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Abstract

Abstract

In temperate New South Wales, most fish speciethénfamily Labridae have not
previously been investigated with available knowkedrestricted primarily to
photographic identification guides providing briedtes on species distribution, habitat
preferences and identification. This informatisnnadequate for assessing the impact
of labrid harvesting on rocky reef systems and rwaking informed management
decisions for the protection of these fishes. &fwee, this study aimed to fill some of
the significant gaps in the understanding of lalasdemblages associated with rocky
reefs of temperate eastern Australia. This wasraptished by concentrating primarily
on three species Ophthalmolepis lineolatysNotolabrus gymnogeniand Pictilabrus
laticlavius - which are abundant and co-occur in shallow vgate20 m) on the central
coast of New South Wales. The methods used insthidy included SCUBA surveys
of labrid assemblagedn situ observations of labrid behaviour on SCUBA; and
acquisition of labrid specimens for the extractafnntestines, gonads and otoliths, and

for measurements of fish weight and length.

Labrids were found to be the most species rich lfamithe study region and were the
most abundant of all non-planktivorous fishes. @lea higher number of labrid

species and a higher number of labrid individualsuored in sponge garden habitat
(15-22 m depth) compared to fringe (3-7 m) and dyegr(8-15 m), owing to greater
densities ofO. lineolatus Austrolabrus gymnogeniand Eupetrichthyes angustipes

The common labridg\. gymnogenisAchoerodus viridisandP. laticlavius occurred at

higher densities in fringe habitat due mostly thigher representation of juveniles in
this habitat. The effect of habitat on labrid asBlRges was subject to small-scale
variation between sites (separated by hundreds etfes) and experienced temporal
changes due primarily to a substantial increagenabundance of recruits coinciding

with late summer and autumn (April-May).

Behavioural observations revealed that the threalfspecies differed substantially in
their spatial structure.O. lineolatuswere found to be temporary reef residents using
home ranges in excess of 2508 far periods of up to 1 year before permanently
emigrating outside these temporary home rangescomitrast,N. gymnogenigxhibit
strong site fidelity to reef patches of less th@0 &7 in which they remain for periods
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Abstract

in excess of 2 years. Reef patches are shareg by at least 10 juvenile and female
individuals and a single, highly territorial male a mating system suggestive of
resource defence polygyny. An understanding ofsghetial structure of. laticlavius

was constrained by its cryptic behaviour, but béhaal observations suggest this
species is home ranging and establishes tempaaripties for the purpose of feeding
and/or reproduction. Intensive ethological obseovs allowed for the description and
quantifying of several major behaviours in which apecies typically engaged
including encounters and interactions with othahdiss, lying, use of shelter, side-
swiping, bending, gaping, cleaning by clingfish&olpiesocidae) and colour change.
The occurrence of these behaviours often demoadtsibstantial differences among
species (e.g. lying, shelter and bending) and/p@ea&nced shifts with ontogeny (e.g.
interactions and area usage). These trends gbnezadained consistent at different

times of the day and periods of the year, and tit locations.

Dietary analyses revealé€dl lineolatus N. gymnogeniandP. laticlaviusare generalist
carnivores feeding on a variety of benthic inverds including polychaetes,
amphipods, decapods, gastropods, bivalves, polyplaarans, echinoderms and
cirripedes. Differences in the volumetric conttibn of prey items in the guts of each
species showed that food resources are partitianemhg species and observations of
foraging behaviour demonstrated a partitioning dtrohabitats used for feeding.
Ontogenetic shifts in diet and feeding microhabi@monstrate that food resources are
further partitioned within a species. However, rallemorphological and behavioural
similarities within a species results in greatempetition occurring among individuals
of the same species than among individuals of iiffespecies. This was reflected in
higher rates of intra-specific interactions compaveth interactions between labrid
individuals of different species. Observationgeagding episodes revealed the bite rates
of all species were typically unaffected by theeiof day and period of year in which
sampling occurred, but a location effect occuri@dd. lineolatusandP. laticlavius A

reduction in bite rate with ontogeny occurredXbrgymnogenis

The population structure of the three species stggeach exhibits the typical labrid
reproductive strategy of protogynous hermaphraditis O. lineolatus and N.
gymnogenisare both monandrous species, but the occurrens®roeP. laticlavius

males at small sizes and young ages suggests pleisies may be diandrous.
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Similarities occurred betwedd. lineolatusandN. gymnogeni the size/age at which
individuals sexually matured.@. 180 mm, 2 years) and changed sea.280 mm, 4.6
years), but these events occurred at substantsigller sizes (95 and 138 mm,
respectively) and younger ages (<0.9 and 1.9 yeaspectively) inP. laticlavius
Sectioned otoliths were used to determine that ltmgevity of O. lineolatus N.
gymnogenisaandP. laticlaviuswas at least 13.4, 9.6 and 4.8 years, respectivebes
were validated using marginal increment analysiEming of reproduction in each
species was asynchronous with peaks in the reptigduactivity occurring in late
summer to early autumn (February-March) @r lineolatus mid winter (July) forN.

gymnogenisand mid spring to early summer (October-Decemipd?) laticlavius

Information gained on the spatial structure, bebwawidiet, life history, growth and
demographics of. lineolatus N. gymnogenisand P. laticlavius has revealed that,
despite belonging to the same family, the ecoldgsignificance of each species is
distinct, the susceptibility of each species to rdwarvesting is different and that
‘blanket’ management strategies are inappropriate this diverse family. It is
recommended that this research acts a precursategning future studies aimed at
these and other temperate labrids of Australia ¢oenfully appreciate the ecology of
these fishes, for predicting the foreseeable caresszps of labrid exploitation and for

making more informed decisions for the protectibthese fishes.
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Chapter 1: Introduction

1.1 Research problem

Labrids, known commonly as wrasses, are frequecslytured by recreational and
commercial fishers, which are known to contribusesignificant reductions in labrid
densities and the mean size of individuals in sareas (Edgar and Barrett 1997, 1999;
Jones 1999; Gladstone 2001; Plat¢ral. 2002). These fishers typically target larger,
reproductive males that have undergone sex revémsal medium-sized reproductive
females, thus potentially causing significant Iead depletion in the density of
reproductive males. Disruptions to labrid assegdsamay result in flow-on effects to

other components of rocky reef systems includirey ppredators and competitors.

On temperate rocky reefs of eastern Australia tmetfonal ecology, life history and
demographics of most labrid species are yet tobestigated with available knowledge
restricted mostly to photographic identificationidps offering general notes on
distribution, habitat preferences and basic idmatiion. Such a limited scope of
scientific research is surprising as, being pregatd benthic invertebrates, the role of
labrids in structuring benthic assemblages may igeifeant. With an increase in
coastal fishing pressure occurring in temperatéeeag\ustralia (Henry and Lyle 2003;
Kennelly and McVea 2003) a greater understandintheffunctional significance of
labrids in rocky reef systems is needed. Therefii@ aim of this study is to provide
information to fill some of the significant gaps tine current understanding of labrid
assemblages associated with temperate rocky réefastern Australia. This will be
accomplished by focusing on three abundant and ccarong species (i.e.
Ophthalmolepis lineolatus, Notolabrus gymnogearsd Pictilabrus laticlaviug in
shallow waters of the central coast region of NewtB Wales (NSW). Information
obtained in achieving this aim will be useful foekmg informed decisions about the
ecological significance of labrids on temperatekyoceefs of eastern Australia, for
predicting any foreseeable consequences of labrategploitation and for making

informed management decisions for the protectiohes$e fishes.



Chapter 1: Introduction

1.2 Thesis structure and overview

The following structure has been used to achieeedim of this thesis. Chapter 1
outlines the general characteristics of labridsjrtfisheries in south-eastern Australia
and a description of each of the species focuseed this thesis (i.eOphthalmolepis

lineolatus Notolabrus gymnogeniand Pictilabrus laticlaviug. Chapter 2 introduces

the study region and describes the general metiodidocations that were selected for
achieving the thesis aim. As a component of threegd methods, a brief overview of a
pilot study is provided which was performed to deti@e the optimal sampling strategy
for behavioural observations. In Chapter 3, SCUf2&veying techniques are used to
quantify spatial and temporal patterns of labridtribution and abundance, at two
locations, for the purpose of determining the reéaimportance of labrids in fish

assemblages within the study region. Special esipli®given to the role of habitats in

determining patterns of labrid distribution.

Having established that labrids are consistentiyndant and diverse within the study
region, the following three chapters investigatpeass of the functional ecology, life
history and demographics of the three focal labriddhapter 4 explores the diurnal
behavioural repertoires of each of these speciaaguSCUBA and handheld,
underwater, video techniques. Among other behasjapecial consideration is given
to area usage, social spacing, interactions, she#te and colour change. Chapter 5
explores the dietary compositions and foraging biela of the focal species using a
combination of SCUBA observations and gut contesingnation. Chapter 6 outlines
the reproductive strategies, growth and demograpifithe focal species using SCUBA
observations, gonad examination, age estimatesedefrom otoliths, and length and
weight measures. Finally, Chapter 7 provides ansarg of the contribution this
research has made to better understanding theggcololabrids on temperate rocky
reefs of eastern Australia and for assisting iningknformed management decisions to
prevent the ecological consequences of their oaerdsting. Suggestions for future
research are also provided in the concluding chapte



Chapter 1: Introduction

1.3 Introduction to labrids

Australian marine and estuarine waters provide thtldor over 4200 fish species
(Hoeseet al. 2007), with temperate regions of Australia charastically having high
levels of fish endemicity (approx. 80% of all fishgPogonosket al. 2002). Of all
fishes inhabiting coastal Australia, fishes of flaenily Labridae (hereafter labrids)
represent the second most speciose family afterfatrely Gobiidae. Labrids are
distributed worldwide within tropical, subtropicahd temperate seas where they are
represented by over 60 genera and in excess o$pktles (Parenti and Randall 2000).
Of the 162 species in 41 genera currently reparteéklustralian waters (Pogonoskd al.
2002) more than 90 species have been recordedmipetate Australia (Jones 1999).
On rocky reefs of temperate Australia, these fishegresent one of the most
conspicuous, abundant and diverse groups, both holmgically and behaviourally.
Worldwide, four labrid species are listed as ‘erggaed’ or ‘vulnerable’ on the 2006
IUCN Red List of Threatened Species (IUCN 2006)hwiine, Cheilinus undulatus
occurring in waters of tropical Australia (Pogoniosk al. 2002). For several labrid
species of south-eastern Australia (eAmampses eleganand Achoerodus viridis

protection is offered in only part of their rand®ofjonosket al. 2002).

Labrids possess a pointed snout; terminal mouthllyswith thick lips and protruding
caniform teeth; pharyngeal teeth and jaws usecriashing hard prey items; elongate
bodies varying greatly in size, shape and coloygloed scales; a long dorsal fin
extending the length of the back; and a squarsligintly rounded, caudal fin (Kuiter
1996; Moyle and Cech 2000). The majority of labratb not exceed 400 mm in length
but some may grow to sizes in excess of 1 m (&apoerodus gouldii, Achoerodus
viridis and Cheilinus undulatys Most labrids are diurnally active, benthic caones
feeding on various soft-bodied and hard-shelled piems on hard reef substratum;
however, some such asbroides dimidiatuseed exclusively by engaging in cleaning
behaviour. The reproductive life history of lalsriypically involves sex reversal in the
form of protogynous hermaphroditism, whereby maostividuals reproduce as egg-
producing, initial phase (IP) females prior to ahiawgy sex to become sperm-producing,
terminal phase (TP) males. Sex reversal is ofteso@ated with distinct colour

changes. Variations on this reproductive stragegyoutlined in Chapter 6.
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1.4 Fisheries

Several species of labrid are keenly sought forsaorption by both recreational and
commercial fishers in south-eastern Australia. @amcial fishers involved in the use
of trap and line fishing methods regularly catchrids and provide these to fish
markets as discrete species or as ‘mixed fish'm@ercial species includgotolabrus
fucicola Notolabrus tetricusBodianus unimaculatyOphthalmolepis lineolatuand,

to a lesser extenjotolabrus gymnogen(§Sydney Fish Market 2005). It is not possible
to acquire accurate catch data for each specias dmmmercial records but catches of
22180, 2914, 2156 and 165 kg for 2003 are repdaieN. tetricus B. unimaculatusO.
lineolatusandN. gymnogenigespectively (Sydney Fish Market 2005). Howetleese
catch statistics are likely to be vastly under-espntative of the true landings of each
species as the majority of labrids captured by N&Mmmercial fishers are reported as
nondescript ‘mixed wrasses’ (NSW Fisheries Comnaér@atch Database) or are

provided to markets as ‘mixed fishes’.

Being colourful fishes, labrids have proven atirgcfor consumption in some cultures,
particularly the growing Asian culture in Australidhis led to the expansion of the live
fish trade in 1993 folN. fucicolaand N. tetricusin coastal waters of Tasmania and
Victoria (Murphy and Lyle 1999; Lyle and Hodgsor02Q. These fishes are caught and
sold live after being transported by refrigeratibacks in cooled seawater (Seafood
Industry of Victoria 2005). Sydney restaurants aedfood outlets provide the major
market for live fishes with a retail value up ta0§3er kilogram (Department of Primary
Industries 2004). The rapid expansion of this dighled to the introduction of
management controls whereby minimum and maximura kmits were applied and
limitations placed on the number of holders of Ifigh access licences (Murphy and
Lyle 1999). Future expansion of the live fish wai includeO. lineolatusand N.
gymnogeniss possible which prompts an immediate need fquiaing ecological and

biological information on these species for théfieeive management.

Labrids are also commonly caught by recreatiorsdiefis using line and/or spear for use
as bait, for consumption or, in the case of lirehdrs, as by-catch. Labrids taken by
recreational fishers in temperate Australia incl@dddoerodus viridisO. lineolatus N.
gymnogenisN. tetricusandPictilabrus laticlavius (Kingsford et al. 1991; Steffeet al.

5



Chapter 1: Introduction

1996; Henry and Lyle 2003; Kennelly and McVea 200Fstimates of recreational
captures oD. lineolatusandN. gymnogenisn NSW during 1993/94 are reported to be
as high as 23970 and 6199 kg, respectively (Steffeal. 1996), representing
substantially higher harvest rates than the coomrdipg commercial harvesting rates of
approximately 2500 and 150 kg in the same perigdr{f8y Fish Market 2005). More
recent data on recreational landings of labriddNBW is not available but personal
observation and communication with recreationahdis suggests that, over the past
decade, labrids are increasingly being retainedcémsumption. With approximately
17% of the NSW populationcfa. 100,000 fishers) participating in an estimated30.
million hours of fishing from mid-2000 to the enfl 2001 (NSW Fisheries 2002), the
impact of the recreational fishing sector on lalprgbulations is likely to be significant.
Indeed, increases in labrid densities and the mianof individuals are found in areas
where recreational fishing is excluded (Edgar armird&t 1997, 1999; Jones 1999;
Gladstone 2001).

Whilst management initiatives have been employedséme labrids of NSW, such as
A. viridis (bag limit of 2 fishes per day using hand line;sme limit), all other labrids
(excluding the protecteAnampses elegansave a generous bag limit of 20 fish per
day with no size restrictions (NSW Department afrfary Industries 2005b). As the
population ecology and biology of most NSW tempeetabrids is yet to be investigated
(Table 1.1), it is not known whether these curreanhagement regulations are effective

for sustaining labrid populations.

1.5 Labrids of temperate south-eastern Australia

The 83 labrid species found in NSW coastal watdegeet al. 2007) are a mixture of
both temperate and tropical species. In additioresident temperate labrids, juvenile
tropical labrids includingThalassoma lunateHalichoeres nebulosuand Stethojulis
interrupta may be found in temperate waters during late sunmand autumn carried
from tropical spawning sites by the East Austral@arrent (Holbrooket al. 1994;
Parker 1999). Whilst tropical labrids have broadges extending throughout the Indo-
Pacific, most temperate labrids of south-easterstralia have distributions that are
globally isolated and restricted (efchoerodus viridisand Notolabrus gymnoger)is
Some labrids in this region do have extended Oigtions across southern Australia
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(e.g. Pictilabrus laticlaviusand Ophthalmolepis lineolatysand to New Zealand (e.g.
Pseudolabrus luculentusnd Notolabrus fucicola or as far east as Easter Island (e.qg.
Notolabrus inscriptus (Jones 1999). On the NSW central coast, labsgkmblages
consist predominantly dfl. gymnogenisO. lineolatus A. viridis and P. laticlavius in
addition to lower densities oPseudolabrus guentheriCoris picta Austrolabrus

maculatusandEupictrichthys angustipg€urleyet al. 2002; Kuiter 1993).

Despite labrids being conspicuous and well repiteskeon rocky reefs of south-eastern
Australia, there is a lack of information outliningeir patterns of distribution and
abundance, behaviour, feeding ecology, life histagmographics and ecological
significance. Most research on temperate labratsfocused on species outside NSW
or has focused om\. viridis (Table 1.1). This lack of information represefats
significant gap in understanding the ecologicakrof temperate labrids, limits the
capacity to predict the system-wide impact of huraativities on rocky reef systems
and places constraints on the effective manageaidishing practices in the region. In
response, three resident labrids of the centradtamgion of NSW have been selected
for investigation as these species are locally abungiztnto date, very little is known
of their functional ecology, life history and demaghics. The speciéd. lineolatus
and N. gymnogenisepresent fishes regularly caught by commercial @atreational
fishers with the potential for an expanded marké&t the live fish trade. The labrfel
laticlavius has an ecological niche which preliminary investigns suggest is distinct

from O. lineolatusandN. gymnogenis
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Table 1.1: Examples of research conducted on selected |lapedies known to be part of rocky
reef fish assemblages of temperate south-eastestralia. Asterisks denote species investigated

in the present study.

Common name/s Scientific Theme Study Author/s
name Region
Eastern blue groper, Achoerodus Distribution/size structure NSW Gillanders 1997b; Gillanders
Eastern blue wrasse viridis and Kingsford 1998; Curley
et al.2002
Ecomorphology NSW Fulton and Bellwood 2004
Reproductive biology NSW Gillanders 1995a
Age/growth NSW Gillanders 1995a, 1997a
Larval development NSW Leis and Hay 2004
Feeding ecology NSW Gillanders 1995b
Western blue groper, Achoerodus Distribution/size structure SA Shephercet al. 2002;
Western blue wrasse gouldii Shepherd and Brook 2003
Activity patterns SA, WA  Shepherd 2006
Feeding ecology SA, WA Shepherd and Brook 2005;
Shepherd 2006
Blue-throated wrasse Notolabrus Movement patterns Tas. Barrett 1995a, b; Edgat al.
tetricus 2004
Activity patterns SA Shepherd and Clarkson 2001
Feeding ecology SA Shepherd and Clarkson 2001
Otolith microstructure Tas. Welsford 2003
Age/growth Tas. Barrett 1995a, 1999
Vic. Metcalf and Swearer 2005
Reproductive biology Tas. Barrett 1995a
Fisheries biology Vic. Smithet al. 2003
Purple wrasse, Notolabrus Movement patterns Tas. Barrett 1995a, b; Edgat al.
Saddled wrasse, fucicola 2004
Yellow-saddled wrasse, Otolith microstructure Tas. Welsford 2003
Banded wrasse Age/growth Tas.,NZ Barrett 1995a, 1999; Taylor
and Willis 1998; Ewinget al.
2003
Feeding ecology NZ Denny and Schiel 2001
Reproductive biology and NZ Barrett 1995a; Denny and
population structure Schiel 2002
*Maori wrasse, Ophthalmolepis Patterns of distribution NSW Curleyet al. 2002
Violet-line Maori wrasse  lineolatus Ecomorphology NSW Fulton and Bellwood 2004
*Crimson-banded wrasse Notolabrus Patterns of distribution NSW Curleyet al. 2002
gymnogenis Ecomorphology NSW Fulton and Bellwood 2004
Germ cell development  NSW McPherson 1977
*Senator wrasse Pictilabrus Movement patterns Tas. Barrett 1995a, b; Edgat al.
laticlavius 2004
Patterns of distribution NSW Curleyet al. 2002
Ecomorphology NSW Fulton and Bellwood 2004
Age/growth Tas. Barrett 1995a
Reproductive biology Tas. Barrett 1995a
Other Movement patterns Tas. Barrett 1995a, b
Ecomorphology NSW Fulton and Bellwood 2004
Age/growth Tas. Barrett 1995a
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1.6. Focal species
1.6.1 Maori wrassed@phthalmolepis lineolatys- [Valenciennes 1838]

Ophthalmolepis lineolatysor Maori wrasse, derive their common name froma th
presence of numerous bright blue facial markingsuad the eyes (similar to facial
tattoos in Maori culture). This species has rdgerdgceived the common name of
violet-line Maori wrasse (Sydney Fish Market 200&)distinguish it from the tropical
labrid Cheilinus undulatuswhich is known commonly as Maori or humphead Naor
wrasse. Individuals oD. lineolatushave a distinct body colouration with an orange-
brown upper, white middle and yellow-orange lowandls extending horizontally along
the length of the body (Figure 1.1a). Sexual diolism exists between stages with TP
males possessing a black band through the midee¢Ekmure 1.1b). Maximum
attainable length is generally less than 450 mn{Kiiter 1996).

Figure 1.1: Morphology and distribution dDphthalmolepis lineolatus Shown are a 200 mm
initial phase female (a) and a 330 mm terminal phmale (b). The distribution @. lineolatus

is highlighted in red (c). Cross-hatching aroumel toast of Tasmania indicates the distribution
of this species is typically restricted to deepeatars. Photograph (a) provided by David
Powter.
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O. lineolatus are widespread throughout temperate Australia vethdistribution
extending from southern Queensland, throughoutheontAustralia (excluding shallow
waters of Tasmania), to the Houtman Abrolhos (Wastkustralia) (Kuiter 1996)
(Figure 1.1c). O. lineolatusare found in loose aggregations from depths of & rat
least 60 m, with highest densities on relativelggleoastal reefs at reef-sand interfaces
(Kuiter 1993; Curleyet al. 2002).

1.6.2 Crimson-banded wrasdéqtolabrus gymnogenis- [Glnther 1862]

Notolabrus gymnogeniare sexually dichromatic with TP males exhibitingranson
transverse band through the midsection (not visibleigure 1.2b); crimson dorsal and
anal fins; white caudal peduncle; yellow caudaj &ind a head exhibiting a dark upper
and light lower half (Figure 1.2b). Juvenile arl ihdividuals are light brown with
numerous rows of white dots of various sizes cowggethe body (Figure 1.2a). TP
males attain a maximum length of 400 mm TL (Kuite®3).

Figure 1.2: Morphology and distribution oNotolabrus gymnogenis Shown are a 230 mm
initial phase female (a) and a 320 mm terminal phamle (b). The distribution df.
gymnogeniss highlighted in red (c).
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N. gymnogenigre found in high abundances from southern Quaedsb Mallacoota
(Victoria) (Figure 1.2c) on coastal rocky reefsdepths of 2 m to at least 40 m (Kuiter
1996). Juveniles are cryptic favouring reefs viiigh algal coverage, whilst IP and TP
individuals are highly visual. Individual malesdalvose aggregations of females are
distributed over most available hard substrate @€ui996; Curleyet al. 2002).

1.6.3 Senator wrasseigctilabrus laticlavius—[Richardson 1839]

Juvenile and IPPictilabrus laticlaviusare dull green to brown providing excellent
cryptic colouration in their preferred algal habitgigure 1.3a). Juveniles also possess
numerous small dots on the dorsal surface andtmdidlack dot at the base of the
dorsal fin (Kuiter 1996). P. laticlaviusare sexually dichromatic with TP individuals
lime green with 2 lateral, purple stripes extendmogn the opercula and merging into a
single stripe through the caudal peduncle. An tamthl broad, perpendicular stripe

extends from the lower stripe to the anal fin (Fegli.3b).

Figure 1.3: Morphology and distribution d®ictilabrus laticlavius Shown are a 100 mm initial
phase female (a) and a 190 mm terminal phase rbaleThe distribution oP. laticlaviusis
highlighted in red (c).
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P. laticlaviusare widespread throughout temperate Australia svidmstribution ranging
from Byron Bay (NSW), throughout southern Australia the Houtman Abrolhos
(Western Australia) in algal habitat from depths2ofo 30 m (Kuiter 1996) (Figure
1.3c). Individuals typically do not exceed 250 niin(Kuiter 1996).
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2.1 Study region

All data were collected between August 2003 andket 2006 from locations situated
on the central coast of NSW, Australia, which isali@d within the Hawkesbury Shelf
bioregion (Figure 2.1a). This bioregion extendspragimately 210 km from
Shellharbour (385’ S, 15053’ E) to Stockton (354 S, 15£48 E) and is
characterised as having a warm, temperate climatewarm to hot summers and no
significant seasonal pattern of rainfall (IMCRA Thadacal Group 1998). Coastal
oceanographic circulation is primarily influenceglthe East Australian Current (EAC)
flowing south from the tropics in summer, and ce@ter moving north from Bass
Strait in winter (IMCRA Technical Group 1998; CSIRZDO00; NSW Fisheries 2001).
Marine fauna is distinct with unique assemblageseef fishes, asteroids, echinoderms,
gastropods and bivalves (IMCRA Technical Group 3998

2.2 Locations used for surveys of labrid assemblages

Labrid assemblages were investigated between Au2@88 and May 2005 at two
locations (Terrigal and Norah Head), which are smpd by approximately 30 km
(Figure 2.1a). These locations were selected bagetheir representation of fringe,
urchin-grazed barrens and sponge garden habi@afl@ae 3.1 for habitat descriptions)
in a concentrated area. Locations representintp@é habitats are locally rare as most
local coastal rocky reefs are bordered by sand #hgallower than most sponge garden
habitat (i.e. less than 15 m). Other locationg@inmg sponge garden habitat are found
on the central coast of NSW but these are eithférenced by estuary outflow, fail to
contain sufficient habitat area for adequate samgpldo not provide representative

areas of all three habitat types and/or have acmssraints.
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Figure 2.1: Map of the central coast region of New South Wdlustralia) showing the two
locations used for sampling fish assemblages {@)e position of the two sites within each
location is indicated by stars on the expandedimeanaps of Norah Head (b) and Terrigal (c).
Each star is representative of the general arehtossample subtidal fringe, barrens and sponge
garden habitat. Exposed reef is shown in crosshiedtshading.

Terrigal (3327’ S, 15227’ E) is represented by a cliff headland (‘Thell&ki’) with an
extensive intertidal rock platform at its base.e3é rocky platforms end abruptly at the
littoral fringe with the subtidal reef stepping idly through fringe, barrens and sponge

garden habitat at depths of 5-7, 8-15 and 15-2iespectively. The two sites selected
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at Terrigal are located on the southern and théhaor aspects of this headland. These
survey sites were typically accessed from the adjacock platform, but boat access
was available from Terrigal Haven when sea conaltizvere unfavourable for shore

dives.

Bull Reef (3317 S, 15235 E) is an offshore rock pinnacle that is sitdate
approximately 300 m north-east of the Norah Heghthiouse (Figure 2.1b). This reef
is accessible only by boat, with a launching ramgilable at Cabbage Tree Bay. The
apex of the Bull Reef pinnacle is exposed at midl law tides with a broad expanse of
shallow (i.e. 5-7 m) fringe habitat, interspersathviarge patches dtcklonia radiata

extending toward the Norah Head lighthouse. Onnibr¢gh-western and south-eastern
sides of this fringe habitat the barrens habitattstin depths of 8 m and ends abruptly
at sand interfaces in depths of approximately 15 $ponge garden habitat is located
mostly on the northern side of Bull Reef in depth45 to 22 m. The two sites selected
at the Bull Reef location roughly represent the tesgs and the eastern side of this

subtidal reef.

Details of the survey design, field techniques dath analyses relating to the surveys
of fish assemblages are provided in Chapter 3.

2.3 Locations used for the investigation of labrid &elour

Behavioural observations @dphthalmolepis lineolatysNotolabrus gymnogeniand
Pictilabrus laticlaviuswere conducted at Catherine Hill Bay and NorahdHeetween
August 2003 and January 2005 (Figure 2.2). Stadstions were chosen for their high
abundance of all three labrid species, protectioomf coastal swells, minimal
constraints on accessibility and good represemtatfaocky reef habitat in depths of 3-

9m.

Catherine Hill Bay (330’ S, 15%38’ E) is a large, east-facing coastal embayment
located approximately 85 km north of Sydney. Thelg site at Catherine Hill Bay is
located at the southern end of this embayment i@sdbeneath, and to the south of, a
jetty used until 2002 for loading coal from the Vdedh Colliery onto ships for
transport to the Port of Newcastle (Figure 2.2Bublic access onto the ‘Coal Loader’
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structure is prohibited. All behavioural obsergas were made in rocky habitat found
toward the seaward end of the Coal Loader in deptl&s9 m. The rocky reef in the
study area consists of barrens habitat in the fofmock piles and slabs, interspersed
with steel refuse (e.g. ladders, chains, pipe3, &nd patches of kelfE€¢klonia radiatg
and mixed species of algae. This ‘mixed’ habitattmues into shallow waters which
extend from the beach and rocky shelf at the sontlead of Catherine Hill Bay.
Extensive sand flats are found on the north-wesside of the Coal Loader and

continue throughout the embayment of Catherine Bl.

Norah Head (337’ S, 15234’ E) is located approximately 75 km north of Sggrand
consists of a large rocky headland with extensoaky platforms and sandy beaches.
The study site at Norah Head is located on thehsontreef of Cabbage Tree Bay
(Figure 2.2c). The seaward edge of this reef st®isof a rock wall extending
approximately 300 m in an easterly direction fromb@age Tree Bay boat ramp. The
base of this rock wall varies from depths of 3 mthe west to 9 m in the east.
Shoreward of the rock wall is an extensive subtidef in depths of 2-4 m. The rocky
reef at the Norah Head study site consists of nrghazed barrengcklonia radiata
forest and fringe habitat, and patches of mixectisgeof algae. Sand flats border the
southern reef at Cabbage Tree Bay but vast areaslaifvely shallow (i.e. <10 m)

subtidal reef extend to the north of Norah Head.

Details of the study design, methods used in fadddervations, data collation and data
analyses are provided in Chapter 4. The methotmed in Chapter 4 for collecting
and analysing behavioural data were also used dantifying bite rate and use of
feeding microhabitats (Chapter 5), and describingring and spawning behaviour
(Chapter 6).
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Figure 2.2: Map of the central coast region of New South Wakustralia (a) showing the

locations used for collecting fish specimens arthb®ural data foOphthalmolepis lineolatys
Notolabrus gymnogenandPictilabrus laticlavius Locations where individuals were obtained
by spear are indicated by arrows. The positiotheftwo areas where behavioural observations
occurred within each location is shaded on the eded location maps of Catherine Hill Bay

(b) and Norah Head (c).

