably in both species. Growth is also simoahat reported foPseudobalistes
fuscusjn that females do not grow as fast as malespadth inP. vittiger at least, the

growth rate of the sexes appears similar in tist year.

In M. australisthe estimated maximum ages of 8 years for fenaalds’ years for

males, appear to be close to the average foramgy, while that estimated fd?.

vittiger of 3+ years for males and 5+ for females is shgb¢low average, especially
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when it is considered that the majority of malgs Ino longer than 2.5 years and

females 3.5 years.

The growth data presented for most species irctiapter deal with growth at Arch
Rock and the Huon region because that is whereatgng work was carried out. As
growth in this area may be atypical, due to thiiarice of the adjacent Huon River
with its resulting impact on light regime, temperat salinity and nutrient levels, the
results of a survey on inter-population growth aoin presented in Chapter 6 may

better describe the average growth of most of pleeiss included in this study.
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Chapter 4 Reproduction

4.1 Introduction

4.1.1General

Growth is known to vary between the sexes in matydpecies (Wooton 1990). For
this reason any study examining growth should mlslude a study of the sexual system
of each species investigated, so that the sexdofidual fish can be reliably determined
on the basis of simple features such as extertalatan and gonad shape and colour,
allowing potential sex related differences in growd be examined. As sexual systems
can often be complex, particularly in families sashthe Labridae (Thresher 1984), an
understanding of the sexual systems used in retgtedes may be important in

providing clues about the system used in the spemeder investigation.

4.1.2Labrid reproductive biology

In the family Labridae, the majority, if not allf the tropical species that have been
studied are protogynous hermaphrodites, with muestiss displaying sexual
dichromatism and generally having complex sociaiaégystems (Thresher 1984).
These social systems, and a theoretical analysiedftness of each system, are

discussed in detail by Warner and Robertson (1978).

In hermaphrodite species, the juvenile and femalieration is referred to as initial
phase (IP) coloration, whilst that of the male dedifrom a sex change from a female is
called the term phase (TP) coloration. The tramsifrom female to male in most
species is thought to be controlled predominantlgdxial conditions, where
subordinate females are inhibited from changingtsethe presence of males, which
are usually larger (Thresher 1984). In severalisgeexperimental removal of the male
has been shown to result in one of the larger fesnahdergoing a rapid sex reversal to

fill his role (Reinboth 1980).
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While the majority of IP individuals in most spexiare females, in many tropical
species a small proportion of fish with IP colovat(usually between 10-15%) are
males. Species with both IP and TP males are esféoras diandric, and those with
only TP males as monandric (Warner and Roberts@8)1titial phase males in
diandric species have the same coloration as IRlé=mpallowing them to remain
undetected in the territory of the larger and uguatritorial TP males, where they may
sneak fertilisations with the resident females.SEn® males are usually, but not
always, primary males. Primary males generally lsliel gonads (e.d.abrus mixtus
Dipper and Pullin 1979) whereas the secondary gatad is either hollow, reflecting
its origin as an ovary with a lumen (elgbrus bergyltaDipper and Pullin 1979), or is
solid but surrounded by a membrane derived fronotfagian wall (e.gThallasoma
cupidg Meyer 1977). Most TP males are of the secondg, twhilst most IP males
are primary, however, in some species there amediRiduals which have changed sex
prior to maturation, and therefore are secondatgsnaith secondary gonads (e.g.
Notolabrus celidotusJones 1980). Males of this type have been tepned

maturational males by Warner and Robertson (1978).

In the Southern Hemisphere, the majority of temigelabrids investigated so far are

protogynous hermaphrodites, eNptolabruscelidotus(Jones 1980) andseudolabrus
miles Notolabrusinscriptus Pseudolabrus luculentus, Bodianus oxycephahaCoris
sandageri(Thompson 1981). IN. celidotusandC. sandagetia small proportion of IP

individuals are pre-maturational secondary malémipson 1981).

In the Northern Hemisphere temperate labrids, thexg be a greater proportion of
gonochoristic species than in the Southern Hemigplas three of the five common
European species are gonochorists (Costello 1€91he two protogynous species, one
(Labrus bergylty is monandric, while the othdrgbrus mixtuyis diandric, with 12%

of IP individuals in this species being males wathmary testes (Dipper and Pullin

1979). Even within the gonochoristic species, semgvalents of IP males exist. In the
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gonochoristic specigsrenilabrus melopsDipper and Pullin (1979) reported that about
20% of individuals with female secondary sexualrabgeristics were primary males.
These were termed type 2 males by Dipper and Rdli9), and have been termed
accessory males elsewhere (e.g. Costello 1991iinlke the type 1 males of this

species, they do not hold territories or build sest

Another unusual sexual system is found in the teatpdabridOxyjulis californicain
North America. In this system, termed secondaryoghorism, the sexes are genetically
determined, with all males having secondary testesh have developed the male

condition before maturation (Diener 1976).

In the species of tropical labrids in which spavgimas been observed, pair spawning
appears to be the most common spawning behavidatr eggs being released into the
water column for dispersal. Although group spawrtiag also been observed in some
of these species, it occurs infrequently, andasi¢iint to be related to spawning
involving IP males (Thresher 1978). Benthic eggad#pon has not been recorded in
tropical species, however it appears to be a confeettare of temperate labrids, with
four of the five common European species produbgghic eggs which are guarded in
nests (Costello 1991), a behaviour which does ppear to be related to the sexual

system.

4.1.3Monacanthid reproductive biology

Unlike the labrids, the monacanthids have not Istedied in any detail, but this family
appears to be much simpler in the number of retddristrategies used. Thresher
(1984), in a review of the monacanthids and theatiorelated balistids (triggerfish),
reported that in the few studies published to daedes tended to be larger than
females, with many species being sexually dimorphig dichromatic. Although

studies have looked for evidence of hermaphrodistwo species, none has been found

(Chiba,et al. 1976, Matsuura 1976).
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Many species of balistids and monacanthids thag lhe@en studied are benthic
spawners, including the tropical specidstera schoepfi(Clarke 1950)Qdonus niger
andPseudobalistes fuscug-ricke 1980), an@xymonacanthus longirostrigBarlow
1987), and the temperate spedd@samonacanthus japonicyblakazono and Kawase
1993). In these species egg care is provided byobeth parents, and males are

usually territorial while females are home ranging.

Some examples of pelagic spawning behaviour hage feported, although actual
spawning was not observed, and there is the ptigsthe these interactions may only
have been aggressive (Thresher 1984). Territordddshave been reported for the
southern temperate monacantRigrika scaberalthough this species has pelagic eggs

(Thompson 1981) suggesting that spawning is pelagic

4.1.4The Tasmanian species

In this study it was necessary to examine the desyséem of each of the six species in
which growth was being investigated, as no prevaiudies of their sexual systems
have been reported. This lack of knowledge hasdeme confusion in popular fish
identification books and taxanomic texts, as totiwbeesome of these species are
protogynous hermaphrodites or gonochorists, andeflagionship between colour
pattern and sex. Much of this confusion has arssrause intermediate colour patterns
often exist between those typical of males anctofdles. Intermediate color patterns
led Edgaret al. (1982) to suggest thsteuschenia australimay be a sequential
hermaphrodite, and Last al. (1983) to suggest that a similar situation magtexi

Penicipelta vittiger

In Notolabrus fucicolathe ground coloration is highly variable, and tetaldarken as
fish age, sugesting a size related dichromatisras@&ltharacteristics appear to have led
New Zealand authors to believe that protogynousibphrodism was usual in this

species (Doak 1972, Thompson 1981). However, atant taxonomic review of this
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genus, Russell (1988) reported that although ctitoran N. fucicolawas variable,
there was no marked sexual dichromatism, and #es sif males and females
overlapped broadly. This observation tends to m@i¢hat this species may not be

hermaphroditic.

In the same review, Russell (1988) suggestedRbatidolabrus psittaculusas

sexually monochromatic, having similar sized maled females; monochromatism was
also reported by Last al.(1983). Such observations would suggest thatsiiesies

was gonochoristic. However, these observationgidifbm those of Edgaat al.

(1982), who reported size related sexual dichrasmatn this species, with females
generally being smaller than males, an observatidicating that this species may
actually be a protogynous hermaphrodite. Fortupatieé situation appears to be less
confusing forPictilabrus laticlaviusandNotolabrus tetricuss there is general
agreement in the literature that they are both aéxdichromatic, and thal. tetricus

is a protogynous hermaphrodite (Lastl. 1983).

4.1.5Aim

The specific aim of the study reported in this ¢baghen, was to clearly define the
sexual systems ®otolabrus tetricus, Notolabrus fucicola, Pictilalsr laticlavius,
Pseudolabrus psittaculus, Penicipelta vittiggndMeuschenia australishcluding the
proportion of any IP males which may be mistakerfémales, and the relationship

between sex, size and colour pattern.

4.2 Materialsand methods

4.2.1Collection sites and methads

Fish were collected at a number of locations amesi during this study (Table 4.1),
primarily because not all sites yielded enoughvatiials for proper analysis, but also
because collections made after the end of theddlseeding season contained many

specimens with gonads too small to sex or dissed, for the hermaphrodite species,
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large numbers were needed to be collected fronrakesiges to examine geographic
variability in the length at sex change. The ssttions of the collections are shown in
Fig 2.1 (Ninepin Pt, and Huon collections), FidL 4Tinderbox collection), and Fig. 6.1

(East Coast collection).

Table 4.1. Details of collections made for investign of the sexual systems¢f
tetricus, N. fucicola, P. laticlavius, P. psittaas| P. vittiger andM. australis between
September 1990 and March 1994.

Collection Date Species collected Sites

Ninepin Point Sept. 1990 N. tetricus, N. fucicola  Ninepin Pt

Huon April/May 1993 All Arch Rock, Butts Reef
Charlotte Cove, Roaring Beach

Tinderbox Aug/Sept. 1993 All Piersons Pt, One TRee

East Coast Feb/March 1994 All Fortescue Bay GaRten
Marion Bay, Spring Beach
Stinking Bay

The capture methods employed included gill netth(&irange of mesh sizes), fish
traps, spearing, and handlining. This range of oatlwas necessary to collect samples
of each species over as wide a range of sizessssp® Upon capture, fish lengths
were measured to the nearest mm (total lengthjtaidapparent sex from external
coloration and morphology was recorded. They weg kn ice until returned to the
laboratory, with the time between collection anddsgquent analysis varying between 3

and 24 h.

4.2.2Analysis

Upon return to the laboratory, fish were weigheth®nearest gram and their gonads
were removed, weighed to 0.1 g, and their appaentecorded. The gonads were
fixed and stored in 10% neutral buffered salinenfaiin until ready for processing. The
fixed gonads were dehydrated in ethanol and thesret! in toluene before being
embedded in paraplast by an automatic processansVerse sections were cut from

several positions, where possible, along the leafthe embedded gonad at 7 um
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thickness. Once cleared, the sections were stawitaceosin and haematoxylin. The
stained sections were then examined for any evalehsex inversion, and to determine

whether testes were of primary or secondary origiore gonads were sectioned from

the labrids than the monacanthids, as the labagle more complex reproductive

systems.
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Figure 4.2 Sites at which the Tinderbox fish atilens were made in August and
September 1993

A large sample size was needed in the species stwmha protogynous hermaphrodites
(N. tetricus, P. laticlaviusandP. psittaculu¥, in order to search for evidence of
transitional gonads, and also for primary or seaontP males which, if present, may
have been rare. A large sample size was also néedidfucicolg to determine if any
sex inversion was occurring after maturation. Cansefficient number of sections had
been examined in a particular species to deterthmeexual system used, and the
characteristic features of each gonad type weerméated, the remaining gonads were
simply examined under a light microscope, whilelfreto determine their sex. Ovaries

removed from somBl. tetricusandN. fucicolaindividuals collected in the breeding
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season (n = 5) were also examined for evidencegqiential spawning, by determining

the size distribution of oocytes from histologyts@ts.

In P. laticlaviusandP. psittaculughe capture results from the capture, mark, and
recapture experiment at Arch Rock were used to éathe relationship between
length and sex, based on external coloration amgpmatogy. These results are based on

captures between June 1990 and January 1994;faktkedls are given in Chapter 3.

While making behavioural observations on each ggear the short-term movement
study discussed in Chapter 2, some observatiomsgroductive behaviour were also
made, including courtship and spawning; the detaitethods are given in Chapter 2).
These observations were made during over 200 ivimigd with dives made randomly

throughout the year, and effort being divided eydm@tween the species.

4.3 Results.

4.3.1Notolabrus tetricus

4.3.1.1Sexual systenA total of 448 individuals were collected and séxXrom the four
surveys (Ninepin Point, Huon region, Tinderbox, &adt Coast). Of these, 112 were
sexed from histologically prepared sections. Nanprly males were found, indicating
that this is a monandric species. However, in itls¢ survey at Ninepin Point, three
fish resembling IP secondary males were found @&R), representing 10% of the IP
fish collected from that site. These ranged in fiam 24.5 to 24.9 cm, with the
smallest TP male coloured fish being 27.7 cm igilenNo IP males were found in
subsequent surveys in the Huon region (Fig. 4.3} tine East Coast sites (Fig. 4.4).
Where small functional males were present, all ve¢ length which was within the
size range that the IP to TP colour transition egcand appear to be part of the normal
transition process where gonad sex inversion pescedlour change. If pre-
maturational secondary males were present in gasiss, they should have been

represented in all IP size classes, but this watheacase.
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Figure 4.2 Frequency histogram showing the relatigp between length, sex and
colour phase itNotolabrus tetricugollected at Ninepin Point, Tasmania, in September
1990. All fish were sexed by examination of fresimads.
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Figure 4.3 Frequency histogram showing the refatigp between length, sex and
colour phase itNotolabrus tetricugollected at sites in the Huon region surveyhin t

vicinity of Huon Is., Tasmania, in April 1993. Alsh were sexed by histological
examination of gonads.
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Figure 4.4 Frequency histogram showing the refatigp between length, sex and
colour phase itNotolabrus tetricugollected at sites in the East Coast survey in
February 1994. Fish less than 27 cm were sexed dmour phase and microscopic
examination of fresh gonads. Fish greater tham2Were sexed by histological
examination of gonads.

One individual was found with male coloration anddtional ovaries (Fig. 4.4)
indicating that the sexual transition did not ale@&yolve gonads inverting first. In this
species the sexual transition usually occurred aviairly narrow size range, with most
transitions happening between 27 and 32 cm, anslizleeat transition appeared similar
at all the locations surveyed (Figs 4.2-4.4) altifoanalysis of this was limited by
difficulties in capturing enough of the less abumdand more evasive larger
individuals. The age of sexual transition rangeanft6+ to 9+ in the Huon survey, and
5+ to 7+ in the East Coast survey, with the eade change at the East Coast sites
possibly being due to the faster growth recordedetfiDetails of growth differences

between the Huon region and the East Coast sitegivaen in Chapter 6).

4.3.1.2Histology All stages in the transition from ovary to testisre found in the

histologically prepared gonad sections. Ovariesvieund in most IP fish, and a typical
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ovary with eggs in several stages of vitellogenssshown in Fig. 4.5a. Transitional
gonads were occasionally found in the largestdR, fand a typical transitional gonad
with atreitic oocytes and packets of spermatocgtesspermatids is shown in Fig. 4.5b.
Testes were found in all but one TP fish, and ypecal testes structure, with the large
lumen characteristic of secondary developmentiasve in Fig. 4.5c. No transitional
gonads were found in fish collected in August ardt&mber, near the start of the
breeding season, even though a large number ofigamare examined (n = 48),
whereas four of this type were found from 64 goraulkected between February and

May, suggesting that sex change may be delayedgltive spawning season.

Females collected in August generally had ovarigls &ggs in several stages of
vitellogenesis (Fig. 4.5a) and several size cla€Baisle 4.2) and included some post-
ovulatory follicles which were filling in with grarnosa cells. The range of egg sizes, in

combination with the post ovulatory follicles (whiovhen present, indicate that
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Figure 4.5a Low power TS of an ovary diatolabrus tetricusemale collected in
August 1993. Note the range of oocyte diameterg;iwindicates that this species is
probably a sequential spawner. Scale 1 cm =500
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Figure 4.5b High power TS of a gonad dfietolabrus tetricusndividual undergoing
sex inversion. Note the dense clusters of spermadistributed amongst the residual

oocytes. Scale 1 cm = 3@n.