Spearing of individuald diot occur within the shaded areas.

Exposed reef is shown in cross-hatched shading.
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2.4 Pilot study

Sampling strategies for documenting labrid behavioalude continuous recording of
behaviours over a defined period of time (e.g. Saed Thompson 1980; Jones 1981,
1983; Hoffman 1983; Sakai al. 2001; Shepherd and Clarkson 2001; Bansezhai.
2002; Fulton and Bellwood 2002b), over a non-defiperiod of time (e.g. Tribble
1982), or at 10 or 15 seconds intervals within éinéd time period (e.g. Gillanders
1995a; Martha and Jones 2002).

The duration of time periods used to investigatarithbehaviour include 3 minutes
(Hoffman 1983), 5 minutes (Hoffman 1983; Gilland&@95b; Fulton and Bellwood
2002b), 10 minutes (Martha and Jones 2002; ShepmetdBrook 2005), 15 minutes
(Jones and Thompson 1980; Jones 1981, 1983; Hoffra@8; Shepherd and Clarkson
2001), 20 minutes (Sakat al. 2001), 30 minutes (Jones and Thompson 1980; Jones
1981), 40 minutes (Moyer and Yogo 1982; Bansesterl. 2002) and 60 minutes
(Barrett 1995b). With few exceptions (e.g. Gillargl 1995b), most studies of fish
behaviour proceed with trusting acceptance of ti@thl sampling methods without
questioning issues of sampling efficiency and im@ien. However, the time period of
choice for sampling fish behaviour is potentialiyffluienced by factors such as the
species of interest, the life history stage ofraividual, the sampling location and the
behaviour of choice. Therefore, preliminary samgpliis required for optimising
sampling effort to avoid wasted effort, failure ¢apture the full range of behaviours

and/or high imprecision (Andrew and Mapstone 1987).

Lengthy time periods allow greater understandingaddingle individual's behaviour
over a longer period, but places constraints oticamn. Conversely, shorter time
periods allow larger sample sizes and sufficienivgrofor statistical tests, but may
inadequately represent the behaviour of the foohjest. A trade-off of cost-benefit
therefore ensues. For this study, the period ofetifor observations of single
individuals provided such a trade-off situationhefefore, prior to the implementation
of a sampling strategy for use in the major studigapters 4 and 5), a pilot study was
undertaken for the purpose of determining the agitsampling strategy for quantifying

components of labrid behaviour.
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The pilot study aimed to address two questionststllfj do behaviour rates and/or
proportion of time engaged in behaviours differ fadividuals followed for time
periods of 10, 20 and 30 mins? Secondly, are asiais consistent across species, life
history stages and locations? At this stage ofrdsearch investigatioRictilabrus
laticlavius was not a species of consideration for the madjaiysso the pilot study was
performed only forOphthalmolepis lineolatuand Notolabrus gymnogenis For both
species, three randomly selected individuals oheafcthree life history stages (i.e.
juvenile, initial phase and terminal phase) weltoweed for separate periods of 10, 20
and 30 mins at Catherine Hill Bay and Norah Heaab(d 2.1). All data were recorded
from August to December 2003 between 0700 and ht 2@ depths ranging from 4 to
9 m. Behavioural observations for the pilot stuyalled 36 hours. Detailed
descriptions of the methods involved with field eb&tions and data collation are

provided in Chapter 4.

A four-factor mixed model analysis of variance (AN&) using GMAV5 software
(Institute of Marine Ecology: University of Sydnewas used to test for differences in
the occurrence of behaviours in 10, 20 and 30 rbservation times, and to determine
whether differences, if any, were consistent folif history stages of each species at
two locations (Table 2.1). Behaviours chosen foalgsis were area usage; total
encounters with other fishes, dominant and subatdimteractions; percentage of time
lying and within shelter; and episodes of side-swgpbending, gaping and biting. All
behaviours, excluding biting, are described in Gaap. Assumptions of homogeneity
of variance were tested using Cochran’s C testta b@re transformed when variances

were heterogeneous (Underwood 1981).

Table 2.1: Four-factor mixed ANOVA model used to test forfeiEnces in the occurrence of
behaviours in 10, 20 and 30 min observation timaes, to determine whether differences, if
any, are consistent for all life history stagesQyhthalmolepis lineolatusind Notolabrus
gymnogenist two locations.

No. of Fixed (F) or

Factor Levels Random (R) Levels
Observation time 3 F 10 min, 20 min, 30 min
Species 2 F Ophthalmolepis lineolatysNotolabrus gymnogenis
Life stage 3 F Juvenile, Initial phase, Terminaagd
Location 2 R Catherine Hill Bay, Norah Head

(Replicates = 3)
(Total observational units 10€)
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The pilot study revealed that all behaviours obsgrin 20 and 30 min periods were
also observed in 10 min periods, and that areahedegviour rates and/or proportion of
time engaged in a behaviour did not differ amorajvicluals followed for 10, 20 and
30 min time periods (see Appendix 1). These caichs were consistent for each life
history stage of each species at both CatherineBldi} and Norah Head. Therefore, it
was concluded that the use of 10 min time periodshfe following of focal individuals

in the major study was most favourable as greadrcation could be achieved.

2.5 Specimen collection

Up to 20 individuals ofOphthalmolepis lineolatysNotolabrus gymnogenisand
Pictilabrus laticlaviuswere collected monthly in 2005 from several lozagi on the
central coast of NSW (Figure 2.2a). Further saspleere also obtained
opportunistically in 2003, 2004 and 2006. Mostiwiitlals were captured using hand-
held spear or spear gun on snorkel-and-mask (TaBle Additional specimens were
provided by recreational anglers and commercigb fiahers. Whenever possible,
specimens were collected to encompass the avaikibte range of each species.
Specimen collection occurred with permission frone tUniversity of Newcastle’s
Animal Care and Ethics Committee and the NSW Depamt of Primary Industries.
Fish total length (TL) range and total fish numbesese: O. lineolatus(94-374 mm,
n=225),N. gymnogenig76-358 mm, n=195), anB. laticlavius (70-216 mm, n=93).
Fewer P. laticlavius were obtained as this species is highly cryptie. (remaining
hidden within algal or rock shelter for extendediqds of time), and specimens were

not provided by recreational and commercial fishers

The colour phase (i.e. initial phase or terminadg#), total length (1 mm) and weight
(x0.01 g) of each individual was recorded befoeeititestine, gonads and otoliths were
extracted. Intestines were used for dietary aeslyf€hapter 5), gonads were used to
sex individuals and determine life history paramset@.e. size at maturity and sex
change, and reproductive season) (Chapter 6), tolithe were used to determine the
age of individuals (Chapter 6). Spearing of indixals occasionally caused significant
damage to intestines, gonads and/or otoliths rémgléhese samples unusable. In such

cases, the sample was omitted from the data set.
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Details of sample preparation, data collection dath analyses are provided in Chapter

5 (for intestines) and Chapter 6 (for gonads antitbs).

Table 2.2: Sample sizes, size ranges, collection method ewitkction locations for
Ophthalmolepis lineolatysNotolabrus gymnogenisind Pictilabrus laticlavius used for
extraction of intestines, gonads and otoliths, me@surements of fish weight and total length.
Total number of specimens for each species is geohvin parenthesis.
Sample  Sizerange  Collection
size (mm TL) method

Species Locations

Ophthalmolepis lineolatus 135 94 — 346 Spear Norah Head,
(n=225) Catherine Hill Bay,
Lakes Beach

49 218 — 359 Line Norah Head,
Birdie Island

41 316 — 374 Trap Offshore (various)

Notolabrus gymnogenis 176 76 — 354 Spear Norah Head,
(n=195) Catherine Hill Bay,
Lakes Beach,
Moonee Beach,
Toowoon Bay,
Swansea Heads

14 219 — 345 Line Norah Head,
Birdie Island

5 282 — 358 Trap Offshore (various)
Pictilabrus laticlavius 93 70 -216 Spear Norah Head,

(n=93) Catherine Hill Bay,
Toowoon Bay,
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Chapter 3:

Habitat-related Variation
in Labrid Assemblages
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3.1 Introduction

3.1.1 Problem statement and chapter aim

Before attempting to more fully understand the fiomal ecology of labrids on

temperate rocky reefs, it is important to firstetaetine whether these fishes are well
represented on these reefs and to describe pattethsir distribution and abundance.
Whilst general habitat associations are documefdedome species of labrid (e.g.
Gillanders and Kingsford 1998; Shepherd and Brod¥3), few studies have

investigated the relationship between habitats emtde labrid assemblages including
spatial, temporal and ontogenetic influences oisdhgatterns. Therefore, the aim of
this chapter is to determine the role of habitad asurce of variation in the distribution
and composition of labrid assemblages. The efééchabitat is also explored for

spatial, temporal and ontogenetic consistency. t#ercarea of study which is lacking is
the relationship between patterns of labrid distitn and the social organisation,
behaviour, diet and life history of these fish&n, findings from this chapter are used
to complement data obtained in later chapters roogi the social organisation and
behaviour (Chapter 4), feeding (Chapter 5), andoeiyrctive life history (Chapter 6) of

these fishes.

3.1.2 Patterns in assemblage structure

The description of spatial and temporal patternassemblages, and determination of
the scales at which greatest variation existspnigssential part of defining important
ecological processes governing assemblage structbignificant advances have been
made in describing patterns of heterogeneity inpemate intertidal (Underwood and
Chapman 1998a, b) and subtidal benthic assembl&@heat and Schiel 1982;
Underwoodet al. 1991; O’Hara 2001; Schiel and Hickford 2001), there has been
limited progress in addressing assemblage patiernighly mobile taxa such as fishes.
Several studies have focused on fish assemblagespital systems (Williams 1986;
Fowler 1990; Letourneur 1996a; Connell and Kingsf®®98; Ferreirat al. 2001), but
most research on spatial and/or temporal varigbdfttemperate rocky reef fishes is
restricted to single species (e.g. Jones 1984&illgnders 1997a, b; Gillanders and
Kingsford 1998; Shepherét al. 2002; Shepherd and Brook 2003) or temperate
assemblages in regions outside Australia (Choatghidg 1987; Holbrooket al. 1994;
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Magill and Sayer 2002; Pihl and Wennhage 2002; Asale and Millar 2004). This
represents a significant gap in the understandihdish assemblage dynamics on
temperate rocky shores of eastern Australia andtslithe capability to detect
anthropogenic impacts, to develop appropriate mamagt strategies and to understand

the current status of fish species in the region.

3.1.3 Spatial variation in fish assemblages

Tropical and temperate reef fish assemblages déxtobisiderable variability at a range
of spatial scales. Differences in fish assemblagst across latitudinal gradients
(Floeteret al. 2001), across the continental shelf in the Greati® Reef (Williams
1986; Bellwood and Wainwright 2001), between mainlandst®and offshore islands
(Meekan and Choat 1997; Floetdral. 2001; Denny 2005), among locations separated
by hundreds of kilometres (Anderson and Millar 2084d between sites separated by
several kilometres (Fowler 1990; Meekan and Ch88f1Anderson and Millar 2004).
However, the greatest variation often occurs atllemscales. For example, Curley

al. (2002) found variation in the abundances of nucadlsi dominant fishes on rocky
reefs of NSW was higher at scales of metres (neors transects) to hundreds of
metres (i.e. between sites) than among locatiommrated by several kilometres.
Similarly, reef fish assemblages in north-easteewNZealand demonstrate greatest
variability among replicate transects (separateddng of metres) rather than among
sites (separated by hundreds of metres) or locati@eparated by hundreds of
kilometres) (Anderson and Millar 2004).

Spatial variation in the representation of habitatstributes to spatial variation in fish
assemblages. Habitats may be defined using physichiological attributes, or a
combination of both. Significant advances havenbe®de on subtidal rocky shores
describing relationships between benthic assemsblagd habitat structure (Choat and
Schiel 1982; Underwoodt al. 1991; O’Hara 2001, Schiel and Hickford 2001) owing
partly to the fact that benthic assemblages thamasemay structure the habitat so
therefore have a strong association with a padichhbitat type (e.g. echinoids and
barrens habitat: Andrew and Constable 1999). Farermobile assemblages, such as
fishes, further work is needed in describing habitated patterns of distribution.

Advances have been made in identifying relatiorshiptween the structure of fish
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assemblages and substrate type (Hareta. 2003), depth (Rookest al. 1997; Lowry
and Cappo 1999; Ferreie al. 2001; Fultonet al. 2001; Bearet al. 2002; Fulton and
Bellwood 2004; Denny 2005) and wave exposure (Bmlvand Wainwright 2001;
Fulton et al. 2001; Bellwoodet al. 2002; Shepherd and Brook 2003; Fulton and
Bellwood 2004), but more information is needed attgyns of distribution before fish

assemblages are fully understood.

In temperate systems of New Zealand and soutlemagtustralia, trends in fish

occurrence and abundance strongly coincide withtdtabthat have been identified
using a combination of both dominant benthic assagds (e.g. alga type and cover)
and physical attributes of the reef (e.g. depth exubsure) (Gillanders and Kingsford
1998; Curleyet al. 2002; Anderson and Millar 2004). However, thesecurrently an

insufficient understanding of the processes undeglyhe observed patterns in fish
distribution and abundance, the long-term tempa@hsistency in habitat-related

patterns, and ontogenetic variation in habitat @asons.

3.1.4 Labrid dominance in fish assemblages

Where hard substrata is available, labrids arenairtemt component of tropical (Green
1996; Letourneur 1996a; Rookat al. 1997; Mejia and Garzon-Ferreira 2000;
Bellwood et al. 2002; Floetert al. 2001) and temperate fish assemblages (Treasurer
1994; Garcia-Charton and Perez-Ruzafa 1999; Pa8@9; Ruittonet al. 2000; Magill
and Sayer 2002; Pihl and Wennhage 2002) in termtheaf species richness and
abundance. The high contribution of labrids taltdish species is maintained across
broad longitudinal and latitudinal gradients. Ezample, Bellwood and Hughes (2001)
found approximately 12-38% of all coral reef fighesies were labrids in sites across
the Indian and Pacific Oceans. In sites with greahan 100 species, labrid
contribution was constrained to approximately 1%628f all fish species. Labrid
assemblages in temperate regions have reduceckspmtiness compared with tropical
systems (Floetest al. 2001), but it is not known whether this reductismeflected in a

reduced contribution of labrids to the entire fesemblage.
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3.1.5 Habitat associations in labrid assemblages

In temperate systems, labrids appear to be almadusvely associated with rocky
reefs and/or algal habitats (Treasurer 1994; Gd&aiaies and Macpherson 1995; Pihl
and Wennhage 2002) which potentially limits emigratbetween adjacent reefs that
are separated by expanses of sandy sediment (Wa@82; Barrett 1995b). Many
species exhibit habitat-specific associations vkigtp-forests, urchin-grazed barrens,
deep sponge gardens and sandy areas adjacentkp meefs (Jones 1999). For
example, Curleyet al. (2002) foundPictilabrus laticlaviusto be most abundant in
Ecklonia forest compared to other rocky reef habitats ifNS&nd Ophthalmolepis
lineolatusandCoris pictamost abundant in deep barrens and sponge hahita&wise,
higher abundances @odianus unimaculatuand Pseudolabrus milesccur in kelp-
forests compared to other rocky reef habitats imhreastern New Zealand, and higher
abundances dfiotolabrus celidotudNotolabrus fucicolaandCoris sandagerare found

in urchin-grazed barrens (Anderson and Millar 200@ther labrids are known to be
less restricted in habitat use. For examphehoerodus viridisand Notolabrus
gymnogenisoccur in Ecklonia forests, urchin-grazed barrens and sponge haibitat
similar abundances (Curley al. 2002).

For many temperate labrids, significant size-relgiatterns of abundance occur across
habitats that are reflective of ontogenetic shifthabitat requirements. Whilst some
labrids recruit directly into adult populations, myaspecies exhibit post-recruitment
migrations to adult habitat. For example, the agpjuvenile habitats oAchoerodus
goudii (Shepherdet al. 2002; Shepherd and Brook 2003) aAdhoerodus viridis
(Gillanders 1997a; Gillanders and Kingsford 1998lla@ders 1999) are moderately
sheltered, shallow (1-3 m) seagrass or kelp bedsstvadult populations are associated
with deeper (>5 m), exposed rocky reefs. The peet&l use of shallow fringe and/or
Eckloniaforest habitat by juveniles is well documented dtiner labrids on temperate
rocky shores of south-eastern Australia (Curéyal. 2002) and New Zealand (Jones
1984a; Choat and Ayling 1987), but there is a suligl gap in the current

understanding of spatial and temporal influencethese habitat associations.

As labrids exhibit associations with rocky reef it@ls and demonstrate ontogenetic
shifts in habitat use, it is evident that rockyfseand the habitats they represent offer
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ecological needs for these fishes which are notdgmmeously available in subtidal
systems. For example, the association of juvdaleids with shallow algal habitats
may be in response to the availability of manageabty items, notably amphipods and
small molluscs, which are abundant in this halfitahes 1999; Edgar 2001; Shepherd
and Clarkson 2001). Habitat associations may @@flect refuge availability as bouts
of diurnal activity are frequently interspersed twihe seeking of shelter in many
labrids. Refuge requirements of labrids have remnbwell addressed but these fishes
are known to shelter beneath algal canopies, ik coevices and within holes between
or under rocks (Sayeet al. 1993; Barrett 1995b; Gillanders and Kingsford 1,998
Shepherd and Clarkson 2001; Shepherd and BrooK) 2@asthermore, many diurnally
active reef fishes, including labrids, require plag crevices to avoid nocturnal
predation and/or avoid displacement caused by veawvge so may be restricted to

habitats offering these nocturnal refuges.

Food and shelter requirements of labrids are egglanore fully in Chapter 6 and
Chapter 4, respectively, as are other processedy lib be important for describing
patterns of labrid distribution and abundance (esgcial organisation, resource
partitioning etc.).

3.1.6 Temporal variation in labrid assemblages

Attempts to describe habitat-related patterns endistribution and abundance of fish
assemblages should be complemented with knowlefigmw these patterns change
over time. Yet, temporal influences on fish asdegpds are not always explored.
Temporal variability in fish assemblages occursr®aales of hours, days, seasons and
years (Holbrooket al. 1994; Letourneur 1996b; Thompson and Mapstone )2002
Mechanisms driving variability include tidal cycldgnar cycles, oceanographic events,
ontogenetic habitat shifts, prey availability, caetipon, predation, migration and
reproduction (Holbroolet al. 1994; Kingsford 1998b). Observed temporal chaniges
fish assemblages may be significant in temperastesys, but spatial variability is
typically far greater (Jones 1984a, b; Cheatal. 1988; Barrett 1999; Anderson and
Millar 2004).
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Reef fish assemblages do not appear to exhibiel&egporal variability in species
richness; however substantial fluctuations in alamcés of individual species do occur.
Contributing to temporal fluctuations in abundam@eriodic recruitment of juveniles
(Holbrook et al. 1994; Letourneur 1996b; Rooket al. 1997; Sponaugle and Cowen
1997; Green 1998). Most reef fishes, includingitid) possess a bipartite life cycle
involving a dispersive, planktonic larval stage gfhimay last for up to 50 days (Caselle
and Warner 1996; Masterset al. 1997; Jones 1999). Recruitment of juvenile labrid
is typically associated with periods of warmest semperatures (i.e. summer and
autumn) (Sayeet al. 1993; Garcia-Rubies and Macpherson 1995; EdgarBamncktt
1997; Mastersort al. 1997; Jones 1999; Magill and Sayer 2002; Pihl Afehnhage
2002). In temperate waters of eastern Australianynof these recruits (e.g.
Thalassoma lunareHalichoeres nebulosuand Stethojulis interruptp are of tropical
origin having been transported to higher latituffesn tropical spawning sites by the
East Australian Current (Holbrookt al. 1994; Parker 1999). Settlement of these
‘tropical’ fishes may contribute up to 20% to thpesies richness of fishes on temperate
reefs. Juveniles of tropical origin generally dat sBurvive into winter in response to

cooling water temperatures (Holbroekal. 1994).

Temporal patterns of recruitment for ‘local’ labrgpecies that are permanently
associated with rocky reefs of temperate easterstrAlin are largely unknown. An
exception isAchoerodus viridisn which recruitment peaks in September to October
after a reproductive season lasting from July tpt&eber (Gillanders 1995a;
Gillanders 1997b). Labrids found on Tasmanian yockefs are known to have
reproductive seasons extending from August to JgniBarrett 1995a), but the timing
and magnitude of recruitment in these and otherdalof south-eastern Australia is
largely undetermined. It is likely that recruitm@vents coincide with the settlement of
large numbers of small crustaceans which contribubstantially to the diet of juvenile
labrids (Gillanders 1995b; Shepherd 1998, 2006e9d®99; Denny and Schiel 2001).

3.1.7 Overview and chapter objectives

Little is known about the structure, if any, of l@mbassemblages in temperate waters of
Australia and the role of habitat in contributirgythis structure. Habitat associations
are documented for selected labrid species, baethssociations are often not explored
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for spatial, temporal and ontogenetic consisteregpde the likely significance of these
factors in influencing patterns of distribution aadundance. The role of habitat in
structuring labrid assemblages is explored in ¢hispter by determining habitat-related
variation in labrid species richness and the cbation of labrids to total fish species,
labrid density and the contribution of labrids ¢al fish density, species composition
of labrid assemblages, and the density and sizahdisons of ‘common’ labrids (i.e.
Ophthalmolepis lineolatysNotolabrus gymnogenisAchoerodus viridis Pictilabrus
laticlavius Austrolabrus maculatusind Eupetrichthys angustipes Habitat-related

patterns, if any, are also explored for spatial &majporal consistency.
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3.2 Methods
3.2.1 Study area and locations

Surveys of fish assemblages were undertaken betagust 2003 and May 2005 at
Terrigal and Norah Head on the central coast of NSMdetailed description of the

study area and each location is provided in Chapter

3.2.2 Survey design

Fish assemblages were surveyed using a mixed nioeedrchical sampling design.
Within each location, two sites separated by 250+4#®0were sampled (Figure 2.1). At
each site, threelistinct habitats were surveyed (Table 3.1). Wiitkeiach of these
habitats, fish assemblages were recorded withih efsix replicate transects. Surveys
were conducted on 5 occasions, separated by appatdy 4 months, over a 22 month

period.

3.2.3 Field surveys

Visual surveys of fish assemblages were compleyea &ingle observer (the author) to
ensure recording techniques were consistent, \BGIgBA, between 1000 and 1600 hr
when visibility exceeded 8 m. After a desired lathivas located, a fibreglass tape was
weighted to the substrate in preparation for th& fransect. Whilst following a depth
contour, the observer recorded all mobile non-écyjthes and their abundances in a 5
m wide band over a distance of 25 m (total ared2&fnf). For labrids, all individuals
were placed into 50 mm total length (TL) size atss@.e. 50-99, 100-149, 150-199 mm
etc.) and colour phase (i.e. initial phase or teahphase) was recorded for dichromatic
species. All data was recordedsitu on survey sheets copied onto underwater paper.
A dive buddy was used to deploy a fibreglass tagieral the observer and to alert the

observer at the completion of each transect byruthe observer’s fin.
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Table 3.1: Descriptions of fringe, barrens and sponge gatdsiitat used for conducting fish
surveys. Descriptions are adapted from Undervaiad. 1991 and Andrew 1999.

- 4 Fringe

Relatively shallow habitat (3-7 m) consisting of
several patchy, non-dominant algal species inctydin
crustose coralline algae, flamentous algae andta h
representation (>50% coverage) of turfing algae,
particularly articulatedAmphiroa and Sargassum
spp. Patches of canopy-forming, laminarian algae
Ecklonia radiata were scattered throughout the
fringe habitat at all sites. Invertebrate herbigoage
few, but turbinid gastropods are common.

Barrens:

Medium depth habitat (8-15 m) with minimal algal
coverage due to high densities of the herbivorous
echinoid Centrostephanus rodgersii Coverage of
crustose coralline algae may be very high (>70%),
whilst filamentous algal coverage is generally less
than 20% and turfing algae are absent. Well
represented gastropods include Patelloida
alticostata Cellana tramoserica and Astralium
tentoriformis

Sponge garden:

Sponge garden habitat (15-22 m) consists of distinc
assemblages of erect and branched sessile fauna
including large sponges, gorgonians and bryozoans
not found in shallower depths. Densities of
phaeophyte algae are particularly reduced as are
abundances of invertebrate grazers. Sponge garden
habitat is termed ‘deep reef’ by Underwoed al.
(1991).

The laying of tape whilst performing the fish cemstermed the ‘simultaneous’ census
technique (Fowler 1987), was desirable as manygs$isbspecially pelagic fishes, would
otherwise retreat from the presence of divers tesulin reduced richness and
abundance estimates. Furthermore, inquisitiveeisuch a®phthalmolepis lineolatus
are attracted to divers from beyond the transeanh@dary so may result in abundance
overestimations when tape deployment and fish cemscur using a ‘sequential’

technique.
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At the completion of each 25 m transect, the taps secured in preparation for the
following replicate. A total of six replicate treects were laid out end-to-end along a
depth contour and spaced a minimum of 5 m apattthé completion of six 5 x 25 m
transects, the recorder returned along the tagediiging and counting cryptic fishes in
a 1 m wide strip (i.e. 1 x 25 m, total area of 2% t one side of the tape measure as
the dive buddy wound in successive tapes. Cryisties identified within the 1 m wide
strip included juvenile and cryptic labrids (<100ny juvenile pomacentrids, juvenile
monocanthids, gobiesocids, serranids, apogonidd, alinindividuals of the species
Lotella rhacina and Scorpaena cardinalis Abundances of cryptic fishes were
multiplied by five to standardise the sampling ar8de use of two census techniques
for sampling different fish groups was important fmaximising survey precision
(Lincoln Smith 1988, 1989; De Girolamo and Mazz@@D1; Willis 2001).

3.2.4 Data analyses
3.2.4.1 Species accumulation curves

EstimateS 7 (Colwell 2005) was used to construecigs accumulation curves for
labrids to determine sampling adequacy. This mloee randomly selects samples
without replacement, based on 4@fhdomisations of sample order, and computes
richness estimators from pooled data until all dasypave been selected (Colwell
2005). At both locations, species accumulation curves werestructed for each habitat
using transect data obtained from both sites di.mtal of 12 transects) across 5 study

periods (i.e. n=60 samples).

3.2.4.2 Univariate analyses

A four-factor mixed model analysis of variance (AM®) (Table 3.2) was employed
using GMAV5 software (Institute of Marine Ecologyniversity of Sydney) to test for
habitat-related differences at two spatial scalesr dime in labrid species richness;
contribution (%) of labrids to total fish richnesserall labrid density; contribution (%)
of labrids to total fish density; and the densities Ophthalmolepis lineolatys
Notolabrus gymnogenisAchoerodus viridis Pictilabrus laticlavius Austrolabrus
maculatusand Eupetrichthys angustipesThe assumptions of homogeneity of variance

were tested using Cochran’s C test. When necessaityy were transformed to stabilise
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variances (Underwood 1981). Where significant raxteons or main effects were
found, post-hoctests were performed in GMAV5 using the Studenivian-Keuls

(SNK) multiple comparisons of means test (Underwb981).

Table 3.2: Four-factor mixed ANOVA model used to test for iab, spatial-, and temporal-
related variation in labrid richness; labrid camtiion (%) to total fish richness; overall labrid
density; labrid contribution (%) to total fish dégsand density oDphthalmolepis lineolatys
Notolabrus gymnogenigi\choerodus viridisPictilabrus laticlavius Austrolabrus maculatus
andEupetrichthys angustipesAsterisk denotes a nested factor.

No. of  Fixed (F) or

Factor Levels Random (R) Levels

Habitat 3 F Fringe, Barrens, Spongegar

Location 2 R Terrigal, Norah Head

Site (Lo) 2 R* Site 1, Site 2

Period 5 F Aug/Sept 03, Dec 03/JarApt/May 04, Sept/Dec

04, Apr/May 05

(Transects = 6)
(Total observational units = 360)

Size distributions 0. lineolatus N. gymnogenisA. viridis and P. laticlavius were
compared across habitats in each sampling periody SNOVA in SPSS 14.0 for
Windows (2005). Observations at both locationsewedmbined. For these analyses,
size estimates for individuals were derived from mhidpoint of the size class in which
each individual was allocated. The assumptiorfsoaiogeneity of variance were tested
using Levene’s test. When necessary, data wersftnaned to stabilise variances
(Underwood 1981), but heterogeneity could not abvag removed. In such cases, a
more conservative critical value B&0.01 was adopted (Kingsford 1998a) to reduce the
chance of a Type | error and this critical valuesva¢so applied to correspondipgst
hoc comparisons. Where significant effects were foyust-hoctests were performed
in SPSS using the Student-Newman-Keuls (SNK) meltgmmparisons of means test
(Underwood 1981).

3.2.4.3 Multivariate analyses

Variation in labrid assemblage structure was visedl using non-metric
multidimensional scaling (hMDS) procedures in PRI (Clarke and Gorley 2001).
Data were square-root transformed to reduce tHeeinfe of numerically dominant

labrids and increase the importance of rare spe@asr to the construction of
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similarity matrices using Bray-Curtis dissimilaritpefficients. Stress values were used
to indicate how faithfully the two dimensional plogépresented multidimensional
relationships. Stress values <0.2 provide a usefeipretation of the multivariate data

set with little prospect of a misleading interptita (Clarke and Warwick 1994).

The significance of each factor (Table 3.2) as ars® of variation for labrid
assemblages was tested with permutational mulatearianalysis of variance
(PERMANOVA 6) (Anderson 2005). PERMANOVA is a nparametric test used to
obtain P-values using permutations of dissimilarity distaro complex multivariate
experimental designs (Anderson and Millar 2004pr €ach term in the analysiB;
values were obtained from 4999 permutations oktheare-root transformed data using
Bray-Curtis dissimilarity measures. Where resuMere significant,a posteriori

comparisons were explored.

Habitat-related variation in labrid assemblagesawmmplicated by a 3-way interaction

with site (location) and period, but habitat cdmited most to this interaction.

Therefore, the similarity percentages (SIMPER) irmuin PRIMER v5 was used to

determine which species of labrid typify the labadsemblages of each habitat and
distinguish between habitats (Clarke 1993).
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3.3 Results
3.3.1 General results

A total of 76,226 individuals representing 118 specwere recorded across all
sampling periods with labrids contributing 16.1% ttial fish species. The most
speciose families were Labridae (19 spp.), Mondmwdaé (17 spp.), Pomacentridae (8
spp.), Serranidae (5 spp.) and Carangidae (5 éfpppendix 2). Families contributing
most to overall fish abundance were Plesiopidae%(48f all individuals),
Microcanthidae (15%), Pomacentridae (13%), Monodaete (7%) and Carangidae
(5%). Labrids contributed 4.1% to total fish abande and 40.8% to the abundance of
all non-planktivorous fishes. The most abundarritiss were Ophthalmolepis
lineolatus(38% of all labrid individuals)Notolabrus gymnogenik0%), Austrolabrus
maculatus (16%), Achoerodus viridis(10%), Eupetrichthys angustipe$6%) and
Pictilabrus laticlavius(5%) (Table 3.3). These labrids, in additionGoris pictaand
Pseudolabrus guenthenvere represented in all sampling periods (TakB. 3A total

of 41 species, including 5 labrids, were sightedoly one occasion (Appendix 2). Of
the 16 identified species of labrid, 7 had disttidns restricted to the southern and/or
eastern coastline of Australia, 3 had distributi@ex$ending from the south-eastern
region of Australia to New Zealand, and 6 speciesewvdistributed throughout the Indo-
West Pacific (Table 3.3).
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Table 3.3: Labrid species observed in surveys of fish assagaisl conducted from August
2003 to May 2005 at two locations on the centradstoof New South Wales. Total
abundance represents the total number of sightbdduoals. Sampling periods are those in
which the species was observed (1=Aug/Sept 03, 2=0®&Jan 04; 3=Apr/May 04,

4=Sept/Dec 04, and 5=Apr/May 05). Distributions trose reported in Kuiter (1993, 1996).
Total Sampling

Species of labrid abundance period/s Distribution
Ophthalmolepis lineolatus 1179 All Southern Aust.
Notolabrus gymnogenis 625 All Eastern Aust.
Austrolabrus maculatus 506 All Southern Aust.
Achoerodus viridis 319 All South-eastern Aust.
Eupetrichthys angustipes 196 All Southern Aust.
Pictilabrus laticlavius 156 All Southern Aust.
Coris picta 38 All Eastern Aust. to NZ
Pseudolabrus guentheri 13 All Eastern Aust.
Thalassoma lunare 13 2,3,4,5 Indo-West Pacific
Coris dorsomaculata 11 4,5 Indo-West Pacific
Labroides dimidiatus 7 2,5 Indo-Pacific
Stethojulis interrupta 6 5 Indo-West Pacific
Halichoeres nebulosus 5 5 Indo-West Pacific
Coris sandageri 4 2,3,4 South-eastern Aust. to NZ
Pseudolabrus luculentus 2 1,3 South-eastern Aust. to north-eadt&?
Anampses caeruleopunctatus 1 2 Indo-Pacific
Unidentifiable 1 1 1 Unknown
Unidentifiable 2 1 2 Unknown
Unidentifiable 3 1 4 Unknown

The number of labrid species observed in fringesdos and sponge garden habitat over
all sampling periods was 10, 13 and 11 specieatiiNHead, and 5, 11 and 10 species
at Terrigal, respectively. Species accumulation curves varied among habilats,
showed little difference between locations in tleréns and sponge garden habitat
(Figure 3.1b, c). Low levels of replication (i.€10) were insufficient in the fringe
habitat at Norah Head, whereas at Terrigal thiell®f replication was sufficient to
approach an asymptotic percentage of represenieid Ispecies (i.e. 86% of species)
(Figure 3.1a). In barrens habitat, species accaiionl curves did not approach an
asymptote until the last few replicates (i.e. >8plicates). In sponge garden habitat, an

asymptote was approached only at high levels dicagmn (i.e. >30 replicates).
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Figure 3.1: Species accumulation curves for labrids in frifa)e barrens (b) and sponge garden
(c) habitat at Terrigal® ) and Norah He®@l ( ). Ggrare based on average cumulative species
derived from random transect selection from eacR sftes over 5 sampling periods (n=60).
Average cumulative species were calculated fromptthutations.

3.3.2 Labrid richness and density

The mean species richness of labrids ranged betv@s0.2 and 4.6+0.4 species.125
m?, representing between 18.7+2.4 and 39.3+0.3%|dfsal species (Figure 3.2). A
higher number of labrid species occurred in spogaeen habitat compared to both
fringe and barrens, except at one site at Tervidedre there was no difference between
sponge gardens and fringe (HxS(L) interacti®én(.001) (Table 3.4; Figure 3.2a). No
differences occurred in the number of labrid speéeind in fringe and barrens habitat
at Norah Head, but differences occurred at bothiJarsites. However, the habitat
with the higher number of species was not condistgnthese sites at Terrigal.
Compared to other sampling periods, significanghydr labrid species were recorded in
Aug/Sept 03 and Sept/Dec 04 (Table 3.4; Figure)3.Rabrid contribution to the total
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number of fish species was lower in barrens habdatpared to both fringe and sponge
gardens, which themselves were not different exaephe site at Terrigal where fringe
was significantly lower than both barrens and spoggrdens (HXS(L) interaction,
P<0.001) (Table 3.4; Figure 3.2b).
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Figure 3.2 Mean (£SE) for species richness of labrids (a) ematribution of labrids to total
fish species (b) in fringd] ), barrerl ( ) and sgoggrdenEl ) habitat at Terrigal (i) and
Norah Head (ii) in each combination of HabitatxBdr{n=2 sites with each site representing
the average across 6 transects).
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Table 3.4: ANOVA results of habitat-, spatial- and temporalated variation in species
richness of labrids and contribution of labridstotal fish richness. Data is untransformed
(Cochran’s C tes>0.05). **P<0.01, ***P<0.001

Species richness of labrids Contribution of labrids to total
Source of variation df P

richness

MS F MS F
Habitat (H) 2 58.30 18.76 2910 4.72
Location (L) 1 13.23 5.12 40040 7.19
Site (Location) = S(L) 2 2.58 2Q. 144.72 1.36
Period (P) 4 7.55 34.63* 312.59 3.94
HxL 2 3.11 0.27 616.13 0.77
H x S(L) 4 11.56 9.85%** 98.96 7.53%**
HxP 8 2.96 2.84 210.33 3.02
LxP 4 0.22 0.23 ®.2 0.69
S(L)xP 8 0.95 0.81 B 1.08
HxLxP 8 1.04 0.61 55.94 1.25
Hx S(L) x P 16 1.69 1.44 106.11 0.53
Residual 300 1.17

Mean density of labrids ranged between 2.7+1.82n8+1.5 individuals.125 ) with
labrids contributing between 2.0+£0.1 and 22.9+6t8%he density of all species (Figure
3.3). The effect of habitat on labrid density edribetween sites (locations) as shown
by the significant HxS(L) interaction (Table 3.5gé&re 3.3.a). Significantly higher
labrid densities occurred in sponge gardens cordparether habitats at all sites. No
difference in labrid density occurred between feérand barrens habitat at either site at
Norah Head, but differences occurred at both site$errigal. However, the habitat
with the higher labrid density was inconsistent ogasr these sites at Terrigal.
Significantly lower densities of labrids occurred Aug/Sept 03 and Sept/Dec 04, and
higher densities in Apr/May 04 (Table 3.5; Figur8&. The effect of habitat on labrid
contribution to total fish density was found to ydretween sites (locations), and this
variation was not consistent through time (HxS(L)rtraction,P<0.001) (Table 3.5).
Significant differences between habitats genematigted at each site and each period of
sampling, but habitat differences were highly irgietent. In only Apr/May 04 was one

habitat (i.e. sponge gardens) found to repressigraficantly higher labrid contribution
to total fish density at all sites.
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Figure 3.3;: Mean (xSE) for density of labrids (a) and conttibu of labrids to total fish density
(b) in fringe [d), barrend ) and sponge gardZn (@bitat at Terrigal (i) and Norah Head (ii)

in each combination of HabitatxPeriod (n=2 sitethwach site representing the average across
6 transects).

Table 3.5: ANOVA results of habitat-, spatial- and temporallated variation in labrid density
and labrid contribution to total fish density. Ata square-root (x+1) transformed (Cochran’s
C test,P>0.05). *<0.05, **P<0.01, ***P<0.001

Labrid density Contribution of labrids to total

Source of variation df fish density

MS F MS F
Habitat (H) 2 42.35 44.57* 5.92 39.58*
Location (L) 1 10.71 2.72 2.54 1.03
Site (Location) = S(L) 2 3.93 56** 2.47 2.50
Period (P) 4 8.70 25.39* 2.54 2.30
HxL 2 0.95 0.23 1.92 0.19
H x S(L) 4 4.14 6.84%+* 9.99 10.11%**
HxP 8 1.77 2.46 6.82 8.91*
LxP 4 0.34 0.48 1.11 0.45
S(LxP 8 0.72 1.19 AR 2.47*
HxLxP 8 0.72 0.86 0.77 0.27
HxSL) xP 16 0.84 1.39 2.79 2.82wx
Residual 300 0.61 0.99
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3.3.3 Multivariate analyses of labrid assemblages

MDS ordinations showed assemblages in sponge gaa@tat formed a discrete group
at the bottom right of the plot in each samplingquek (Figure 3.4). Labrid assemblages
in fringe and barrens habitat were broadly scattered exhibited considerable overlap.
PERMANOVA showed the effect of habitat on labridemblages varied between sites
(locations), and this variation was not consisténough time (HxXS(L)XP interaction,
P<0.05) (Table 3.6). Labrid assemblages associatibdsponge gardens were found to
differ significantly from those in fringe habitah i14 of 20 comparisons of S(L)xP,
including at all sites in Apr/May 04 and Apr/May,C&nd all except one site at Norah
Head in Sept/Dec 04. Sponge garden labrid assgewldiffered from those in barrens
habitat in 9 of 20 comparisons, including at atesiin Apr/May 04. Differences
occurred between fringe and barrens habitat in énbf 20 comparisons. Three of
these differences occurred at the one site at Jarin the sampling periods of Dec
03/Jan 04, Apr/May 04 and Sept/Dec 04.

Table 3.6: Non-parametric multivariate ANOVA of habitat-, $igd and temporal-related

variation in labrid assemblages based on Bray-E€ditisimilarity measures. All data square-
root transformed.

Source of variation df MS F RMonte Carlo)
Habitat (H) 2 39060.14 4.06 0.032
Location (L) 1 36976.75 4.96 0.025
Site (Location) = S(L) 2 7455.34 5.37 0.000
Period (P) 4 4345.47 4.28 0.002
HxL 2 9610.60 2.36 (0]30]
H x S(L) 4 4077.40 2.94 0.000
HxP 8 2743.31 1.45 137.
LxP 4 1015.78 0.57 891
S(L)x P 8 1776.59 1.28 0.132
HxLxP 8 1897.54 1.00 0.497
Hx S(L) x P 16 1903.85 1.37 0.026
Residual 300 1388.81
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Figure 3.4: Non-metric multidimensional scaling ordinationsngaaring labrid assemblages
across sites, locations and habitats for the sagpleriods of Aug/Sept 03 (a), Dec 03/Jan 04
(b), Apr/May 04 (c), Sept/Dec 04 (d) and Apr/May @). Habitats are fringed(), barrens@ )
and sponge gardel( ), at Terrigal sites (shadetiNanah Head sites (non-shaded).
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Notolabrus gymnogenendOphthalmolepis lineolatusypified the labrid assemblage in
all habitats. In additiomichoerodus viridigypified the labrid assemblage of fringe and
barrens, andiustrolabrus maculatuand Eupetrichthys angustipetypified the labrid
assemblage of sponge garden habitat (Table 3.Zhrid.assemblages associated with
fringe habitat were distinguished from both barrand sponge garden habitat by higher
densities ofN. gymnogenisand from barrens by higher densities Af viridis and
Pictilabrus laticlavius (Table 3.7; Figure 3.5). Labrid assemblages witGponge
garden habitat had higher densities@f lineolatus A. maculatusand E. angustipes
than other habitats. The less common labrids (€ogis dorsomaculataCoris picta
and Thalassoma lunajewere restricted to habitats other than fringeg(Fe 3.5;

Appendix 2).

Table 3.7: Species contributing most to typifying (shaded ldbrid assemblage within fringe,

barrens and sponge garden habitats, and the spdistasguishing (non-shaded) between
habitats as identified using SIMPER. Asterisksadera higher density of individuals was
recorded in the habitat at the top of the columia asterisk signifies that a higher density of
individuals occurred in the habitat at the leftlué row.

Habitat Fringe Barrens Sponge garden
Fringe Notolabrus gymnogenis

Ophthalmolepis lineolatus

Achoerodus viridis
Barrens  Ophthalmolepis lineolatus = Ophthalmolepis lineolatus

Notolabrus gymnogenis* = Notolabrus gymnogenis

Achoerodus viridis* Achoerodus viridis

Pictilabrus laticlavius*
Sponge  Austrolabrus maculatus Austrolabrus maculatus Ophthalmolepis lineolatus
garden  Ophthalmolepis lineolatus  Ophthalmolepis lineolatus = Austrolabrus maculatus

Notolabrus gymnogenis*
Eupetrichthys angustipes

Eupetrichthys angustipes

Notolabrus gymnogenis
Eupetrichthys angustipes
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Figure 3.5: Mean (+SE) for density of labrids in fringe (aprkens (b) and sponge garden (c)
habitat at Terrigal (i) and Norah Head (ii). Vadusre average site densities over all sampling

periods (n

5). Site 1 (non-shaded), site 2 (shaded
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3.3.4 Density and size distributions of selecidmtitls
3.3.4.1 Ophthalmolepis lineolatus

A total of 1,179 Ophthalmolepis lineolatusvere observed with most individuals
observed in sponge garden habitat (46.7%), followedarrens (31.3%) and fringe
(22.0%). Mean densities ranged between 0.3+0.3 ABA¢2.3 individuals.125 ih
(Figure 3.6). The effect of habitat on the densityD. lineolatusvaried between sites
(locations), and the nature of this variation chehgvith the period of sampling
(HxS(L)xP interactionP<0.05) (Table 3.8; Figure 3.6). Higher densitiesevobserved
in sponge gardens compared to fringe habitat irsathpling periods at one site at
Terrigal, and for the first 3 sampling periods la¢ tother site. Densities in sponge
gardens were significantly higher than in barrens Half of these comparisons.
Densities in fringe habitat were lower than barrahene of the sites at Terrigal in each
sampling period, but this was not always the saitee sAt Norah Head, densities in
sponge garden habitat were greater than fringetat $ites in Aug/Sept 03, and at one
site in Apr/May 05. Densities in sponge gardensewegher than in barrens for 2 of
these comparisons. Densitiesdflineolatusin barrens were greater than fringe only at

one site at Norah Head in Aug/Sept 03.

104 104

@) (b) J

(=53
(=53

04 T T T T —

Aug/Sept03 ~ Dec03/Jan 04  AprMay04  SeptiDec04  AprMay 05 Aug/Sept03  Dec03/Jan04  ApriMay04  SeptDec04  AprMay 05

Sampling period

Figure 3.6: Mean (xSE) for density ddphthalmolepis lineolatus fringe (1), barrendl|l ) and
sponge gardenE ) habitat at Terrigal (a) and Norgad (b) in each combination of
HabitatxPeriod (n=2 sites with each site represgrtie average across 6 transects).
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Table 3.8: ANOVA results of habitat-, spatial- and temporalated variation in the
densities ofOphthalmolepis lineolatysNotolabrus gymnogenisnd Achoerodus viridis
All data In(x+1) transformed (Cochran’'s C te$?>0.05). *<0.05, **P<0.01,

*** P<(0.001.

Ophthalmolepis Notolabrus Achoerodus

Source of variation df lineolatus gymnogenis viridis
MS F MS F MS F

Habitat (H) 2 14.85 5.62 1.66 1.41 1.21 0.96
Location (L) 1 31.00 13.18 6.24 3.74 2.08 5.85
Site (Location) = S(L) 2 2.35 7.85%* 167 4.67* 0.36 157
Period (P) 4 1.27 6.86* 2.14 8.30* 1.02  11.06*
HxL 2 2.64 5.48 1.18 0.80 1.26 1.63
H x S(L) 4 0.48 1.61 1.47 411  0.77 3.40%
HxP 8 0.48 0.66 0.42 0.68 0.29 0.61
LxP 4 0.19 0.40 0.26 0.66 0.09 0.36
S(LxP 8 0.46 1.55 0.39 1.10 250 1.12
HxLxP 8 0.73 1.32 0.63 0.85 0.47 3.97%
HxSL) xP 16 0.55 1.85* 0.74 2907 0.12 0.53
Residual 300 0.30 0.36 0.23

O. lineolatusof sizes 100-349 mm were recorded in all habitatgach sampling

period, and represented 85.5% of all individualggfe 3.7a-e). Individuals of
relatively small size (i.e. <200 mm) were typicafiyund at higher abundances in
sponge garden habitat. For example, 56.7% of iddals of this size were found in
sponge garden habitat compared to 24.3% in baaethd9.0% in fringe. A peak in the
number of individuals belonging to the smallesesitass (i.e. 50-99 mm) occurred in
Apr/May 04 and Apr/May 05 in the sponge garden taal{iFigure 3.7c, e). A similar

peak of smaller magnitude also occurred in theg&ihabitat in Sept/Dec 04 (Figure
3.7d).

Differences among habitats in the mean siz® ofineolatusindividuals occurred in all
periods of sampling (alP<0.01), except for Apr/May 05 (Figure 3.7f). Mesize of
individuals was lower in sponge garden habitat cameg to fringe and barrens in
Aug/Sept 03 and Apr/May 04, and lower than fringdyoin Dec 03/Jan 04. In
Sept/Dec 04 a lower mean size of individuals o@aliin fringe compared to barrens
habitat.
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Figure 3.7: Size distributions ofOphthalmolepis lineolatusn fringe (1), barrensl ) and
sponge gardenE ) habitat in the sampling periodéud/Sept 03 (a), Dec 03/Jan 04 (b),

Apr/May 04 (c), Sept/Dec 04 (d), and Apr/May 05. (8)l individuals have been combined

across locations so abundances reflect indivicemisrded in 3000 frof habitat. Note: figures

use different scales of abundance. Figure (f) shihv@ mean size (+ SE) of individuals @f

lineolatusacross habitats in each sampling period (locati@ve been combined).
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3.3.4.2 Notolabrus gymnogenis

A total of 625Notolabrus gymnogenisere observed with most individuals observed in
fringe habitat (45.6%), followed by sponge gard€28.0%) and barrens (25.4%).
Mean densities ranged between 0.6+0.1 and 5.2+@l®iduals.125 nf (Figure 3.8).
The effect of habitat on the density f gymnogenivaried between sites (locations),
and the nature of this variation changed with tkegigad of sampling (HXS(L)xP
interaction,P<0.01) (Table 3.8; Figure 3.8). Generally, deassitilid not differ among
habitats, with 13 of 20 habitat comparisons for HheS(L)xP interaction being non-
significant. However, significantly higher densgiofN. gymnogenisccurred in fringe
compared to at least one other habitat in 5 ofréimeaining 7 comparisons. Three of

these were at the one site at Terrigal.
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Figure 3.8: Mean (xSE) for density dllotolabrus gymnogenis fringe (), barrenslf ) and
sponge gardenE ) habitat at Terrigal (a) and Norad (b) in each combination of
HabitatxPeriod (n=2 sites with each site represgritie average across 6 transects).

N. gymnogeni®f sizes 150-249 mm were recorded from all habitateach sampling
period, and represented 33.9% of all individualgFe 3.9a-e). Large individuals (i.e.
>250 mm) were found predominantly in barrens arahgp gardens with these habitats
representing 31.3 and 53.6% of all individuals luE tsize, respectively. In contrast,
61.1% of all small individuals (i.e. <150 mm) weeeorded in fringe habitat compared
with 19.9 and 18.9% in barrens and sponge gardespectively. Highest abundances
of individuals belonging to the smallest size class 50-99 mm) occurred in Apr/May
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04 and Apr/May 05 (Figure 3.9c, d). Differencesoag habitats in the mean sizeMf
gymnogenisndividuals occurred in all periods of sampling] &<0.001) with the mean
size of individuals lower in fringe compared to sge garden habitat in all periods, and

also lower than barrens in Dec 03/Jan 04 and Septl2 (Figure 3.9f).

3.3.4.3 Achoerodus viridis

A total of 319 Achoerodus viridisvere observed with most individuals observed in
fringe habitat (43.3%), followed by barrens (31.7%)d sponge gardens (25.1%).
Mean densities ranged between 0.5+0.5 and 15.5udi%iduals.125 nf (Figure 3.10).
The effect of habitat on the densityAfviridis varied between locations, and the nature
of this variation changed with the period of samgliHXLxP interaction<0.001)
(Table 3.8; Figure 3.10). Higher densities werserted in barrens compared to fringe
habitat at Terrigal in Sept/Dec 04. At Norah Helaigher densities were observed in
fringe compared to other habitats in Aug/Sept 08 Apr/May 04, and compared to
barrens in Apr/May 05. Higher densities occurradbarrens compared to sponge
garden habitat in Apr/May 04. Differences betwhabitats in the density &. viridis
also varied among sites (locations) (Table 3.8uf€g3.10). Higher densities were
observed in barrens compared to fringe habitanatsite at Terrigal. At both sites at
Norah Head, fringe represented higher densities #iner barrens or sponge garden

habitats, which themselves were not different.
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Figure 3.9: Size distributions oNotolabrus gymnogenis fringe (0), barrensl| ) and sponge
garden E ) habitat in the sampling periods of Aegt03 (a), Dec 03/Jan 04 (b), Apr/May 04
(c), Sept/Dec 04 (d), and Apr/May 05 (e). All indivals have been combined across locations
so abundances reflect individuals recorded in 3®d®f habitat. Note: figures use different
scales of abundance. Figure (f) shows the mean(2i5E) of individuals oN. gymnogenis
across habitats in each sampling period (locati@ve been combined).
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Figure 3.10: Mean (*SE) for density oAchoerodus viridisin fringe (d), barrensl ) and
sponge gardenE] ) habitat at Terrigal (a) and Norgad (b) in each combination of
HabitatxPeriod (n=2 sites with each site represgritie average across 6 transects).

A. viridis of sizes 450-749 mm were represented in all htgbitaeach sampling period,
and represented 77.4% of all individuals (Figurkl8-e). Half of all large individuals
(i.e. 750-849 mm) were found in the barrens habi@itthe small individuals (i.e. <250
mm), 92.9% were recorded in the fringe habitatpe&k in the number of these small

individuals occurred in Apr/May 04 (Figure 3.11c).
Differences in the mean size éf viridis individuals only occurred among habitats

(P=0.001) (Figure 3.11f) in Apr/May 04. In this pemdi the mean size of individuals
was lower in fringe compared to sponge garden atabit
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Figure 3.11: Size distributions ofAchoerodus viridisn fringe (), barrensl ) and sponge
garden E ) habitat in the sampling periods of Aegt03 (a), Dec 03/Jan 04 (b), Apr/May 04
(c), Sept/Dec 04 (d), and Apr/May 05 (e). All indivals have been combined across locations
so abundances reflect individuals recorded in 3®0®f habitat. Note: figures use different
scales of abundance. Figure (f) shows the mean(si5E) of individuals oA. viridis across
habitats in each sampling period (locations hawnlm®mbined).
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3.3.4.4 Pictilabrus laticlavius

A total of 156Pictilabrus laticlaviuswere observed with most individuals observed in
the fringe habitat (60.3%), followed by sponge gasl (33.3%) and barrens (6.4%).
Mean habitat densities ranged between 0 and 2.4adli?duals.125 rif (Figure 3.12).
The effect of habitat on the densityRflaticlaviusvaried between sites (locations), and
the nature of this variation changed with the b sampling (HxXS(L)xP interaction,
P<0.001) (Table 3.9; Figure 3.12). Interpretatioh pmst hoc comparisons was
constrained by the infrequent occurrence of thecsgs in replicate transects (i.e. many
comparisons consisted of zero densities). Howevigher densities oP. laticlavius
occurred in fringe compared to at least one otladsitht in all but the Apr/May 05
sampling period for one site at Terrigal. In eaththese instances, densities within
fringe were always significantly higher than in fess. Higher densities in fringe
habitat occurred only in Apr/May 04 at one sitd&Natah Head. In Aug/Dec 03, this site
had significantly higher densities Bf laticlaviusin sponge gardens compared to other
habitats.

@ ' (b)

| r‘u.%l
04 ; = L 04

Aug/Sept03  Dec(03an 04  ApriMay04  SeptiDec04  ApriMay 05 Aug/Sept03  Dec03/Jan04  AprMay04  SeptiDec04  ApriMay05

Sampling period

Figure 3.12: Mean (+SE) for density dPictilabrus laticlaviusin fringe (1), barrensl} ) and
sponge gardenE] ) habitat at Terrigal (a) and Norgad (b) in each combination of
HabitatxPeriod (n=2 sites with each site represgrtie average across 6 transects).
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Table 3.9: ANOVA results of habitat-, spatial- and temporalated variation in the
densities of Pictilabrus laticlavius Austrolabrus maculatusand Eupetrichthys

angustipes All data In(x+1) transformed (Cochran's C teBFx0.01). *<0.05,
** P<0.01, ***P<0.001.

Pictilabrus Austrolabrus Eupetrichthys
Source of variation df laticlavius maculatus angustipes

MS F MS F MS F
Habitat (H) 2 228 3.02 44.47  244.23"* 950 4.75
Location (L) 1 110 0.37 0.97 360  1.08 2.07
Site (Location) = S(L) 2 296  23.3g g2  0.08 0.52 2.46
Period (P) 4 076  15.23* 2.81 8.77* 0.15 1.91
HxL 2 075 0.45 0.18 1.14 2.00 59.06*
Hx S(L) 4 169  13.39% 0.16 0.47 .06 0.16
HxP 8 058 2.77 2.60 22.85%** 0.57 2.89
LxP 4  0.05 0.17 0.32 0.43 0.08 0.28
S(L) xP 8 0.29 2.30* 0.74 2.20* 28 1.32
HxLxP 8 021 0.50 0.11 0.18 20. 0.67
HxS(L) xP 16 042 3.29%x 0.62 1:85 0.30 1.40
Residual 300 0.3 0.34 0.21

Individuals of P. laticlavius of sizes 100-199 mm were observed most commonly in
fringe and sponge garden habitats (i.e. 51.7 and?8®f all individuals of this size,
respectively) (Figure 3.13a-e). No large individu@.e. >200 mm) were recorded in
the barrens habitat. The smallest size class50€99 mm) represented 51.9% of all
individuals. A peak in the number of these smaliedividuals occurred in the fringe

and sponge garden habitats in Aug/Sept 03, andenfringe in Apr/May 04 and
Sept/Dec 04.

The mean size oP. laticlavius within each of the three habitats differed only in
Aug/Sept 03 and Apr/May 04 (Figure 3.13f). In Afgpt 03, the mean size of
individuals was higher in barrens than any othdaitag but in the latter period sponge

garden habitat was represented by a higher mearoindividuals compared to either
fringe or barrens.
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Figure 3.13: Size distributions oPictilabrus laticlaviusin fringe (), barrensll ) and sponge
garden E3 ) habitat in the sampling periods of Aegt03 (a), Dec 03/Jan 04 (b), Apr/May 04
(c), Sept/Dec 04 (d), and Apr/May 05 (e). All indivals have been combined across locations
so abundances reflect individuals recorded in 3®d®f habitat. Note: figures use different
scales of abundance. Figure (f) shows the mean (2i5SE) of individuals oP. laticlavius
across habitats in each sampling period (locati@ve been combined).
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3.3.4.5 Austrolabrus maculatus

A total of 506Austrolabrus maculatugrere observed with most individuals observed in
the sponge garden habitat (94.9%), followed byhaeens (4.2%) and fringe (1.0%).
Mean habitat densities ranged between 0 and 54&5i@lividuals.125 i (Figure
3.14). The effect of habitat on the density Aaf maculatusvaried between sites
(locations), and the nature of this variation cheahgvith the period of sampling
(HxS(L)XP interaction,P<0.05) (Table 3.9; Figure 3.14). Higher densitigsere
observed in the sponge garden habitat comparedthofiinge and barrens at one site at
Terrigal and at both Norah Head sites in 4 of treafpling periods. Higher densities
in sponge garden habitat occurred at all sites pn/May 04 and Apr/May 05. No
differences in the density &. maculatuoccurred between fringe and barrens habitat at
any site in any sampling period.

The smallest size class @&. maculatus(i.e. 50-99 mm) represented 85.6% of all
individuals. Individuals of this size were obsatve all sampling periods with the
highest number of these smallest individuals olesm Apr/May 04.
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Figure 3.14: Mean (xSE) for density oAustrolabrus maculatus fringe (1), barrendl{ ) and

sponge gardenE ) habitat at Terrigal (a) and Norgad (b) in each combination of
HabitatxPeriod (n=2 sites with each site represgritie average across 6 transects).
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Number of individuals.125 m?

3.3.4.6 Eupetrichthys angustipes

A total of 196Eupetrichthys angustipesere observed with most individuals observed
in sponge garden habitat (84.6%), followed by besrand fringe (both 7.7%). Mean
habitat densities ranged between 0 and 20.5+1iGichehls.125 nif (Figure 3.15). The
effect of habitat on the density & angustipewvaried between locations (Table 3.9;
Figure 3.15). However, at each location highersdass were found in the sponge
gardens compared with other habitats (Figure 3.18® differences in density were
observed between fringe and barrens habitat ardikbation.

Most individuals ofE. angustipegi.e. 61.7%) belonged to the 50-99 mm size class.
The majority of these individuals were recordedponge garden habitat, except in Dec

03/Jan 04 when most individuals were observedmngér habitat.
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Figure 3.15: Mean (xSE) for density dtupetrichthys angustipes fringe (1), barrendll ) and
sponge gardeni ) habitat at Terrigal (a) and Norad (b) in each combination of
HabitatxPeriod (n=2 sites with each site represgrtie average across 6 transects).
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3.4 Discussion

3.4.1 Labrids of the central coast region of Newt§ Wales

Labrids were found to be visually conspicuous orkyoreefs in the study region, with
this family represented by more species than ahgrofamily. A total of 19 labrid
species were identified, contributinga. 16% to overall fish richness. Labrid
assemblages consisted predominantly of speciesmead® temperate waters of
Australia, with less frequent occurrences of teraperspecies with distributions
extending to New Zealand and infrequent tropicalgraats with distributions
throughout the Indo-West Pacific. Common labridscluded Ophthalmolepis
lineolatus Notolabrus gymnogenis Pictilabrus laticlavius Achoerodus viridis
Austrolabrus maculatusand Eupetrichthys angustipes Each of these species was
relatively abundant and a permanent member ofdadssemblages within the study
region (i.e. found at each location in all samplipgriods). Less common labrids
included Coris pictg Coris dorsomaculaPseudolabrus guenthe@nd Thalassoma
lunare These labrids were present in at least 4 of Zh@ampling periods but in
relatively low abundance. Rare species includedmpses caeruleopunctatuoris
sandagerj Halichoeres nebulosysLabroides dimidiatus Pseudolabrus luculentus
Stethojulis interruptaand 3 unidentifiable labrids. Each rare specias feund only in

3 or less of the 5 sampling periods and at very &mndances. Species accumulation
curves revealed that rare species often continoeblet found after high levels of
sampling intensity suggesting that substantialrefforequired to completely sample the

full complement of labrid species found on rockgfseof coastal NSW.