Figure 4.5¢ Low power TS of a testis dlatolabrus tetricusnale collected in August
1993. Note the distinct remnant ovarian lumen,aatteristic feature of secondary

males. Scale 1 cm = 5Q0n.
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Table 4.2 Mean and (standard deviation) of peeggnbccurrence of oocytes by size
class in ovaries dflotolabrus tetricus@ndN. fucicolg collected at Tinderbox,
Tasmania, in August 1993. Two hundred oocytes weuvated in each ovary.

Oocyte dia. N. tetricus(n=5) N. fucicola(n=5)

0-50um 45.4 (6.8) 45.4 (3.7)
50-100pum 37.4 (5.8) 39.0 (6.4)
100-150pum 11.1 (2.6) 9.7 (3.1)
150-200pum 5.5 (4.4) 5.5 (4.4)
200-250pm 1.7 (1.1) 1.0 (1.5)
>250um 0.6 (0.6)

spawning had occured at least once already) st individuals of this species
probably spawn a number of times over the extehdeeding season. However, a more
thorough collection made over the whole breediragse is needed to properly

document this.

4.3.1.3Spawning durationThe presence of post-ovulatory follicles in thvages of
some fish collected in mid-August indicated thawsping had already commenced by
this time. Oocytes in any stage of vitellogenessearare in fish collected in February,
indicating that spawning had ceased. As some Bstilled at Arch Rock in mid-
January extruded eggs, it can be deduced thap#vensng season in this species
extends from at least mid-August to mid-late Japualithough a more detailed study of

changes in GSI and oocyte condition is needed nfiroo this.

4.3.1.4Reproductive behaviouMales of this species are territorial, while féessare
home-ranging, with ranges overlapping those of momefemales and two or three
males (Chapter 2). Between August and January,snaatévely courted females,
suggesting that this was the duration of the spagvaeason. The males display consists
of spreading and raising the caudal fin while swinmgnn an arc around the female.

While many hours were spent observing courting myapawning was never observed.

101



Spawning is presumably pelagic, as no evidencestf lbuilding or other behaviour

associated with demersal spawning was ever observed

4.3.2Notolabrus fucicola.

4.3.2.1Sexual systenA total of 233 individuals of this species wemdlected over four
surveys (Ninepin Point, Huon region, Tinderbox, &ast Coast) of which 146 were
sexed by light microscopy of fresh tissue, withod2hese being further prepared for
histological examination. The sex ratio was nohtigantly different from unity X2=
0.014, p = 0.91) with 72 males and 74 femalesgatthig that this was almost certainly
a gonochoristic species. It was unusual howevehahunlike most gonochoristic
species, the male gonads were secondary in oagnerthan primary. The testes of all
the males examined clearly had a residual lumémowadh it was difficult to recognise

initially, as the testes had split and evaginatedallimature specimens (Fig. 4.6b).

Figure 4.6a Low power TS of an ovary of a matdogolabrus fucicoldemale,
collected in August 1993. Note the range of oodyéeneters, indicating that this
species is probably a sequential spawner. Scaie 2 800um.
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Figure 4.6b Low power TS of a testis dilatolabrus fucicolanale, collected in
August 1993. Note how the testis has split and ieaagd. If it had not split , this testis
would have had a large central lumen, a charatitefeature typical of secondarily

derived males. Scale 1 cm = 60®.
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Figure 4.7 Frequency histogram showing the digtiéim of length by sex in

Notolabrus fucicolacollected at Ninepin Point in September 1990, iartle Huon
region collection in April 1993.
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Figure 4.8 Frequency histogram showing the distidim of length by sex in
Notolabrus fucicolacollected from the East Coast sites in Februa®419

In the sex related frequency distributions of tvepglation samples of this species
(Fig's 4.7 and 4.8) there is a relatively evenritistion of sexes throughout the size
range indicating little evidence for sex inversiorarger females. The distribution by
sex, between two size classes, large (>25 cm) miadl 25 cm), of these population
samples, is shown in Table 4.3. When this distiginuivas examined b¥2 analysis, no

evidence was found against the null hypothesislémagth distribution was independant

of sex ¥2=0.97, p = 0.32).

Table 4.3. Distribution by sex and length, of atlividuals ofN. fucicolafor which sex
was determined.

Sex Size Class

Small €25 cm) Large (>25 cm)
Male 29 43
Female 24 50
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4.3.2.2Histology Fig. 4.6 shows the typical gonad structures fourithis species, and
includes an ovary with oocytes in several stagestellogenesis (Fig. 4.6a), and a
mature male gonad which characteristically hasungok and evaginated (Fig 4.6b).
Females collected in August generally had ovarigls &ggs in several stages of
vitellogenesis (Fig. 4.6a) and several size clafBasle 4.2), with some individuals
having post-ovulatory follicles filling in with graulosa cells. The variety of egg size
classes (Table 4.2), in combination with the paestiaory follicles (which, when
present, indicate that spawning had occured at ¢teere already) suggests that

individuals of this species may spawn more thareahaing the breeding season.

4.3.2.3Spawning durationThe duration of spawning . fucicolawas very similar to
that described foN. tetricus Post-ovulatory follicles were found in the ovara some
fish collected in mid-August, while oocytes in atgge of vitellogenesis were rare in
fish collected in February. As some fish handledrah Rock in mid-January extruded
eggs, it can be deduced that the spawning seagbrs ispecies extends from at least
mid-August to mid-late January, although as Withetricus a more detailed study of

changes in GSI and oocyte condition is needed rfiroo this.

4.3.2.4Reproductive behaviouBoth sexes of this species are home-ranging, and
display no evidence of territorial behaviour (Cleait). Many individuals range over

the whole reef on a daily basis, with their ranglegiously overlapping the ranges of
numerous others. From August to January, males alegerved displaying to females,
and presumably this coincided with the duratiosdwning. The display usually
involved raising the dorsal and anal fins whilelkng the female. Females were usually
followed until they were discarded for another féaa until the male was involved in

a chase with another male. While the interacti@isvben males were aggressive, they
were never related to territorial defence, onlyhi® presence of a female. Spawning was
never observed; it is presumed to be pelagic, asvience of nest building or other

behaviour associated with demersal spawning wasabserved.
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4.3.3Pictilabrus laticlavius

4.3.3.1Sexual systenA\ total of only 83 individuals of this speciesm@eollected from
three surveys (Huon region, Tinderbox, East Coas®. number collected was limited
by the fact that individuals of approximately 16 omless were not able to be easily
captured in traps or nets, and were sufficienyyptc to avoid capture by spearing. Of
the 83 fish collected, 50 were sexed from histaabsections of the gonads, while a
further 17 (all large males) were sexed from exatnom of fresh gonads. Seventeen IP
females, 29 TP males and four transitional fishe@hwith male coloration and one with
female coloration), were determined from the hagatal examination of gonads. The
distribution of these sexual stages by length@atthon region and East Coast sites are

shown in Figs 4.9 and 4.10.
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Figure 4.9 Frequency histogram of ®ietilabrus laticlaviussex/length relationship of
fish collected in the Huon region in April 1994 sked on histological examination of
gonads.
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Figure 4.10 Frequency histogram of Bietilabrus laticlaviussex/length relationship
of fish collected in the East Coast survey, Felyri@94, based on histological
examination of the gonads.
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Figure 4.11 Frequency histogram of Bietilabrus laticlaviussex/length relationship
of fish captured in fish traps at Arch Rock, betw&=ptember 1992 and January 1994,
based on external coloration of fish.
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Figure 4.12 Frequency histogram of ®ietilabrus laticlaviussex/length relationship
of fish collected in the East Coast survey, Fely1@04, based on external coloration
of fish.

All males were secondary. A sufficiently large nuembf individuals (n = 67) were
examined to suggest that, if primary males exishis species, they must only form a
very small proportion of the population. Likewis®, IP pre-maturational secondary
males were found, and although the IP sample wadl ém= 17) it was sufficient to
indicate that IP secondary males, if present, & and would not make a substantial
contribution to the sexual system of this specié& sexual system therefore appears to

be monandric protogynous hermaphroditism, withPonales.

Sexual dichromatism is very pronounced in this gggeand colour change was clearly
associated with sex inversion (Figs 4.9 and 4 4@h that external coloration is a very
good predictor of sex. This relationship was useeiamine larger sample sizes from
the Huon and East Coast surveys for differencéisdrsize at sex change, without the
need to dissect the gonads to determine the seaobf fish. Most individuals captured
at the Arch Rock site change sex at lengths betdw@ehcm and 19.4 cm (Fig. 4.11),

lengths which correspond to ages 3+ to 4+ in Aptilthe East Coast sites, sex change
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occurred between 17.4 cm and 22.5 cm (Fig. 4.&Ryths which correspond to ages 3+

to 5+ in February. Sexual maturity was reachedradtzhe latter sites.

4.3.3.2Histology. All stages in the transition from ovary to testisre found in the
histologically prepared gonad sections, and exasnpii¢he three main stages are shown
in Fig. 4.13. An ovary collected in mid-August witags in several stages of
vitellogenesis is shown in Fig. 4.13a. Transitiog@ahads were identified by the
presence of atreitic oocytes and developing pacdetpermatocytes and spermatids
(Fig. 4.13b). The final stage of the transition mn&ure testes (Fig 4.13c), and were
identified as being secondarily derived by the @nes of a large residual ovarian

lumen, a feature characteristic of protogynous lagtmoditism.

Figure 4.13a Low power TS of a ripe femRBietilabrus laticlaviusovary collected in
August 1993. Note the range of oocyte diametedicating that this species probably
spawns sequentially. Scale 1 cm = pO9.
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Figure 4.13b High power TS of the transitional @df aPictilabrus laticlavius
individual collected in February 1994. Note the skenlusters of spermatocytes

distributed amongst the residual oocytes. Scala £ 83um.

Figure 4.13c Low power TS of a mature mRietilabrus laticlaviustestes, collected in
August 1993. Note the residual central lumen, aadtaristic feature of sex inversion.
Also note the secondary vas-deferens (top rightjaning spermatozoa (stained dark
blue). Scale 1 cm = 330m.
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4.3.3.3Reproductive behaviouHome ranges in this species are small, with males
being territorial, at least during the spawningseea(Chapter 2). Males were observed
actively courting females from approximately midgust to mid to late-January and,
presumably, this courting behaviour coincided Wit spawning period. The male
courtship display consisted of raising the dorsal anal fins while swimming past, and
above, the female who was almost always hidden gat@igae. Pair spawning was
observed once in this species, and was charaadrsthe pair rapidly swimming
approximately 2 m vertically together, sheddingrtjametes at the apex of the climb,
and rapidly swimming down again, an event takingnmuoe than 2-3 sec. This event
was preceded by at least 5 min. of courting duwhgch the male made several
"dummy ascents" by himself. This pair spawning pal&gic dispersal of eggs is

presumably the normal mode of spawning in thisigsec

4.3.4Pseudolabrus psittaculus

4.3.4.1Sexual systenThe gonads of 51 individuals were histologicatkamined to
determine the sexual system of this species. GkttH&3 were IP females, 27 were TP
males, and one was transitional, with TP coloratAidlhmales were secondary, with a
residual ovarian lumen in the testes (Fig. 4.1Intjial phase males are probably rare or
absent in this species as none were detected fersaimple of 51 individuals
examined, and likewise, IP secondary males aregptglabsent or rare as well, as none
were detected in the 23 IP fish examined. The desyséem in this species therefore

appears to be monandric protogynous hermaphroditistin no IP males.

This species is sexually dichromatic, with the reddase coloration of pinkish-red
being less intense than the females colorationeMalso possess approximately five
longitudinal yellow lines which are absent in teenfles, while females and juveniles
have a conspicuous black saddle at the postersa diethe dorsal fin, which is absent
in males. This sexual dichromatism is diagnostigoftmary sexual condition (Figs

4.14 and 4.15) with the colour phase always cdgr@cedicting sex. This relationship
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enabled a comparison of the length at sex invelsatween fish captured at the Arch
Rock site (Fig. 4.16) and those collected at th&t E@ast sites (Fig. 4.15) based on
external coloration, a comparison which indicateat sex inversion occurred within a
similar size range at both areas (18.5-20.5 cmis 3iae range corresponded to ages 5+

to 7+ (in February) at the East Coast sites.
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Figure 4.14 Frequency histogram of eeudolabrus psittaculdength/sex

relationship of fish collected from the East Caasds in February 1994, based on
histological examination of fish.
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Figure 4.15 Frequency histogram of Beeudolabrus psittaculusex/length

relationship based on external coloration of fishected from the East Coast survey in
February 1994.
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Figure 4.16Frequency histogram of tliseudolabrus psittaculusex/length
relationship, based on fish collected in fish trapsrch Rock, Tasmania between
September 1992 and January 1994.

4.3.4.2Histology In Fig. 4.17 the three main stages in the traorsirom ovary to

testes are shown. Ovaries were found in all IP, Bslal a post-spawning ovary collected
in April, is shown in Fig. 4.17a. A transitionalggd was found in one TP fish (Fig.
4.17b), and had a typical transitional structurigh atreitic oocytes and packets of
spermatocytes and spermatids. Testes were foumtbat one TP fish, and all testes

had a large residual lumen, characteristic of sgagndevelopment (Fig 4.17c).

4.3.4.3Reproductive behaviouMales of this species are territorial, while féesahave
small home ranges which overlap the ranges of deuwf other females and 2 or 3
males (Chapter 2). At Arch Rock, males were obskaatively courting females from
mid-August to mid to late January, and presumdily¢orresponds to the duration of
their spawning season, although spawning was rabgarved. Spawning is probably
pelagic however, as no nest guarding or other hetaassociated with demersal

spawning was ever observed.
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Figure 4.17a Low power TS of the ovary d?seudolabrus psittaculifemale,
collected in April 1993, showing previtellogenicaytes. Scale 1 cm = 330n.

Figure 4.17b High power TS of the gonad of a titeoreal Pseudolabrus psittaculus
collected in February 1994. Note the clusters efs@atocytes and spermatogonia
distributed amongst the residual oocytes. Scala £ 83um.
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Figure 4.17c Low power TS of a testis d?seudolabrus psittaculusale, collected in
February 1993. Note the residual lumen, a chaiatitefeature of protogynous sex
inversion, as well as the peripheral secondarydedsrens containing spermatozoa
which have stained dark blue. Scale 1 cm =380

4.3.5Penicipelta vittiger

4.3.5.1Sexual systenThe sexes of individual fish were determined162 fish

collected from the Huon region, Tinderbox and Ezsast surveys, with histological
sections being prepared for 13 males and 22 femBhestypical male and female
gonad structures are shown in Fig. 4.18. All mabemined were found to be primary
males, and all individuals examined during the direg season with female coloration
were females, indicating that this is a gonochigrigbecies. Further evidence for
gonochorism was obtained from the East Coast suwiegre all individuals collected
were able to be sexed from fresh gonads. Of thdigthExamined, 71 were female and
72 were male, indicating the sex ratio was notiigamtly diffeent from unity X2=

0.003, p = 0.95).
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Figure 4.18a Low power TS of the ovary of a maReeicipelta vittigerfemale

collected in August 1993. Oocytes are in the estdges of vitellogenesis. The variety
of oocyte diameters suggests that this is probalquentially spawning species. Scale
1 cm = 60Qum.

Figure 4.18b Low power TS of the ovary of an immaPenicipelta vittigerfemale,
collected in August 1993. All oocytes are previgénic. Scale 1 cm = 6Q0ON.
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Figure 4.18c Low power TS of a testis of a maReaicipelta vittigermale. Note the
solid construction of the primary testis, with nratspermatozoa in the central vas-
deferens. Spermatozoa are stained dark blue. $cate= 600 um.
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Figure 4.19 Frequency histogram showing the lefrgtiuency by sex distribution of
Penicipelta vittigerindividuals collected in the East Coast colleciiofrebruary 1994.
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Regardless of the equal sex ratio, there was avenndistribution of sexes in the length
frequency distribution of fish collected from thadt Coast (Fig. 4.19), and this is
probably at least partly related to differencethmgrowth rate of males and females.
Whilst this difference was not evident in juvenjlgsvas highly significant in mature

fish (see Chapter 3).