The contribution of labrids to overall fish specvweas generally between 20 and 35% in
all habitats across all sampling periods. Thiatreély high representation of labrids in
fish assembalges concurs with other temperate negiocluding the Mediterranean
(Garcia-Charton and Perez-Ruzafa 1999), New Zegl@hdatet al. 1988; Schiel and
Hickford 2001), Scotland (Magill and Sayer 20024 eéBweden (Pihl and Wennhage
2002), and is within the range of 12-38% describme®ellwood and Hughes (2001) for
coral reef fish assemblages found across the IrahdrPacific Oceans.
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Labrid species richness is second only to the go@family Gobiidae) in coastal waters
of Australia (Hoeseet al. 2007) so it is unsurprising that labrids were fotode the
most species rich family in the study area. Cada@nce of the high number of labrid
species is testament to the behavioural, dietady marphological diversity found in
this family (see Chapter 4 and Chapter 5). Thi®rdity may promote co-occurrence
by the partitioning of resources to reduce the alfetompetition among species
(Helfmanet al. 1997).

Despite being well represented within fish assegésgawith regard to species richness,
labrids typically contributed only 2 to 12% to oakifish abundance in all habitats in all
sampling periods. This was due to the regulargmes of highly abundant schooling
species belonging to the families Carangidae, Manotyidae, Pempheridae,
Plesiopidae, Pomacentridae and Scorpididae. Ebattlese families are predominantly
plankton feeders (Kuiter 1993) suggesting limitatioon the availability of benthic
invertebrate prey may constrain the density ofithlordividuals that a rocky reef is able
to support. Other families of benthic feeding ¢casres were found in the study area,
including Serranidae, Monocanthidae and Cheilodigety, but these families
contribute only 2.2, 0.4 and 0.3% to overall fiftuadance.

Across broader areas in temperate eastern Austi@biads are known to maintain high
species richness and high abundance. For exa@fadstone (2007) found labrids to
be the most species rich family in sponge gardeemablages on a 140 km stretch of
coastline on the central coast of NSW. In thisanese, labrids contributed 23% to total
fish species and 8.8% to total fish abundance. faihilies represented by higher
abundances of individuals were planktivores. Thoeeg results from the present study
and that of Gladstone (2007) suggest that labmeldhee most successful family of non-
planktivorous fish associated with rocky reefslhof tentral coast of NSW with respect
to both species richness and the density of indal&l Further investigations are
needed to determine whether the importance ofdabn the study region translates to

that in other regions of temperate Australia.
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3.4.2 Habitat associations among labrids

The effect of habitat in structuring labrid asseagels often varied between sites, and
the nature of this variation often changed with peeiod of sampling. Overall, labrid
assemblages associated with sponge gardens remameanost distinct of all three
habitat types. Sponge garden habitat containedyl@eih species richness, a higher
contribution of labrids to total fish species andher densities of labrids compared to
barrens at all sites in all sampling periods. Thas also true for comparisons with
fringe habitat at most sites in most sampling pksjceexcept for labrid density which
was always higher in sponge garden habitat. Carntng to the high richness and
density in sponge garden habitat was higher dessitfiAustrolabrus maculatuat most
sites in the majority of sampling periods and cstesitly higher densities of
Eupetrichthys angustipesAlso, the labridCoris dorsomaculatavas recorded only in
the sponge garden habitat. Higher overall occesgrof Ophthalmolepis lineolatus
were recorded in sponge gardens compared to o#biiats, but the effect of habitat on
the density of individuals was inconsistent acrastes and sampling periods.
Generally, labrid species richness, density ofviallials and assemblage composition
did not differ between fringe and barrens habitdtigher overall densities were
recorded in fringe compared to other habitatsNotolabrus gymnogenigchoerodus
viridis and Pictilabrus laticlavius but densities of individuals were not consistentl

higher at all sites in all sampling periods.

These observed patterns of labrid distributionedflthose previously found on the
central coast of NSW. For example, Curley al. (2002) found highest overall
abundances ofustrolabrus maculatysupetrichthys angustipesnd Ophthalmolepis
lineolatus occurred in sponge garden habitat; lowest ovefalindance oPictilabrus
laticlavius occurred in barrens habitaZoris pictaoccurred only in habitats at depths
greater than 13 m; and densitieNaitolabrus gymnogenandAchoerodus viridisvere

similar across habitats.

Whilst the habitats defined in the present study aseful for describing patterns of
distribution in semi-mobile and sessile benthicamigms in the region (Underwoed

al. 1991; Andrew 1999), they appear less useful faemblages of highly mobile
species such as fishes. Although labrids as dyaspresent some species with evident
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associations with sponge garden habitat (A.gmaculatusand E. angustipes this
family as a whole is unlikely to be important fagsdribing habitat-related structure in
fish assemblages on shallow rocky reefs of NSW abitét associations were
meaningless for most labrid species. In contradirids contribute substantially to
distinguishing between fish assemblages associithdshallow reef habitats in New
Zealand (Choat and Ayling 1987; Anderson and Mi2@04).

The association of labrids with rocky reefs is wnatedly influenced, at least in part, by
the abundance of invertebrate prey including molugchinoderms, crustaceans and
polychaetes (Gillanders 1995b; Denny and Schiell2@hepherd and Clarkson 2001,
Shepherd and Brook 2005). However, these taxasemdarly abundant in soft-
sediment habitats and contribute substantiallyht® diet of other fishes (Platell and
Potter 1999, 2001; Linket al. 2001; Schafeet al. 2002). Therefore, it is likely that
limited refuge availability in soft-sediment halgaestricts the distribution of labrids.
On rocky reefs, the presence of algal canopiekyrocevices, and holes beneath and
among rocks provide habitat complexity for use athldiurnal and nocturnal refuges
from predators, and for preventing displacemensurge during large seas (Sageml.
1993; Gillanders and Kingsford 1998; Shepherd alagkSon 2001; see Chapter 4).

The effect of habitat on labrid assemblages ghly variable between sites separated
by 250-800 m, but typically did not differ betwelexcations separated by approximately
30 km. Substantial spatial variation in fish asBlEmes is well documented (Fowler
1990; Meekan and Choat 1997; Floetenl. 2001; Denny 2005), as is the phenomenon
of greatest variation occurring at small spatia@les (Curleyet al. 2002; Anderson and
Miller 2004). Spatial inconsistencies in the oceace of labrids could be due to a
number of factors including the observability oflividuals and spatial variation in food
availability, recruitment and microhabitat represdéion. The identification and
experimentation of these factors is beyond the es@dphis chapter but observations of
labrid behaviour and investigations into the digtaomposition of labrids provides
substantial insight into the probable observaboityndividuals and habitat components
most important to these fishes (see Chapter 4 and=6r example, maniotolabrus
gymnogenisand Pictilabrus laticlavius may not have been observed due to their

frequent use of shelter. Refuge seeking behavwduthese and other fishes is an
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important consideration for methodological decisi@med at maximising confidence
in the estimations of fish densities based on &einsurveying techniques.

3.4.3 Temporal variation and recruitment in labadsemblages

Evidence of higher labrid richness and densitiethénmonths of April and May (mean
sea temperature = 2122 Manly Hydraulics Laboratory), and lowest richseand
densities in the months of August to December (msem temperature = 18°0%)
suggest sea temperature is important in influenttiegdynamics of labrid assemblages.
For some temperate labrids, periods of cool watay significantly decrease activity
levels (Sayeret al. 1993; Costelloet al. 1997; Arendtet al. 2001), thus reducing
encounter rates and apparent abundances in suri&ysever, this is unlikely within
the study region as seasonal temperature fluchstce not substantial.

Increases in species richness and the densitydofidiuals in late summer and autumn
is well recognised in temperate systems owing predantly to species of tropical
origin expanding their distribution in responsestasonally warm sea temperatures at
higher latitudes. Holbrooket al. (1994) have recognisedhalassoma lunare
Halichoeres nebulosuand Stethojulis interruptaas members of this fauna, with these
species indeed contributing to labrid assemblagdke study region. In addition, the
present study also found the tropical labridsbroides dimidiatusand Anampses
caeruleopunctatupresent only in periods of warmest sea temperaturmwever, these
labrids were recorded infrequently and in very ld@nsities so contributed little to the

observed increase in species richness and detfisitglividuals in April and May.

A substantial increase in the abundance of recafittommon’ labrids, particularly
Ophthalmolepis lineolatuand Notolabrus gymnogenicontributed most to temporal
fluctuations in labrid density. The individualsldrging to the smallest size class of
each species have only tentatively been termedruitest as the actual size at
recruitment for each species is not known. A dtanase in the density oD.
lineolatus recruits occurred in April and May (i.e. Autumnyjth most recruitment
occurring into sponge garden habitat. Relativaghhrecruitment ofN. gymnogenis
occurred into fringe habitat from September to Math recruitment peaking in April

and May. In these months, relatively high levelsrexruitment also occurred into
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barrens and sponge garden habitat. Similarlyremituits of Achoerodus viridisvere
observed in April and May and only in the fringebhat. In the case ohustrolabrus
maculatusandEupetrichthys angustipean increase in the density of small individuals
in sponge garden habitat also typically occurredApril and May. In contrast, the
densities ofPictilabrus laticlaviusrecruits were observed to peak at some timeseof th
year, but these events were not seasonal. Masiitreent for this species occurred into

fringe habitat.

Recruitment coinciding with warmest sea temperature late summer and autumn
appears to be the life history strategy employethlayy temperate labrids (Saydral.
1993; Garcia-Rubies and Macpherson 1995; Jones; 1888ill and Sayer 2002; Pihl
and Wennhage 2002). This period of annual recentncoincides with the settlement
of large numbers of crustaceans, including amplipadd copepods, which are
important prey items for juvenile labrids (Gillamgdel995b; Jones 1999; Denny and
Schiel 2001; Shepherd and Clarkson 2001; Sheplt€r@)2

Peaks in the recruitment of the investigated labddl not necessarily coincide with
known peaks in reproductive activity. For exampdenadosomatic indices ofl.
gymnogenisandA. viridis peak in winter (Chapter 6; Gillanders 1995b). m#ment of

A. viridis is known to peak in September to October (Gillaad©97b) and it is also
likely that this is the period of recruitment fiSk. gymnogenisf the planktonic larval
stage is of similar duration. Asynchrony in theipe of reproductive activity and the
sighting of recruits may be due to the size, bahavand habitat selection of recruits.
For example, botN. gymnogenisndA. viridis recruit mostly into fringe habitat which
has considerable algal coverage that may intenietle sightings of small, recently
recruited individuals. Sightings of these indivadkimay occur only after they become
slightly larger and less reliant on algal canopiésiother alternative yet to be tested is
that N. gymnogenis like A. viridis (Gillanders 1997a), exhibit post-settlement

migrations onto coastal rocky reefs from juvenilgseries in other habitats.

Reproductive activity oP. laticlavius peaks in late spring/early summer (Chapter 6;
Barrett 1995a), yet this period did not always cae with recruitment events.
Periodic recruitment ifP. laticlaviuswas less evident than in other labrids owing to at

least two possibilities. Firstly, this speciesrédatively small with sexual maturity
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occurring at sizes of <95 mm and ages of <0.9 ys@es Chapter 6). Therefore, the 50-
99 mm size class used to define ‘recruitsOnlineolatusandN. gymnogenisncluded
mature fishes irP. laticlaviuswhich are not likely to have been recently reediinto
adult populations (i.e. they may be up to 1 yed).oSecondly, recruits ¢. laticlavius
are likely to be missed due to their very smalésand cryptic behaviour, which proves

problematic for visual surveys.

In contrast to other labrids, highest gonadosomatices ofO. lineolatusoccur in late
summer which precedes the observed peak in re@ntitray little more than two
months.  Sightings of recruits oD. lineolatus occur shortly after periods of
reproductive activity as small individuals of thEpecies are easily observed on rocky
reefs due to their infrequent use of refuges awodurenent mostly into sponge garden

habitat which is largely devoid of algal canopies.

The preferential use of shallow algal habitat byrués ofN. gymnogenisA. viridis and

P. laticlavius has also been observed for labrids from otheryaelefs in temperate
Australia (Gillanders 1997b; Gillanders and Kingdgfol998; Curleyet al. 2002;
Shepherd and Brook 2003) and New Zealand (Jone$ai®hoat and Ayling 1987).
As juveniles, labrids have reduced mouth size, gapeé crushing strength of the
pharyngeal jaws (Wainwright 1988; Helfmahal. 1997; Shibuncet al. 1997; Clifton
and Motta 1998), so have a diet restricted priflyiga amphipods and small molluscs
(see Chapter 5) which are abundant in shallow dighltats (Jones 1999; Edgar 2001;
Shepherd and Brook 2005). Therefore, the assoniatf recruits and juveniles with
algal habitats is likely to be due to their prederprey being more available here. Algal
habitats may also provide an opportunity to forgga habitat with reduced competition
from larger labrids and other benthic carnivorescWrare known to avoid feeding in
algal cover (Choat and Ayling 1987). Reduced n$kpredation is also likely to be

offered to species which use refuges created bgmaforming algae.

Algal habitat was less important for recruits @f lineolatusas highest densities of
recruits were found in sponge garden habitat. Apgds and small molluscs are
similarly important for recruits and juveniles ©Of lineolatus(see Chapter 5) suggesting
that diet may be less important in explaining seleted distributions for this species

than elements of behaviour. For examgelineolatusutilise shelter substantially less
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frequently tharN. gymnogeniaindP. laticlavius(see Chapter 4), makir@. lineolatus
individuals far more susceptible to displacementwave surge in shallow habitats.
Furthermore, association @. lineolatuswith interfaces between rocky reef and sand
flats, as occurs in sponge garden habitat in thdystegion, may be in response to a
need for sandy habitat to bury within for nocturrefuge (Breder 1951; Tribble 1982;
Nanami and Nishihira 1999; Takayanagal.2003; see Chapter 4).

3.4.4 Conclusion

Labrids were found to be species rich and abundanmbcky reefs of the central coast
region of NSW, and represented the most dominardllofish families that feed on
benthic invertebrates. Habitat associations foistmicommon’ labrids were highly
variable, particularly across sites within a sinlgleation, but some labrids exhibited
strong associations with sponge garden habitatre&ses in labrid density occurred
during periods of warmest sea temperatures (i.el Apd May) owing primarily to the
‘recruitment’” of common species. Describing habitdated patterns, or
inconsistencies, in labrid distribution and aburgdams meaningless without further
explorations into the underlying causes of thessenlations. Therefore, the following
three chapters focus on some of these driving factmy exploring the social
organisation and behavioural repertoires (Chapderdiet and foraging behaviour
(Chapter 5), and reproductive strategies (Chapjenf60phthalmolepis lineolatys
Notolabrus gymnogenendPictilabrus gymnogenis
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Chapter 4.

Social Organisation

and Behavioural Ecology
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4.1 Introduction
4.1.1 Problem statement and chapter aim

A greater understanding of the ecological roleatirids on temperate rocky reefs and
their susceptibility to over-harvesting requires exploration of their behaviour.
Behavioural aspects important in the ecology ofitibinclude foraging, reproduction,
habitat usage, intra-specific and inter-specifteriactions, and spatial organisation. For
example, information on spatial organisation (¢egritoriality) aids in understanding
the factors that set upper limits to population siées and provides insight into the
likely social disruptions caused by the removainofividuals from rocky reef systems.
Ethological studies begin with the cataloguing ehaévioural routines which are then
used to construct a portrait of an animal’s behaabrepertoire (Lehner 1996). For
most temperate labrids, intensive ethological ssidire lacking. This is especially true
for labrids of NSW as the behaviour of oMlghoerodus virididias been investigated in
detail (see Table 1.1). Therefore, the aim of thepter is to describe the social
organisation and behavioural repertoires of threevipusly unstudied labrids (i.e.
Ophthalmolepis lineolatys Notolabrus gymnogenisand Pictilabrus laticlaviug.
Another major gap in the current understandingabfitl behaviour is that sources of
variation in the occurrence of behaviours are poariderstood. In response, special
consideration is given to the effect of ontogeny labrid behaviour and whether

ontogenetic differences, if any, are temporally apdtially consistent.

The role of labrids as significant predators oftheninvertebrates in reef systems has
seen considerable interest in their foraging behavi(Hoffman 1983; Gillanders
1995b; Shepherd and Clarkson 2001; Ferry-Grabaal. 2002; Fulton and Bellwood
2002b; Martha and Jones 2002; Shepherd and Brodb)20 The interesting
reproductive strategy of this family (i.e. protogus hermaphroditism) has also seen
the focus of many studies directed at the repradeidiehaviour of labrids (Robertson
and Hoffman 1977; Moyer and Yogo 1982; Tribble 198artel and Green 1987;
Warner 1987; Sakai and Kohda 2001; Saddail. 2002; Adreaniet al. 2004). As
foraging and reproductive behaviour are addressedChapter 5 and Chapter 6,
respectively, it is the purpose of this chaptertdline other elements of behaviour

which are part of labrid behavioural repertoires.
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4.1.2 Social organisation

Juvenile and initial phase (IP) female labrids y@cally home ranging but terminal
phase (TP) males may be territorial, home rangingvide-ranging. Even within a
genus, variability among male labrids in their a$espace may be considerable. For
example, in the genuBodianus some species have males that defend all-purpose
territories with a harem of females, other spediase males defending temporary
reproductive territories, yet in other species malee not territorial and spawn together
in groups (Hoffman 1983). Similarly, the genNstolabrusis known to have both
territorial and non-territorial representatives (@& 1995b). Nevertheless, most
temperate labrids are either territorial or homegnag reef residents that exhibit high
site fidelity, often remaining within restrictedeffeareas for periods in excess of 1 year
(Jones 1981; Barrett 1995b; Edgaial. 2004).

The home ranges of juvenile and female labridsnofigtensively overlap those of
conspecifics (Robertson 1981; Barrett 1995b; Shepled Clarkson 2001). These
home ranges expand with fish size (Jones 1984&)20Bor example, area usage of
Achoerodus gouldincreases from 20007in small individuals (180-250 mm), to 4200
m? in mid-sized individuals (300-450 mnt$hepherd and Brook 2005). Similarly, the
home range oNotolabrus tetricugises from 45 rhas juveniles (80-140 mm), to 135
m® as mid-sized individuals (150-200 mm) and up t6Q8&7 in large females (>200

mm) (Shepherd and Clarkson 2001). Bigger home emraye required by larger
individuals because of their preference for lardess common prey that is located

mostly by chance encounters (Shepherd and Claix@0h).

Males of territorial species typically establish ntguous territories which are
aggressively defended year-round from encroachmdnts neighbouring males
(Thresher 1979; Jones 1981; Tribble 1982; Warne871Helfman et al. 1997).
Estimates of male territory size in Tasmanian Bdinclude 400-775 m280-330
and 175 m for Notolabrus tetricus Pseudolabrus psittaculus and Pictilabrus
laticlavius, respectively (Barrett 1995b). The territory odlelabrids encapsulates the
home ranges of up to several dozen IP females aydaven be occupied by several
subordinate, non-spawning males (Thresher 1979)terdctions between males at

territory boundaries provide evidence that malefertk territorial areas which are
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smaller than their non-contiguous optimum (Gran®7)9 as the disappearance of a
territorial male is followed by territorial expaosi by neighbouring males within a day
(Tribble 1982).

Territoriality is typically restricted to TP malalrids (Thresher 1979; Jones 1981,
Moyer and Yogo 1982; Barrett 1995b; Adreanial. 2004), but IP females are known
to defend feeding areas from conspecifics of egua@ and, as a result, the feeding
areas of IP individuals of equal size usually da wowerlap (Robertson 1981).
Intraspecific aggression may involve displays, akse rushes, chases and fighting
(Jones and Thompson 1980; Moyer and Yogo 1982;blEild982; Barrett 1995b;
Shepherd and Clarkson 2001). Encounters sucheas tre typically concentrated at
territory boundaries (Helfmaet al. 1997). These interactions may become more
frequent if food is concentrated (Shepherd andkStar 2001) or during the spawning
season (Jones and Thompson 1980; Warner and HoftB&0b; Jones 1981; Robertson
1981; Moyer and Yogo 1982; Tribble 1982; Warner7)98

Labrids with home ranging males incluééotolabrus fucicola(Barrett 1995b) and
Achoerodus gouldi(Shepherd and Brook 2005). In both species, mate®l over
large expanses of reef in excess of 306dmN. fucicola(Barrett 1995b; Edgaet al.
2004) and 15000 fin A. gouldii (Shepherd and Brook 2005). Yet, these labrids
typically remain as permanent reef residents. Aa@otstrategy is that of the wide-
ranging Tautoga onitiswhich periodically move up to 10 km, often oveatigeless
sandy substrate which acts as a deterrent to niwest kabrids (Arendét al. 2001).

Cohorts of juvenile labrids typically associate lwdonspecifics in loose aggregations
(Jones 1984c; Martha and Jones 2002; Shemtaad2002). However, if densities are
low and home ranges of juveniles restricted thelividuals of small size may have low
encounter rates (Shepherd and Clarkson 2001). ndw/iduals increase in size,
heightened competition for resources such as faddge, mates and spawning grounds
results in an increase in aggressive encountevgebatcohort members (Jones 1984c).
In response, individuals become increasingly sglitand independent when larger
(Jones 1980; Robertson 1981; Tupper and BoutiB®51 Gillanders 1999; Martha and
Jones 2002; Shepheetlal. 2002).
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Resource defence produces both dominance hierarcimel territoriality in fish
assemblages (Helfmaat al. 1997). Dominance hierarchies are commonly exdibin
labrids in which individuals are linearly organisadcording to size. Typically, the
alpha (i.e. most dominant) individual is a large mRle with a harem of smaller IP
females who exhibit a dominance hierarchy basedio& (Hoffman 1985). In such
cases, larger fish will displace individuals of $lerasize from prey items and/or
feeding areas (Tribble 1982). As females of ainashare a common range and, as
foraging behaviour constitutes a major portionatifrid energy expenditure (Fulton and
Bellwood 2002b), daily competition for food may w#sin frequent interactions
occurring between these individuals (Shepherd dackébn 2001).

Dominance hierarchies are also important for rdqugasex change in labrids. When a
male is absent from exerting dominance over a hatleenlargest female reverses sex
and takes over the male role (Saletial. 2001). Females may make temporary
incursions into neighbouring harems to assess Isduerarchies and emigrate

permanently to another harem if doing so is likelyincrease their social rank and
further their chances of becoming the alpha madé&git al. 2001).

4.1.3 Inter-specific interactions

Labrid use of space and access to resources mayfloenced by interactions with
other species. For exampléchoerodus viridisare chased by territorigdParma
microlepis (Gillanders 1995b, 1999), the crétbagusia chabruslefends shelter sites
from juvenile Notolabrus tetricus(Shepherd and Clarkson 2001), and agonistic
interactions are directed toward labrids by pomtaas (Martha and Jones 2002) and
territorial blennies (Thompson and Jones 1983;9Jd®84c). In addition, interference
competition for food has been reported in sevahtitls (Gillanders 1999; Shepherd
and Clarkson 2001).

Commensalism is exhibited in some planktivorouk by following feeding labrids to
prey on disturbed fauna (Gillanders 1999) and/okabyids benefiting from the feeding
activities of other fishes (Helfmaet al. 1997; Moyle and Cech 2000; Matsumoto and
Kohda 2001). Planktivorous fish may also feeddiyeon labrid spawn (Jones 1981,
Tribble 1982; Sakai and Kohda 2001) and at least g$pecies Qoris dorsomaculata
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and Thalassoma noronhanynare preyed upon by other fishes (Tribble 1982nEmi

et al. 2000). In tropical Australian waters, labridsnegent a substantial portion of the
diet of the predatory coral trottlectropomus leoparduéSt John 1999; St Jotet al.
2001), but the author is unaware of marine speoiasved in labrid predation on rocky
reefs of temperate Australia. The above examplegige insight into the role labrids
undertake in fish assemblages, but intensive stualimed at exploring and quantifying

these interactions are lacking, especially in tenaj@eNSW.

4.1.4 Shelter

Use of shelter is an important component of labetiaviour. Indeed, the structure of
fish assemblages may be significantly influencedthmy availability of shelter sites.
Shelter is important for providing refuge from paéolrs and wave surge, as areas for
concentrated foraging activity, as nocturnal régear as nesting sites (Nanami and
Nishihira 1999; Steele 1999; Shepherd and Clari2881; Takayanagt al. 2003). In
many temperate labrids, dependence on shelter @sduith increasing size in response
to dietary shifts from cryptic microcrustaceansoassed with algal habitats (e.qg.
amphipods) to larger, hard-bodied prey items (Jdrigsic; Gillanders 1995b; Denny
and Schiel 2001; Shepherd and Clarkson 2001; Shepk@06). For example,
percentage of time emergent from shelter&ohoerodus gouldincreases from 46% in
small individuals (180-250 mm), to 66% in mid-sizedlividuals (300-450 mm), to
100% in large adults (750-800 mm) (Shepherd an@IB&®05).

In temperate reef systems, shelter is provided bgroalgae (Jones 1984a; Choat and
Ayling 1987; Curleyet al. 2002), and holes, crevices and caves within, hanaad
between rocks (Gillanders and Kingsford 1998).t Sefliments and coral fragments are
important as refuges and/or nesting sites for olddetids (Breder 1951; Tribble 1982;
Nanami and Nishihira 1999; Takayanagfi al. 2003). Individuals may spend the
majority of their time within shelter (e.@ictilabrus laticlavius Barrett 1995b) or
periodically return to shelter between bouts ofafpng (e.g.Notolabrus tetricus
Shepherd and Clarkson 2001).

The use of shelter as a place of refuge is paatityulmportant for species that remain
inactive or have reduced activity levels in periofi$fowered water temperatures (Sayer
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et al. 1993; Costellet al. 1997; Arendet al. 2001). Due to reduced fluctuations in sea
temperature in temperate Australia, labrids arevacthroughout the year (Barrett
1995b), but may become less active during periddsgihn wave energy (Shepherd and
Clarkson 2001).

4.1.5 Other behaviours

Studies of labrid behaviour have generally focuseltly on one component of the
behavioural repertoire of a species (e.g. foragsugial interactions or reproductive
behaviour). Few studies attempt to investigatebtioad range of behaviours exhibited
by a species in an attempt to construct more fitdlycomplete behavioural repertoire.
One of the few examples of such a study is thaMaftha and Jones (2002) who
categorised 19 behaviours in fittalichoeresand oneThalassomaspecies, including
behaviours novel to literature including eye flidkg, tail curling, body rubbing,
bobbing and tail flicking. Another ‘novel’ behawiois that of rapid colour change
exhibited by TP individuals dflalichoeres maculipinnandHalichoeres garnotwhen
chasing IP fish or fighting with TP conspecificsoifertson 1981).

These behaviours are rarely quantified or qualiédyi examined to determine their
importance for individuals and/or labrid populasonThis represents a significant gap
in current descriptions of labrid behavioural reépees and places constraints on
comparative behavioural studies among fishes. Wénghese behaviours are deemed
ecological ‘unimportant’ so are excluded from bebaxal studies of most labrids or do

not occur in other labrids is not known.

4.1.6 Temporal and spatial consistency of behasiou

One of the significant gaps in the current undediteg of labrid behaviour is that
sources of variation in the occurrence of behaware rarely identified. Yet, these
sources of variation may be highly significant tarine researchers. For example, if
labrids were to concentrate the majority of theiivaty to a particular time of the day
then surveys of labrid assemblages may be inefedfi conducted outside these
periods of activity. Most studies that have idiedi sources of variation in labrid

behaviour are restricted to those focusing primanit foraging (e.g. Gillanders 1995b;
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Shepherd and Clarkson 2001; Shepherd and Brook)2@0& restricted to a single
behaviour (e.g. Edgaat al. 2004), investigate only ontogenetic shifts in haebar (e.qg.
Martha and Jones 2002), or deal only with spatglication (e.g. Bansemet al.
2002). Therefore, high importance has been platcdte methods of this chapter to test
simultaneously the effect of several potential sesrof variation on the behaviour of
labrids.

4.1.7 Overview and chapter objectives

The social organisation and behaviour of most tibof temperate Australia are not
well understood despite being species-rich and @dminin the region. Some of the
major gaps in the current understanding of labetaviour are that the behaviour of
most common labrids has not been described, belvavidiversity of labrids is poorly

understood, the ecological significance of behad@ue rarely explored and sources of

variation in the occurrence of behaviours are acbgnised.

Therefore, the social organisation and behavioweablogy of Ophthalmolepis

lineolatus Notolabrus gymnogenisand Pictilabrus laticlavius are explored to

investigate the size and type (i.e. home rangéfey) of area usage; estimate periods
of residency; investigate social interactions; difarnvarious behavioural acts (i.e.
lying, use of shelter, side-swiping, bending anging); and to test for differences
among life history stages in the occurrence of bielas and determine whether
differences, if any, are spatially and temporalysistent. Qualitative descriptions of

labrid behaviour are also provided including clegrbehaviour and colour change.
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4.2 Methods
4.2.1 Study area and locations

The behaviour oOphthalmolepis lineolatus, Notolabrus gymnogeamsl Pictilabrus
laticlavius was investigated between August 2003 and Janu@@§ at Catherine Hill
Bay and Norah Head on the central coast of NSWdetailed description of the study
area and each location is provided in Chapter 2.

4.2.2 Sampling strategy

For each species, the behaviour of five individweds recorded for each of three life
history stages (Juv. = juvenile, IP = initial phaEP = terminal phase), at three times of
the day (morning 0700-0930 hr, midday 1130-140Gfternoon 1530-1800 hr), in two

sampling periods (Period 1 = February to April 20P4riod 2 = September 2004 to
January 2005), and at two locations (Catherine B&ly, Norah Head) (Table 4.2). The
behaviour of each individual (n=180 individuals/sigg) was recorded for 10 min

periods as determined from the pilot study (Chajer Behavioural observations,

including those conducted for the pilot study, leth126 h.

Behaviours were recorded on SCUBA with a handheltjerwater, digital video
camera (Sony™ digital handycam within an Amphibicd®using). A focal-animal
sampling approach was used (Lehner 1996) in whichividuals were haphazardly
selected and followed at a distance which did naiate diver-related behaviour (e.g.
cessation of feeding, avoidance or attraction).is Thstance was approximately 2 m.

Observations were not made when water visibilitg Vess than 5 m.

Individuals were classified to the appropriate lifistory stage by a combination of
length and colouration. Juveniles @phthalmolepis lineolatusand Notolabrus
gymnogenisvere <120 mm and IP females and TP males were23%@0xnm and >250
mm, respectively. Juveniles &fctilabrus laticlaviuswere <80 mm, and IP females
and TP males were 100-160 mm and 140-200 mm, re¢plgc Sexual dichromatism

assisted in classifying individuals as either IRd¢es or TP males (see Chapter 1).
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Digital footage was transferred to VHS video cassahd analysed with the option to
pause activities as the behaviours were documeniéds method was preferred over
the recording of behavioums situ on waterproof papeas behavioural repertoires could
be continuously documented. It also eliminated pheblems of losing sight of an
individual and failing to observe important behaw® as information was transcribed.
Documented behaviours were total encounters witlerotish; frequency of dominant
and subordinate interactions; percentage of tinmgjypercentage of time within shelter
and type of shelter used; side-swiping, bending gaquing rates; and qualitative notes
of other behaviours (e.g. cleaning by clingfishesl @olour change). Observations
recorded during the pilot study were pooled witte tmain study for detailed
descriptions of intra-specific and inter-specificeunters/interactions, as well as for all
qualitative notes on cleaning and colour changiegabiour. A full description of
observed behaviours is provided in Table 4.1 amatqgraphs of several of these are
supplied in Appendix 3.

The area of reef used by each focal individual ve&a®rdedin situ on prepared maps
copied onto waterproof paper. Area usag€)(mas determined by the minimum
convex polygon method (Lehner 1996). For someHifory stages oD. lineolatus
andN. gymnogenisseveral individuals were able to be re-identifisthg unique facial
and/or body markings. The period of residency walsulated for these individuals by
determining the number of days between the first famal sighting, and an estimation
of home range/territory size was made by applymg minimum polygon method to
repeated areas of reef used.
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Table 4.1: Descriptions of behaviours performed @phthalmolepis lineolatysNotolabrus
gymnogenisand Pictilabrus laticlaviusin 126 hours of SCUBA observations. Behaviours
denoted by an asterisk have accompanying photogiaqolvided in Appendix 3.

Encounters/interactions

Encounters Episodes whereby other non-cnyfigic come within 2 m of
the focal individual.

Dominant interactions Another fish moves avirayn the focal individual.
Subordinate interactions  The focal individoves away from another fish.

Passive interactions Dominant or subordimatieraction not involving following,
chasing, posturing threats or courting.

Active interactions Dominant or subordinateteraction involving following,
chasing, posturing threats or courting.

Lying* Remaining motionless, or nearly motionlesesting on the
abdomen or side whilst foraging, resting and/ongeaileaned.
Often accompanied by pectoral fin movements to taain
body position.

Shelter Use of canopy algae (i.Ecklonia radiata Phyllospora
comosaand/or mixed species of algae), rock holes/crevare
disposed steel structures, or rock/algal complefstselter
provided by both rocky substrate and its associabieed
species of algae).

Cleaning by clingfishes Cleaning services provided by clingfish (family Gedmcidae).
(Gobiesocidae)* Clingfish move over the head, fins and body of fbeal
individual to remove parasites and dead tissue.

Side-swiping* Focal individual swipes one sideitsf body, or head, on the
surface of hard substrate (i.e. rock or steel siref, sandy
sediment or algal fronds.

Bending* Flexure of the body as a head twitch, Hody bend or ‘S’
body bend.

Gaping* Focal individual widely opens the mouth thisplay its
prominent caniform teeth.

Colour change Use of chromatophores to rapidigr atblour patterns of the
body.

4.2.3 Data analyses

A four-factor mixed model analysis of variance (AM®) using GMAVS5 software

(Institute of Marine Ecology: University of Sydnewas used to test for differences in
rates of behaviour, or proportion of time engaged ibehaviour, among life history
stages for each species and to determine whetfieregiices, if any, were consistent at
all times of the day, in each period of samplingl at both locations (Table 4.2).

Assumptions of homogeneity of variance were tesisidg Cochran’s C test. Data
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were transformed when variances were heterogenBdnderwood 1981). Where
significant main effects and/or interactions wererfd,post hodests were performed in
GMAVS5 using the Student-Newman-Keuls (SNK) test ggrwood 1981).

Table 4.2: Four-factor mixed ANOVA model used to test theeeffof life history stage,
location, time of day and sampling period on se@cbehaviours ofOphthalmolepis
lineolatus Notolabrus gymnogenendPictilabrus laticlavius

No. of Fixed (F) or

Factor Levels Random (R) Levels
Stage 3 F Juvenile, Initial phaseniiral phase
Location 2 R Catherine Hill Bay, Nbridead
Time of day 3 F Morning (0700-0930 hr), Midday (1130-1400 hr),
Afternoon (1530-1800 hr)
Period 2 F Period 1 (Feb-Apr 04),i62 (Sept 04 — Jan 05)

(Replicates = 5)
(Total observational units = 1¢
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Area usage (mz)

4.3 Results
4.3.1 Area usage and residency

The area of reef used by individuals was highesOphthalmolepis lineolatusnd
Notolabrus gymnogenisand lowest inPictilabrus laticlavius (Figure 4.1). In all
species, area usage varied among life history stagi the area used by juveniles
always significantly lower than that of terminalgsie individuals (Table 4.3; Figure
4.1). For example, area usage.10 M{gSE) of juvenile and TP individuals was
27.6+4.4 and 267.8+39.7 nfor O. lineolatus 20.0+2.7 and 129.4%9.5 “nfor N,
gymnogenisand 4.6+0.7 and 39.4+6.1%rfor P. laticlavius respectively. Area usage
increased from juvenile to IP to TP individuals ©f lineolatus except IP was not
different to TP at midday at Norah Head and in dffternoon at Catherine Hill Bay
(SXTXL interactionP<0.05). Similar ontogenetic shifts in area usageuaed for this
species at both locations in both sampling periedsept at Norah Head in period 1
where area use of IP was similar to juveniles aRdiAdividuals (SxLxP interaction,
P<0.001). Area usage foN. gymnogenisincreased from juvenile to IP to TP
individuals and area usage of juvenile and IP juesrof P. laticlaviuswas lower than
that of TP individuals.

700 1 700 |
600 | (b)

500 -

600 |
500 |
400 400 |
300 | 300 |
200 | 200 |

100 100

0. lineolatus N. gymnogenis P. laticlavius 0. lineolatus N. gymnogenis P. laticlavius

Figure4.1: Mean area usage (+SE) in 10 minutes at Catherith®&#&l (a) and Norah Head (b)
for juvenile (), initial phasel ) and terminal pkagd) individuals of Ophthalmolepis
lineolatus Notolabrus gymnogenisind Pictilabrus laticlaviusin two periods of sampling
(replicated columns). All combinations of StagegationxPeriod are shown for each species
(n=3 times of day with each time representing therage of five 10 minute replicates).
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Table 4.3: Univariate ANOVA results for area usage®(® miri") for Ophthalmolepis
lineolatus Notolabrus gymnogeniandPictilabrus laticlavius All data In(x+1) transformed
(Cochran’s C tes>0.05). *#<0.05, **P<0.01, ***P<0.001.

- O. lineolatus N. gymnogenis P. laticlavius
Source of variation  df MS F MS E MS E
Stage (S) 2 105.90 293.59* 62.50 74.77* .138 37.34*
Time of day (T) 2 1.78 10.16 2.10 1.58 0.27 0.24
Location (L) 1 1.16 1.69 7.31 17.83*** 1.43 1.93
Period (P) 1 23.50 27.55 5.94 3.65 0.01 0.00
SxT 4 0.47 0.22 0.54 3.44 0.20 0.15
SxL 2 0.36 0.53 0.84 2.04 129 174
SxP 2 11.82 1.90 0.74 3.70 1.45 210
TxL 2 0.18 0.26 1.33 3.24* 1.09 1.47
TxP 2 0.48 4.37 0.98 74.50* 0.07 0.27
LxP 1 0.85 1.25 1.63 3.96* 1.66 2.24
SxTxL 4 2.14 3.13* 0.16 0.38 31. 1.77
SXTxP 4 1.07 2.42 0.23 0.61 21.0 2.18
SXLxP 2 6.23 9.09**+* 0.20 0.49 0.69 0.93
TxLxP 2 0.11 0.16 0.01 0.03 7.2 0.37
SXTxLxP 4 0.44 0.64 0.38 0.93 0.47 0.63
Residual 144 0.69 0.41 0.74

A total of 210. lineolatusand 24N. gymnogenigdividuals were reliably re-identified
using unique facial and/or body markings (Table).4.4uvenileO. lineolatusoften
associated with others of similar size on restdicteef patches, but became more
independent and used larger areas of reef witmamease in size. This species was
broad ranging and non-territorial with home ranggat least 560 fand 2500 rhin IP
and TP individuals, respectively. However, homages are likely to be far greater as
individuals would frequently move outside the stualea. For example, one TP
individual at Catherine Hill Bay travelled in a torim direction for 90 m in 5 mins
before being lost from sight. Likewise, a TP indival at Norah Head travelled along a
rock wall for 170 m over a 9 minute interval with@iopping. Up to 8 IP and 1 T®.
lineolatusmoved independently over a common reef area andecged onto restricted
reef patches only when feeding opportunities afese substrate disturbance caused by
the action of diver’'s fins). Residency far. lineolatustypically lasted from several
months to nearly one year (i.e. 350 days) withviralials regularly moving outside the
study area for periods of hours to weeks. Popmnatiremained stable by the

immigration of IP and TP individuals from adjacesefs.
In contrast, TAN. gymnogenisvere highly territorial, defending reef areascaf 400-
600 nf from rival TP males (Table 4.4; Figure 4.2). Aflases between TP individuals

occurred at territorial boundaries (Figure 4.2)ha€es occurred only when territorial
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boundaries were crossed. For example, TP males fwend within 4 m of one another
on several occasions but aggressive interactiodsndt transpire as the territorial
boundary passed between the individuals. TP oeeg were held for up to at least 20
months (i.e. 593 days). IP individualsf gymnogenisised areas of up to 400 for

at least 22 months (i.e. 665 days) with the majafittheir activity contained within the
territory of a single TP male (Table 4.4; Figur8)4. Each IPN. gymnogenishared a
TP territory with approximately 8-10 other IP indiuwals of various sizes. Fights
between similar sized IN. gymnogenigenerally occurred at the territorial boundaries
of TP individuals. Of the 17 IN. gymnogenighat could be re-identified on at least
two successive occasions, 7 were always resightindhwhe territory of a single male,
6 concentrated the majority of their activity withthe territory of a single male but had
short excursions of up to 5 m into the territoryaof adjacent male, and 4 had home

ranges that considerably overlapped the territmied least two males (Figure 4.3).
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Table 4.4: Home range/territory sizes and residency timeskrudwn individuals of
Ophthalmolepis lineolatuand Notolabrus gymnogenisOnly those individuals observed
on at least two occasions are shown. Home ramgdtg and residency times must be
treated as minimums. Life history stages areahijthase (IP) and terminal phase (TP).
Locations (Loc.) are Catherine Hill Bay (C) and AloiHead (N). Total number of times
the individual was observed (obs.) is shown. Ca@duasterisks denote individuals df
gymnogenisepresented in Figure 4.2 and Figure 4.3, respayti

Speci Area usage Home range/ . Period of
pecies and . . Territorial? .
Stage Loc. gnln-mgx_ terrltzory residency Obs.
(m*.10 mins" (m?) (days)
Ophthalmolepis lineolatus
IP N - - No 2 2
P N 120-376 560 No 48 2
IP N 37-58 116 No 53 2
IP N - - No 97 2
IP N 25-78 316 No 238 7
IP/TP N - 80 No 28 3
IP/TP N 54-222 450 No 41 5
IP/TP N - 470 No 91 3
IP/TP C 36-418 1256 No 110 4
IP/TP N 41-112 310 No 152 3
IP/TP N 18-356 1311 No 302 10
IP/TP N - 800 No 350 2
TP C 101-177 628 No 1 4
TP Cc 160-270 604 No 11 3
TP C - 50 No 12 3
TP Cc 44-58 292 No 24 2
TP N - 196 No 63 2
TP N - 420 No 63 2
TP N 33-628 844 oN 67 4
TP N 172-481 344 No 86 2
TP C 71-542 2456 No 259 18
Notolabrus gymnogenis
P C 47-101 260 Yes 2 2
* P C - 92 Yes 8 2
* IP C 13-59 128 sYe 31 4
IP C 22-27 48 esy 42 2
* IP C - 26 Yes 52 2
* IP C 66 66 Yes 52 3
* IP C 60-61 106 sYe 52 2
P Cc - 66 Yes 64 2
P Cc 64-81 152 sYe 226 3
* P Cc 60 72 Yes 253 2
* IP C 54-149 188 Yes 357 6
* IP C - 224 Yes 372 3
* IP C 30 136 Yes 458 2
* IP C 61-192 392 Yes 527 7
* IP C 27-61 166 sYe 564 8
P Cc 58-136 288 Yes 627 7
* IP C 41-80 160 sYe 665 4
TP Cc 74-378 380 sYe 20 2
TP C 117-134 356 Yes 45 3
* TP C 68-77 122 sYe 54 2
* TP C 14-275 632 Yes 278 9
TP C 92-262 544 Yes 394 6
* TP Cc 38-293 576 Yes 540 8
* TP C 22-271 540 Yes 593 10
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.‘:_0 |

-metres. "\

Figure 4.2: Area usage of five territorial terminal phadetolabrus gymnogeniat Catherine
Hill Bay. Coloured areas correspond to the movdmei each individual denoted by a
coloured asterisks in Table 4.4. Fights occurregasitions marked as. Period of known
residency (days) is shown. Distinctive reef feaswaire showr® = ‘Coal Loader’ jetty piles).
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Figure 4.3: Area usage of seventeen initial phBggolabrus gymnogenit Catherine Hill Bay.
Coloured lines correspond to home range bordeesoh initial phase individual denoted by a
coloured asterisks in Table 4.4. Territorial boames of terminal phase males are displayed as
a broken black lineDistinctive reef features are show® (= ‘Coal Laagkty piles).
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4.3.2 Interactions
4.3.2.1 Overall interactions

The mean overall encounter rate @phthalmolepis lineolatusvith other fish was
24.4+1.0 encounters.10 mihsof which 18.2 and 13.3% of all encounters were
classified as dominant  and subordinate interactionsrespectively.
Dominant/subordinate interactions involved ‘passimevement of other fish/the focal
individual and ‘active’ following, chasing and ctimg. Juveniles encountered other
fish less frequently than IP individuals which ttemives were lower than TP
individuals in period 2 (SxP interactioR<0.05) and at Norah Head (SxL interaction,
P<0.05) (Table 4.5; Figure 4.4a). The number of mhamt interactions.10 mih
increased from juvenile (1.2+0.3) to IP (3.7£0.9) TP (8.8+0.9) individuals (Table
4.5). Dominant interactions occurred more freglyeat Catherine Hill Bay compared
to Norah Head. Subordinate interactions.10 wirere more frequent in IP individuals
(4.2£0.5) than TP individuals (1.9£0.3) (Table 4.5)

The mean overall encounter rate Nbtolabrus gymnogenisvith other fish was
28.2+1.4 encounters.10 mihof which 33.1 and 6.4% of all encounters werssified

as dominant and subordinate interactions, respgtivduveniles encountered other fish
less frequently than TP individuals at all timegste# day, and less frequently than IP at
midday and in the afternoon (SxT interactid?<0.05) (Table 4.6; Figure 4.4b).
Encounters and dominant interactions increased jumenile to IP to TP individuals at
Norah Head (both SxL interaction$<0.05). At Catherine Hill Bay, dominant
interactions were less frequent in juvenile indiats compared to IP and TP (Table
4.6). Subordinate interactions were less frequedi compared to both juvenile and
IP individuals at Norah Head in period 1 and CatieeHill Bay in period 2, and to
juveniles only at Catherine Hill Bay in period 1x{(&P interaction,P<0.01) (Table
4.6).

The mean overall encounter rateRi€tilabrus laticlaviuswith other fish was 13.7+0.9
encounters.10 mif's of which 17.5 and 10.9% of all encounters wemssified as
dominant and subordinate interactions, respectivélye effect of life history stage on

the rate of encounters with other fish differedwssn locations, and the nature of this
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variation was inconsistent across sampling peri@idxP interaction,P<0.05) and
inconsistent across times of the day (SxTxL inteoa¢ P<0.05) (Table 4.7; Figure
4.4c). Dominant interaction rates were always @igior TP than either juvenile or IP
individuals, with IP individuals higher than juvées only at Catherine Hill Bay (SxL
interaction,P<0.05) (Table 4.7). Dominant interactions were enfoequent in period 2.
Subordinate interaction rates did not differ betwég history stages, but subordinate

interactions were more frequent at Catherine Hily BTable 4.7).

Table 45: ANOVA results forOphthalmolepis lineolatuor rates (10 min) of encounters,
dominant interactions and subordinate interactioitis other fishes. All data square-root (x+1)
transformed (Cochran’s C tef0.05). *<0.05, *P<0.01, **P<0.001.

Encounters with Dominant Subordinate

Source of variation  df other fish interactions interactions
MS F MS F MS F

Stage (S) 2 9.35 2.47 37.16  184.31* 454,  20.15*
Time of day (T) 2 3.26 0.41 0.62 0.42 0.36 11.32
Location = (L) 1 20.00 19.30*** 2.73 4.62* 2.88 6.71*
Period (P) 1 13.35 14.00 1.28 4,71 11.0 0.18
ST 4 1.65 0.87 0.82 1.48 0.49 1.52
SxL 2 3.79 3.65* 0.20 0.34 0.22 0.51
SxP 2 12.29 36.52* 2.34 4.97 439 4.03
TxL 2 7.92 7.64*** 1.50 2.53 3.0 0.07
TxP 2 3.57 1.55 0.08 0.76 0.65 2.29
LxP 1 0.95 0.92 0.27 0.46 5.71 13.28***
SxTxL 4 1.90 1.84 0.56 0.94 3. 0.75
SXxTxP 4 0.74 0.52 0.50 1.12 900. 2.06
SxLxP 2 0.34 0.32 0.47 0.80 091. 2.54
TxLxP 2 2.30 2.22 0.10 1.17 29. 0.66
SXTxLxP 4 1.43 1.38 0.44 9.7 0.44 1.02
Residual 144 1.04 0.59 0.43

Table 4.6: ANOVA results for Notolabrus gymnogenifor rates (10 mifl) of encounters,
dominant interactions and subordinate interactioite other fishes. 'data square-root (x+1)

transformed,?data In(x+1) transformed (Cochran’s C teBt0.05). *<0.05, **P<0.01,
*** P<(0.001.

. Encounters with Dominant Subordinate
Source of variation  df ) . . ; .
other fish interactions interactior’s
MS F MS F MS F
Stage (S) 2 19.67 0.82 2186.5 11.55 97.6 4.19
Time of day (T) 2 5.92 1.68 266.1 .38 0.33 0.27
Location (L) 1 2.51 1.28 172.1 2.98 3.21 9.88**
Period (P) 1 31.41 2.54 568.9 28.44 465 1.66
SxT 4 3.69 6.56* 199.8 5.11 2.6 3.76
SxL 2 23.96 12.20%** 189.3 3.28* 84. 5.65**
SxP 2 2.12 1.55 43.0 2.05 60.1 0.07
TxL 2 3.52 1.79 79.7 1.38 al.2 3.87*
TxP 2 1.16 0.22 23.2 0.54 20.2 0.16
LxP 1 12.39 6.31* 20.0 0.35 8.2 10.09**
SxTxL 4 0.56 0.29 39.1 0.68 0.16 0.51
SXTxP 4 491 4.57 49.9 1.19 0.16 0.48
SXLxP 2 1.37 0.70 21.0 0.36 2.10 6.46**
TxLxP 2 5.26 2.68 42.8 0.74 1.34 4.12*
SXTxLxP 4 1.07 0.55 41.8 7. 0.33 1.03
Residual 144 1.96 57.7 0.33
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Figure 4.4: Mean rate (£SE) of encounters, dominant interastiand subordinate interactions
with all other fish at Catherine Hill Bay (i) andohih Head (i) for juvenile ] ), initial phase
(@) and terminal phasel( ) individuals ddphthalmolepis lineolatus(a), Notolabrus
gymnogenigb) andPictilabrus laticlavius(c) in two periods of sampling (replicated columns
All combinations of StagexLocationxPeriod are shdameach species (n=3 times of day with
each time representing the average of five 10 raireplicates).
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Table 4.7 ANOVA results for Pictilabrus laticlavius for rate (10 miff) of encounters,
dominant interactions and subordinate interactioit other fishes. ’data square-root (x+1)
transformed,’data In(x+1) transformed (Cochran’s C teBt0.05). *<0.05, **P<0.01,
*** P<(.001.

. Encounters with Dominant Subordinate
Source of variation  df . . ; - .
other fish interactions interactions
MS F MS F MS F
Stage (S) 2 2.04 0.32 16.42 9.47 110  19.00
Time of day (T) 2 452  52.05* 0.46 92 8.04 5.22
Location (L) 1 43.54 25.94x** 4.96 10137 40.14 11.16**
Period (P) 1 50.65 35.47 1.10 676.01** 6.81 7.25
ST 4 2.12 0.49 0.43 2.78 3.21 0.44
SxL 2 6.35 3.78* 1.73 3.63* 0D. 0.00
SxP 2 2.78 0.36 1.01 1.53 1.21 0.84
TxL 2 0.09 0.05 0.16 0.33 1.54 0.43
TxP 2 0.24 0.99 0.09 2.57 1.17 0.58
LxP 1 1.43 0.85 0.00 0.00 0.94 0.26
SxTxL 4 4.32 2.57* 0.16 0.33 7.23 2.01
SxTxP 4 1.01 0.26 0.20 0.46 2.80 0.65
SxLxP 2 7.70 4.59* 0.66 1.38 1.44 0.40
TxLxP 2 0.24 0.14 0.04 0.07 2.01 0.56
SXTxLxP 4 3.88 2.31 0.43 10.9 4.28 1.19
Residual 144 1.68 0.48 3.60

4.3.2.2 Specific Interactions

Ophthalmolepis lineolatysNotolabrus gymnogeniandPictilabrus laticlaviusengaged
more frequently in intra-specific than inter-spaciéncounters. Most intra-specific
encounters involved juvenile and IP individualsg{ie 4.5-4.7). An intra-specific size-
based dominance was evident in all species witlseain dominant interactions and
reduction in subordinate interactions with prognesdife history stage. For example,
IP O. lineolatuswere dominant over juvenil®. lineolatusin 34% of encounters, but
rarely were they subordinate to these individud%o (of encounters) (Figure 4.5
middle). However, IFO. lineolatuswere subordinate in 75% of encounters withQ.P
lineolatus (Figure 4.5 middle). Courting behaviour (see Qba®) was regularly
observed and contributed 67, 66 and 95% to all rslihate/dominant interactions
between IP and TP individuals ©f lineolatus(n=126), N. gymnogenign=184) and~.

laticlavius (n=167), respectively.

Dominant interactions with conspecifics of simikize (i.e. same stage) most often
involved an active response in the form of rapidsds or adoption of visual posturing
threats (involving flared dorsal fins and/or latesaching) forN. gymnogenigand P.

laticlavius For O. lineolatus non-courting active interactions were infrequiantall
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stages and typically involved the larger individé@lowing closely behind the smaller
individual, rather than rapid chases or visual pasg.

Each species frequently encountered other labri@s.lineolatusand P. laticlavius
encountered substantially molke gymnogenighan any other labrid (Figure 4.5 and
4.7). A size-based dominance hierarchy was evidembng labrids. For example,
interactions with the large labriéichoerodus viridisnvolved this species taking on a
dominant role over all stages of the three focacss, except for 1% of encounters
with TP O. lineolatus Similarly, N. gymnogenisvere typically dominant over botD.
lineolatusandP. laticlaviusas this labrid is morphologically deep bodied &mcally

larger than either of the latter two species.

Dominant and subordinate encounters betw@erlineolatusand other labrids were
typically passive (i.e. did not involve chases,daing or posturing); howeverQ.
lineolatusindividuals were chased on 5 occasion$\Nbygymnogeni§lP and TP) andP.
laticlavius (TP only). A high proportion of active interact®roccurred between
juvenile and IP individuals oN. gymnogenisand the labrid$?seudolabrus guentheri
and P. laticlavius (Figure 4.6). For IP individuals, all active irdetions with these
species involvedN. gymnogenisassuming a dominant role. Most dominant and
subordinate encounters betwdnaticlaviusand other labrids were passive, except for
TP P. laticlavius which were chased in a high proportion of encosnt®ith N.

gymnogeniandP. guentheriFigure 4.7).

Regular encounters occurred between the focal epacid non-labrids (Figure 4.5-4.7).
Non-labrid encounters included Acanthuridae, Aptdgiedae Crinodus lophodo)
Blennidae Plagiotremus tapeinosoma Cheilodactylidae Gheilodactylus fuscis
Microcanthidae Atypichthys strigatys Mullidae Parupeneus signatusand
Upeneichthys vlamingii Pempheridae Pempheris compresga Plesiopidae
(Trachinops taeniatys Pomacentridae P@rma microlepis Parma unifasciataand
Chromis hypsilepisand ScorpididaeScorpis lineolata These fishes would typically
more away from an approaching labrid if the lalvak larger.

Active inter-specific dominant and subordinate iattions forO. lineolatusand N.

gymnogenis occurred mostly withParma microlepis (Pomacentridae) and less
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frequently withPlagiotremus tapeinosom@®lennidae). Chases 3. microlepiswere
prompted by its nest defence and occurred in 2 @dof all encounters withN.
gymnogenign=1523) and. lineolatus(n=620), respectively. Reciprocated chasing of
P. microlepiswas infrequent. Attacks frof. tapeinsomanvolving a rapid strike in an
attempt to remove scales or tissue were rare, batreed in 26 and 50% of all
encounters with TAN. gymnogenign=67) and TPO. lineolatus(n=6), respectively.
Attacks on TPN. gymnogenigypically prompted retaliation in the form of aprd
counter-chase lasting up to 5 seconds. Active dantiand subordinate interactions

betweerP. laticlaviusand non-labrids were rare.

90



Proportion of interactions

Chapter 4: Social organisation and behaviouralaggol

n . | — -
0.6 y
0.4 /
i
02 / % 7 / .
ool é é ‘ % | % 777 % 7/
.gn . -" _
7
0.6 %
0.4 1 %
. e 1
0.6 V
0.4 Z
0.2 1 V V
00 é % "/é L o
O. lineolatu: Other labrid

Figure 4.5 Summary ofOphthalmolepis lineolatugncounters with other fish for juvenile
(top), initial phase (middle) and terminal phasetttm) individuals. Proportion of encounters
prompting no interactior{ ), dominandl ( ) and sdbwtion ¥ ) are shown. Interactions are
the response of the focal individual from obsenradi totallingca 960 mins (i.e. 16 hours) for
each life history stage. Encounters were definedlaserved occurrences with other fishes
within 2 m of the focal individual. Only speciesntributing to at least 20 encounters in one of
the three life history stages were included. Tetalounters are shown above each column (NE
= no encounters observed).
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Figure 4.6: Summary ofNotolabrus gymnogenisncounters with other fish for juvenile (top),
initial phase (middle) and terminal phase (bottamdividuals. Proportion of encounters
prompting no interactior ] ), dominandl ( ) and sdbwation ) are shown. Interactions are
the response of the focal individual from obsenraditotallingca 960 mins (i.e. 16 hours) for
each life history stage. Encounters were definedlaserved occurrences with other fishes
within 2 m of the focal individual. Only speciegntributing to at least 20 encounters in one of
the three life history stages were included. Tetelounters are shown above each column.
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Figure 4.7: Summary ofPictilabrus laticlaviusencounters with other fish for juvenile (top),
initial phase (middle) and terminal phase (bottamdividuals. Proportion of encounters
prompting no interactior{ ), dominandl ( ) and sdbwtion E) are shown. Interactions are
the response of the focal individual from obsenvaitotallingca 600 mins (i.e. 10 hours) for
each life history stage. Encounters were definedlaserved occurrences with other fishes
within 2 m of the focal individual. Only speciesntributing to at least 20 encounters in one of
the three life history stages were included. Tetalounters are shown above each column.
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4.3.2.3 Special Interactions — cleaning behaviour

Several interesting inter-specific relationshipsavebserved. Interactions with fishes
belonging to the family Mullidae and wittA. viridis were typically mutual or
commensal and related to feeding behaviour soiaceigsed in Chapter 5. Two species
of clingfishes Cochleoceps orientaliand Aspasmogaster costgtavere observed
cleaningOphthalmolepis lineolatysNotolabrus gymnogenisndPictilabrus laticlavius
on 206 occasions. Cleaning services were providedll life history stages of each
species, except juvenik laticlavius(Table 4.8).

Labrids initiated cleaning behaviour by lying, haag or slowly swimming near a
cleaning ‘station’ (e.g. rock overhang, bare rockface, top of sponge or complex
rock/algal habitat) which was followed by the clish attaching to the fish’s body.
After attachment, the clingfish would rapidly moweer the body. Post-cleaning, the

clingfish would detach and promptly attach, or diodrift, to nearby substrate.

Cleaning times were usually short (<10 secondsphut3 occasions lasted in excess of
1 minute, with one cleaning episode continuing4amin 18 sec (Table 4.8i). Single
clingfish were usually involved in cleaning eacthfi(i.e. 92% of occurrences), but 2
and 3 clingfishes were observed simultaneouslynaigathe same fish on 12 and 4
occasions, respectively (Table 4.8ii). Clingfisheegularly provided unwanted, or
extended, cleaning services which prompted thd fabad to twitch, side bend or side-

swipe on substrate in an effort to cause dislodgemiethe clingfish.