Examination of the raw GSI of fish sampled in tressECoast collection (Fig. 4.20)
indicated that sexual maturity is not reached wttdining a length of approximately
22 cm and an age of 2+ years. This relationshipdooot be confirmed by histological
analysis of East Coast ovaries as all had comptgiadning. However, examination of
ovaries collected at Tinderbox in August 1993 foondytes in advanced stages of
vitellogenesis in 2+ females (n = 2), whereas ndexnce of vitellogenesis as evident in
1+ females (n = 3). Examples of mature and immatuegies are shown in Fig. 4.18a

and Fig. 4.18b, respectively.
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Figure 4.20 Relationship between length and rawi®Benicipelta vittigeffemales
collected in February 1994 in the East Coast ctitlac
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During the spawning season juvenile males wereyawldferentiated from females by
the presence of occasional iridescent blue spoteehead and belly. These
distinguishing characteristics were still foundndividuals collected from the East
Coast in February, but were mainly absent from @odiscted in the Huon region in
April. Mature fish were strongly sexually dichrongatand dimorphic, with females
generally having a uniform coloration of white &llgw to orange, while males had a
similar ground colour, but with much of the bodyensively ornamented with
iridescent blue lines and dots, the colour of whitensifies during the breeding
season. Males also had a cluster of brush-likelésigust anterior of the caudal

peduncle, although these bristles appear to degienaiter the breeding season.

4.3.5.2Reproductive behaviouPenicipelta vittigeris a home-ranging species. Males
are not territorial, and their ranges overlap thalseumerous other males and females
(Chapter 2). Males were observed courting fematas fAugust to January, a behaviour
which usually consisted of swimming alongside dnibé the female, occasionally
nudging or nipping at her belly and "fluttering'hi fluttering involved contracting the
body in vigorous spasms that lasted for approxiim&asec. Females usually either
ignored the males or actively tried to avoid th&hnile males were regularly involved

in chases with other males the chases were ndageddo any form of territorial
behaviour. Spawning was never observed, but preslyrigapelagic as behaviour

associated with nest guarding or demersal egg sr@nte was never observed.

4.3.6Meuschenia australis.

4.3.6.1Sexual systemA total of 103M. australiswere collected in the Huon region and
East Coast surveys. All were sexed by inspectidnesh gonads, and of these, 12
female and eight male gonads were prepared farlbggtal examination. All males
were primary males and all individuals with femed¢oration were females. Therefore,

it can be concluded thM. australisis a gonochoristic species.

119



Figure 4.21a Low power TS of the ovary dflauschenia australiiemale, collected in
April 1993. Scale 1 cm = 600

Figure 4.21b Low power TS of a testis dflauschenia australinale, collected in
February 1994. Note the solid construction of thenary gonad, with spermatozoa
(stained dark blue) in the centrally located vafesns. Scale 1 cm = 4Q0n.
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Figure 4.22 Frequency histogram showing the lefrgtiluency by sex distribution of
Meuschenia australimdividuals collected in the East Coast collecliofebruary
1994.

The typical gonad structures are presented in4=24., and Fig 4.21b shows the solid
construction of the male testes, with central \&femns, a construction which is

characteristic of primary males.

Further evidence for gonochorism is given by théen@afemale sex ratio of 44 : 57
which is not significantly different from unitX€= 0.61, p = 0 .43). However, while the
sex ratio may be even, there is a strong biasarséx based length frequency
distribution of fish collected in the East Coastvey (Fig. 4.22). This distribution is
probably related to the faster growth of maleshaf species (Chapter 3) as well as the
asymptotic growth pattern which was particularljdewt in females. This species is
sexually dichromatic, with the sexes of all indivédis collected in this study being
readily discernible from their colouration, everita juvenile stage. Females always

had numerous black spots on the head and bellyhwigce always absent in the males.
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4.3.6.2Reproductive behaviouwWhile most individuals of this species are perardn
residents of their home reef, they often range targe areas, potentially in excess of
1lha (Chapter 2). Each individual's range can opdHase of many others, regardless of
sex, and there is no evidence of territorial betiav({Chapter 2). Courting behaviour
was infrequently observed due to this species lopufation density at Arch Rock, as
well as its cryptic nature. At the adjacent NineBwint marine reserve where

M. australisis more abundant, courting was observed from Augudanuary, and this
presumably correseponds to the duration of the spayseason. The reproductive
behaviour usually consisted of the male eitheofeihg or swimming alongside the
female, and occasionally approaching her at riggtes and nudging or nipping at her

belly.

4.4 Discussion

4.4.1Spawning

In all of the six species examined in this stuéproductive behaviour was observed
over at least a 5 month period from mid-August td-Ganuary. Although a more
detailed histological study is needed, this pepambably coincides with the duration of
the spawning season. Such prolonged spawning peajookear to be common in
temperate reef fish, including labrids, é\mtolabrus celidotug¢Jones 1980), and
Centrolabrus exoletus, Crenilabrus melops, Ctenalalbupestris, Labrus berygylta,
andLabrus mixtugCostello 1991), and monacanthids, &lgnacanthus hispidus
(Hildebrand and Cable 1930), and have been reptotadany New Zealand reef fishes
by Doak (1972) and Thompson (1981), and some Tasmapecies by Gunn and
Thresher (1991). The period during which spawnimag wbserved in this study
coincides with rising water temperatures and heyels of primary production, factors
that could enhance the survival and growth of leighes. By spawning over such a
long period these species can also ensure thedaisttdt some time during the
spring/summer period some of their offspring wél fresent in the water column

during a peak in primary or secondary productidme &dvantages of such a spawning
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strategy were highlighted in a study by Thresteal. (1989) who found that transient
pulses in primary production in Tasmanian watetsllg preceded peaks in
recruitment success bfeteroclinussp. They suggested that such peaks in primary
production, and associated peaks in secondary gtioducan have a profound affect
on population ecology, especially recruitment sascas it may only be at such times
that the availability of food in the water columseas above the threshold needed for
maintenance and growth of newborn fish larvae. ®gesith a prolonged spawning
period are much less likely to suffer the samerexaéinterrannual variability in
recruitment success as those that only spawn arte\aer a short period. Comparison
of differences in the variability in recruitmentcegss of synchronous and sequential
spawning species with short and long spawning genmay prove to be a fruitful area

for further research.

No evidence of demersal spawning was obtainedrfpioéthe species in this study,
even though such behaviour is common in northenpézate labrids (Costello 1991)
and is thought to be common amongst the monacan{Batlow 1987, Nakazono and
Kawase 1993). The absence of demersal spawnifg ilabrids in this study, as well as
those in New Zealand waters (Thompson 1981) sugdfest the European benthic
spawning species are unusual. There is no eviddrecgeneral trend towards demersal
spawning in temperate labrids from the pelagic spagvfound in most tropical
species. Furthermore, demersal spawning would eorohally be predicted for such
large fish under the size disadvantage hypothésitr@sher (1984). This hypothesis
suggests that while small fish may tend eggs iflyedsfended locations such as shells
and small cracks in the reef, this becomes inanggsmore difficult to do with
increasing size due to decreasing agility and mawadility. This hypothesis may also
explain why the two large monacanthids in this gtwere not demersal spawners,
although there are still too few studies of spemdhis family to ascertain whether

pelagic spawning is, in fact, unusual.
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3.4.2Labrid sexual systems

Three of the four labrids examined in this studyenidentified as protogynous
hermaphrodites, whilBlotolabrus fucicolas a secondary gonochorist. No primary or
pre-maturational IP males were found in any ofteemaphrodite species, and where IP
males were found, they were in the size range wéexaal inversion would be
expected, with the exception of thidetetricusindividuals collected at Ninepin Point

in September 1990 (Fig. 3.2). It is likely thatsaeoarticular IP males resulted from
premature sex inversion, perhaps due to a tempabkmgnce of larger males and
females. At the time the collection was made, tteevgas being heavily netted by
amateur fishermen prior to its declaration as ameaeserve, with the mesh sizes used

selectively removing the larger fish.

Robertson and Choat (1974) proposed a model tediqted the presence of IP primary
males in species with "loose" sexual systems whitten applied to labrids, would
include species where harems are not maintainednates do not have the opportunity
to become familiar with, and control, all the fessln their territory. Under this model,
all the hermaphrodite species in this study woddekpected to have IP males, as all
had a "loose" system, where the home ranges ofiésnaerlapped the territories of
several males, thus limiting the control that matesy exert. As no IP males were
found, it appears that these three species, assledibrus bergyltaDipper and Pullin
1979) are exceptions to the model. Another pagtiakption to this model is
Notolabrus celidotugJones 1980) where primary males do not occualzumall
proportion of IP pre-maturational males are pres#es suggested that this may be a
successful alternative strategy to primary malds @®vides more phenotypic

plasticity and a potentially greater response éoethvironmental conditions which may

determine the fitness of a particular sex.
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A similar phenotypic plasticity may explain the abse of primary males iRictilabrus
laticlavius, Pseudolabrus psittaculasdNotolabrus tetricuslf sex inversion in these
species is determined primarily by social factarshsas the density of males and an
individuals position in a size structured hierardimen such a system may provide a
more than sufficient response to changing envirartale€onditions, negating the need
for IP males. This would be particularly the cdsgex change can be rapid when
necessary. Certainly this type of sexual transifimtess is common in the labrids, and
was first documented by Robertson (1972)abroides dimidiatuswhere transition of
the most dominant female within a harem, from femalfully functional male, takes

only 14 days from when the dominant male is removed

In species with such a flexible system, livinghaitan environment where males are
able to maintain stable territories, initial phasales are unlikely to make a useful
contribution to the reproductive success of a pajoarh, and would not be expected to
form a significant proportion of the population. wever, in species where sex change
Is determined by size or age, selection may fattoeiretention of some IP males as
their fithess would increase dramatically duringes of high mortality of older and
larger fish. This may be particularly the casedpecies living in temperate
environments which tend to be less stable thandabpnes and where occasional

storms may have a great impact on population strect

Further work is needed to determine the factorsrobimg sex inversion in both
monandric and diandric species of labrids beforeenconcrete models regarding the
presence of IP males can be proposed. This workl&iparticularly focus on
monandric temperate species suchasrus bergylta, Pictilabrus psittaculus,
Pseudolabrus psittacusuandNotolabrus tetricusand diandric temperate species with
IP primary males such asbrus mixtusand IP secondary males suciNagolabrus

celidotus,so that any new model predicting the abundande ofales can incorporate
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the effects of social system "looseness" as wdlitéside, and the degree of social

control of sex inversion.

Notolabrus fucicolavas unusual in that it is a secondary gonochdrating a sexual
strategy presently described for only one otheciggeof labrid Oxyjulis californica by
Diener (1976). This sexual system is obviouslywatifrom protogynous ancestors,
and must be the result of strong selection agdiRghales in favour of IP males. Some
clues as to how this may have evolvedirfucicolamay be given by its preferred
habitat. This species inhabits shallow waters alugh energy coastlines. Because of
the unpredictable nature of such a habitat, th@daal behaviour typical of this genus,
and labrids in general, would be difficult to maiimt, particularly during storms when
fish need to move to deeper water to avoid beiligdkiThe lack of territorial behaviour
in this species is documented in Chapter 2. Witlioeitsocial control that territorial
behaviour enables, the proportion of IP males woel@xpected to increase, as
predicted by Robertson and Choat (1974), or theageesize of TP males would
decrease due to lack of inhibition of sex changddminant males. The resulting
reduction in both the abundance and size of fenvabedd be maladaptive, and it would
be expected that selection would favour a convergenth a gonochoristic system,
where sexes were genetically determined. Suchtarsysppears to be an optimal

strategy for non-territorial reef fishes, as ithe system used by the majority of them.

In a book on the coastal fish of north-eastern Mealand, Thompson (1981) reported
that in New Zealand a small proportion of matNtducicolafemales change sex. If the
observations reported by Thompson (1981) are dptiez mode of reproduction in the
New Zealand population differs from that observetheTasmanian population. Such a
difference between populations could be explainetheir physical isolation by
distance (limiting gene flow), with the New Zealgoapulation representing an earlier
and intermediate stage in the evolution of thicgsefrom an hermaphroditic ancestor.

It may also explain the confusion in the literatarethe sexual system of this species.
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4.4.3Monacanthid sexual system

Both Meuschenia australiandPenicipelta vittigerare gonochoristic. This was not
unexpected as hermaphroditism has not previougly beported in this family or the
related balistids (Thresher 1984). The initial ecmnbn as to whether or not these
species were gonochoristic arose because of tihéyhigriable coloration found in both
species, and the fact that differences in secorstawyal characteristics such as
coloration are not readily evidentih vittigeruntil sexual maturity is approached.
While the sexes of 1+ juveniles of this specieddde recognised during the breeding
season due to the intensification of slight diffexes in external coloration, this was not
the case in March/April once these differencesdatiéature fish of both species
however, were distinctly sexually dichromatic, amdthe case dP. vittiger, sexually
dimorphic. A less distinct sexual dimorphism wasabbserved in matuid. australis,
with females being deeper in the body with respe&tngth, although this remains to

be described in a taxonomic study.

There is a significant difference between the saxdise growth rates of both species
(Chapter 3). Males have a greater length at agerbgind generally attaining greater
maximum length overall, although inh vittiger growth rate differences were not
evident in 1+ juveniles in February, and probaldyelop as maturity is approached and
females apportion a greater proportion of theioueses to reproductive effort. These
differences between the sexes appear to be a thiastc feature of the monacanthids
(Thresher 1984, Nakazono and Kawasee 1993) althiougme species these

differences may only be subtle ( e@xymonacanthus longirostriBarlow 1987).
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Chapter 5 Interannual variation in growth

5.1 Introduction

Interannual variability in growth rates has nowrdescribed in numerous fish species,
ranging from small reef dwelling damselfish (Threish983, 1985; Pitcher 1992) to
large, commercial trawl species such as hake $anithet al. 1990; Welch and
McFarlaine 1990), although the literature is dortedaby studies on the commercially
exploited species. These species include snappardiB 1992, 1994), cod (Joergensen
1992), plaice (Bergmaet al. 1988; Rijnsdorpet al. 1991), sole (Marchand 1991; Kreuz
et al. 1982; Peterman and Bradford 1987), haddock (RugdNalson 1992), flounder
(Francis 1988) and rockfish (Boehlettal. 1989; Woodbury and Ralston 1991).

While the cause of the interannual variation irvgtois not clearly identified in most
studies, it is usually attributed to either diffeces in water temperature (e.g. Smith

et al. 1990; Woodbury and Ralston 1991; Francis 1994 chtand 1991) or variation in
stock density (e.g. Boehlest al. 1989; Ross and Nelson 1992), although good
correlations often exist with other oceanograpbatiires such as upwelling (e.g. Kreuz
et al. 1982). Temperature variation may be expected méribaite to growth variation in
most fish species because of the direct relatipnisiween temperature and metabolic
rate, as well as the many factors that covary tthperature, such as water column
productivity, a factor that may be important whgrewth is at least partly limited by
food availability. Stock density can contributeveriation in growth primarily because
many fish populations are believed to be resounc#dd and, therefore, as population

density increases, the relative resource avaitghikcreases.
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The contribution that factors such as temperatuakento growth may vary significantly
with age, with growth in larval and early juveniighes being particularly more
sensitive than adults to variation in temperaterg.(Woodbury and Ralston

1991, Francis 1994). This age-based relationshifdcalso apply to population density.
However, in larval fish this is difficult to documieas the influence of stock density on
growth can easily be confounded by that of tempeeadr other factors. For example,
Houde (1987) demonstrated that the doubling ohmsineous larval growth could
result in a 100x increase in the survivorship ofd&, a relationship that could be

incorrectly interpreted as implying growth is fasae higher population densities.

The degree to which growth displays density depecel@robably depends upon
relative stock abundance. Ross and Nelson (19%®yesth growth was more highly
correlated with stock abundance during periods vatemdance is high than when it is
low. Therefore many highly exploited and depletextiss would not necessarily be

expected to show a significant relationship betwgrenvth and stock density.