Table 4.8: Frequency of occurrence of cleaning periods pexvithy clingfishes (i) and

number of clingfish simultaneously involved in eatdaning episode (i) for juveniles (Juv.),
initial phase (IP) and terminal phase (TP) indiadu of Ophthalmolepis lineolatus

Notolabrus gymnogen&ndPictilabrus laticlavius

(i) No. of clingfish
. . . . . involved in each
Species Stage (i) Cleaning period Jsec Total time cleaning episode
0-10 10-30 30-60 60-180 180+ (min:seq) 1 2 3
O. lineolatus Juv. 4 2 3:28 6
P 16 7 2 21:55 25
TP 39 12 2 15:02 53
N. gymnogenis  Juv. 5 4 1 3:05 9 1
P 22 12 6 3 1 3:53 39 5
TP 38 11 5 3 8:57 47 6 4
P. laticlavius Juv. -
P 2 0:18 2
TP 5 3 1 3:06 9
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4.3.3 Lying and shelter use

Episodes of fast movement (i.e. chasing, retreatomyrting and spawning), slow
swimming and hovering were sometimes interspersid periods of lying. Lying
behaviour was never observed @phthalmolepis lineolatysbut occurred often in
Notolabrusgymnogenig(16.1+1.2% of time) and regularly iRictilabrus laticlavius
(48.2+1.8%) (Figure 4.8). Juvenid: gymnogenispent more time lying than both IP
and TP individuals at all times of the day and athblocations, except at midday at
Catherine Hill Bay where no differences existedwasn life history stages (SxTxL
interaction,P<0.01) (Table 4.9; Figure 4.8). No differencesnmssn life history stages
of P. laticlavius occurred for lying, but the time engaged in lyibghaviour was
significantly lower at Norah Head (43.6+£2.0% of épthan Catherine Hill Bay (52.9+
1.6%).

80 80
70 (a) 70 (b)
60 - l 60 -
50 50
40 1 40 1
30 30 1
20 A 20 -
10 10
0 0
0. lineolatus N. gymnogenis P. laticlavius 0. lineolatus N. gymnogenis P. laticlavius

Figure 4.8: Mean percentage of time (+SE) engaged in lyingabur at Catherine Hill Bay
(a) and Norah Head (b) for juvenild( ), initial glea@ ) and terminal phadA4 ( ) individuals of
Ophthalmolepis lineolatydNotolabrus gymnogenandPictilabrus laticlaviusin two periods of
sampling (replicated columns). All combinationsSthgexLocationxPeriod are shown for each
species (n=3 times of day with each time represgritie average of five 10 minute replicates).
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Table 4.9: ANOVA results for percentage of time engaged indybehaviour foNotolabrus
gymnogenisand Pictilabrus laticlavius Lying behaviour did not occur i@phthalmolepis
lineolatus 'data arcsin(%) transformed (Cochran’s C t@sf).05). #<0.05, **P<0.01.

I N. gymnogeriis P. laticlavius

Source of variation df MS F MS F
Stage (S) 2 6053.42 16.48 1537.00 .96 2
Time of day (T) 2 167.41 0.95 3782.54 4.36
Location (L) 1 4.70 0.04 3859.57 8.24**
Period (P) 1 66.50 0.17 6819.12  3.81
SxT 4 27.24 0.05 619.21 0.62
SxL 2 367.36 32.99 518.91 1.11
SxP 2 47.18 0.44 251.39 0.28
TxL 2 175.83 1.43 867.24 5.8
TxP 2 43.99 0.09 769.36 0.90
LxP 1 387.33 3.16 1789.20 3.82
SxTxL 4 507.99 4.14** 997.62 2.13
SxTxP 4 293.85 3.13 371.26 0.57
SxLxP 2 108.24 0.88 883.86 1.89
TxLxP 2 474.45 3.86* 854.65 1.82
SxTxLxP 4 93.95 0.77 652.78 1.39
Residual 144 122.76 468.67

Rock crevices, steel refuse (e.g. ladders, chaing and algae Hcklonia radiata
Phyllospora comosand/or mixed species of algae) were used for eshély each
species (Figure 4.9). Sheltering occurred whikrd®ng for prey, being cleaned, lying
and during travel. O. lineolatus exhibited the least use of shelter of all species
(11.5+0.9% of time) (Figure 4.10). Juven®e lineolatusused mostly algae for shelter,
IP individuals used more rocks (while still usingstly algae), and TP individuals used
rock, algal and rock/algal complexes about equ@iigure 4.9a). Differences between
life history stages 0. lineolatusoccurred only in the morning at Catherine Hill Bay
and the afternoon at Norah Head (SxTxL interacti®®.05) (Table 4.10; Figure 4.10).

Hard substrata (i.e. rock and steel refuse) weeel@ninantly used for shelter by.
gymnogenishowever, use of algal and rock/algal complex wasroon for juveniles
(Figure 4.9b). Shelter was used intermittently.936.8% of time) with regular short
excursions into crevices to travel or to seek gregure 4.10). Juvenild. gymnogenis
used shelter more frequently than TP individualsbath locations, and also IP at
Catherine Hill Bay (SxL interactior<0.05) (Table 4.10; Figure 4.10). Shelter was

used more frequently in period 1 than period 2is $pecies.

P. laticlavius mostly used macroalgae (typicallicklonia radiatd or rock/algal
complexes for shelter (Figure 4.9c) and would rentgng or travel within the cover of
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shelter for extended periods (i.e. 73.6x1.5% ofedirtFigure 4.10). Shelter was used
more frequently by juvenile and IP individuals Rf laticlaviusthan TP individuals in
the morning at Norah Head and midday at Catheriile Bay (SxTxL interaction,
P<0.05) (Table 4.10; Figure 4.10). In the morningatherine Hill Bay, juveniles used

shelter more often than both IP and TP individuals.

13

(ai)

Figure 4.9: Percentage of tim®phthalmolepis lineolatu&), Notolabrus gymnogenig) and
Pictilabrus laticlavius(c) utilise algal [d1 ), rockll ) and rock/algal corepl@) for shelter.
Stages are juvenile (i), initial phase (ii) andrigral phase (iii) individuals. Percentages (shown)
are calculated from 600 mins of observations/stpgaies.
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Percentage of time (%)

100 100 1
(a) (b) !
80 80 -
il

60 60 - .
40 40
20 20 -
0 n 0+

0. lineolatus N. gymnogenis P. laticlavius 0. lineolatus N. gymnogenis P. laticlavius

Figure 4.10: Mean percentage of time (xSE) utilising sheltetCatherine Hill Bay (a) and
Norah Head (b) for juvenile[ ), initial phasl ( )daterminal phaself] ) individuals of
Ophthalmolepis lineolatydNotolabrus gymnogenendPictilabrus laticlaviusin two periods of
sampling (replicated columns). All combinationsStéhgexLocationxPeriod are shown for each
species (n=3 times of day with each time represgritie average of five 10 minute replicates).

Table 4.10: ANOVA results for percentage of time using shelter Ophthalmolepis
lineolatus Notolabrus gymnogeniand Pictilabrus laticlavius *data arcsin(%) transformed
(Cochran’s C tes>0.05). #<0.05, ***P<0.001.

- 0. lineolatus N. gymnogenis P. laticlavius
Source of variation df MS E MS 2 MS F
Stage (S) 2 261.54 15.70 294.73 46.6 4256.10 34.13*
Time of day (T) 2 1022.16 2.60 840.80 6.87 21442  44.03*
Location (L) 1 1790.30 17.61**  18894.85 53.08*** 12139.31 45.07**
Period (P) 1 2.39 0.02 2894.42 292.56* 492.03 0.29
SXxT 4 31.29 0.10 357.45 5.97 8.86 0.54
SxL 2 16.65 0.16 1250.00 3.51* 4172 0.46
SxP 2 7.17 0.13 113.57 1.30 .B51 8.06
TxL 2 392.88 3.87* 122.46 0.34 4.87 0.02
TxP 2 168.73 6.89 836.38 1.01 55.38 0.47
LxP 1 111.00 1.09 9.89 0.03 1692.80 6.28*
SxTxL 4 308.06 3.03* 59.86 0.17 715.81 2.66*
SXTxP 4 355.72 1.96 490.54 810. 377.18 1.12
SXLxP 2 56.33 0.55 87.43 2%0. 68.43 0.25
TxLxP 2 24.47 0.24 826.04 2.3 750.99 2.79
SXTxLxP 4 181.14 1.78 608.01 1.71 335.63 1.25
Residual 144 101.64 355.96 269.36

4.3.4 Other Behaviours
4.3.4.1 Side-swiping and bending

Bends and side-swipes were observed regularlpfdrthalmolepis lineolatu@otal of
830 and 351 occurrences, respectively), ofterNfatolabrus gymnogeni&22 and 142,
respectively) and infrequently fétictilabrus laticlavius(43 and 51, respectively). Side

swiping and bending occurred as single isolatedtsydut episodes of up to 3 bends or
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up to 8 side-swipes in rapid succession (i.e. <86s)ys were observed on several
occasions. No differences occurred between liggohy stages oN. gymnogenigor
rates of bending or side-swiping (Table 4.11, 4Higure 4.11). In contrast, differences
occurred between life history stages@f lineolatusin some periods (for bends), at
some times of the day at some locations (for beradome locations (for side-swipes)
and at some times of the day in some periods (f@-swipes) (Table 4.11, 4.12). A
four-way interaction occurred for rates of bendimg P. laticlavius but differences
among life history stages occurred only in the nmgrat Catherine Hill Bay in period
2. Comparisons of side-swiping rates among liedny stages dP. laticlaviusin each
sampling period (SxP interactioR<0.001) was not possible due to the frequent zero
occurrences of this behaviour. Side-swiping oadimore frequently at Catherine Hill

Bay than Norah Head for this species.
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Figure 4.11: Mean rate (xSE) of bending (a) and side-swipingattCatherine Hill Bay (a) and
Norah Head (b) for juvenile[ ), initial phasl ( )daterminal phasel ) individuals of
Ophthalmolepis lineolatydNotolabrus gymnogenandPictilabrus laticlaviusin two periods of
sampling (replicated columns). All combinationsSthgexLocationxPeriod are shown for each
species (n=3 times of day with each time represgritie average of five 10 minute replicates).
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Table 4.11: ANOVA results for rates of bending.10 riifor Ophthalmolepis lineolatys
Notolabrus gymnogeniand Pictilabrus laticlavius *data square-root (x+1) transformed,
“data In(x+1) transformed (Cochran’s C té%t0.05). <0.05, ***P<0.001.

s 0. lineolatus N. gymnogenfs P. laticlavius
Source of variation  df MS F MS F MS F
Stage (S) 2 3.36 5.34 0.49 1.48 .030 10.88
Time of day (T) 2 2.85 5.62 1.03 ns 0.14 2.08
Location (L) 1 2.16 4.72* 0.01 0.03 1.28 11.48***
Period (P) 1 3.61 25.11 11.98 111.47 580. 86.66
SxT 4 0.81 0.51 0.06 0.72 0.04 0.82
SxL 2 0.63 1.37 0.34 0.95 0.00 0.03
SxP 2 5.10 30.95* 0.36 3.99 0.15 5.78
TxL 2 0.51 1.11 0.69 1.94 0.07 0.59
TxP 2 1.07 0.94 1.09 3.98 0.06 4.50
LxP 1 0.14 0.31 0.11 0.30 0.01 0.06
SxTxL 4 1.57 3.44* 0.09 0.24 0.05 0.48
SxTxP 4 0.33 1.74 0.11 0.55 .150 0.53
SxLxP 2 0.16 0.36 0.09 0.26 .030 0.23
TxLxP 2 1.14 2.49 0.27 0.78 .010 0.13
SxTxLxP 4 0.19 0.41 0.21 0.58 0.29 2.57%*
Residual 144 0.46 0.35 0.11

Table 4.12: ANOVA results for rates of side-swiping.10 riirfor Ophthalmolepis
lineolatus Notolabrus gymnogenisand Pictilabrus laticlavius
transformed (Cochran’s C tef0.05). *<0.05, **P<0.01, ***P<0.001.

All data In(x+1)

- O. lineolatus N. gymnogenis P. laticlavius
Source of variation  df MS E MS E MS £
Stage (S) 2 1.87 1.34 0.33 0.45 0.08 0.69
Time of day (T) 2 1.16 1.17 .14 3.10 0.94 2.83
Location = (L) 1 0.11 0.31 0.21 0.62 0.65 5.33*
Period (P) 1 0.67 0.42 1.26 38.10 0.29 0.94
SXxT 4 0.52 0.80 0.05 .28 0.10 0.45
SxL 2 1.40 3.91* 0.74 2.20 0.12 0.97
SxP 2 1.14 3.55 0.04 120. 0.31 583.46***
TxL 2 0.99 2.78 0.37 A1 0.33 2.75
TxP 2 0.36 0.50 0.24 .02 0.08 0.26
LxP 1 1.59 4.45* 0.03 0.10 0.31 2.53
SxTxL 4 0.65 1.81 0.19 0.57 0.22 1.84
SXTxP 4 0.68 35.42* 0.36 3.45 0.24 5.93
SXLxP 2 0.32 0.90 0.32 0.96 0.00 0.00
TxLxP 2 0.73 2.04 0.24 0.70 0.31 2.53
SxTxLxP 4 0.02 0.05 ®.1 0.31 0.04 0.33
Residual 144 0.36 0.34 0.12

4.3.4.2 Gaping

Gaping occurred in all stages of each species avitbtal of 228, 154 and 109 gapes
observed forNotolabrus gymnogenisOphthalmolepis lineolatusand Pictilabrus
laticlavius respectively. Gaping was most often associatiéal agonistic interactions
in which a dominant fish would threaten anotheivittial using a wide gape held for
up to 3 sec or, in retreat, a subordinate fish d@agdrform a rapid, shallow gape. No

differences in gaping rates occurred among liféohysstages oN. gymnogenisndP.
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laticlavius, but gaping was more frequent in TP than eitheenile or IP individuals of
O. lineolatusat Norah Head in period 1 (SxLxP interactiBr0.05) (Table 4.13; Figure
4.12). Gaping occurred more frequently in the rmgnfor N. gymnogenisand at

Catherine Hill Bay folP. laticlavius

251 251
(a) (b)

2.0 1 .
15+ T
1.0
0.5 1
0.0 -

0. lineolatus N. gymnogenis P. laticlavius 0. lineolatus N. gymnogenis P. laticlavius

Figure 4.12: Mean rate (+SE) of gaping at Catherine Hill Bay &d Norah Head (b) for
juvenile (), initial phasel ) and terminal phaZk {(ndividuals ofOphthalmolepis lineolatys
Notolabrus gymnogenigind Pictilabrus laticlaviusin two periods of sampling (replicated
columns). All combinations of StagexLocationxPdrare shown for each species (n=3 times
of day with each time representing the averagé/effO minute replicates).

Table 4.13: ANOVA results for rates of gaping.10 riifor Ophthalmolepis lineolatys
Notolabrus gymnogeniand Pictilabrus laticlavius 'data square-root (x+1) transformed
(Cochran’s C tes£>0.05). *<0.05, ***P<0.001.

i 0. lineolatus N. gymnogenis P. laticlavius
Source of variation  df MS E MS E MS E
Stage (S) 2 0.12 0.23 0.65 0.40 0.06 0.64
Time of day (T) 2 5.60 9.00 1472  67.92 0.45 7.08
Location (L) 1 0.01 0.01 1.80 1.17 43. 38.08***
Period (P) 1 7.61 369.00* 4.36 4.00 0.70 92.49
SxT 4 0.67 5.45 0.99 0.62 0.17 951.
SxL 2 0.51 0.68 1.62 1.05 0.09 011.
SxP 2 1.87 0.77 2.91 3.93 0.07  450.
TxL 2 0.62 0.84 0.22 0.14 0.06 700.
TxP 2 0.82 5.29 2.01 2.60 0.09 B5.9
LxP 1 0.01 0.01 1.09 0.71 0.01 080.
SxTxL 4 0.12 0.16 1.61 1.04 0.09 0.96
SXTxP 4 0.09 0.15 1.58 1.58 0.01 0.17
SxLxP 2 2.44 3.29* 0.74 0.48 0.16 1.79
TxLxP 2 0.16 0.21 0.77 0.50 0.00 0.01
SxTxLxP 4 0.59 0.79 1.00 0.65 .00 0.71
Residual 144 0.74 1.54 0.09
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4.3.4.3 Colour Change

Colour change was observed in all species. Thst rsiniking evidence of colour
change occurred in terminal pha3phthalmolepis lineolatus which large individuals
were observed altering the pigmentation of theachkllateral band on 16 occasions
(Figure 4.13). The black band changed from beispgldyed to hidden, or vice versa, at

intervals of approximately 20 seconds.

Figure 4.13: Socially-mediated colour change in a terminal ph@phthalmolepis lineolatus
(340 mm) Both photographs are of the same individual inldigii) and not in display (i) of
its lateral black band.

Expression of a lateral black band was typicallgisplay of dominance amon@.
lineolatus Due partly to the low density of TP individual®o individuals displaying
black bands were never seen together. On a swegksion, an individual displaying a
black band promptly ceased its display and retdeatpon encountering a larger
individual.

Colour change was also used by all species for oHagye (Figure 4.14). IrO.
lineolatus excursions over sand flats invoked a change loucdo a relatively uniform
cream-yellow. On return to rocky or weedy habitastinct horizontal bands of brown
and yellow returned. Variation in colour was olser in Notolabrus gymnogenis
(juveniles and IP only) anBictilabrus laticlavius(all stages), usually when lying, to
match the substrate. Change in colouration inwbk#ering the intensity of brown in
N. gymnogenisand subtle adjustments of vertical green/browmdbey on the body and
the addition of white spots iR. laticlavius
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Figure 4.14: Camouflage-mediated colour change observedphthalmolepis lineolatys
Notolabrus gymnogeniandPictilabrus laticlavius Figure (a) shows a single terminal ph@se
lineolatusindividual (310 mm) in distinct reef colouratioi) &nd in the pale colouration used
for travel over sandy areas (ii). Figure (b) shengngle initial phashl. gymnogenigdividual
(180 mm) in typical (i) and cryptic (ii) colouratio Figure (c) shows two different terminal
phase individuals ofP. laticlavius (both 160 mm) in display of the typical non-banded
colouration (i) used for travel among canopy forgnialgal fronds and its mottled, banded
colouration (ii) used when lying among mixed spsaéalgae.
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4.4 Discussion
4.4.1 Spatial structure and residency

Ophthalmolepis lineolatysNotolabrus gymnogeniandPictilabrus laticlaviusdiffered
substantially in their spatial structure and theaaof reef used by individuals. Juvenile
O. lineolatusoften associated with others of similar size ostrreted reef patches.
Association of juveniles is a strategy employed dewveral labrids (Jones 1984c;
Shephercet al. 2002) and is likely to be important for avoidinge@ation (Martha and
Jones 2002). Congregating with conspecifics oflamsize is likely to be a particularly
important survival strategy fdD. lineolatusas, compared to other labrids, individuals
of this species infrequently use refuges so arklygsual to predators.

With increased siz&). lineolatusbecome increasingly independent and use largasare
of reef, with home ranges of at least 566 and 2500 rmin IP and TP individuals,
respectively. Known IP and TP individuals werdaatally re-located within the study
area, but frequent extensive searches reveale@ fiwses regularly moved outside
these areas for periods of hours to weeks andreaedito do so for up to 1 year before
the individual permanently emigrated. Populatioh®. lineolatusremained stable by
the immigration of IP and TP individuals from adiat reef areas. These movement
patterns suggedD. lineolatusare temporary reef residents that utilise homeyean
extending over large areas of rocky reef. Theegfarea usage d. lineolatusis
similar to that of the non-territorial labriddotolabrus fucicolaAchoerodus gouldiand
Achoerodus viridis For exampleN. fucicolarange widely over available reef with
home ranges up to at least 1709 (Barrett 1995b) and 30004tEdgaret al. 2004). In
Achoerodus gouldiimovement may be even greater with individuals imgpvover

coastal areas as large as 1506q®hepherd and Brook 2005).

The ecological benefits, or constraints, underlyimg use of home ranges is not known
for most fishes. When small. lineolatusfeed primarily on high density prey (e.g.
amphipods, small gastropods etc.), with their dikifting in larger individuals to

include prey which is less abundant (e.g. largecapeds, polyplacophores and
echinoids) (see Chapter 5). These larger, lessdami prey items are located mostly by

chance encounters within a large reef area. Tpe ¢f shelter used by. lineolatusis
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also likely to be an important factor in determmivhy territoriality is not exhibited in
this species. For exampl®, lineolatusmay bury within sandy sediment for nocturnal
refuge (see Chapter 3), but move onto hard subsfmatdiurnal foraging. This forces
individuals to have broader ranges than those epettiat remain in their foraging
habitat within rocky crevices during nocturnal pels. The movements of juveni®
lineolatus are likely to be reduced as they are able to nmaturnal use of shallow
sand patches found dispersed throughout rock ayad lshbitat.

Observed colour change @. lineolatusassociated with short excursions over barren
sand flats and the permanent emigration of ind&isllsuggests this species may be
capable of travelling between reefs over broadhesof sandy sediment. However,
sand flats usually act as a barrier to the movesnehiabrids (Warner 1982; Barrett
1995b). Arendet al. (2001) reported thakautoga onitistravelled up to 10 kilometres
over flat, featureless, bottom habitat but it iknmwn whethelO. lineolatusis capable

of movement at such scales. Future tagging andséiccstudies are required to address
this uncertainty. Determination of wh@. lineolatususe temporary home ranges
requires further investigation. The occurrencemigration/immigration did not seem
to coincide with storm events (suggestive of wawduced displacement) nor did they
appear to be seasonal (suggestive of breeding tioigsa More data is needed on the

movement patterns @. lineolatusbefore these hypotheses are tested.

Juvenile and IN. gymnogenislemonstrated strong fidelity to a particular neafch of
ca. 150-400 i in which they remained for up to 22 months (theratlon of
observations). Reef patches are shared with cotfiggeof different size, but are
defended from individuals of similar size by aggres chases. Co-occurrence of
different sized individuals is promoted by ontogeneartitioning of food resources
which is known to occur in this and other speciebrid (see Chapter 5; Jones 1984c,
1988; Gillanders 1995b; Denny and Schiel 2001; 8S&ep and Clarkson 2001,
Shepherd 2006). The evidence of heightened adggrelsstween juveniles and between
IP individuals of similar size is likely to be due competition resulting from direct
dietary overlap (see Chapter 5), but aggression atsy be prompted by defence of

social rank (see below).
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In contrast, TP males dN. gymnogenisare highly territorial and actively defend
contiguous reef patches cé. 400-600 rfi from rival males for periods of up to at least
20 months. These territories contain up to 8 IRdkes which typically restrict the
majority of their activity to the territory of argile male. Therefore, the spatial
arrangement oN. gymnogenigpopulations reflects that of other temperateittaral
labrids (Jones 1981; Barrett 1995b; Shepherd aadck&dn 2001), with residency time
for this species similar to the 2 years reporte@seudolabrus celidotuglones 1981),
but considerably longer than the 1 year documebjyeHdgaret al. (2004) for labrids

in Tasmanian waters. In territorial species, theuorence of aggressive interactions
between males is likely to force limitations on plaion densities and therefore

present important considerations for their manageifsee Chapter 7).

As territoriality is exhibited only by males of trgpecies and males do not actively
confine females to their territory, there is stragpport that mal&l. gymnogenisire
involved in resource defence polygyny (Smith 1998).this mating system males gain
access to females by defending reef patches offeesources such as food and shelter
that are required by females. Whether some teegaepresent resources of higher
guality and are therefore more favourable to fesaget to be determined.

TP N. gymnogenigfrequently crossed territorial boundaries pdgsibr the purpose of
determining territory occupancy and therefore assgsthe potential for territory
expansion. Grant (1997) proposed that interactibeveen males at territorial
boundaries are indicative of males defending avdaish are smaller than their non-
contiguous maximum. That is, the territory size ionflividuals is restricted by
interactions with other males. Indeed this appehes case folN. gymnogenisas
opportunistic territory expansion occurred in somaividuals, particularly those with
territories adjacent to sand flats. These indigldiook advantage of rocky substrate or
macroalgae that was episodically present throughatition of storm events that either

removed sand or accumulated dislodged macroalghe atef edge.

Several TAN. gymnogenislisappeared over the study period and were replaga TP
individual which continued the defence of the poes individual’s territory. Causes of
TP N. gymnogenidoss are not known but the former occupant wasmnessighted

suggesting it was predated, despite behaviourakredgons providing no direct
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evidence of predation of any of the investigatedritls. Other causes of male
replacement include surge-induced displacementeaitdry holders during storm
events; mortality due to capture by fishers; oralfaes through physical stress,

including injury, caused by territory defence.

Whether the first male died or was displaced by ghbsequent male is not known;
however, each of the subsequent males did notqurslyi hold one of the adjoining
territories. Therefore, these TP males either céiom outside the study area or
represent a sex-changed individual from the IP rhandich assumed the alpha male
role after sex change lastiog. 2-3 weeks (Kuwamurat al. 2002). As TP individuals
in transitional coloration were often seen to ht#ditories after the absence of the
former TP occupant, it is assumed the latter hygsithis most likely. This hypothesis
also explains why IN. gymnogenisypically constrain their activities to the teories

of a single TP male and will defend these areas fimmales of similar size. By doing
so, females become familiar with the territory dfRa male whilst excluding individuals
of similar rank which would otherwise compete fbeit position in the dominance
hierarchy and possibly affect their chances of beng the alpha male (Sakat al.
2001).

Interactions between TP individuals Bf laticlaviusin the present study suggests
several males utilised a common reef area withiithvemall reef patches (i.e. 4-1F)m
are temporarily defended for the purpose of feedamglter and/or reproduction. For
example, fights usually involved rushing toward tweo individual, side-to-side
posturing (e.g. erecting and flickering of find)eh moving away from one another in
random directions (i.e. not back into contiguousities over which a boundary
would have been contested). Such confrontatione wkso found in juvenile and IP
individuals, but defended reef patches were subatgrsmaller (i.e. 1-3 ).

Gaining an understanding of the spatial structuirePo laticlavius was, however,
significantly constrained by its cryptic behavioure-identification of individuals was
also problematic so estimations of home rangetteyrsize and reef residency were not
made, but mean area usage (10 thinas found to increase from 5nto 13 nf, to 39
m? in juvenile, IP and TP individuals, respectivel$imilarly, Barrett (1995b) foun®.

laticlavius a difficult species to study due to its cryptidaration and frequent ‘hiding’
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behaviour beneath algal canopies. This speciespisrted to be relatively sedentary
(Edgaret al. 2004) and, based on the behaviour of a singlendRridual, proposed by
Barrett (1995b) to actively defend territoriescod. 175 nf from male intruders. Future

studies are recommended to accurately describeptiiel structure dP. laticlavius

4.4.2 Interactions

Ophthalmolepis lineolatydNotolabrus gymnogenendPictilabrus laticlaviusregularly
encounter other fishes, but intra-specific encagnteccur more frequently than
encounters with other species. A dominance hibyabased on size was evident in all
species. This form of social hierarchy is comnmmother labrids (Jones and Thompson
1980; Tribble 1982; Hoffman 1985; Salkati al. 2001; Shepherd and Clarkson 2001).
Dominance hierarchies were expressed by smalleviththls moving away from the
approach of a larger individual, but also occuresdactive chases, visual posturing
threats (i.e. flaring of the dorsal fins and/oelal flexion) and ‘tailing’ (i.e. following).

In addition, threats in the form of gaping (i.ee tisplay of an individual's caniform
teeth) were often directed at other individuals.

In TP O. lineolatus the largest and most dominant male advertises-ggecific
dominance by episodically displaying a black ldtéa@nd. On only a single occasion
were two TP mal®. lineolatusin the same vicinity. This occurrence resultedhia
smaller TP male fading the display of its blacletat band and moving away from the
reef patch occupied by the larger individual. Whpermanent colour transformations
associated with sex change are well documenteabrids (Kuiter 1993; Gillanders
1999; Jones 1999) literature citing socially indiicapid colour changes are infrequent
(e.g. Robertson 1981). Indeed, displays of cottange to advertise social dominance
and for the purpose of camouflage as seen in Wesiigated labrids appear to be the

only reports of rapid colour change in any of Aak#f's temperate labrids.

A size-based dominance hierarchy was also evideong labrids of different species.
For example Achoerodus viridigmax. size = 1200 mm: Kuiter 1993) were dominant
over all other labrid species, batipetrichthys angustipgsnax. size = 150 mm: Kuiter
1993) were typically subordinate in interactionshwd. lineolatus N. gymnogenisnd

P. laticlavius Whilst inter-specific dominance hierarchies wexnadent in labrid
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assemblages, dominant interactions occurred megeiéntly between individuals of the
same species. This is likely due to intra-spedimilarities in mouth morphology,
foraging behaviour and diet (see Chapter 5), whialises significant competition
among individuals of the same species. Frequegteagive interactions among
individuals of the same species may even be used simategy by females to inhibit
maturation of juveniles (Jones and Thompson 198@)oa by males to inhibit sex
change in females (Saketi al. 2001; Perry and Grober 2003).

O. lineolatus N. gymnogenisand P. laticlavius also regularly encountered and
interacted with non-labrids. These non-labrids evgmically schooling fishes and
pomacentrids that moved away from an approachimgdabut the pomacentridarma
microlepiswas observed to chas® lineolatusandN. gymnogenigrom nesting sites
and the blennidPlagiotremus tapeinosomaas seen to rapidly strike these labrids in an
attempt to remove scales or tissue. Agonisticaateéons with pomacentrids, blennids
and crabs have been documented in other labridespéthompson and Jones 1983;
Jones 1984c; Gillanders 1995b, 1999; Shepherd #ar#ts6n 2001; Martha and Jones
2002). These interactions are typically infrequeolt aggressive attacks by the
pomacentridP. microlepismay affect the foraging rate and habitat uséadfoerodus
viridis in sites wherd®. microlepisis abundant (Gillanders 1995b). However, neither
nest defending pomacentrids nor territorial bleanigere sufficiently abundant in the
study area to substantially affect the behavioutines ofO. lineolatus N. gymnogenis

or P. laticlavius

Cleaning by clingfishes (Gobiesocidae) occurreduently and was initiated by labrids
lying or slowly swimming near a cleaning ‘statidn’ advertise their willingness to be
cleaned. Single observations ©f lineolatusand P. laticlavius being cleaned by
Siphonognathus beddomdOdacidae) have been previously reported, as have
observations of other labrids (eotolabrus tetricusand Achoerodus viridis being
cleaned byTilodon sexfasciatugviicrocanthidae)Cochleoceps bicolofGobiesocidae),
Austrolabrus maculatu@_abridae) andnoplosus armatuéEnoplosidae) (Shephesd

al. 2005). The importance of cleaning services predithy Labroides dimidiatusn
tropical reef systems is well documented (Gruéteal. 2003), but the importance of
cleaners in temperate systems is not knowd. lineolatus N. gymnogenisand P.

laticlavius evidently receive tactile stimulation from the aéng activity of clingfish,
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but removal of ectoparasites and dead tissue (fhgch991) may be important in
determining the health of these fishes and mayaeanite their distribution.