A range of techniques have been used to examiesmtual variation in growth.
Historically, most studies have used cohort ang)y®i ages estimated from hard-part
analysis, to generate length/age relationshipsatteatompared between years (e.g.
Smithet al. 1990; Welch and McFarlaine 1990). A few have umatual growth
increments derived from recapture of tagged fishr{Eis 1988, 1992). Tagging has the
advantage that it is a more direct method, andras s fish are recaptured close to one
year after tagging to avoid errors caused by sedsdfects on growth, this method is
less prone to errors caused by assigning individieedthe wrong age classes or cohorts.
More recent developments have included: (1) theodisry and use of daily growth
rings in otoliths, enabling better comparison avgth in the larval and early juvenile
stages of life (e.g. Woodbury and Ralston 1991n€isa1994), and (2) the back
calculation of population growth from otolith annof older fish, using the relationship

between annuli radius and fish length (e.g. Bo¢leteal. 1989). The latter method
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allows interannual variability in growth to be bazkculated from a single sample of
fish collected at one location in one year, attléasspecies that live for several years.
Both this method and tagging have an advantageattier methods in that it is known
that it is variation within the one population tiebeing measured rather than the
possibility that exists in many studies that theutes are being confounded by spatial

variation in growth, particularly where samples alogained from a fishery.

This study examines interannual variation in groimthatural populations of temperate
reef fishes, and the magnitude of this variatioterdannual variation in growth rate in
mature populations of up to 240% has been reptgderancis (1992), and variation of
such magnitude would impact on the usefulnessgabtsed growth estimates for
validation of the use of otolith annuli for ageifgfurther aim of this study was to test
the hypothesis that as reef fishes live in a compbbitat with a wide array of potential
food items available to them, they may be lesseqifide to interannual growth
variation than many of the commercial species stidp far, which are usually found
in much simpler habitats, and rely on far fewerd@pecies. In this study, interannual
growth variability was examined over 4 years inlti®mid Notolabrus tetricusand over

3 years in the labritllotolabrus fucicola.

5.2 Materialsand Methods

This study was conducted at Arch Rock, Tasmanig (il) in conjunction with the
long and short-term movement study presented iptéh, and the growth study
presented in Chapter 3. The methods of taggingsemes of fish tagged, are described
in these chapters. Six species were regularly thygeughout the study period,;
however, four of thesd®(ctilabrus laticlavius, Pseudolabrus psittacul&®enicipelta
vittiger, and Meuschenia austra)igiere not recaptured in sufficient numbers tovallo
comparison of growth between years. In the cadé. @ustralis,sufficient individuals
would have been recaptured if it were not for tigaificant sex-related differences

found in the growth rates, and the strongly asymnptgwowth curves which complicated
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analysis. Sufficient recaptures were madéNotolabrus tetricugo allow interannual
growth variability to be assessed over a 4 yeaogdretween December 1990 and
December 1994, and o fucicolafor a 3 year period between December 1990 and
December 1994. The period during which growth wasasared each year was from 1
December to 30 November. In a similar manner tantkéhods used in Chapter 3, only
length increments from fish at large for a peribd®to 14 months were used for
analysis. These measured increments were thenedljpo-rata to estimates of 12
month growth. Length increments from fish captuladng longer and shorter periods
were not used due to the increased contributionezdsurement errors in short-term
recapture based estimates, the likely effect cd@ea variation in growth on pro-rata
estimates of annual length, and also the losssoiugon of interannual differences
which would occur if growth periods were allowedoteerlap substantially. These
limitations restricted the number of recapturetl sailable for analysis, particularly
during the years 1992-93 and 1993-94 where less\was available for fieldwork. The
interannual variability in the relationship betwdeasngth (year 1) and Length (year 2)
was examined by ANCOVA, using the MGLH/ Generaldan Model function of the
computer statistical package SYSTAT (version 5r2Macintosh). Where the slope
term (year*x interaction) was not significant, &e0.25, the ANCOVA was repeated
after deleting the interaction term from the madahcrease the power of detecting
differences in elevation. In the case\bftetricus,where some interannual variability
was detected, the difference between years in g@mof the annual length increment
of fish ranging from 18-32 cm in length, were exaed by ANOVA using the
MGLH/Fully Factorial (M)ANOVA function of STSTAT. &r this analysis for both
species, only fish with initial lengths betweenal®l 32 cm were used in each recapture
period to minimise the influence of length relatiffierences in growth rates on the

results.

5.3 Reaults

5.3.1Notolabrus fucicola
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After an examination of the residuals indicated #raalysis of the growth results using
untransformed data was appropriate (Figure 5.#)irtterannual growth rate data was
analysed by ANCOVA (Table 5.1a). This indicated tin@re were no significant
differences in growth between years, even afteatiadysis was repeated following
removal of the non-significant "year*x" term (Talielb). This lack of significant
interannual growth variation was expected, as agflthe regressions of length in year
1 against length in year 2 for the three year'svgtehowed that there was little
difference in either elevation or slope betweenryg¢gig. 5.2), and the mean annual
growth increment of fish with initial total lengtif 18-32 cm was also remarkably

similar between years (Table 5.2).

Table 5.1 One factor ANCOVA of interanual variatio growth of tagge@lotolabrus
fucicolaat Arch Rock, where x = length in year x, and ¥rdth in year x+1. (n = 82,

rZ=0.98)

(@) Slope term included (year*x)

Source SS DF MS F p
year 0.4 2 0.2 0.64 0.53
X 729 1 729 2341 <0.01
year*x 0.5 2 0.2 0.81 0.45
error 23.7 76 0.3

(b) Slope term excluded. Test of elevation only.

Source SS DF MS F p
Year 0.4 2 0.2 0.61 0.55
X 1816 1 1816 5858 <0.01
error 24.2 78 0.3
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Figure 5.1 Residuals plot from the one factor ANGof interannual variation in
growth ofNotolabrus fucicolashown in Table 4.1(a) and using untransformed. data
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Figure 5.2 Linear regressions of yearly growthagfged\otolabrus fucicolat Arch
Rock showing the degree of interannual variatiogrowth rate, and plotted as length
in year x against length in year x+1, for the thyears Dec. 1990-91, Dec. 1991-92,
Dec. 1992-93.
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Table 5.2 Yearly mean growth increment (= s.endl mean length (£ s.e.) of tagged
Notolabrus fucicolandividuals with initial total fish lengths of beeen 18 and 32 cm,
at Arch Rock, Tasmania.

Year 1990-91 1991-92 1992-93
Mean increment (mm) 17.7 (0.09) 19.0 (0.13) 18.0 (0.26)
Mean length (cm) 25.87 (0.72) 24.25 (0.78) 261608§)

N 39 15 10

5.3.2Notolabrus tetricus

An initial examination of the untransformed dataAyCOVA revealed no evidence of
slope differences between years (Table 5.3a, 85) OWhile there was some slight
shape to the residuals plot (Fig. 5.3), with vazeadecreasing with increasing total
length, this was not able to be further improvedby appropriate data transformation.
When the data were re-analysed after removing @hesignificant interaction term
"year*x" from the model, the term "years" was sfgraint (Table 5.3b, p = 0.014),
suggesting that there was some interannual vamatigrowth, and that this difference

was fairly constant over the size range examined.

2 p—
n
1 . .
L . a
2l " ]
- S
= .
asfgl
E 0 - :-F _i| "
[ o .
] - - ." 1 L
E & .. oo AL
1 F " a o=
T
-2 1 1 1 1
10 20 30 40 50
ESTI MATE

Figure 5.3 Residuals plot from the one factor ANG@(of interannual variation in
growth ofNotolabrus tetricushown in Table 5.3(a) and using untransformed. data
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Table 5.3 One factor ANCOVA of interanual variatio growth ofNotolabrus
tetricus,where x = length in year x, and y = length in yeat. (n = 207 ,4 = 0.98)

(a) Slope term included (year*x)

Source SS DF MS F p
year 1.1 3 0.3 0.7 0.54
X 1770 1 1770 3639 <0.01
year*x 1.6 3 0.5 1.1 0.35
error 96.8 199 0.5

(b) Slope term excluded. Test of elevation only.

Source SS DF MS F p
year 5.2 3 1.8 3.6 0.014
X 4272 1 4272 8768 <0.01
error 98.4 202 0.5

A comparison of the regressions of length in yeagdinst length in year 2 for the four
different years reveals this difference (Fig. 5adfhough it appears from this figure that
the slope effects did make some contribution tadifference between years. Because
there was some possibility that outliers at eitre of the length range examined had
unduly influenced the ANCOVA results, the resulerg/further examined by ANOVA,
comparing the means of the annual length incremmieb8-32 cm length individuals
between years. The yearly means are shown in Badbl@nd the results of the ANOVA
in Table 5.5. The ANOVA revealed a significant diffince between years (p = 0.05).
The source of this difference was then examined bykey test of the pairwise
differences between the yearly means, which fohatthe only significant difference
between years was between years 1990-91 and 19g2-98.031). If the mean
estimates of yearly growth rate in each year shiowirable 5.4 are correct, this
difference would be in the order of 23% betweentéteyears. This difference does not
appear to be related to the mean size of fish thdgeng each period, as this size

remained between 24.1 and 25.1 cm throughout thiy §Table 5.4).
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Figure 5.4 Linear regressions of yearly growthagigedNotolabrus tetricust Arch
Rock, showing the degree of interannual variatiogrowth rate, and plotted as length
in year x against length in year x+1, for the fgears Dec. 1990-91, Dec. 1991-92,
Dec. 1992-93, Dec. 1993-94.

Table 5.4 Yearly mean growth increment (= s.endl mean length (£ s.e.) of tagged
Notolabrus tetricusndividuals with initial total fish lengths of beegn 18 and 32 cm,
at Arch Rock, Tasmania.

Year 1990-91 1991-92 1992-93 1993-94
Mean increment (mm)  25.1 (0.7) 25.1(0.12) .83Q.7) 26.3 (1.6)
Mean length (cm) 24.29 (0.37) 25.19(1.29) 25.1291L 24.11(0.87)
N 113 40 13 16

Table 5.5 One way ANOVA of interannual variabilitythe annual length increment of
taggedNotolabrus tetricusndividuals with initial total fish lengths of beeen 18 and
32 cm, at Arch Rock, Tasmania.

Source SS DF MS F p
years 3.99 3 1.33 2.63 0.05
error 89.00 178 0.51
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Estimates of the abundanceMftetricusat Arch Rock between December 1990 and
December 1994 were derived from the results ofuraphark and recapture
experiments each year, using simple Petersen désSraad are shown in Table 5.6.
Abundance remained relatively constant at thislsteveen December 1990 and
December 1993, and then dropped by approximatély B&ween December 1993 and
December 1994. Changes in annual growth rate shawedrrelation with abundance

of this species, even in 1994 when stock densityneduced significantly.

Table 5.6 Annual estimates of the abundandéatblabtus tetricusgreater than 15 cm
TL at Arch Rock, calculated by Petersen methodgugie results of intensive
capture/mark/recapture excercises conducted inrbleeeand January of each year.

Year 1990-91 1991-92 1992-93 1993-94 1994-95

Number 320 290 321 346 138

Table 5.7 shows the mean annual water temperadaresponding to each of the
recapture periods, and is based on the averagalgftemperatures collected at 0 m and
5 m depth at a marine farm at Hideaway Bay, 12 &thé¢ northwest of Arch Rock, a
site and depth range considered to be represemtadtihe conditions found at Arch
Rock. When the relationship between mean annuattgrmcrements and mean annual
water temperature was examined (Fig. 5.5), a stpasifive correlation was founc?(x

0.96).

Table 5.7 Mean annual water temperature (in degteécius) at Hideaway Bay, a site
12 km to the northwest of Arch Rock. Each annualges taken from 1 December to
30 November. The temperature is calculated fromattezage of daily readings taken at
the surface and 5 m depth by Huon Atlantic SalmiyrLRI.

Annual Period 12/198812/1989- 12/1990 12/1991- 12/1992 12/1993
11/1989 11/1990 - 11/1992 - -
11/1991 11/1993 11/1994

Mean temperature (C) 14.51 14.21 13.21 13.03 14.013.21
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Figure 5.5 Relationship between annual growthemant and mean annual
temperature for taggedotolabrus tetricugt Arch Rock, Tasmania, in four consecutive
12 month periods beginning on 1 December 1990.

5.4 Discussion

The extent of interannual variability in growth @&aped to be minimal in this study. No
difference between years was foundNinfucicolaand only a slight difference between
years was found iN. tetricus where growth in the year 1992-93 was an averége o
23% greater than in the year 1990-91. This diffeeamas strongly correlated with
temperature, a factor which has been shown to exgtawth variability in a number of
other species, including rockfishe¥epastespp.) (Woodbury and Ralston 1991), and
snapperRagrus auratus(Francis 1994). While an increase in temperatordd have
increased growth either directly by increasing rbelia rate, or indirectly through
processes such as increasing the productivityeofdlf, no data was collected to allow

an examination of these possibilities.
Although the interannual growth variability k. tetricuswas correlated with

temperature, the correlation was based on onha#syef data, and several more years

of data are needed before the significance ofréta&ionship can be properly assessed.
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It is possible that the observed growth variabitityild have also been related to a
number of other unknown factors, as unexplainesvtfravariability, unrelated to
temperature or abundance, has been describeduimiaen of other studies, even where
annual growth rates have varied by up to 240% betwears (e.g. Francis 1992). One
possible explanation for such variation is stramgrannual variation in recruitment and
growth of prey species. This may be particularly ¢tase for species which rely on only
a limited number of prey species. An example mathbeArctic cod Gadus morhaj
where Joergensen (1992) detected a strong coorela¢itween interannual growth rates
and the cod to capelin ratio, where capelin argtheiple dietary items of the cod. In
reef species such &k fucicolaandN. tetricus,which are generalist feeders eating a
wide range of items including molluscs, crustacearsechinoderms, the impact of
interannual variability in recruitment success gnalvth of dietary species is likely to
be far less significant, because it would be uhjikieat the recruitment success and
growth of all prey species would be positively etated. In such species, a more
constant resource supply is likely to be maintaimgtiving in a species rich habitat,

and by having a generalist diet.

One other possible explanation for interannual ginovariation is that interspecific
competition for available resources may often beemmmportant than intraspecific
competition, and that growth is actually densitpeledant, where this density
dependence is related to resource competitionndsbe, rather than just within
conspecifics. This is a possibility overlookedhe tvast majority of studies, although
Thresher (1983, 1985) explored this possibilityhie planktivorous coral reef fish
Acanthochromis polyacanthiand found that interannual variability in growth o
juveniles and adults was related to the abundaheEsource competitors, specifically
heterospecific planktivores. While a similar sitaatcould have occurred with

N. tetricus it was not obviously related to the abundancisbfcompetitors, as

N. fucicolaandM. australiswere the only species whose diets broadly oveéedpat

of N. tetricusat Arch Rock, and the abundance of these spesmesined relatively
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constant over this period, and at low levels, \lith average abundanceMffucicola
being approximately 80, and thatMf australisbeing approximately 50. There was
also no obvious change in the abundance of invetied that may compete either
directly or indirectly withN. tetricusfor resources, although no attempt was made to

guantify invertebrate abundances to detect suchgasa

Regardless of the evidence of interannual variahagrowth inN. tetricus this growth
variation was small, and was remarkably stable twe#d years of this study, as was the
growth ofN. fucicolg with the results for both possibly indicatingend for long-term
stability of growth in many temperate reef fishatsleast for those with generalist diets,
inhabiting reefs not subject to large interannwlations in mean temperature. Such a
trend would not be completely unexpected, as mpaygiss, includingN. tetricusand

N. fucicolaappear to spend the majority of their time eitlesting or being involved in
various behavioural interactions with other fishesmall change in their time budget
would possibly be all that was necessary to couhteeffects of most interannual
variation in food resource availability. In timessuper-abundance of food, or during
food supplementation experiments, growth wouldxyeeeted to increase because of
opportunism. However, such events are probablyinanature, and also short-lived as
numerous other species are also likely to explaihsa resource. Far more work needs
to be done to properly quantify the relationshipaeen, and relative importance of,
inter and intra-specific competition and growtatural populations of reef fishes
before the stability of growth in reef fishes candroperly assessed. Such work needs
to especially concentrate on how the level of ghowariability is related to differing

levels of dietary specialisation, habitat complgxibd time budgets.

The low levels of interannual growth variation a#éel in this study indicate that the
use of tag-recapture data to validate the agehemgationship determined from hard-
part analysis may be appropriate, and not undalydal by growth differences between

years. It also indicates that the estimates of trdw either method may be considered
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as reasonably reliable estimates of average gratitiis site for most years, rather than
just a "snapshot” of growth over a particular tipggiod. Unfortunately this only applies
to N. fucicolaandN. tetricusgrowth validation, as insufficient results weragable to
examine the magnitude of interannual variatiorhmremaining species. Obviously
interannual variations in mean water temperatuneatdimes have a significant impact
on the growth rates of temperate reef fishes, amefevtagging studies are used to
estimate growth and age relationships this posyilsthould be considered in the
experimental design. Further studies are needddteymine the extent to which growth

rates can vary between years, particularly in iooatsubject to substantial variations in

mean annual water temperature.
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Chapter 6 Spatial Patternsof Growth

6.1 Introduction

Long-term studies on assemblages of fishes ontkatperate and coral reefs have
demonstrated that the quantitative and qualitatoraposition of their constituent
species varies significantly, both spatially andperally, (e.g. Stephens and Zerba
1981; Choatt al. 1988; Carr 1989; Sakt al. 1994; Holbroolet al. 1995). There is,
however, usually considerably more variation betwiegbitats and locations than
between years. Much of the spatial variation apptmabe due to preferential settlement
in favoured habitats and, perhaps, increased salrefvnew recruits in optimal habitats.
This has been indicated in a number of studiesrevtine relative order of sites
preferred by new recruits was shown to remain measly constant regardless of the
magnitude or direction of changes in recruitmemivieen years (e.g. Jones 1984a,;
Choatet al. 1988; Planest al. 1993). In temperate regions, much of this spatial
variation in recruitment has been related, eitlositpyely or negatively, to the
occurrence and relative abundance of the kelp gafimmes 1984a; Carr 1989, 1994;
DeMartini and Roberts 1990).

While there is now some agreement as to the mator&astructuring spatial variation
in recruitment, there is still considerable delztdo the causes of temporal variation.
At present, there are at least six main modelshitia¢ been proposed to explain
community regulation of fishes on reefs. While mafsthese models have been
developed and tested on coral reefs, they are lgdikaly to be important in explaining
the processes occurring on temperate reefs asWete models include

(1) the niche diversification hypothesis, that pegs past or present interspecific
competition for limiting resources structures teeeanblage (e.g. Connell 1980)

(2) the competitive lottery hypothesis of Sale @Q7

(3) compensatory mortality and predation on comsyecies (Connell 1978)

(4) intermediate disturbance (Connell 1978)
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(5) sources and sinks (Dale 1978) and
(6) recruitment limitation (e.g. Williams 1980; Datty and Williams 1988a,b).
Evidence for and against each of these models s éxtensively reviewed recently

by a number of authors including Ebeling and Hix0®91), and Jones (1991).

The models fall into two natural categories; thase(1) equilibrium models, where
competition for resources structures the commuaithyer at, or after recruitment, and
(2) non-equilibrium models, where recruitment liatibn or predationsgnsuHixon
1991) limit the population to levels where competitis not an important structuring

process.

While it is likely that no one model will be cortean all occasions, non-equilibrial
models have received the most attention by resees¢h recent years, in particular the
recruitment limitation model. Under this model,frégh populations are considered to
be limited by the supply of post-larval recruits¢ls that in most circumstances the
availability of new recruits is sufficiently low tmaintain resident populations below
the carrying capacity of their environment. Theaufasg surplus of resources would
therefore ensure that competition for resource@®isan important process in structuring
populations and assemblages. The supply of newiteds expected to be variable and
unpredictable, at least in species with a dispersiwal stage, where mortality is
reported to approach 100% in most species (Leid1%9s this variability that

primarily structures the population.

In both temperate and tropical regions, the settdrof post-larval fishes has been
reported to fluctuate significantly between yearg.(Cushing 1977; Saét al. 1984,
Shulman 1985; Doherty and Williams 1988a) and caeldainly provide a strong
mechanism for structuring an assemblage. While#uses of these fluctuations remain
relatively unknown, there is some speculation thaleast in temperate regions, the

patchiness of larval food may be an important faictaetermining larval survival,
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particularly when yolk-sac reserves are exhaudtkdse ideas are incorporated into the
match/mismatch hypothesis of Cushing (1975). Reeeidience suggests that at least in
one small temperate reef specideteroclinussp.) the coincidence of newborn larvae
and episodic phytoplankton production pulses igrgortant factor in explaining

recruitment levels (Threshet al.1989).

While there is a growing body of evidence suppagrtime recruitment limitation
hypothesis (e.g. Doherty 1983, 1994; Victor 198846, Cowen 1985; Doherty and
Fowler 1994), and the importance of recruitmergeneral in structuring assemblages
(Saleet al. 1984), a number of other studies of both tempematktropical fishes have
found evidence that at least sometimes post-r@cemt processes are also important.
For example, in the temperate labAgeudolabrus celidotuspnes (1984b) observed
that adult numbers increased with increasing reaent only up to a certain level,
beyond which density dependant mortality and grosftjuveniles became important
factors limiting adult densities, primarily throughmpetition between juveniles for
food. Jones (1990) revealed a similar relationdifmipugh both manipulative and
natural experiments on the tropical pomacerRathacentrus amboinensend
concluded that in good recruitment years adult rensimay be limited by density
dependant processes, particularly through influeeeejuvenile growth. In poor

recruitment years adult populations reflect vaoiagiin recruitment success.

Historically, resource limitation rather than ratment limitation has been thought to
be the main factor structuring coral reef commesitand numerous studies have
examined the importance of resource limitation atingr post recruitment processes
with varying degrees of success. Much of the eadsk focussed on the assumption of
niche diversification, where interspecific compefitis assumed to structure the
assemblage. However, while many studies documeasedirce partitioning, few
demonstrated any direct evidence of abundanceowtigrbeing influenced by resource

limitation (Ebeling and Hixon 1991). The first smus challange to the universality of
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the niche diversifisation hypothesis was made bg 8974, 1975, 1977, 1978) and
Saleet al. (1980) who, in a series of papers, demonstratdsgpace limitation was the
primary factor controlling abundance in a guild@fitorial damselfish. It was the
availability of space for new recruits to settleoirand chance recruitment into that
space, that determined assemblage structure, tatreany post-recruitment
competition for resources. Subsequent studies figagsg the importance of post-
recruitment space limitation have yielded mixediltss For example space limitation in
the form of available sleeping holes influencesyesurvivorship of a number of
species (Shulman 1984) but not survivorship in tatliéllasoma bifasciatus

(Robertson and Sheldon 1979).

In more recent years, it has been realised thégaat for some species, competition for
food may be equally important as competition fdrentresources in structuring
populations, and that demographic studies showddhene differences in growth rate as
well as abundance. Jones (1986) and Forrester 129@ shown that, at least in some
species, supplementary feeding can substantiatigrase juvenile growth, and Eckert
(1985) demonstrated supplementary feeding adva®esl maturity irrhalassoma
lunare by a year. A number of other studies have shownhititense intraspecific
competition can slow growth at higher densitieg.(Boherty 1982, 1983; Jones
1987a,b; Forrester 1990). This may not be the abs®st natural population densities
however, as Pitcher (1992) could find no eviderfogensity dependence in the
planktivorous pomacentridlomacentrus nagasakiengmseither experimental
manipulations of abundance, or natural populatidissthe experimental densities were
an order of magnitude higher than that reportedrally, he concluded individuals of

this species would rarely be food limited.
The possibility that growth may be influenced biemspecific competition for food has
been investigated in a number of studies. Sevétakse studies examined the

interactions between pairs of ecologically sim#pecies and failed to detect any
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influence of competition on growth (Doherty 1989288, 1987; Jones 1987b, 1988).
However, a broader examination of possible comgstivty Thresher (1983) revealed
that growth in the planktivorouscanthochromis polyacanthugs inversely related to

the total abundance of all planktivores.

In one of the latest developments in the debateopulation regulation in coral reef
fishes, predation, particularly on new recruitss benerged as an alternative process to
competition or recruitment limitation This phenoroarhas been reviewed by Hixon
(1991). Under the predation hypothesis, predatiofish of all sizes has the potential to
reduce population sizes to levels below that atiwlspbmpetition or resource limitation
are important. Modelling has show that small changeost-recruitment mortality due
to factors such as predation can have a significéloience on population structure, by
masking or over-riding patterns set by recruitn®darner and Hughes 1988).
However, very little evidence is yet available s3@ss the implications of this process

due to the difficulties in designing experimentsi&tect predator impacts.

In the temperate zone, early fisheries-based rels@adicated that adult fishes normally
exist at densities below that at which resourcedianited (Cushing 1975). As a
consequence of this, and the difficulties of conithgcresearch in cold temperate waters
where fish are often hidden amongst the kelp, ity ecological research has
focussed on population regulation in temperatefiskés. A considerable proportion of
what research there has been, has concentrateteoispecific competition in
surfperches (e.g. Holbrook and Schmitt 1986, Sdreniti Holbrook 1990). However,
surfperches are self-recruiting and as such, wbeldxpected to develop equilibrial
populations with the consequent competition fooueses, a situation that may not

represent that typically found in most reef fisindsch have open reproductive systems.

In the remaining temperate studies there is limée@idence, both for and against, the

hypothesis that resource limitation is an importantor in population regulation.
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Support for resource limitation was given by Thoorpand Jones (1983) who found
evidence of resource competition between a wrass@ dlenny, Larson (1980) who
detected competition between rockfishes, and JArg£sib) who detected density

dependant mortality and growth in the lalfiseudolabrus celidotus

The studies that present evidence against resbomtation include those of Stephens
and Zerba (1981) who discovered little evidenceeeburce limitation in a temperate
reef assemblage, and Norman and Jones (1984)usimy experimental manipulation
of food and population abundance, found no evidefdeod limitation in the
pomacentridParma victoria.ln a more recent study, Francis (1994) could nenfidy
any difference in growth amongst samples of juxesilapper collected over a 12-18

km spatial scale, suggesting food resources wera hmiting factor in this species.

The emerging picture appears to be that recruithimartation is likely to be an
important factor structuring spatial and tempoiability in reef fish populations,
although this structure may also be substantidtéyed by small changes in post-
recruitment mortalitwia mechanisms such as predation (Warner and Huglg$.19
The extent to which recruitment limitation maingpopulations below levels where
resource limitation becomes an important structufactor remains unclear. However,
it appears that, in high recruitment years, reslinsitation may be an important
factor, while in poor, and perhaps average recriitnyears, recruitment limitation may
be the most important factor. The reproductivetstiaof each species is also likely to
be a critical factor in determining how often ratment levels are sufficiently high for
resource limitation to become important. For exanl live bearing species such as
the pomacentrid\canthochromis polyacanthud hresher 1983) or the surfperches
(Holbrook and Schmitt 1986) where many offspringyué to the parental reef,
recruitment may be sufficiently high that the p@tidn is in continuous resource food
limitation. The opposite situation may occur in gotemperate species that spawn only

once per year, and where recruitment is highlyaldei and depends on factors such as
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availability and direction of currents during tleval period. This could lead to a
situation where, in the majority of years, recrgtrhlevels are below that at which
resource limitation occurs, unless interspecifimpetition arises due to a strong

recruitment of another species which competesi®isame resources.

During a series of dives made prior to the begigmhthis study, | observed that
isolated populations of a number of the specidsided in the present invesigation
appeared to have considerably different size strastand, in the case of sex inverting
species, different size at sex inversion. Thesemoations suggested that growth rates
may differ between populations, even amongst tsbaeing similar habitats and
environmental conditions, and that they possibbyesented a mosaic of populations
experiencing different levels of resource limitatipresumably food limitation. These
observations appeared to run counter to the ceadgaimptions of the open, non-

equilibrial models of population and community riegion in reef fishes.

The aim of the research presented in this chapsrtwtest the validity of the open,
non-equilibrial models by examining and comparingvgh rates and growth curves
from a number of populations occupying similar haiisi for evidence of resource
limitation. Differences in the elevation of gronghrves should indicate differences in
early juvenile growth rates (assuming similar tighof recruitment), and differences in
slopes of the growth curves should indicate diffgrgrowth rates in adult as well as
juvenile populations. | chose to work with six bétmost common reef fishes found in
Tasmanian waters so that any findings would forenltasis of a broadly applicable
model. These species were the labNd$olabrus tetricusNotolabrusfucicola,
Pictilabrus laticlavius andPseudolabrus psittaculuand the monacanthidenicipelta

vittiger andMeuschenia australis
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6.2 Materials and methods.

6.2.1Species andCollections

The species collected were the labistolabrus tetricusNotolabrusfucicola
Pictilabrus laticlavius andPseudolabrus psittaculuand the monacanthidenicipelta
vittiger andMeuschenia australjsall of which are permanent reef residents (Chapte
As movement in all of these species was shown testeicted by natural habitat
boundaries (Chapter 2), the collection sites whesen such that they were separated
from each other by at least a 1 km wide habitatiérato ensure each sampled

population was independent of any other.

Fish collections were made at several times aridrdifit locations during this study,
primarily because not all sites within one locatyoglded enough individuals for proper
analysis. An initial collection was made in the Huegion in April/May 1993. The
sites included at this location were Roaring Be#&tlits Reef, and Charlotte Cove
(Fig. 2.1) and were subject to similar exposuredwe action (light to moderate), and

under the influence of the tannin rich dischargéevgof the Huon River.

As N. tetricuswas the only species collected in sufficient nuratye the Huon region
collection, a further collection was carried ouP&rsons Point, near Tinderbox, and at
One Tree Point on Bruny Island (Fig. 4.1), twosgbaring a similar habitat on the
exposed coast south of Hobart, in July/August 1898rder to collect a wider range of
species. Unfortunately, despite a substantial gffesufficient numbers of all species
exceptN. tetricuswere collected for proper analysis. The final adilen was made at
five locations with ecologically similar habitata the Tasmanian East Coast, in
February/March 1994 (Fig. 6.1). These sites wefgaatien Point and Stinking Bay in
Port Arthur, and at Fortescue Bay, Marion Bay, &pdng Beach. They were

characterised as sites with moderate exposuredtisswnder strong oceanic influence.
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6.2.2Collection methods and procedures

Fish were collected using fish traps, fine mesls,retd by spearing, and every effort
was made to ensure as wide a range of size classesssible was collected, including
juveniles. For the two monacanthid species, saffithumbers of both males and
females had to be collected from each site, astgrmasignificantly different between
sexes (Chapter 4), and therefore the sexes mustdigsed seperately. For the
remaining species, both sexes could be pooledfasis, as growth of males and
females is similar ifN. fucicolg and in the protogynous hermaphroditéstetricus,

P. laticlavius,andP. psittaculusmale growth is simply a continuation of female
growth (Chapter 4). Captured fish were kept oruicél they were processed.
Measurements were made of total length, total weagid gonad weight. Sexes were
determined from body morphology and coloration, fioch inspection of gonads. The
otoliths were removed and dried. The age of eathviias determined from counts of

otolith annuli, using the methods described andlagd in Chapter 3.
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Figure 6.1 Sites on the Tasmanian East Coastiahviish collections were made in
February and March 1994.
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6.2.3Analysis

As the aim of this research was to investigatedifigrences in the growth rate of
populations of reef fishes occupying similar hatsitander similar environmental
conditions, growth was compared between populatisinmgy the ANOVA method of
Haskard (1992), on the length at age data. Withrtiethod, a difference in growth
between populations will generally produce a sigaiit age by population interaction,
which can be partitioned into linear, quadratic argher order components to indicate
the shape of differences. While this method poadigtiacks power by not assuming
that the growth curves have a specific shape atdsthe errors inherent in non-linear
estimation of parameters such as K ang parameters that are often used in the
comparison of growth between populations. By igngthe fit to a specific shape, this
method may actually gain some power, as not alwtir@urves obtained from
population samples are simple. Some cohorts may taster (at least initially) than
others, resulting in an irregular growth curve, ané that may differ between
populations, even though the overall "mean” cureg tve similar. The ANOVA
method of Haskard (1992) will detect such irregtiks if they differ between

populations, as they will show as an interactiomtsite*age.