4.4.3 Importance of lying behaviour and shelter availdpifor labrids

Each species typically spends the majority of thieie actively swimming throughout
their home rangelfterritory, but the importance yihg behaviour was evident for
Pictilabrus laticlaviusand Notolabrus gymnogenisP. laticlavius spent 48% of their
time lying and juvenildN. gymnogenispent 30% of their time lying. Lying was less
frequent in IP and TRN. gymnogenig9% of their time) and was never observed in
Ophthalmolepis lineolatus Lying was associated with resting and cleanmg, was
used commonly for the purpose of prey ambush.hdéséd instances, individuals would
lie on their belly, or side, and orientate theirutiotoward a prey source (e.g. fronds or
bases of algae) (see Chapter 5). In this positmiyiduals would use their eyes to
detect prey movement before rapidly consuming quasing a combination of ram-
and-suction (Ferry-Grahamt al. 2002). Frequent use of lying behaviour by bBth
laticlaviusand juvenileN. gymnogenigo ambush prey results in considerable overlap in
the diet (i.e. amphipods) and feeding microhabifia¢s algal fronds and algal bases) of
these species (see Chapter bying behaviour was often associated with colowarade

for the purpose of concealment against the sulshatkground so as to be less readily

identified by predators and/or prey.

It is apparent that lying behaviour is an importammponent of the behaviour
repertoires ofN. gymnogenisand P. laticlavius especially for ambush feeding, but
diurnal lying behaviour outside refuges is not mega in ethological studies of other
labrids except for infrequent observations of ldbriying motionless when being
cleaned (Shepheret al. 2005). It is unlikely that the use Y. gymnogenisand P.
laticlavius of lying behaviour for the purpose of ambush fagdare cases unique to the
family Labridae, yet it is surprising that this la@four has not been previously reported
in the many studies of the feeding behaviour okptlabrids (e.g. Gillanders 1995b;
Shepherd and Clarkson 2001; Ferry-Grahetnal. 2002; Fulton and Bellwood 2002;
Shepherd and Brook 2005).
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Shelter was used by each species, but the frequehayse differed substantially.
Shelter was most important fd?. laticlavius followed by N. gymnogenisand O.
lineolatus with these fishes on average using shelter 74n8711% of the time in their
activities on the reef. In all species, sheltavpgied by both algal and rocky substrate
were of great importance. The association of tEowith shelter offered by rocky reef
and/or algal habitats is well documented (Treasut®04; Garcia-Rubies and
Macpherson 1995; Gillanders and Kingsford 1998] Bitd Wennhage 2002). Shelter
is likely to provide refuge from predators, to peat displacement by wave surge, to
harbour prey items; and to provide nocturnal réetrg®teele 1999; Shepherd and
Clarkson 2001; Takayanagt al. 2003; Shepherd and Brook 2005). Frequent reliance
on shelter byN. gymnogenisand P. laticlaviusis likely to limit their passage across
areas devoid of shelter (i.e. sand flats). Howeafer storm events, these species were
found to opportunistically use shelter providedtbg accumulation of displaced algae
on sand flats. Expanses of drift algae betweehkyroeefs may, therefore, provide
episodic opportunities for post-settled labridseimigrate to otherwise inaccessible

reefs.

4.4.4 Other behaviours

Many ethological studies fail to quantify or attdmtp explain the significance of
behaviours unconnected to reproduction, feedingamial spacing. Many of these
behaviours may superficially appear unimportant, facther research may reveal that
their proposed lack of importance to labrid ecologgy be misjudged. Bending and
side-swiping byOphthalmolepis lineolatysNotolabrus gymnogeniand Pictilabrus
laticlavius may be representative of such behaviours. Sidehsgv and bending
behaviours were associated with clingfish remolat, are also likely to provide relief
from irritations on the body surface and possibiiythe case of strong bending, assist in
passage of food items through the intestines. &udpr evidence of body surface
irritations was provided by several individuals aging in scratching behaviour using
the rays of a pectoral fin to relieve head irrda8. As the frequency of side-swiping
and bending was not high, it is unlikely that thdsehaviours significantly affect
foraging or reproductive activity in these fisheslowever, it is possible that the
frequency of occurrence of these behaviours mayndiesct measures of parasite load
and overall fish health.
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4.4.5 Spatial and temporal influences on behaviour

Observed ontogenetic shifts in behaviour were galyeconsistent at both locations, at
all times of the day and in each period of samplegpecially for comparisons between
juvenile and TP individuals. Therefore, these dextare not likely to be of great
importance for incorporation into future samplifgthe research aim is to test for
ontogenetic trends in behaviour. Sampling at ntba® one location is recommended
where quantifying the frequency of occurrence diaweours is the primary aim. For
example, dominant interactions i®©phthalmolepis lineolatusand subordinate
interactions, lying, side-swiping and gaping Rictilabrus laticlaviusoccurred more
frequently at Catherine Hill Bay than at Norah HeaHowever, the magnitude of
differences was not sufficiently great to suggdsit tthe ecology of each species
differed between the two locations. Both Catheiiiik Bay and Norah Head were
selected for their relatively sheltered aspect fionevailing swell, yet each species is
also found on highly exposed reefs (see Chapter \®Bhether the behaviour @.
lineolatus Notolabrus gymnogeniand P. laticlavius differs between sheltered and
exposed sites is a question of interest but isnpiadéy constrained by logistics (e.g.

diver safety, displacement of diver from focal widual by surge etc.).

Neither the time of the day nor period of the ymawhich observations occurred had
much influence on the social organisation and belavof O. lineolatus N.
gymnogenisaandP. laticlavius Cool water temperatures are known to reducevigcti
levels of temperate labrids in regions outside falist (Sayeeet al. 1993; Costellet al.
1997; Arendtet al. 2001), but are unlikely to have influenced the éxébur of the
investigated species due to a reduced seasonaldtian in sea temperatures in the
study area (see Chapter 3). However, anecdotaradittons suggest each species
became less active (i.e. remained more often witeinges) during periods of strong

wave surge, as is known to occur in other labr&tsepherd and Clarkson 2001).

4.4.6 Conclusion

The present investigation of the behaviourQphthalmolepis lineolatysNotolabrus
gymnogenisand Pictilabrus laticlaviushas provided substantial insight into the social

organisation and behavioural repertoires of thgseies. The methodology employed
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in this study (i.e. continuous recording of behavab routines followed by later
transcription of behaviours) was useful for quatitiely and qualitatively documenting
a variety of behaviours simultaneously, and allgvtheir subsequent review. This
ethological study has provided the opportunity tuwiment the spatial structure of
populations; residency periods of individuals; abdnteractions; lying behaviour;
shelter use; and other behaviours such as sidergyipending, gaping and colour
change. Whilst all species typically engaged icheaf the investigated behaviours, the
frequency of these behaviours often demonstratestantial differences among species
(e.g. lying, shelter, bending) and/or life histetgges (e.g. interactions, area usage), but
were usually spatially and temporally consistelhese behaviours are significant for
complementing data on patterns of distribution,t died foraging behaviour, and
reproductive strategies @. lineolatus N. gymnogeniand P. laticlavius which are

discussed in other chapters.
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5.1 Introduction

5.1.1 Problem statement and chapter aim

As dominant predators of benthic invertebrates,onaahof labrids from coastal rocky
reefs may cause trophic cascades. In determihmgniagnitude of the impact of these
predators on subtidal assemblages, information gepaeeded to be filled with respect
to prey items consumed (and in what proportion) famdging behaviour (including its
effect on subtidal assemblage structure). Acqarsibf such data also provides insights
into ecological questions pertaining to habitaesgbn, space utilisation, intra-specific
competition, inter-specific interactions, resoupaatitioning, trophodynamics and life
history of labrids.

Despite labrids being well represented on rockyrehmf temperate Australia and
potentially being important top-down predators witlsubtidal assemblages, the diet
and/or foraging behaviour of only four species hbagen investigated (i.&choerodus
gouldii, Achoerodusviridis, Notolabrus fucicolaand Notolabrus tetricus see Table
1.1). These fishes represent the four largesidalesiding on temperate rocky reefs of
Australia which limits the ability to make informetkcisions on the ecological role of
smaller members of this morphologically diverse ifgm Furthermore, no previous
studies have been conducted which compare the dfetso-occurring labrids to
determine whether food resources are partitioneshgnspecies. Therefore, the aim of
this chapter is to investigate the feeding ecolagy Ophthalmolepis lineolatys
Notolabrus gymnogeniand Pictilabrus laticlaviuswhich are abundant, mid-sized and
co-occurring labrid species, using both dietary &edhavioural observations. This
information will be used to define the trophic sgbf temperate labrids, to determine
the extent of partitioning of food resources inridbassemblages and to assist in

describing the role of labrid foraging in rocky fregstems.

5.1.2 General labrid diet and food processing

Members of the family Labridae are predominantiparunistic, benthic carnivores
which employ powerful jaws and associated pharyhgeath to crush the hard
exoskeletons and shells of their invertebrate gignd 1996; Kuiter 1996). Some

species will also consume small fishes (Ranetiadll. 1978; Connell 1998; Connell and
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Kingsford 1998) and plankton (Warner and Hoffma8d#® b; Warner 1987), whilst
others are specialised coral feeders (Mcllwain dodes 1998; Fulton and Bellwood
2002b). Other labrids specialise or opportunifiiiceeed on ectoparasites, mucus or
scales of other fishes (Zander and Nieder 1997es)d999; Bansemaest al. 2002;
Bshary and Schaffer 2002; Shephetal. 2005).

The marginal teeth of labrids are relatively unsglesed cones with slight recurvature
(Figure 5.1a), with these teeth playing a minoerw food processing beyond prey
capture and immobilisatiorpérs. obg. Most mechanical digestion of prey items is
performed by upper and lower sets of robust, miolani, pharyngeal teeth (Figure
5.1b-c). Pharyngeal teeth assist in raking préy the oesophagus, reorientating food
items, immobilising prey and crushing the proteetarmoury of prey into sizes small
enough to pass through the intestine (Helfreairal. 1997). For some labrids, small
prey items may be sorted from indigestible sedinusmg gill rakers (e.gAchoerodus
viridis — pers. obg; however, these structures are typically unsgiseid in this family
(i.e. short, blunt and few in number). The fanlibbridae is recognised as a family of
fishes which lack a true stomach (Bond 1996) anekhea relatively short intestine,

which is typical of species with a carnivorous diet

To front

Figure 5.1: Morphology of labrid conical teeth borne on preiftasy (upper) and dentary
(lower) jaw bones (a) used predominantly for preyptare, and the upper (b) and lower
molariform pharyngeal teeth (c) used to crush theskeletons and shells of their invertebrate
prey. Examples are from an individual@phthalmolepis lineolatué830 mm TL).
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5.1.3 Diet of temperate labrids

Temperate labrids of Australia and New Zealand lamewn to be euryphagous
(generalist) carnivores consuming prey items thatlude molluscs (bivalves,
gastropods, chitons), crustaceans (amphipods, dspmstracods, barnacles, decapods),
echinoderms (brittlestars, urchins, sea stars)jdiass, polychaetes, sipuniculans,
foraminiferans and algae (Russell 1983; Gilland€85b, 1999; Shepherd 1998, 2006;
Denny and Schiel 2001; Shepherd and Clarkson 200hgse prey items are typically
obtained using a combination of ram and suctioredildy protrusible jaws to cause
dislodgement from the rocky substrate (Ferry-Grakaal. 2002; Shepherd 2006).

The dietary intake of labrids shifts in responsentorphological changes associated
with ontogeny, spatial and temporal variation ire tlabundance of prey, and
competition-induced resource partitioning. Thetdo juvenile labrids consists
predominantly of epifaunal crustaceans (such ashgugds and isopods) and small
bivalve and gastropod molluscs, whilst larger imdlials feed on harder bodied prey
including bivalves, gastropods, crabs and urchidsafly and Fives 1995; Gillanders
1995b; Jones 1999; Denny and Schiel 2001; ShepmsuidClarkson 2001, Shepherd
2006). However, substantial dietary overlap maigtelsetween adjacent size classes
(Shepherd and Clarkson 2001). Ontogenetic dietaaynges may reflect an increased
mouth size and gape, strengthened crushing powttiegbharyngeal jaws and/or shifts
in foraging habitat (Wainwright 1988; Gillanders95®; Shibuncet al. 1997; Clifton
and Motta 1998; Helfmaet al. 1997).

The diet of labrids varies spatially and temporalyillanders 1995b; Fjgsne and
Glgseeter 1996; Denny and Schiel 2001), reflectamgation in prey availability within

habitats and sites, and seasonal recruitment of peens (Gillanders 1995b; Jones
1999). The effects on labrid assemblages of dpatid temporal variation in the
availability of prey items requires further invegtiion, but is likely to be significant in
the underlying patterns of distribution, timing m@cruitment and habitat selection of

recruits (see Chapter 3).

The concept of dietary shifts in labrids in respoms competition-induced resource
partitioning has received little attention in th@sp Dietary data is available for single
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labrid species, but there are no known studies twha&ve compared the diets of co-
occurring species. Such comparisons are crucighrécisely elucidate the role/s of
labrids on temperate reefs, since studies of figrcies within the same family (e.qg.
Apogonidae, Mullidae, Pempherididae, Sillaginid@aglidae and Urolophidae) have
typically shown that marked differences in diet /andeeding behaviour can occur
within the same family (McCormick 1995; Hyndes al. 1997; Platellet al. 1998;

Platell and Potter 1999, 2001; Link al. 2001; Schaferet al. 2002). This is an

important area of labrid ecology which will be aelsbed in greater detail in the

discussion.

5.1.4 Foraging behaviour

Dietary composition of fishes obtained from exartiora of guts provides direct
evidence of fish trophodynamics; however, many etspef the impact of foraging on
subtidal assemblages remain a matter of conjeoiitieout direct observation of
feeding behaviour (e.g. social interactions andgenetic shifts in foraging behaviour).
Foraging behaviour constitutes a significant portmf daily energy expenditure in
fishes (Hoffman 1983; Fulton and Bellwood 2002) asidould be a matter of
importance for fish ecologists wishing to compleindietary data for the purpose of
understanding the ecological significance of lafridVhilst the feeding behaviour of
the tropical cleaner fishabroides dimidiatuss well described (e.g. Bansemar al.
2002; Bshary and Schaffer 2002; Grutétral. 2003), the feeding behaviour of most

other labrids is poorly understood.

For many labrids, the time spent foraging reduce$ish length increases (Gillanders
1995b; Shepherd and Clarkson 2001; Martha and J28@28; Shepherd and Brook
2005). Males may also spend less time foraginghduhe breeding season when there
is an increase in territorial and courtship adgegt(Hoffman 1983). Foraging rate may
also vary diurnally. For example, the temperabgithNotolabrus tetricuscommences
foraging soon after sunrise, reaching a peak dummdymorning, and declining in the
afternoon until foraging ceases at dusk (ShepheddZarkson 2001). In contrast, most
feeding inAchoerodus gouldioccurs in the morning and late afternoon (Shepheci

Brook 2005). In other labrids, diurnal foragingedonot differ between morning,
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midday and afternoon (Gillanders 1995b), but may imfduenced by tidal cycle
(Shepherd 2006).

Feeding microhabitats are defined as ‘physically, balogically, distinguishable
feeding substrata, which occur on a spatial saath that individuals may encounter the
entire range present at a site within their norhmathe range’ (Jones 1988, p455). Size-
related shifts in feeding microhabitats have beemahstrated in labrids (e.g. Shepherd
and Brook 2005), but whether ontogenetic shiftmiorohabitat use occurs in the focal
labrid species and/or whether feeding microhabaagspartitioned among co-occurring
labrids is not known. Filling these informationpgawill assist in determining the extent
of resource partitioning in labrid assemblages #orddetermining whether linkages

occur between the feeding behaviour and dietaryposition of labrids.

5.1.5 Foraging interactions

Feeding activities of individual fish do not ocgarisolation from the activities of other
fishes. The most well documented example of ipesHic interactions among fishes
involves cleaning behaviour blyabroides dimidiatus(e.g. Bansemeet al. 2002;

Bshary and Schéaffer 2002; Gruttet al. 2003). However, feeding interactions
involving other labrid species do occur and may djfeconsiderable ecological
importance on rocky reefs of temperate Australlater-specific interactions among
fishes are usually commensal whereby benefits rreaqed to only one member of the
relationship, and usually for the benefit of impedvfeeding opportunities (Bond 1996).
Many labrids are known to profit from the feedingbits of other organisms by
intercepting invertebrates disturbed or flushed wam the substrate. Labrids are
known to follow feeding individuals from the fan@8 Mullidae and Dasyatididae
(Helfmanet al. 1997), Muraenidae (Moyle and Cech 2000), Caramg(&dvano 2001),

and Cheilodactylidae (Matsumoto and Kohda 2001kewise, some planktivorous fish
are known to follow feeding labrids to prey on disted fauna (Gillanders 1999). The
prevalence and importance of feeding associatisnsot known for most labrids of

temperate Australia and is a matter of considemdatidhe current investigation.

Inter-specific interference competition for foodsiaeen documented in several species

of labrid. For exampleAchoerodus viridignay chase or by be chasedNgtolabrus
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gymnogenis (Labridae), Atypichthys strigatus (Scorpididae), Mullidae and
Cheilodactylidae (Gillanders 1999). In additioepherd and Clarkson (2001) have
documented interactions between juveniMotolabrus tetricus and Pictilabrus
laticlavius in response to competition for food resources. agioig time and feeding
rates of labrids may also be reduced by aggressiegactions with nest-guarding
pomacentrids (Gillanders 1995b, 1999), refuge d#fencrabs (Shepherd and Clarkson
2001) and territorial blennids (Thompson and Jdrig&3). In other labrids, aggressive
encounters with other fishes are infrequent desghiing similar ecological profiles
(Martha and Jones 2002; Shepherd 2006).

Many aspects of labrid non-feeding behaviour disedsn Chapter 4 (e.g. lying, shelter
use and social interactions) relate to foraging gtmalld be acknowledged as integral to
the understanding of labrid feeding ecology. Tias particularly evident when
consideration in given to social interactions aada spacing arising from interference
competition for food resources. For example, tistaldishment of size-related
dominance hierarchies and territoriality is ofteanatempt to limit the access of prey
items to conspecific competitors (Robertson 198ihble 1982; Grant 1997; Wootton
1998), with interactions becoming more frequerfbdd is concentrated (Shepherd and
Clarkson 2001).

Describing and quantifying components of foragiedpdoviour, including foraging rates
and interactions, is of great significance for depeg a greater understanding of the
role of labrids in rocky reef trophodynamics. Qthspects of labrid feeding behaviour
that have been investigated, or observed, inclodeging paths (Fulton and Bellwood
2002; Shepherd 2006), methods of prey capture asdipmlation (Gillanders 1999),

and prey preference experiments (Shepherd and arR001; Shepherd 2006).
Despite these advancements, the feeding behaviolabods is an area of research
requiring greater study, especially in NSW whene favestigations have focused on

the ecology of these fishes.
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5.1.6 Foraging trophodynamics

As large, abundant, mobile predators of benthiceitebrates, labrids may have a
significant role in reducing prey abundances andlifjmg subtidal assemblages in
temperate rocky reef systems (Choat 1982; Sala;1B8%s 1999). For example, in
southern AustraliaNotolabrus tetricusare considered to play an important role in
controlling the recruitment of abalone (Shepher®8)9and are major predators of
limpets (Parry 1982). Labrids are also known tedate upon echinoids associated with
temperate reefs (Sala 1997; Gillanders 1999; Shdpdwed Clarkson 2001; Shepherd
2006). Since echinoids have been recorded as aentlte substrate of erect benthic
macroalgae to create vast areas of relatively Ihedicrustose coralline algae
(Underwoodet al. 1991; Saleet al. 1998; Steinberg and Kendrick 1999; Edgar 2001),
labrid predation of echinoids could have conseqgegror fishes and other organisms
that are reliant on macroalgal habitat (Schiel 1984drew and Constable 1999).
Labrid feeding on small prey items, such as ampdgpmay also have a considerable
effect on algal assemblages (Duffy and Hay 2000gaed®001). Whether labrids
deserve ‘keystone’ status in controlling assemblsigecture remains unknown (see
Choat 1982); however, they are likely to have intgnatr ecological roles in temperate

rocky reef systems of Australia nevertheless.

The predatory effects of labrids on invertebratencwnities cannot be examined in
isolation from other benthic carnivores such askrmbsters, sea stars and whelks
(Edgar 2001). In addition, labrids show consit&asimilarity in their ecological
requirements to many non-labrid fish species. Ewample, the red morwong,
Cheilodactylus fuscuss a large, abundant, benthic carnivore thatgesd crustaceans
(especially amphipods), polychaetes, echinoderndsnaolluscs on temperate reefs of
eastern Australia (Lockett and Suthers 1998; Lommy Cappo 1999). This species
also exhibits similar ontogenetic dietary and retbghifts to that of similar sized
labrids. Similarly, many leatherjackets have aiedardiet which includes shrimps,
amphipods, polychaetes and ascidians (Hutchins)1988h substantial niche overlap,
ways that resources are partitioned and interasti@tween these species pose research
questions of considerable interest that have ybetmvestigated. However, it is likely
the dominance of labrids on temperate reefs (seapt€h 3) makes them
disproportionately important as top-down predators.
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5.1.7 Overview and chapter objectives

Labrids are dominant fishes on rocky reefs of NSt there is little information
available on the foraging behaviour or dietary cosifions of this family in the region.
This is despite their potential importance in maiaping prey abundances and
indirectly influencing the structure of rocky ree$semblages, and being important in
influencing the spatial and temporal patterns bfithdistribution. To fill in some of
the gaps in the current understanding of labriiss thapter explores the feeding
ecology of Ophthalmolepis lineolatys Notolabrus gymnogenisand Pictilabrus
laticlavius by investigating the dietary compositions of eapecies; determining the
extent of any size-related changes in the dietachespecies; determining whether the
bite rates of each of the three species differ ayrida history stages and whether these
differences, if any, are spatially and temporatinsistent; establishing whether feeding
microhabitats are partitioned among species orbéxshifts with life history stage; and
providing qualitative descriptions of foraging betwaur including prey consumed, prey

manipulation strategies and feeding interactions.

122



Chapter 5: Feeding ecology

5.2 Methods
5.2.1 Diet
5.2.1.1 Specimen collection

The dietary compositions ofOphthalmolepis lineolatus(n=193), Notolabrus
gymnogenis (n=186) and Pictilabrus laticlavius (n=87) were investigated using
specimens collected from coastal reefs on the @&lestast of NSW (Figure 2.2).
Locations and methods used for collecting fish spens, and a summary of the
specimens collected, are provided in Chapter 2.

5.2.1.2 Dietary examination

The total length (x1 mm) of each specimen was nredsand individuals of each
species were placed into 50 mm size classes (@0),<100-149, 150-199, 200-249 mm
etc.). The entire intestinal tract (gut) of eape@men was removed and fixed in 5%
formalin for at least 48 hours, then stored in 7€@¥%anol. The fullness of each gut was
estimated using a scale ranging from 0 (empty)aqfally distended). Gut contents
were removed, spread on a petri dish and examinddrua stereoscopic microscope
using reflected light. For individuals obtainedrfr anglers or commercial traps, bait
found within the gut (typically pilchards or poyltmtestines) was discarded and not
included in estimates of gut fullness, nor weregytteeorded as dietary items.

Gut contents of each individual were identified ttee lowest possible taxon and
allocated into one of 49 dietary item categoriesb(€ 5.1). The frequency of
occurrence of each dietary item in the guts of esmécies (%F) and the percentage
contribution of each dietary item to the total vokl of gut contents of each fish (%V)
were determined. Dietary items that were ingested>5% of fish and/or made a
percentage volumetric contribution to the overadit wf >1% for at least one of the
three species were deemed to be sufficiently repted in the diet of labrids to be
termed ‘dietary categories’. This resulted in @ltof 22 dietary categories which were
used for subsequent analysis (Table 5.1). Unifiedtiorganic material, which
contributed 7.9, 2.7 and 1.2% to the overall diets Ophthalmolepis lineolatys
Notolabrus gymnogeniand Pictilabrus laticlavius respectively, was not included in
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the analyses as this category may contain repssesg of several dietary categories.
Likewise, unidentifiable prosobranch gastropodsp$eh contribution to the diets of

each species are shown in Table 5.1, was not iadludfurther analyses.

5.2.1.3 Dietary analyses

To test whether volumetric dietary compositionsfelidd among the three labrid
species, multivariate statistical analyses (i.e.D8Viordinations, MVDISP, ANOSIM
and SIMPER) were undertaken using PRIMER v5 (Claakd Gorley 2001). Gut
contents were highly variable so group averageldeatl randomly selected individuals
for each species were calculated for each of thdi@ary categories. This resulted in
16, 17 and 8 replicate groups f@phthalmolepis lineolatydNotolabrus gymnogenis
and Pictilabrus laticlavius respectively. Dietary data for group averagesewthen
square-root transformed to reduce the influencenwherically dominant taxa and
similarity matrices were constructed using Bray4udissimilarity coefficients. The
resultant similarity matrices were visualised wMDS ordinations and a one-way
ANOSIM (Analysis of Similarities) was used to tekir differences in dietary

composition among the three species (Clarke 1988k€and Gorley 2001).

As dietary compositions were found to differ ama@pecies,post hoccomparisons

were investigated and the magnitude of the assatiastatistic value was used to offer
an absolute measure of difference between pai@aogr In general, R>0.75, groups

are clearly distinguishable, R>0.5, groups overlap but are clearly different, aind
R<0.25, groups are typically indistinguishable (&&rand Gorley 2001). Relative
dispersion of samples representing each speciesalasalculated using multivariate
dispersion indices (MVDISP), whereby higher valueslicate greater dispersion
(Somerfield and Clarke 1997). Similarity percem®g(SIMPER) were used to
determine the dietary categories that typify thet dif each specieand distinguish

between species (Clarke 1993).

Since the above analyses demonstrated that tharyiebmpositions differed overall
amongO. lineolatus N. gymnogenisindP. laticlavius a second series of analysis was
performed separately on each species to examindi¢tery compositions of different
size classes. For these analyses, group averédgeS candomly selected individuals
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from each 50 mm size class were calculated for edcthe 22 dietary categories.
Dietary data for group averages were then squaretransformed and subject to nMDS

ordinations and ANOSIM as previously described.

5.2.2 Foraging behaviour
5.2.2.1 Study area and locations

The foraging behaviour oOphthalmolepis lineolatus, Notolabrus gymnogeaisi

Pictilabrus laticlaviuswas investigated between August 2003 and Janud@$ 2t

Catherine Hill Bay and Norah Head on the centrastamf NSW (Figure 2.2). A
detailed description of the study area and eadtilmt is provided in Chapter 2.

5.2.2.2 Sampling strategy, field observations dat collation

Foraging behaviour was recorded simultaneously wiitier aspects of labrid behaviour
using the sampling strategy and techniques fod fiddservations outlined in Chapter 4.
Each 10 min period of recorded video footage waseveed to determine bite rate
(number of bites.10 mif) and the total number of bites occurring in eatteight
feeding microhabitats (i.e. sand/rubble, bare rocksteel, algal base, algal frond,
floating particle,Diopatra dentatatubes, jetty piles, or ‘other’ which included prey
fragments, rope fibres, surface of broken sheligg wtc.). Qualitative notes of other
feeding behaviours including prey items consumeey pnanipulation and feeding
interactions were also recorded opportunistically.

5.2.2.3 Data analyses

A four-factor mixed model analysis of variance (AM&) using GMAV5 software
(Institute of Marine Ecology: University of Sydnewas used to test for differences in
bite rates among life history stages for each gseand determine whether differences,
if any, were consistent at all times of the dayeacth period of sampling and at both
locations (see Table 4.1). Assumptions of homogyemé variance were tested using
Cochran’'s C test. Data were transformed when nees were heterogeneous

(Underwood 1981). Where significant main effegtd/ar interactions were foungpst
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hoc tests were performed in GMAV5 using the Studentvidan-Keuls (SNK) test
(Underwood 1981).

The percentage of bites recorded in each of thét dgeding microhabitats was
visualised using non-metric multivariate scalindM@®S) procedures in PRIMER v5
(Clarke and Gorley 2001). Data were first squaia-transformed, as is appropriate for
percentage data (Platell and Potter 2001), prithéaconstruction of similarity matrices
using Bray-Curtis dissimilarity coefficients. MD&dinations were used to compare
microhabitat usage among species and to deteriénextent of shifts in microhabitat
use with progressive life history stage at eactation. Stress values were used to
indicate how faithfully the two dimensional plot presented multidimensional
relationships. Stress values <0.2 provide a usefeipretation of the multivariate data

set with little prospect of a misleading interpteta (Clarke and Warwick 1994).

126



Chapter 5: Feeding ecology

5.3 Results

5.3.1 Diet of labrids

5.3.1.1 Overall dietary compositions

The guts of a total of 19@phthalmolepis lineolatysl86 Notolabrus gymnogeniand
87 Pictilabrus laticlaviuswere examined with 86.5, 93.0 and 98.9% of gutdaining
food items, respectively. For those guts contgricod items, mean fullness (xSE) was
3.2+0.1, 4.3x0.2 and 5.1+0.2 fd@D. lineolatus N. gymnogenisand P. laticlavius

respectively.

Arthropods were found in 72.5, 93.6 and 87.2% df tjuts ofO. lineolatus N.
gymnogenisand P. laticlavius respectively, and compriseth. 23% of the overall
dietary volume of the former species and 45-48%nefdietary volume of the latter two
species (Table 5.1). Amphipods and decapods, wigrk by far the most important of
the ingested arthropods for all three species, eaalributed between 10.3 and 28.6%
to the overall dietary volume for all species.

Molluscs were also important in the diets of egobcges, being found in 88.0, 94.2 and
90.4% of the guts dD. lineolatusN. gymnogeniandP. laticlavius respectively (Table
5.1). This phylum contributed the most to the olleteetary volume ofO. lineolatus
(47.6%), followed byP. laticlavius(44.7%) and\. gymnogeni$38.5%). Although this
taxon was similarly important in the diets of d&lide species, differences among dietary
categories associated with this taxon occurred dach species. For example,
polyplacophorans, trochid gastropods and bivaha&stributed 7.4, 12.0 and 12.2%,
respectively, to the overall dietary volume ©f lineolatus with no other molluscan
dietary category contributing more than 4% to thezadty volume of this species (Table
5.1). In the case dN. gymnogenistrochid and columbellid gastropods and bivalves
comprised 15.8, 3.6 and 9.0% of the overall degpectively, while trochid gastropods
were by far the most important dietary categoryHolaticlavius(%V=27.8) with only
one other dietary category (i.e. bivalves) contiiigy more than 5% to the overall

dietary volume (Table 5.1).
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Polychaetes were found ta. 33-39% of the guts of all species and ranged @ th
contribution to overall diet from 3.9% in the diei§ N. gymnogenigo 7.9% inO.
lineolatus(Table 5.1). Echinoderms, particularly echinoidsye found in 29.3% of all
guts of O. lineolatusand made a moderate contribution of 6.9% to theabivdietary
volume in this species. They were less importanthm diets ofN. gymnogenisand
P. laticlavius being found in 26.0% and 15.1% of all guts andtgbuting 3.4 and

1.2% to the overall dietary volume of each speciespectively.