The ANOVA's were calculated using the MGLH functoiithe computer program
SYSTAT, which uses a type Ill sum of squares apgroa its calculations, an approach
suited to the unbalanced data sets used. Notzallkctasses and sites are included in
each analysis, however, as some species were lfetted in sufficient numbers at all
sites, and for most species, significant differsnoetween the age class structure of
each site meant that many age classes had to loeedrfrom the analysis. This
presented problems for analysishofpsittaculus,P. laticlavius, and both male and
femaleM. australisfrom the East Coast survey, as substantial betwepulation
differences in the age structures of fish collectedant that most of the data would
have to be ignored. Therefore, inter-populatiofedénces in growth were examined in

these species using ANCOVA, allowing most age elsi$s be used in the calculations,

151



but losing some of the power of the ANOVA methodall cases, untransformed data
was used as no transformation was found that aoydove the distribution of
residuals. In species whose growth was analysedN§yOVA, age classes at the
extremes of the growth curve were removed fromatiedysis if they were shown to

provide excessive shape to residual plots.

As well as comparison of sites within each locatibie influence of different
environmental conditions on growth was also exanhifidis was achieved by
comparing growth from the East Coast with that fitwe Huon region. As a difference
of two months existed between the timing of the twbections, individuals of the
same age from the Huon region had a two month ¢gradvantage over those from the
East Coast. It was not possible to adjust the fdatdois, when using the ANOVA
method of Haskard (1992). However, this is notabfam if this difference is taken
into account in interpreting the results. A diffece in collection timing will not alter
the relationship between the shapes of the groutves compared, it will only
influence elevation. Any detected difference invateon can then be interpreted in the
light of known differences in the timing of the ledtions, i.e. is this difference
equivalent in magnitude and direction to two morgftmnth, or is it necessary to

invoke another cause ?

6.3 Results

6.3.1Variation in growth between sites with similar hiaits

6.3.1.1Notolabrus tetricusSufficient numbers dN. tetricusindividuals were collected
to allow for comparison of growth between populasi@ccupying similar habitats in all
three surveys. In the first survey (Huon regiomvgh was compared between the
Charlotte Cove and Butts Reef sites (Table 6.1hdénsecond survey, growth was
compared between Piersons Point at Tinderbox, aredT@ee Point on Bruny Island
(Table 6.2a), and in the third survey (East Coastey) growth was compared between

all five sites at which collections were made (Eabl3a). No significant differences in
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growth were detected in any of the population camspas made using two-factor
ANOVA, either in curve elevation (B, p = 0.92, 0,&hd .011 respectively), the shape
term (A*B, p = 0.87, 0.87, and 0.25 respectivelyhmher order interaction terms
(examined, but not shown in the tables). Whilerttean length at age for each age class
did differ between the sites compared, it rarelgeded 1.5 cm in age classes
represented by at least three replicates, a laaggitvalent to approximately half a years
growth (Chapter 3). As growth was similar at aésion the East Coast, the length at
age data for these sites was pooled to producevétigrelationship folN. tetricuson

the East Coast (Fig. 6.2). The von Bertalanffy gloeurve was fitted to these data

using the methods described in Chapter 3, anddiraaed von Bertalanffy parameters
were, L =51.27, K=0.111,d=-1.35.

Table 6.1 (a) Two-factor ANOVA comparing the lém@t age relationships oF.
tetricusat two ecologically similar sites (Charlotte Cared Butts Reef) in the Huon

Region in April/May 1993. The age classes includexl3", 4t, and 9. (n = 48)

Source d.f S.S m.s. F P
Age (A) 2 547.6 273.8 107.4 <0.001
Site (B) 1 0.023 0.023 0.009 0.919
A*B 2 0.664 0.332 0.133 0.868
Error 42 107.0 2.552

(b) Mean length (in cm), and number of individuatdlected (n), at each site and in
each age class used in the ANOVA.

Site Agea€d

3+ 4+ o+
Butts Reef 19.3 (6) 21.7 (22) 29.7 (6)
Charlotte Cove 19.0 (3) 21.7 (8) 30.2 (3)
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Table 6.2 (a) Two-factor ANOVA comparing the lemgtt age relationships dF.
tetricusat two ecologically similar sites (Piersons Pt &k Tree Pt) in the Tinderbox

Region in July/Aug 1993. The age classes include®? 4, and 5. (n = 46)

Source d.f. S.S m.s. F P
Age (A) 2 261.8 130.9 54.71 <0.001
Site (B) 1 0.171 0.167 0.714 0.792
A*B 2 0.692 0.343 0.138 0.874
Error 40 95.67 2.391

(b) Mean length (in cm), and number of individuatdlected (n), at each site and in
each age class used in the ANOVA.

Site Agea€d

3+ 4+ 5+
Piersons Pt 19.4 (15) 21.6 (7) 25.1(9)
One Tree Pt 19.2 (7) 22.0 (3) 25.2 (5)

Table 6.3 (a) Two-factor ANOVA comparing the lemgtt age relationships dF.
tetricusat five sites on the Tasmanian East Coast in Fabd94. The age classes

included are 38, 4%, 5t and 6. (n = 145)

Source d.f S.S m.s. F P
Age (A) 3 844.4 281.9 109.4 <0.001
Site (B) 4 19.73 4,932 1.903 0.113
A*B 12 39.03 3.248 1.258 0.253
Error 125 324.2 2.591

(b) Mean length (in cm), and number of individuaddlected (n), at each site and in
each age class used in the ANOVA.

Site AG&ass

3+ 4+ 5+ 6+
Garden Pt 20.9 (16) 23.1 (10) 27.7 (19) 29.0 (4)
Stinking Bay 21.0 (8) 235 (7) 27.1 (2) 213
Fortescue Bay 20.1 (15) 229 (9) 27.7 (6) 3@
Marion Bay 21.6 (11) 26.5 (1) 28.0 (3) 30.3 (2
Spring Beach  22.9 (11) 24.4 (13) 26.8 (4) 293 (
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Figure 6.2 Length at age relationshipg\aftolabrus tetricugollected from the
Tasmanian East Coast in Feb/March 1993, and fitidda von Bertalanffy growth
curve calculated from those data.

6.3.1.2Notolabrus fucicolaThis species was only collected in sufficient fo@ms from
the East Coast collection to allow for populatisavgth comparisons to be made.
Comparisons were made between four of the EasttGtas, excluding Stinking Bay.
No significant differences in growth were foundwetn the sites when examined by
two-factor ANOVA (Table 6.4a), either in elevati@®, p = 0.15) or shape (A*B, p =
0.14). As growth was similar at all sites on thatEaoast, the length at age data for
these sites was pooled to produce a growth rekgtiprforN. fucicolaon the East
Coast (Fig. 6.3). The von Bertalanffy growth cuwas fitted to these data using the

methods described in Chapter 3, and the estimated®ertalanffy parameters were,
LO=43.38, K=0.113,d=-1.64.
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Table 6.4 (a) Two-factor ANOVA comparing the lemgtt age relationships df.
fucicolaat four sites on the Tasmanian East Coast (GartjdfoRescue Bay, Marion

Bay, and Orford) in Feb/Mar 1994. The age classelsided are 1, 2+, 3*, 4t and 5.

(n=95)

Source d.f. S.S m.s. F P
Age (A) 4 1467 366 133 <0.001
Site (B) 3 15.25 5.08 1.82 0.152
AB 12 50.92 4.24 1.52 0.138
Error 75 209.2 2.79

(b) Mean length (in cm), and number of individuatdlected (n), at each site and in
each age class used in the ANOVA.

Site Age Class

1+ 2+ 3+ 4+ 5+
Garden Pt 12.1 (4) 14.0 (3) 18.7 (4) 21.8 (5) 648)
Fortescue Bay 13.5 (4) 17.1 (1) 20.8 (16) 20.6 (8) 24.1(4)
Marion Bay 11.2 (5) 15.3 (3) 18.6 (5) 21.2 (3) .2P®)
Spring Beach  12.9 (5) 13.6 (2) 19.3 (2) 21.4 (7) 24.0 (5)
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Figure 6.3 Length at age relationshig\aftolabrus fucicolaollected from the
Tasmanian East Coast in Feb/March 1993, and fitidda von Bertalanffy growth
curve calculated from those data.
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6.3.1.3Pictilabrus laticlaviusandPseudolabrus psittaculuSufficient numbers of
individuals of both species were obtained in thetEzast collection to allow for
comparison of growth between populations at fouheffive sites, excluding Stinking
Bay. Comparison of fish growth by ANCOVA (Table$ & 6.6) found that for both
species, there was no significant difference imgindbetween sites, in either elevation
(B, for P. laticlaviusp = 0.33, foiP. psittaculug = 0.96), or slope (A*B, foP.
laticlaviusp = 0.14, forP. psittaculugp = 0.77). The East Coast growth curves of these

species are shown in Chapter 3.

Table 6.5 A comparison of the growthRittilabrus laticlaviusat five sites on the
Tasmanian East Coast (Garden Pt, Stinking BayeBoue Bay, Marion Bay, and
Orford) in Feb/Mar 1994 using ANCOVA. (n = 41)

Source d.f. S.S m.s. F P
Age (A) 1 20.2 20.2 10.8 0.003
Site (B) 4 9.12 2.28 1.22 0.333
A*B 4 13.9 3.48 1.85 0.141
Error 31 58.1 1.88

Table 6.6 A comparison of growth BSeudolabrus psittaculue four sites on the
Tasmanian East Coast (Garden Pt, Fortescue BayoRay, and Orford) in Feb/Mar
1994 using ANCOVA. (n = 43).

Source d.f. S.S m.s. F P
Age (A) 1 27.5 27.5 11.9 0.001
Site (B) 3 0.68 0.23 0.10 0.963
A*B 3 2.63 0.88 0.38 0.769
Error 35 80.8 2.31

6.3.1.4Penicipelta vittiger Sufficient individuals of this species were ohtd in the
East Coast collection to allow for a comparisogmiwth differences between
populations using two-factor ANOVA. As growth wdsosvn to differ significantly
between the sexes of this species in Chapter B,sacwas considered separately. In

both cases no significant differences were foungrawth between the sites compared
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(Tables 6.7a & 6.8a) in either elevation (B, fantdes p = 0.56, for males p = 0.33) or
shape (A*B, for females p = 0.79, for males p =20.5

Table 6.7 (a) Two-factor ANOVA comparing the lemgtt age relationships of
Penicipelta vittigefemales at four sites on the Tasmanian East CGastieén Pt,
Fortescue Bay, Marion Bay, and Orford) in Feb/M3@94. The age classes included are

1t and Z. (n = 62).

Source d.f S.S m.s F P
Age (A) 1 416 416 121 <0.001
Site (B) 3 7.06 2.36 0.69 0.563
A*B 3 3.55 1.18 0.35 0.792
Error 54 185 3.43

(b) Mean length (in cm), and number of individuatdlected (n), at each site and in
each age class used in the ANOVA.

Age Class Site

Garden Pt Fortescue Bay Marion Bay Orford
1+ 18.6 (9) 19.0 (4) 18.9 (8) 17.8 (16)
2+ 25.0 (9) 24.7 (3) 24.2 (9) 24.0 (4)

Table 6.8 (a) Two-factor ANOVA comparing the lemgit age relationships of
Penicipelta vittigemales at four sites on the Tasmanian East CoastléGdt,
Fortescue Bay, Marion Bay, and Orford) in Feb/M394. The age classes included are

1t and Z. (n = 62).

Source d.f S.S m.s F P
Age (A) 1 703 703 327 <0.001
Site (B) 3 7.62 2.53 1.17 0.329
A*B 3 17.7 5.91 2.74 0.523
Error 57 123 2.15

(b) Mean length (in cm), and number of individuaddlected (n), at each site and in
each age class used in the ANOVA.

Age Class Site

Garden Pt Fortescue Bay Marion Bay Orford
1+ 17.9 (2 17.7 (9) 18.7 (4) 19.4 (4)
2+ 26.3 (10) 25.4 (13) 26.2 (14) 27.9 (9)
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As growth was similar at all sites on the East §das length at age data for these sites
was pooled to produce a growth relationshipHovittigerfemales on the East Coast

(Fig. 6.4). The von Bertalanffy growth curve wasefil to these data using the methods

described in Chapter 3, and the estimated von Beftg parameters were,i= 25.16,
K =2.930, o =0.97. The East Coast growth curve for malesisfgpecies is shown in
Chapter 3.
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Figure 6.4 Length at age relationshigP@nicipelta vittigefemales collected from the
Tasmanian east coast in Feb/March 1993, and fittkda von Bertalanffy growth
curve calculated from those data.

6.3.1.5Meuschenia australisThis species was not abundant at the East Civastas
which collections were made. However, sufficientntners were obtained to allow for a
limited analysis of growth rates between populaidrhis analysis was restricted by the
need to consider male and female growth separatelyheir growth rates are different
(Chapter 3). It was further limited by a lack ohumon age classes at the sites
examined. Therefore for both sexes, growth betveges where sufficient individuals
were present, was compared by ANCOVA. For both séxe sites compared were

Garden Point, Fortescue Bay, and Marion Bay, anth@Beach.
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Table 6.7 (a) Two-factor ANOVA comparing the lemgtt age relationships of
Penicipelta vittigefemales at four sites on the Tasmanian East CGastieén Pt,
Fortescue Bay, Marion Bay, and Orford) in Feb/M394. The age classes included are

1t and Z. (n = 62).

Source d.f S.S m.s F P
Age (A) 1 416 416 121 <0.001
Site (B) 3 7.06 2.36 0.69 0.563
A*B 3 3.55 1.18 0.35 0.792
Error 54 185 3.43

(b) Mean length (in cm), and number of individuatdlected (n), at each site and in
each age class used in the ANOVA.

Age Class Site

Garden Pt Fortescue Bay Marion Bay Orford
1+ 18.6 (9) 19.0 (4) 18.9 (8) 17.8 (16)
2+ 25.0 (9) 24.7 (3) 24.2 (9) 24.0 (4)

Table 6.8 (a) Two-factor ANOVA comparing the lemgtt age relationships of
Penicipelta vittigemales at four sites on the Tasmanian East CoastiéGdt,
Fortescue Bay, Marion Bay, and Orford) in Feb/M394. The age classes included are

1t and Z. (n = 62).

Source d.f S.S m.s F P
Age (A) 1 703 703 327 <0.001
Site (B) 3 7.62 2.53 1.17 0.329
A*B 3 17.7 5.91 2.74 0.523
Error 57 123 2.15

(b) Mean length (in cm), and number of individuaddlected (n), at each site and in
each age class used in the ANOVA.

Age Class Site

Garden Pt Fortescue Bay Marion Bay Orford
1+ 17.9 (2 17.7 (9) 18.7 (4) 19.4 (4)
2+ 26.3 (10) 25.4 (13) 26.2 (14) 27.9 (9)
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No significant site related differences in growtare/found in either sex (Tables 6.9 &
6.10) in either elevation (B, p = 0.58 for femadesl 0.20 for males) or slope (A*B, p =
0.67 for females and 0.25 for males). As growth feasd to be similar at all sites on
the East Coast, the length at age data for the=ewsas pooled to produce a growth
relationship foM. australisfemales on the East Coast (Fig. 6.5). The vonaiertfy
growth curve was fitted to this data using the mdghdescribed in Chapter 3, and the

estimated von Bertalanffy parameters werg,4.29.78, K =0.113, 3 =-2.85. The

East Coast growth curve for males of this speseshown in Chapter 3.
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Figure 6.5 Length at age relationshigwduschenia australiiemales collected from
the Tasmanian East Coast in Feb/March 1993, atedl fitith a von Bertalanffy growth
curve calculated from those data.

6.3.2Variation in growth between habitats

6.3.2.1Notolabrus tetricusA two-way ANOVA comparing the length at age
relationship oNN. tetricusfrom the East Coast collection with that from Hhgon
collection (Table 6.11), found habitat differen¢B¥to be significant (p = 0.0001),
although the interaction term (A*B) was not sigcéint (p = 0.96). This result suggests
that there is an elevation difference in the growthives between the different habitats,

but not one in shape, and as this elevation differés due to the East Coast length at
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age mean being consistently higher than those fhentHuon region (Table 6.11b), it is

a real effect rather than just one due to the diffee in timing of the surveys.

Table 6.11 (a) Two-factor ANOVA comparing the lémgt age relationsips of
Notolabrus tetricusfrom the East Coast collection with that from Hhgon collection.
(n=178)

Source d.f S.S m.s F P
Age (A) 3 2092 697 327 <0.001
Site (B) 1 91.4 91.4 42.9 <0.001
A*B 3 0.67 0.23 0.11 0.958
Error 170 362 2.13

(b) Mean length (in cm), and number of individueddlected (N), in each age class
used in the ANOVA.

Location AGtass

1+ 2+ 3+ 4+
Huon 11.1 (16) 16.0 (3) 19.2 (9) 21.7 (30)
East Coast 13.1 (10) 18.5(9) 21.2 (61) 23.7 (40)

6.3.2.2Notolabrus fucicolaA two-factor ANOVA (Table 6.12a), comparing gréwn

N. fucicolafrom the East Coast with those from the Huon nedomund growth between
these habitats (B) to be significantly differentp.011), although the interaction term
(A*B) was not significant (p = 0.55), suggesting ttifference in growth curves is due
to elevation rather than shape. ANntetricus the elevation difference appears to be
due to the East Coast length at age means beirsgstemtly higher than those from the
Huon region (Table 6.12b), and thereby constituéingal effect rather than one related

to survey timing.
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Table 6.12 (a) Two-factor ANOVA comparing the lémgt age relationsip of
Notolabrus fucicoldrom the East Coast collection with that from Hgon collection.
(n =202)

Source d.f S.S m.s F P
Age (A) 10 717 717 206 <0.001
Site (B) 1 22.6 22.6 6.48 <0.001
A*B 10 29.5 2.95 0.85 0.553
Error 180 626 3.48

(b) Mean length (in cm), and number of individueddlected (n), in each age class
used in the ANOVA.

Age Class Location

Huon East Coast
1+ 11.5 (19) 12.3 (18)
2+ 15.8 (3) 14.7 (9)
3+ 195 (4) 19.9 (28)
4+ 215 (2) 21.2 (23)
5+ 23.2 (4) 24.1 (8)
6+ 22.8 (3) 25.2 (8)
7+ 27.6 (2) 27.7 (19)
8+ 275 (2) 29.7 (10)
o+ 28.9 (8) 30.8 (11)
10+ 30.1 (3) 32.2(12)
11+ 315 (2) 32.2 (3)

6.3.2.3Pictilabrus laticlavius For this species the growth relationships from Bast
Coast collection and Huon collection were companedNCOVA (Table 3.4) and no
significant differences in growth were detecteeiiher the site (p = 1.00) or the
interaction term (p = 0.86). These results sugtdtgrowth is similar in both

locations.

6.3.2.4Pseudolabrus psittaculug comparison of East Coast fish growth with that

from the Huon region by two-factor ANOVA (Table 84d), demonstrated growth is

significantly different between the two habitats (B= 0.018) although the interaction
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term (A*B) is not significant (p = 0.15), suggesgfithat the difference in growth curves
is due to elevation only, and that this elevatidfecence is a real effect, with the mean
lengths at age from the Huon region being condistewer than those from the East

Coast (Table 6.13b).

Table 6.13 (a) Two-factor ANOVA comparing the lémgt age relationship of
Pseudolabrus psittaculuffom the East Coast collection with that from Hwgon
collection. (n = 39)

Source d.f S.S m.s F P
Age (A) 3 490 163 113 <0.001
Site (B) 1 9.00 9.00 6.24 0.018
A*B 3 8.18 2.73 1.89 0.152
Error 31 44.7 1.44

(b) Mean length (in cm), and number of individueddlected (n), in each age class
used in the ANOVA.

Location AGtass

1+ 2+ 3+ 4+
Huon 11.7 (8) 11.0 (1) 17.6 (2) 19.4 (8)
East Coast 12.0 (6) 14.7 (4) 18.2 (2) 19.9 (8)

6.3.2.5Penicipelta vittiger Few maleP. vittigerwere collected in the Huon region, and
comparisons of growth for this sex between the Hegmon and the East Coast was
restricted to a t-test of the means of the 2+ daesqshown in Chapter 3), which
indicated that growth is not significantly diffetdrmetween the two different habitats (p
= 0.09). For females, more individuals and ageselasvere collected, allowing for a
comparison of growth by two-factor ANOVA (Table 8d). This indicated that there is
no significant difference in growth between the twabitats either in elevation (B, p =

0.18) or shape (A*B, p = 0.17).
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Table 6.14 (a) Two-factor ANOVA comparing the lemgt age relationship of
Penicipelta vittigefemales from the East Coast collection with thatrfrthe Huon
collection. (n =77)

Source d.f S.S m.s F P
Age (A) 1 529 529 150 <0.001
Site (B) 1 6.43 6.43 1.83 0.182
AB 1 6.63 6.63 1.88 0.169
Error 73 256 3.52

(b) Mean length (in cm), and number of individueddlected (n), in each age class used
in the ANOVA.

Location Age Class

1+ 2+
Huon 18.3 (10) 26.1 (5)
East Coast 18.3 (37) 24.5 (9)

6.3.2.6Meuschenia australisFor males, differences in growth between thd Eagsst
and the Huon region were compared by ANCOVA in GaaB, and a significant
difference in growth was detected in both the tgten (p < 0.001) and the interaction
term (p < 0.001), suggesting that growth is faatehe East Coast sites. For females,
growth rate differences were compared by two-faBldOVA (Table 6.14a), which
indicated that there is no significant differencgyrowth between the two different

habitat types, either in elevation (B, p = 0.92%lope (A*B, p = 0.51).

6.4 Discussion.

6.4.1Growth in similar habitats

In each of the six species included in this studysignificant difference in growth was
detected between populations occupying similartaehieither in the shape of the
growth curves (in species analysed by ANOVA), othieir slope (species analysed by
ANCOVA). It is possible that this result may be dae lack of power in the tests used,

arising from the small number of replicates avddadi some of the sites and age

165



Table 6.15 (a) Two-factor ANOVA comparing the lémgt age relationship of
Meuschenia australifemales from the East Coast collection with tihairf the Huon
collection. (n = 48)

Source d.f S.S m.s F P
Age (A) 6 236 39.4 11.2 <0.001
Site (B) 1 0.03 0.03 0.01 0.923
A*B 6 18.7 3.11 0.89 0.512
Error 34 119 3.49

(b) Mean length (in cm), and number of individueddlected (n), in each age class
used in the ANOVA.

Age Class Location

Huon East Coast
2+ 21.0 (4) 21.8 (11)
3+ 25.8 (1) 23.5 (5)
4+ 22.9 (2) 25.2 (3)
5+ 24.6 (4) 25.2 (2)
6+ 27.4 (1) 27.1 (4)
7+ 26.4 (2) 27.8 (5)
8+ 29.4 (2) 27.4 (2)

classes compared. However, a comparison of megthkeat age between populations
in the species compared by ANOVHNdtolabrus tetricus, Notolabrus fuciceland
Penicipelta vittigey shows that even after 4-5 years of growth inlélbeids and 2 years
of growth in the monacanthid, population meansediffy less than a few months
growth. Therefore, even if type Il errors were maatel population differences do exist,
they must be small, and future experiments attergt examine the magnitude of this
difference will need to take this into account. $any strategies in future
investigations should concentrate on obtainingicefit replicates in the early age
classes of long-lived species such as the labmisstigated here, as they are generally
more abundant than older age classes. There iseslsahance of obtaining samples

where one population sample may be dominated lagamot present in others.
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As well as no difference being found between trapsior slope of the growth curves in
the species investigated, no difference in elematias detected either. Because
elevation effects would have been due to consisiémtifferences in either the timing
of recruitment, or early juvenile growth, it appeé#nat neither of these factors varied

amongst the populations sampled.

It would have been preferable, and perhaps far mdoemative, to examine growth
between populations on a cohort (age class) baitisrrthan just examining a
population average. This would have yielded valeiaiormation on the spatial and
temporal nature of growth variation, informationiethis restricted in a snapshot
survey such as this one. Unfortunately, as the tir@fvotoliths is not in one plane for
the labrid fishes examined here, it was not posgsibback-calculate the length at age
relationship of individual fish, and to develop gtb curves for each cohort. Future
work examining growth at the population level imfgerate fishes should concentrate
on species where back calculation of individualglotrajectories is possible, as
several recent studies such as those of Boedtlait(1989) on commercial open water
species, and Pitcher (1992) on juvenile growthtiropical pomacentrid, have shown

this method to be particularly useful.

6.4.2Growth in different habitats

The influence of habitat on growth differs by spscForPictilabrus laticlavius,
Penicipelta vittigerand females dfleuschenia australjghe two habitats (slight to
moderately exposed, river influenced and moderaebpsed, open coastal), and
habitat related factors, were not sufficiently eiffnt to influence growth. However,
significant differences in the elevation of growtirves were detected Notolabrus
tetricus, Notolabrus fucicolandPseudolabrus psittaculuand a significant difference
in the slope of the growth curve was detected ifesnafMeuschenia australig=or M.
australismales, overall growth appeared to be greatereaE#st Coast sites than at the

Huon sites. It appears somewhat incongruous, hawthat females of this species
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grew at similar rates in both habitats, suggedtuad) the low number of replicates

available for comparison of growth in male australismay have lead to a type | error.

In the remaining speciebl( tetricus, N. fucicolandPseudolabrus psittaculyghe
difference in the elevation of the growth curvedigated that for any given age,
individuals from the Huon region were smaller thlaose from the East Coast sites.
Although this difference in elevation must be doeither differences in the timing of
recruitment or the magnitude of early juvenile giilowetween habitats, it is not
possible, from the present data, to isolate whidhese two factors is most important
in explaining this difference. Certainly habitalated differences in juvenile growth are
a distinct possibility, and may be a common featirgrowth in juvenile reef fishes.
However, few studies have attempted to documest thithe factors causing such
growth variation. In one of the few studies to d&egard (1992) found growth in
juveniles of three temperate fishes to vary betwesditats within an estuary, and
suggested that differences in water temperatudensat structure, and food

availability may have been the factors influenagngwth variation.

Most studies examining habitat related differennegowth of fishes have

concentrated on freshwater systems, where the eledresk of predation has been
shown to substantially influence feeding strategreduding habitat preference (e.g.
Milinski and Heller 1978; Werneat al. 1983). In the study by Wernet al. (1983) the
threat of predation was shown to be an importastbfanfluencing growth in the

bluegill sunfishLepomis macrochirissuggesting that growth may be influenced by the
ratio of food to available shelter in each habiaedation has also been shown to be an
important influence on foraging behavior in a marish. Holbrook and Schmitt (1985,
1988a, 1988b) found predation risk to influenceitadlchoice in the surfperch

Embiotoca jacksonjiand that feeding rates were lower when predaters present.

168



6.4.3General discussion

For the six temperate reef fishes investigatethimgtudy, growth curves appear to be
remarkably similar in populations occupying ecotadlly equivalent habitats, although,
at least in some species, habitat differences slgye/n to have an influence on growth.
For the species where growth was compared by ANQWApnly did populations in
equivalent habitats have similar growth, but nmsgigant year by site interactions were
found, suggesting that growth in each particularyass was similar across the
populations surveyed. These results suggest thiagst for the species investigated
here, population growth is best explained by open;equilibrial models such as those
of Doherty and Williams (1988a, 1988b) or Hixon 919. These models suggest that
either recruitment levels are usually sufficieritly, or post-recruitment mortality is
usually sufficiently high, that populations are negource limited, at least for resources

which may influence growth.

Several other studies examining growth in reef @ased fishes have also found little
variation in growth between similar habitats, imthg the temperate studies of Francis
(1994) on juvenile snappePégrus auratus Norman and Jones (1984) on the
pomacentridParma victorig and a study of growth in juveniles of the tropica
pomacentrid?Pomacentrus nagasakiensig Pitcher (1992). These are in addition to a
study examining resource availability in a commyoittemperate reef fishes which
found neither food nor space were limiting fact@gphens and Zerba 1981). There
are, however, a number of other studies demonsgrat inverse relationship between
population density and growth (e.g. Jones 198480;1Borrester 1990) which suggest
that not all species are free from resource coripetiOne of these studies (Jones
1984b) was on the temperate lab¥idtolabrus celidotusa species closely related to
several of the labrids in this study. While Joramsd that juvenile growth was
inversely related to density, a variety of habit&&e censused in his study, and habitat
effects and density effects on growth were notifpamed, leaving some doubt as to

which factor was primarily responsible for the atved variation in growth.
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Assuming that growth in some populations\bfcelidotuswas limited by resource
availability rather than environmental factorsgpipears from the available evidence
that in temperate reef systems, not all populatioradl species are free from resource
limitation all of the time, and therefore no singlepulation model is likely to be
exclusive. A similar conclusion was reached by Elgehnd Hixon (1991) who stated
"all (population) models may operate to greatdess$er extents in temperate and
tropical systems, depending on local environmesdatitions during the study and
during the system's recent history. Any searclitfog factor" regulating reef fish
community structure is thus doomed to failure andeping generalisations should be
suspect......There may always be more than onetsting process and these processes

may change in relative importance from place te@lkand through time".

While it appears that for the six temperate reetgs included in this study, open non-
equilibrial models may apply most of the time silikely that at least occasionally
resource limitation (for factors influencing groythust occur. The question still
remains then, as to exactly how often natural patpanis in most of these, and other
temperate species, do experience resource limtdtioing part, or all of their post
recruitment growth, and to what extent reproducsitrategies play a role in this

process.

The answer to the first question may be found anering growth in species of fish in
which back-calculation of growth rates of individifiah to the time of settlement is
simple and reliable. By collecting sufficient regaites in each available age class, at
several locations, the historical record of numergears of growth (juvenile and adult)

may be examined, especially in long-lived spediehasN. tetricus
The answer to the second question will only be kmaxaen a greater range of species,
with differing reproductive strategies have beeamxed. At present it appears that

species with a non-dispersive larval phase, pravttley are permanent reef residents,
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are almost always resource limiting (Thresher 18&3imitt and Holbrook 1986),
whereas in species with a dispersive larval pHasextent of resource limitation is
less, but also highly variable between speciesrasgace and time, and is not readily
predicted by reproductive strategy. For exampli@pomacentrids, a family with large
eggs and parental egg care, in some species redouitation in the form of available
food appears to be an important factor determignogvth (Jones 1990, Forrester 1990)

and in others it is not (Pitcher 1992).

If the results of this research are applicable ¢tsthother temperate reef fishes having a
dispersive larval stage, this could have importapdications for the management of
temperate reef fisheries. Classical fisheries thpoedicts that in many cases
unexploited stocks are resource limited, andtiésincrease in productivity and
recruitment arising from release from this limitettithat is in part resonsible for the
ability of a fish stock to withstand fishing moitgl(Ricker 1975). If natural
populations of most temperate reef fishes are swlly resource limited, they may be
particularly sensitive to exploitation, and any el@pment of reef based fisheries
should proceed with this in mind. A similar sitwatimay exist with tropical reef
species as the most recent studies, covering & @frgpecies, suggest that the
abundance and demography of reef fishes is magtlamed by variable recruitment,
with no need to invoke density dependent procesitesrecruitment (Doherty and

Fowler 1994; Williamst al. 1994).

While there is now a growing literature supportdigect recruitment-stock
relationships in tropical reef species, theressyet, no evidence of a direct stock-
recruitment relationship. Meeka al. (1993) examined this possibility in the
damselfislPomacentrus amboinensend found that while reproduction influences
recruitment timing, the magnitude of recruitmentaigely determined within the
plankton. If this finding is applicable to otheefespecies, both tropical and temperate,

and post-recruitment growth and mortality is usud#nsity independant, the most
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appropriate management strategy for fisheries basexich species would be to set

allowable catch levels according to measured amegalitment strengths.

This investigation was instigated by my observattwat isolated populations of a
number of the species examined appeared to hawedeoably different size structures,
and by the possibility that these differences vetnectured by varying levels of
resource limitation. The results indicate that ¢hisslated populations were not
resource limiting, and instead, were probably stmaxl by the spatial and temporal
variability in recruitment that has been documembteumerous studies of reef fish

demography (Doherty and Williams 1988a).
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Chapter 7 Concluding Discussion

7.1 Introduction

While the fundamental aim of this thesis was teasshe importance of resource
limitation to post-recruitment growth and the egyl@f common temperate reef fishes,
it was first necessary to investigate more bageets of the biology of the model
species. These aspects were movement, growthepnatduction, and an understanding
of each of these aspects was an important preregjfos a study investigating spatial
and temporal patterns of growth. This basic work wacessary as very little is known
of the biology of temperate Australasian reef figlend temperate reef fishes in
general. This lack of knowledge applied to thesggcies investigated in this study,
even though they rank amongst the most common lauadant resident reef fishes in

southern Australian waters.

7.2 Movement

In any study of the demography of fishes it is imaot to understand the role that
movements can play, as post-recruitment movemenmstslarge spatial scales could
explain much of the spatial variation in adult dees that has been observed in studies
of temperate fish faunas (e.g. Choat and Ayling7l98uch movements could also
minimise the extent to which localised sources oftality, and variation in resource

availability, could structure an assemblage.

The results of this study indicate that for all@ps investigated, movement is restricted
by habitat boundaries, such as depth or the rewf-sderface, and for most species is
further restricted within a small home-range oritery. While such a result is
predictable by extrapolation from the results ofveroent studies conducted on tropical
reef fish (e.g. Reese 1973) it is still an impotriame, as the movement patterns of
temperate reef fishes have received little attenflones 1988a). The results of the

present study, and those of recent studies exaghmovements of other temperate reef
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species (e.g. Jones 1984b; Davies and Anderson M8thews 1990) together suggest
that many, if not the majority, of temperate spgecrey be home-ranging. These home-
ranges are relatively stable over the post-recentrtife of a fish, at least in locations

not subject to extremes in environmental conditions

In species with stable home ranges, populationddioel susceptible to structuring by
demographic processes, such as localised resammitation and sources of mortality,
as well as spatial and temporal variability in u#tnent, occurring at a relatively small
spatial scale. The magnitude of this scale wouldagst be at that of an individual reef,
and perhaps considerably less, depending on ehsid the mobility of the species
involved. This structuring would not occur to tlare extent if fishes were highly
mobile, as spatial patterns of abundance would tre itikely to reflect variation in
habitat quality, with fish moving to optimal locatis. Such structuring, or microhabitat
selection, has been shown to be one of the prifaatgrs operating at a within-site
scale £ 0.1 kn®, Jones 1988a), with fish responding to variablehsis topographic
complexity (Ebelinget al 1980; Leum and Choat 1980), biogenic structureoé€hnd
Ayling 1987; DeMartini and Roberts 1990), curregméad (Kingsford, 1980), threat of
predation (Holbrook and Schmitt 1988a, 1988b), @epth (Holbroolet al. 1990).

As well as the demographic consequences that linnitevements may have for natural
populations of temperate reef fishes, there aiaiportant consequences for
populations subject to fishing mortality. As moverttsebetween reefs are likely to be
restricted for many species, stocks on heavilyefisteefs would be expected to be
depleted rapidly, with little replenishment fromjaxzent areas. While the occurrence of
a pelagic larval phase in most reef fishes endhatdocalised stock depletions do not
necessarily impact on recruitment levels, localdegletions can impact on the quality
of fishing, particularly near resort areas wheshifig effort is usually concentrated (e.g.
Schaap and Green 1988). Management policies for fisleries should be developed

to limit fishing effort in areas where it is likety become concentrated.
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The restricted movements of reef fishes can besedilin the creation of marine
reserves, where a population is to be protectedsasirce of new recruits to adjacent
fished areas or for conservation purposes. My tesuiggest that the design of these
reserves could be optimised by choosing resergs iith major habitat boundaries as

their borders, thus restricting movements to adjafished areas.

The ability of such reserves to contain fisheskisly to have important consequences
for future management of temperate reef fisheAsseef fisheries are usually mixed
fisheries, they are difficult to manage, given ldnge number of species involved and
the low economic returns from most species. Init@peef fisheries the cost of proper
management and management research often exceedsduk of a fishery (Russ
1991). This situation undoubtably applies to mestperate reef fisheries as well, and
particularly in Tasmania where both recreationa professional fishermen are allowed
to use gillnets, with few restrictions on where aviten they may be set. By using the
ability of a reserve to protect a proportion of tb&l population of target species,
managers could at least allow for the provisioa buffer against recruitment
overfishing caused by such practices, by ensursguace of egg production was

maintained.

7.3 Ageand growth

The longevity of the species examined in this gtatied substantially, from less than
4 years irPenicipelta vittiger to nearly 18 years iNotolabrus fucicolaThe remaining
species were intermediate in their lifespan, \Wguschenia australisving to 9 years,
Pictilabrus laticlaviusto 10 years, anBseudolabrus psittacultEndNotolabrus
tetricusto 11 years. A similar range in longevity is founccommon northern
temperate reef fishes, with surfperches (EmbiotE)jdypically living for less than 5
years, and rockfishes (Scorpaenidae) capableinflior several decades (Holbroek
al. 1994). This variation in life expectancy has irngtions for the demography of reef

fishes, as the temporal abundance of long-livedispesuch abl. fucicolamay be far
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more stable than short-lived species such.asttiger,due to buffering provided by
multi-generational storage. This would be partidylthe case where populations were
primarily recruitment limited, and where recruitmhenccess was temporally variable
(Warner and Hughes 1988), a situation that appgeapply to many tropical reef
species (Doherty and Williams 1988a, 1988b; Doh#9§4) and may also apply to

many temperate ones as well.

While populations of short-lived species may lduk advantages of stability provided
by multi-generational storage, this may be compteaistor by other stabilising
mechanisms, or simply be a consequence of, or aiitapto, living in an unstable
environment. In the case of surfperch, temporabfadn stability is provided by a
viviparous reproductive strategy, where fish giwghtto large, non-dispersive
juveniles; a strategy providing strong couplingwzstn population size and resource
availability (Holbrooket al. 1994). In the case &f. vittiger,a short lifespan may be the
cost of the faster growth found in this specieshws concurrent relative advantage in
fecundity over other fishes of a similar age, cheastics that may be important for the
survival of a species living in an unstable envinemt. The optimal habitat of

P. vittigeris shallowPhyllospora comos#orests growing in exposed waters, an

unstable habitat in which mortality rates may ofbenhigh during storm events.

Of all the species investigated in this studlyyittiger may be the species most at risk if
it becomes the target or a by-catch of a reef fishEhis is because of the fast growth
and short life-span of this species, as well asusceptibility to capture in gillnets. The
fast growth results in fish being of a sufficiertesto be caught in nets before maturity
is reached. This problem is compounded by the dif@pan which reduces the ability
of the species to withstand several years of renant failure. In years of poor
recruitment, the remaining population may be aitfor rapid recovery, and the
duration and magnitude of the recovery may be @ddily sensitive to the levels of

fishing effort during this time.
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7.4 Reproduction

Unlike many coral reef fishes which spawn all yrlich 1975; Sale 1980),
spawning of most temperate species is restrictegriog and summer (Jones 1988a,
Ebeling and Hixon 1991), probably as a consequehti®e greater planktonic
productivity occurring during these seasons (Elgedind Hixon 1991) which increases
the availability of food to fish larvae. The specexamined in this study appear to
conform to this common pattern, with courting bebawin all six species being
observed from mid to late August through to lateuday; presumably this corresponds
to the duration of spawning. This spawning pattias not apply to all temperate
species, however, and Moulton (1977) reported2b&b of species in Puget Sound
spawned during autumn and winter. In temperaterAlastian waters, fishes that spawn
during this time include members of the family Cbeactylidae (Thompson 1981), and
some of these species, in particldreilodactylus spectabilisank amongst the most

common reef residents in southern temperate waters.

For some species, the availability of a threshblagnalance of plankton appears to be an
important factor determining the survival of newttarvae, and this threshold level
may only be exceeded during brief transient pulsesighout the year (Threshetral.
1989). It is this coincidence of spawning and fawdilability that forms the basis of the
match/mismatch hypothesis of Cushing (1975), indakeexplain variation in
recruitment strength. If such processes are impbitiethe population dynamics of reef
species in general, then by spawning over a ptetigmeriod, reef species, including
those in this study, may maximise the possibiligttat least some of their offspring are
in the water column during conditions favourablgtowth. Protracted spawning could
also provide some protection against the impagtaahbility in other oceanic processes
such as current strength and direction, procetsefiive been shown to advect some
larvae away from conditions optimal for growth aegroduction (e.g. Choat al.

1988; Holbrooket al. 1994), and that have been shown to be particwariable in

Tasmanian waters (Harres al. 1987, 1991).
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Both gonochoristic and hermaphroditic sexual systemre found amongst the fishes
examined in this study. The monacanthfdsicipelta vittigerandMeuschenia australis
are both gonochorists, a result that was expeaddtheesher (1984) reported
gonochorism to be the only sexual system recondéebpical monacanthids and the
related balistids. In the labrids, the situatiomigre complex, with variants of both
sexual systems being fourdotolabrus tetricus, pictilabrus laticlaviyand
Pseudolabrus psittaculuee monandric protogynous hermaphrodites,Nwidlabrus
fucicolais a secondary gonochorist. While both sexuaksysthave been reported for
labrids, hermaphroditism is by far more common, iagrtie system used by most, if not
all, tropical labrids (Thresher 1984), althouglsitess prevalent in temperate waters in

northern Europe (Costello 1991).

In general, hermaphroditism is a common and highbcessful reproductive strategy
employed by fishes on both temperate and tropesfkr In temperate Australasian
waters, families with hermaphroditic representaiveslude the labrids, the related
odacids, and the serranids. While the number afiessuin which hermaphroditism in
this region has been documented is limited (egedd980a, 1980b; Webb and
Kingsford 1992), taxonomic studies and field guidelcate that most species within
these families may be hermaphrodites (e.g. Thomp88a; Gomoret al. 1994). In
Tasmanian waters the hermaphroditic species indude common and abundant
species as the odaci@slax cyanomela®dax acroptilusNeoodax balteatuand
Siponognathus beddonthe serranid€aesioperca lepidopterandC. rasor, and the

labridsN. tetricus, P. laticlaviusandP. psittaculus

The proliferation of protogynous hermaphroditisntiamperate reef species may have
substantial implications for the proper managenoéfisheries based on these species,
or in which they are an incidental by-catch. Thmwd be particularly the case for
species in which sex reversal is size or age bd@sass 1991), where removal of larger

fishes may substantially alter the natural sexr@ig. Thompson and Munroe 1983). In
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a monandric protogynous hermaphrodite sucdN@tslabrus tetricusa species which

has recently become the focus of an intensive fyslilee removal of the larger males,
coupled with the absence of initial phase malesldclead to a substantial decline in
reproductive success. This decline would be intamdto that normally expected from
the increase in mortality due to fishing, providedt sex reversal does not occur earlier

in a fished population than in an undisturbed one.

Robertson (1972) has demonstrated that sex revarataleast one labrid species is
under social control, where removal of the malasl$esex reversal in smaller fish. It is
not yet clear to what extent this applies to othbrids, although there is evidence to
suggest that in most species sex reversal mayewwtegree of both developmental
and social control (Thresher 1984). A similar speatof control mechanisms may
apply in other temperate families such as the seisaand odacids, although, as with
the labrids, this has yet to be documented. IEiiEds are to develop around or impact
on such potentially vulnerable species, more resestiould be focussed on both
identifying hermaphroditic species, and determirtimgyunderlying mechanisms
controlling sex reversal in them. This informatiwould provide an additional benefit
in that it could provide important clues about moeat and distribution patterns of reef

fishes (Webb and Kingsford 1992).

7.5 Spatial variability in growth

A major aim of the work presented in this thesis watest the assumption of Doherty
and Williams (1988a) and others, that most poputatiof temperate reef fishes are not
likely to be resource limited, at least for res@srinfluencing growth. This work was
precipitated by my observation that for most of$pecies examined here, isolated
populations, sharing similar habitats, appeardthie substantially different size
structures, and for the hermaphroditic speciefgr@int size at sex inversion, suggesting
that they may represent a mosaic of populationemampcing different levels of

resource limitation, primarily for those limitingayth. The results suggest that, in fact,
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growth varies little between natural populationswgaying similar habitats, either in
space or in time, although for some species, naifgplabitat effects can influence
growth. The results support the assumption thawtjran most natural open
populations is not limited by resource availabjlay least for resources influencing
growth, although they provide no information on éx¢ent to which other resources
such as space may be important. There is evideooed study examining the
importance of resource availability to a commuwoityemperate reef fishes, that neither
food nor space are usually limiting (Stephens agdb@ 1981), results that may apply

generally.

As Jones (1984b) has demonstrated that growthdlimoit can occur in the temperate
labrid, Notolabrus celidotugt is obvious that at least occasionally, reseunmitation
may occur in populations of reef fishes, and aetirhe an important demographic
process. Further work involving a wider range &d@ps, examining variability in fish
growth in natural populations, in both space antiis needed before the general
applicability of Doherty and Williams (1988a,b) retment limitation model to
temperate species can be properly assessed. Howavarical support for the
applicability of this model to tropical reef fishesntinues to grow (e.g. Doherty 1994),
and it is unlikely that there would be any reasdy this should not be so in the
temperate zone as well, unless post-recruitmeregs®es such as predation are
particularly important in this zone in maintainipgpulations below the carrying

capacity of their environment.

In temperate species with closed reproductive Bystsuch as the northern hemisphere
surfperches, where most of the offspring are rethion the parental reef, resource
limitation appears to be more important than reorant limitation to population
dynamics, with local resource availability explaigimost variation in adult numbers
(e.g. Holbrook and Schmitt 1986, 1989). A similémation has been observed in a

tropical speciesiAcanthochromis polyacanthighere reproductive success is related to
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resource availability (Thresher 1983, 1985). Thiemixto which populations of any
particular species may be recruitment or resounciéeld may therefore be at least partly
explained by the degree of parental investmentfgspong, and extent, if any, of larval
duration. Further studies are needed to examingrtpertance of early life history to

the population dynamics of reef fishes, particylaglsearch focussed on species such as
clinids, many of which have been shown to dispidgrmediate levels of parental care

(e.g. Gunn and Thresher 1991).

The results of this study suggests differenceat®srof growth cannot explain my

initial observation that for many species the sizacture of isolated populations
differed substantially between locations with sanihabitats. While the cause, or
causes of this structuring awaits further invesiiga it is apparent from the results of
studies and reviews over the last decade, thatlaimus of individual species can be
highly variable in space and time (e.g. Holbr@blal. 1984), as a result of structuring
processes operating before, during, and after itewent. These processes can operate
over small spatial scales and many of them coubilaéx the observed variations in

population structure.

The recruitment processes that have been founalugecstructuring include recruitment
variability (e.g. Doherty and Williams 1988a; Dotyet994), habitat selection by
recruits (e.g. Jones 1984, Carr 1991) and tempar&tion in the availability of this
habitat (Carr 1991). Post-recruitment processdadecemporal variation in habitat
availability (e.g. Holbroolet al. 1990a, 1990b), movements to preferred habitatis or
spawning areas (e.g. Webb and Kingsford 1992), etitign (e. g. Holbrook and
Schmitt 1986, 1989), mortality due to storm evéBtephen®t al. 1994), food

limitation (Jones 1984Db), shelter availability (8er1991) and predation (Hixon 1991).
The importance of each of these processes, antspthdikely to vary substantially

between different species of reef fish due to theterogeneous array of life-histories,
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as well as in space and time, particularly duééointeractive nature of all of these

processes.

The results of this study, however, provide songpstt for the prediction by Doherty
and Williams (1988a) that most species of tempeaatktropical reef fishes with a
dispersive larval stage rarely experience resdurgtation, at least for an important
resource such as food, which can influence ratgsafth and mortality. Therefore,
unless the predation effects suggested by Hixof1(L8re particularly important on
temperate reefs, the patterns set by recruitmeaegses on temperate reefs may
explain much of the observed variation in adult bers at scales greater than the range
of movements of individual fish, in a similar mante that found for tropical reefs
(Doherty 1994). Within the range of fish movemengvements in response to factors
such as food, predation, shelter, and competitierikely to be the most important

structuring mechanism.

Future research examining the population dynanfiesroperate reef fishes with
dispersive larvae needs to particularly concentatkong-term studies examining the
extent to which patterns of distribution and aburdaat settlement are modified by
post-recruitment processes. In particular, wheplest-recruitment changes are due to
movement or mortality, and if mortality is importan establishment of distributional

patterns, the extent to which this is due to priedat
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