5.3.1.2 Multivariate comparisons of diet amongcépe

MDS ordination of the mean percentage contributbthe different dietary categories
for each species showed that the points represe@phthalmolepis lineolatusay
largely on the left of the plot while those fhlibtolabrus gymnogeniand Pictilabrus
laticlavius formed discrete, tightly clustered groups on thedr right and upper right
portions of the plot, respectively (Figure 5.2)vetall there was a significant difference
in dietary compositions among species (GloBa0.48,P=0.001) as well as between
each pair of species (&#0.43,P=0.001). Clustering of points was relatively tigot

P. laticlaviusandN. gymnogenigdispersion values of 0.601 and 0.672, respecfijvely
whilst the points were more dispersed in the cds®.dineolatus(dispersion value =
1.465).
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Figure 522 MDS ordination of dietary categories fdDphthalmolepis lineolatusO),
Notolabrus gymnogeni@\) andPictilabrus laticlavius(ll). Each point represents the mean of
10-11 randomly selected individuals.
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Table 5.1: Frequency of occurrence (%F) and contribution blume (%V) of dietary items and
dietary categories to the overall diet ©@phthalmolepis lineolatysNotolabrus gymnogeniand
Pictilabrus laticlavius Asterisks and bold denote dietary categoriesl dee dietary analyses.
Only those prey items able to be identified witeach taxa are listed. Bracketed values are those
of major taxa represented by several dietary items.

Dietary items and dietary categories O. lineolatus  N. gymnogenis  P. laticlavius
Dietary items Preyexamplesabletobe o 0 " ony o gy wE | 0V
identified
Foraminifera 1.8 <0.1 0.6 <0.1 12 | <0.1
Algae* DictyotaceagHormosira banksii,  15.0 1.0 324 2.2 18.6 1.1
Ectocarpussp, Cystophorasp,
Amphiroa anceps
Magnoliophyta 0.6 <0.1
Cnidaria* Hydrozoa, Actiniaria, Zoanthidea, 6.6 0.2 6.9 0.4 23 0.1
Scleractinia, Alcyonacea
Platyhelminthes 1.2 0.4 12 <0.1
Nemertea 1.8 0.4 0.6 <0.1
Nematoda 25.7 0.7 0.6 <0.1 1.2 | <0.1
Polychaeta* Galeolaria caespitosa 38.9 7.9 35.3 3.9 32.6 5.0
Spirorbidae
Sipuncula 1.2 0.1 29 0.3
Echiuroidea 1.2 0.2 1.2 0.1
Arthropoda (72.5) = (23.3) (93.6) (48.1) (87.2) (45.5)
Pycnogonida 1.2 0.1 06 <0.1
Insecta 0.6 <0.1 23 | <01
Cirripedia* Austrobalanus imperator, 11.4 1.3 13.9 1.3
Balanusspp.
Ostracoda 1.8 <0.1 4.7 0.2
Tanaidacea 0.6 <0.1 1.2 0.1
| sopoda* Flabellifera, Valvifera 4.2 0.3 121 0.9 15.1 1.9
Amphipoda* Gammaridea 32.3 11.4 54.3 17.3 68.6 25.7
Decapoda* Halicarcinus ovatus 43.7 10.3 79.2 28.6 57.0 175
Mollusca (88.0) (47.6) (94.2) (38.5) (90.7) (44.7)
Polyplacophora* Ischnochiton australis, 26.3 7.4 30.6 3.1 26.7 3.2
Crytoplax striata
Gastropoda (78.4) (28.0) (84.4) (26.0) (81.4) (36.2)
Amaeidae* Patelloida insignis, Patelloida 9.0 0.9 11.0 1.2 15.1 1.2
latistrigata, Notoacmeap.
Cerithiidae Cerithium fasciatum 1.8 0.1 0.6 <0.1
Columbellidae*  Mitrella sp. 29.9 3.6 43.4 3.6 25.6 25
Epitoniidae Epitoniumsp. 4.8 0.1 06 <0.1 3.5 0.1
Fasciolariidae 0.6 <0.1 0.6 <0.1
Fissurellidae* Amblychilepas nigrita, Tugali 6.6 0.7 24.9 1.6 31.4 3.5
sp.
Haliotidae* Haliotis spp. 7.5 1.2
Littorinidae Bembiciunsp. 0.6 <0.1 0.6 <0.1 1.2  <0.1
Marginellidae*  Austroginellasp. 19.2 3.0 5.2 0.2 7.0 0.5
Muricidae* Agnewia tritoniformis, Morula ~ 16.2 1.2 22.0 0.6 4.7 0.1
marginalba
Nassariidae Nassarius glans 1.8 0.1
Naticidae* Notocochlis sagittate, 54 0.3 1.7 0.1
Ectosinum zonale
Olividae Oliva sp. 0.6 <0.1
Patellidae Patella chapmani 0.6 0.1 2.3 0.1
Potamididae* 10.2 0.9 7.5 0.1 1.2 | <0.1
Rissoidae Rissoinasp. 1.8 <0.1 23 <01
Terebridae Hastula brazieri 0.6 <0.1
Trochidae* Stomatella impertusa, Euchelus 55.7 12.0 64.7 15.8 73.0 278

asperses, Clanculusp,
Phasianotrochusp,
Calliostomasp.
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Tableb.1 (continued):

Dietary items and dietary categories O. lineolatus  N. gymnogenis  P. laticlavius

Prey examples able to be

Dietary items %F %V %F %V %F %V

identified

Gastropoda (continued)

Turbinidae* Turbospp, Phasianellasp, 6.0 0.6 4.6 0.1

Subninella undulata

Turridae Euguraleus jacksonensis 2.4 0.7

Unidentifiable Prosobranchia 311 2.6 23.7 11 19.8 0.5

Opisthobranchia Bulla sp. 3.0 0.8 12 0.4 23 01
Bivalvia* Mytilidae, Arcidae, Limidae, 50.3 12.2 62.4 9.0 58.1 53

Chamidae, Mactridae,
Erycinidae, Tellinidae,
Carditidae, Trigoniidae

Cephalopoda Sepioteuthis australis 1.2 0.3
Bryozoa 0.6 <0.1
Echinodermata (29.3) (6.9) (26.00 ((34) (151) (1.2
Ophiuroidea* 8.4 2.1 17.3 2.0 7.0 0.6
Echinoidea* 234 4.9 13.9 1.4 9.3 0.6
Chordata (8.4) (2.5) (8.1) (0.4 (5.8) ' (1.3)
Ascidiacea Pyura stononifera 0.6 <0.1 3.5 0.7
Osteichthyes* Gobiesocidae 7.8 25 8.1 0.4 2.3 0.5
Unidentifiable organic material 34.1 7.9 15.6 2.7 151 1.2
Sediment 1.8 0.7
Total number of guts with prey items 167 173 86
Gut fullness (mean+SE) 3.16+0.14 4.31+0.15 5.07+0.23

Trochid gastropods and decapods typified the dieézach of the three species, bivalves
also typified the diets dD. lineolatusandN. gymnogenisand amphipods also typified
the diets olN. gymnogeniandP. laticlavius(Table 5.2). The diet dD. lineolatuswas
distinguished from other species by the presencgrexdter volumes of echinoids and
marginellid gastropods, and fewer decapods and gogé (Table 5.2). Higher
volumes of decapods and ophiuroids distinguisheddibt ofN. gymnogenigrom P.

laticlavius, whilst the reverse occurred for amphipods anchicbgastropods.
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Table 5.2: Dietary categories contributing most to typifyinghaded) the dietary
composition of Ophthalmolepis lineolatys Notolabrus gymnogenisand Pictilabrus
laticlavius and dietary categories distinguishing (non-shadbdtween the dietary
composition of species as identified using SIMPEASterisks denote a greater volumetric
contribution to the diet of the species at thedbthe column. No asterisk signifies a greater
volumetric contribution to the species at the ¢éfthe row.

Species O. lineolatus N. gymnogenis lafclavius
O. lineolatus Trochidae
Bivalvia
Decapoda
N. gymnogenis Decapoda Decapoda
Amphipoda Amphipoda
Marginellidae* Trochidae
Echinoidea* Bivalvia
Polyplacophora
Polychaeta*
P. laticlavius Amphipoda Trochidae Trochidae
Trochidae Decapoda* Amphipoda
Echinoidea* Amphipoda Decapoda
Decapoda Ophiuroidea*
Bivalvia*
Fissurellidae

Marginellidae*

5.3.2.3 Size-related changes in dietary compositions

The diets of the smallest size classOgfhthalmolepis lineolatu§.e. <150 mm) were
dominated by amphipods (%V=33), whilst polychaetégscapods, columbellid and
trochid gastropods, and bivalves also made mode@at&ibutions of between 7 and
11% to the diets of this size class (Figure 5.33)lith increasing body size, the
contribution of amphipods in the diet declined # 61 fish of 200-249 mm and were
not ingested by fish belonging to the largest siass (i.e>300 mm). In contrast, the
dietary volume of decapods, polyplacophorans amihes was highest in the larger
size classes (i.e. 250-299 arfDO mm) compared to the smallest size classes<{i%0)
and 150-199 mm). Cirripedes, and muricid and hudogastropods, were present only

in the two largest size classes of fish (Figur@ap.3

Likewise, amphipods dominated the diets of the Bshlsize classes dfotolabrus
gymnogenisaandPictilabrus laticlavius(i.e. %V=53 and 51, respectively), but they did
so to a far greater extent thanGn lineolatus(Figure 5.3b-c). The contribution of this

small crustacean also progressively declined witieased body size in both species.
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For N. gymnogenisthe dietary contribution of decapods typicallgremsed with body
size, with this taxa contributing 16% to the dietdish <150 mm and 42% to the diets
of fish 250-299 mm (Figure 5.3b). Furthermore,atesuch as cirripedes; amaeid,
haliotid and columbellid gastropods; echinoids; &sld were typically only recorded in

the diets oN. gymnogenis200 mm in size.

Along with a marked decline in the contribution ahphipods from the smallebt
laticlavius (i.e. <100 mm) to the diet of the largest fiske.(00-299 mm) was a similar
decline in the dietary volume of polychaetes (71%0, respectively), decapods (18 to
9%), amaeid gastropods (5 to 1%) and bivalves @4 (Figure 5.3c). Accompanying
these reductions was a substantial increase irvahemetric contribution of trochid
gastropods from 1 to 65% and polyplacophorans floto 9% in the smallest and
largest size classes, respectively. Furthermoeggimellid gastropods were only ever
ingested by the largest size clas$ofaticlaviusand contributed 6% to the diet of these

individuals.

MDS ordination of dietary categories for each sitass of each species revealed a
dietary progression from the bottom left of the tplo all species (Figure 5.4).
However, the points for bot®. lineolatusandN. gymnogenisnoved upwards on the
plot and those foP. laticlaviusmoved to the right. Thus, the points for the éatgsize
class of bottO. lineolatusandN. gymnogenigi.e.>300 mm) were located in the upper
centre of the plot, whilst that &f. laticlavius(i.e. 200-249 mm) lay in the bottom right

corner of the plot.
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Figure 5.3: Percentage volumetric contribution of dietary gatées to total gut contents for
various size classes dDphthalmolepis lineolatuga), Notolabrus gymnogenigb) and
Pictilabrus laticlavius(c). Sample sizes are provided above each column.
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Figure 5.4: MDS ordination of dietary categories fophthalmolepis lineolatu€D) Notolabrus
gymnogenigA) andPictilabrus laticlavius(l) at size classes of <100 (1), 100-149 (2), 199-1
(3), 200-249 (4), 250-299 (5) and300 mm (6). Each point represents the mean of
corresponding size classes (see Figure 5.3 forlsasiges). Arrows show progression through
size classes for each species.

When each species was subjected to MDS ordinaseparately there was a distinct
shift from the left to the right of the plot witmancrease in body size for all species
(Figure 5.5). Whilst ordination points represegtiadjacent size classes overlapped,
ANOSIM revealed a significant change in diet betwwaen-adjacent size classes for all
species (allR>0.329,P<0.05; Table 5.3). In addition, significant diféeices in diet
occurred between the 200-249 and 250-299 mm siasse$ ofO. lineolatus all
adjacent size classes Mf gymnogenigxcept 250-299 ane300 mm; and the 100-149
and 150-199 mm size classesRoflaticlavius In all species, directional ontogenetic
dietary change was reflected in the typical riseRiwalues between progressively

separated size classes (Table 5.3).
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Figure 55: MDS ordinations of dietary categories fd@phthalmolepis lineolatuga),
Notolabrus gymnogenith) andPictilabrus laticlavius(c) at size classes of <100 (1), 100-149
(2), 150-199 (3), 200-249 (4), 250-299 (5) &30 mm (6). Each point represents the mean of
4-5 randomly selected individuals within correspogdsize classes.
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Table 5.3: R values obtained from ANOSIM for pair-wise compans of size classes for
Ophthalmolepis lineolatysNotolabrus gymnogeniand Pictilabrus laticlavius n/a denotes

comparisons whereby too few possible permutatioesevavailable (i.e. <20) for significance
testing at thé®=0.05 level. ns = not significant (i.8>0.05),*P<0.05,** P<0.01.

Ophthalmolepis lineolatu&lobalR=0.371,P=0.001)

Size class (mm) 150-199 200-249 250-299 >300
<150 0.013 ns 0.829 0.448 0.636
150-199 0.173 ns 0593 0.536¢
200-249 0.267 0.51%
250-299 0.246 ns
Notolabrus gymnogeni&lobalR=0.498,P=0.001)
Size class (mm) 150-199 200-249 250-299 >300
<150 0.452 0.748 0.99% 0.905
150-199 0.284 0.675 0.768
200-249 0.305 0.492
250-299 0.204 ns
Pictilabrus laticlavius(GlobalR=0.518,P=0.001)
Size class (mm) 100-149 150-199 200-249
<100 0.268 ns 0.840 1.000 n/a
100-149 0.580 1.000 n/a
150-199 -0.111 n/a

5.3.2 Foraging behaviour
5.3.2.1 Bite rates

Bites occurred most frequently i@phthalmolepis lineolatug768 bites, 84% of
individuals) followed byNotolabrus gymnogenig45 bites, 67% of individuals) and
Pictilabrus laticlavius(504 bites, 62% of individuals). Ontogenetic eliéfnces in bite
rates occurred only foN. gymnogenis In this species, the bite rate of juveniles was
higher than both IP and TP individuals in both pesi of sampling, and the bite rate of
IP individuals was higher than TP individuals inripd 2 (SxP interactionP<0.05)
(Table 5.4; Figure 5.6). Despite the significaxiT8. interaction occurring foP.
laticlavius, no differences among life history stages occuatdny time of the day at
either of the locations (Table 5.4; Figure 5.6)heTsignificant interaction was mostly
due to typically higher bite rates occurring att@sine Hill Bay. Bite rates (10 mifp

of O. lineolatuswere consistently higher at Catherine Hill Bay3¢®.5) than Norah
Head (3.5%0.3) (Table 5.4; Figure 5.6).
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Figure 5.6: Mean bite rate (xSE) at Catherine Hill Bay (a) &atah Head (b) for juvenild ),
initial phase @ ) and terminal phadd ( ) individuaiSOphthalmolepis lineolatys\Notolabrus
gymnogenisand Pictilabrus laticlaviusin two periods of sampling (replicated columngl
combinations of StagexLocationxPeriod are showreémh species (n=3 times of day with each
time representing the average of five 10 minutécees).

Table 5.4: Univariate ANOVA results for rates (10 mibsof biting for Ophthalmolepis
lineolatus Notolabrus gymnogenndPictilabrus laticlavius 'data In(x+1) transformeddata
square-root (x+1) transformed (Cochran’s C tesf).05). *<0.05, **P<0.01, ***P<0.001.

o 0. lineolatus N. gymnogehis  P. laticlaviug
Source of variation  df MS £ MS F MS E
Stage (S) 2 55.57 8.36 10.34 129 051 0.54
Time of day (T) 2 71.24 16.50 2.75 817 1.08 2.32
Location = (L) 1 130.05 9.04** 1.91 2.47 19.11 32.40%**
Period (P) 1 2.94 58.78 0.72 .520 1.54 1.34
SxT 4 11.62 1.24 0.61 3.64 .250 0.16
SxL 2 6.65 0.46 0.80 1.03 0.95 1.61
SxP 2 11.71 0.65 3.90 90.35* .000 0.00
TxL 2 4.32 0.30 0.34 0.43 0.47 0.79
TxP 2 21.41 0.50 0.33 0.19 .080 0.11
LxP 1 0.05 0.00 1.39 1.80 1.14 1.94
SxTxL 4 9.37 0.65 0.17 2D 1.53 2.59*
SXTxP 4 8.62 0.35 0.20 52 0.43 0.79
SxLxP 2 17.92 1.25 0.04 060. 0.75 1.27
TxLxP 2 42.62 2.96 1.68 12. 0.78 1.31
SXTxLxP 4 24.73 1.72 0.37 0.48 0.55 0.93
Residual 144 14.38 0.77 0.59

5.3.2.2 Feeding microhabitats

For each species, the majority of bites occurrectlatively complex microhabitat (e.g.
algal bases, algal fronds aldopatra dentatatubes), although some bites were also
directed into less complex microhabitats (e.g. sabthle and bare rock or steel)
(Figure 5.7). Juvenil®©phthalmolepis lineolatused in a variety of microhabitats

including sand/rubble, algal bases, algal fronds$ #wating particles (Figure 5.7a, d).
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Each of these microhabitats contributed 12-33%llt@l@served bites for juveniles at
both locations. At Catherine Hill Bay, the peraaye of bites recorded for TP
individuals increased at algal bases (i.e. 58%tespwith a concurrent reduction in the
percentage of bites aimed at floating particlegufe 5.7a). In contrast, the percentage
of bites associated with algal bases, algal fraaus floating particles at Norah Head
reduced to 5-11% in TP individuals and the perggnta bites recorded in sand/rubble
microhabitat increased (i.e. 70% of bites) (Figbu#&d).

JuvenileNotolabrus gymnogeniat Catherine Hill Bay directed bites into a varief
microhabitats with the highest percentage of boe=urring at algal bases, algal fronds
and Diopatra dentatatubes (Figure 5.7b). The percent contributioreath of these
microhabitats to total bites reduced from 18-26% juneniles to 2-13% in TP
individuals, whilst the contribution of bare rock steel increased from 10 to 24%,
respectively. For juvenil®. gymnogenist Norah Head, algal base and algal frond
microhabitats contributed 71 and 20% to total hitespectively, with the contribution
of these microhabitats reducing substantially in iRdividuals (i.e. 6 and 0%,
respectively) (Figure 5.7e). Associated with thkiscline was an increase in the
contribution of bare rock or steel abdopatra dentatatubes microhabitats from 2 and
0% in juveniles to 57 and 27% in terminal phaseviddals, respectively.

Juveniles of Pictilabrus laticlavius at Catherine Hill Bay fed predominantly at
sand/rubble, bare rock or steel, algal base Bimbatra dentatatubes microhabitats
with each contributing 15-26% to all bites (Figw&'c). The contribution of these
microhabitats declined to 7-11% in TP individuascept for algal bases which rose to
52%. Juveniles oP. laticlaviusat Norah Head fed predominantly in algal base and
algal frond microhabitats (i.e. 61 and 25% of &k, respectively), with a reduction in
the percentage of bites in the algal frond micradaaloccurring for TP individuals (i.e.
reduced to 5%) (Figure 5.7f). Associated with tkiscrease was a rise in the

contribution of sand rubble and bare rock or steierohabitats.
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Figure 5.7: Percentage of total bites in various micrabitats at Catherine Hill Bay (a-c) and
Norah Head (d-f) for three life history stages (Jayuvenile, IP = initial phase, TP = terminal
phase) oOphthalmolepis lineolatydNotolabrus gymnogenasndPictilabrus laticlavius Total
observed bites in 300 minutes of behavioural olzdEms for each stage of each species at each
location are provided above each column. Microlebitof ‘other’ bites included prey
fragments, rope fibres, broken shells and wire.
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When the percentages of total bites by each speatidee various microhabitats were
subjected to MDS ordination it was obvious thatlfeg microhabitats differed among
species, microhabitat use changed with life hissitage and that the pattern of change
was different for the three species and differdértha two locations (Figure 5.8). For
example, at Catherine Hill Bay all points representthe life history stages dD.
lineolatus N. gymnogeniandP. laticlaviuswere located in the left, right and middle of
the plot, respectively (Figure 5.8a). For b@h lineolatusand P. laticlavius points
representing successive life history stages gdgepabgressed upward, whilst the
points forN. gymnogeniprogressed downward. At Norah Head, points remtasgO.
lineolatusandP. laticlaviuswere distinct from one another and formed a tgyoup at
the bottom left and upper left of the plot, respedy. Progressive shifts in
microhabitat use with successive life history stagge not evident in either of these
species at Norah Head. Microhabitat use by juedtilgymnogenisvas similar to that
of juvenile P. laticlavius at Norah Head, but progression in the points ssréng
successive life history stages Mf gymnogenigccurred toward the lower right of the

plot. These later life history stages remainedréige from other species.
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Figure5.8: MDS ordination of the proportion of bites in var®omicrohabitats at Catherine Hill
Bay (a) and Norah Head (b) fop@thalmolepis lineolatugO) Notolabrus gymnogenig\) and
Pictilabrus laticlavius(®) at the life history stages of juvenile (1), initidase (2) and terminal
phase (3). Each point represents total bitesdmesponding life history stages. Arrows show
progression through life history stages for eadtEs.
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5.3.2.3 General feeding observations

Whilst many feeding episodes were observed, in nmsdances prey items were not
able to be recorded as they were either too switained too rapidly or were obscured
from view. However, prey items were identified idlgr some episodes of feeding by
Ophthalmolepis lineolatuandNotolabrus gymnogenisObserved prey items included
many of the major dietary items identified in Tabld such as polychaetes, isopods,
amphipods, cirri of barnacles, small decapods, pabpphorans, gastropods, bivalves,
ophiuroids, echinoid fragments and ascidian/paifgragments. On rare occasioBs,
lineolatusalso fed opportunistically on fish prey. In oeeding event, a TP individual
was observed biting a discarded fish frame, whadabther large individual was
observed swimming with the tail of aAtypichthys strigatus(Microcanthidae)
protruding from its mouth. Active pursuit of fighrey was observed as isolated
incidents with juvenile O. lineolatus chasing and/or bitingeEnoplosus armatus
(Enoplosidae), Gobiesocidae and Gobiidae. Onlyingles prey item (limpet) was
recorded forPictilabrus laticlaviusas this species is highly cryptic so the iderdifien

of prey items during field observations was proldém

Small, highly mobile prey items such as amphipodsl amall decapods were
swallowed directly from the substrate, often afy@mng-in-ambush. Ambush techniques
were not employed by. lineolatus but N. gymnogenisand P. laticlavius regularly
spent periods of up to several minutes lying onsiliestrate scanning for the movement
of invertebrate prey at algal bases, on algal fsoodbetweerDiopatra dentatatubes
(see Chapter 4). Pectoral fin digging was regularhployed byP. laticlaviuswhilst
lying in sandy microhabitats to expose prey itenithiw sediment and to obtain access
to prey beneath cobbles.

In all labrids, small-sized molluscs were crushgdhe pharyngeal teeth before spitting
shell fragments and swallowing the nutritious sisues. For large invertebrate items
exceeding gape width (e.g. some polychaetes, gasiso polyplacophorans and
ophiuroids), a manipulation of prey was requiredol® swallowing. On such

occasions, prey was held in the mouth and basheidsigocky substrate with sideways

head movements to fragment tissues or, in the ckBmpets and chitons, to remove
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the soft tissue from hard exoskeletons. Individuabuld often retreat to shelter after

swallowing these larger invertebrate items.

5.3.2.4 Feeding interactions

When occasions were present&fphthalmolepis lineolatysNotolabrus gymnogenis
andPictilabrus laticlaviusopportunistically fed on retreating prey that wiesturbed by
the feeding activities of larger conspecifics, otheabridae Achoerodus viridis
Mullidae (Upeneichthys vlamingii ScorpaenidaeSgorpaena cardinal)s Plotosidae
(Cnidoglanis macrocephala Muraenidae Gymnothorax prasinys Urolophidae
(Urolophus sp.), Dasyatididae D@asyatis thetidis Myliobatididae WMyliobatis
australig, BrachaeluridaeBrachaelurus waddiand OctopodidaeQctopus tetricus
Of these, substrate disturbance caused by thenfgexdiivity of A. viridis contributed
most to attraction of the focal labrids. Winnowioigprey items through the gills &.
viridis also prompted following byD. lineolatusand N. gymnogenis Reciprocated
following behaviour by other fishes to the feediagtivities of O. lineolatus N.
gymnogenisaandP. laticlaviuswere not common, but larger individuals were fokal
by Serranidae Acanthistius ocellatys Cheilodactylidae Gheilodactylus fuscis
Microcanthidae Atypichthys strigatys PomacentridaeGhromis hypsilepis Parma

microlepisandParma unifasciatpand other Labridad’6eudolabrus guenthéri

Interactions between smalD. lineolatus (<150 mm) and juvenileUpeneichthys
vlamingii (Mullidae) provided an example of apparent musmali Encounters between
these fishes involve®. lineolatus hovering <200 mm abov&. vlamingii whilst
attempting to intercept disturbed prey. Supettiigiahis relationship appears
exploitative; however, movement @. lineolatusof up to several metres would
typically result inU. vlamingii following beneath. Benefits fdd. vlamingii would
include the opportunity to feed in relative safetilst O. lineolatus remained

overhead. This association between species aitted for periods of 3-9 mins.
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5.4 Discussion

5.4.1 Dietary composition

Gut content analysis reveal&@phthalmolepis lineolatysNotolabrus gymnogeniand
Pictilabrus laticlavius fed predominantly on polychaetes, gammarid ampmspo
decapods (notably small crabs), gastropods (péatigurochids) and various bivalves.
Polyplacophorans, echinoderms (ophiuroids and edsh and cirripedes were also
frequently represented in the guts of these fishéilst some labrids are known to
primarily consume plankton (Warner and Hoffman 1880; Warner 1987), coral
(Mcllwain and Jones 1998; Fulton and Bellwood 2002md ectoparasites, mucus or
scales of other fishes (Zander and Nieder 1997es)d®99; Bansemaat al. 2002;
Bshary and Schéaffer 2002), the species investigated unequivocally generalist
carnivores feeding on an assortment of benthicriabeates. The dietary breadth and
importance of crustaceans, molluscs, polychaetdseahinoderms in the diets Q.
lineolatus N. gymnogeniandP. laticlaviusare consistent with other temperate labrids
of Australia and New Zealand (Russell 1983; Gillensd1995b, 1999; Shepherd 1998,
2006; Jones 1999; Denny and Schiel 2001; Shepmer€karkson 2001).

Small fishes are rarely considered to be importietiary items for labrids, yet species
within this family are known to engage in piscivgBandallet al. 1978; Connell 1998;
Connell and Kingsford 1998; Denny and Schiel 200ihdeed guts of all focal species
frequently contained the remains of small fishesl &n lineolatus were observed
pursuing fish prey and feeding on fish frames. Himlity of O. lineolatus N.
gymnogeniandP. laticlaviusto feed on other fishes is likely to be constrdibg gape
width as fish prey are consumed in high volumesniresented as bait in the form of

fragmented pilchards (Clupeidae).

5.4.2 Food partitioning among labrids

The occurrence of most prey items in the gut®plithalmolepis lineolatysNotolabrus
gymnogenisand Pictilabrus laticlaviusrevealed considerable reliance on a common
food resource. However, substantial differenceh@wvolumetric contribution of these
prey items resulted in significant partitioning folod resources among species. For

example,O. lineolatusfed on proportionately higher volumes of bivalveslychaetes,
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echinoids and marginellid gastropods (espechllgtroginellasp.), whilst the diet dN.
gymnogenisonsisted of greater proportions of decapods (mastidentified), andP.
laticlavius fed on greater proportions of amphipods and tdaistropods. It is well
established that when a resource is limited in mroanity these resources must be
partitioned to reduce overall competition betweenstumers (Helfmaret al. 1997).
Resource partitioning allows co-existence with mial competition and provides an
important insight into the creation and maintenan€ebiodiversity (Helfmanet al.
1997). In terrestrial systems, partitioning of itatbis most responsible for minimising
competition between co-occurring species but feh fassemblages, especially in
temperate waters, partitioning of food resources (rophic separation) is of greater
importance (Ross 1986).

Partitioning of food resources among species witthe same family has been
demonstrated in soft sediment habitats (McCormR$5] Hyndest al. 1997; Platelket
al. 1998; Platell and Pottdr999,2001; Linkeet al. 2001; Schafeet al. 2002), but this
is the first known study to document trophic sepanawithin a family of fish
associated with rocky reef habitat. It is possithlat the method of collection (and
hence the habitat in which specimens were obtaioed)d have influenced the extent
of dietary separation. For example, many nOrdineolatuswere obtained using line
and trap methods in deep waters (i.e. 20-70 m) tbaother species. However, most
specimens of each species were obtained usingdpsat from common rocky reefs in
shallow waters (<5 m). Therefore, causes of dyesaparation are most likely due to
differences in foraging strategy employed by egties (e.g. microhabitat use).

O. lineolatus N. gymnogenisand P. laticlavius represent the three most abundant
labrids on rocky reefs of the NSW central coasti@pths of 2-10 mplrs. obs. so
competition for benthic invertebrate prey is likaly be great. Therefore, for these
fishes, partitioning of food resources appearseab important strategy for allowing
co-occurrence. WhilgN. gymnogeniss restricted to temperate eastern Austrdlla,
lineolatus and P. laticlavius occur throughout much of southern Australia, idoig
temperate Western Australia. In parts of theirgenthese species co-occur with
Notolabrus tetricusand Notolabrus fucicola(Kuiter 1996) so partitioning of food
resources among members of the family Labridaeikislyl to occur in southern

Australia as occurs on the NSW central coast. NAsgymnogenishares similar
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characteristics witiN. tetricusandN. fucicola(e.g. max size <500 mm; deep bodied)
determining whether these species occupy similatady niches is of interest. In
addition, how food resources are partitioned amthrege labrids and other benthic
carnivorous fishes (e.g. Cheilodactylidae and Man#udae) poses ecological
guestions requiring further study. However, itlilgely that co-occurring benthic
carnivores from different families will demonstrateduced competition compared to
that within families due to family similarities witregard to body shape, mouth
morphology, use of microhabitats and foraging behav(Linke et al. 2001; Wootton
1998; Platell and Potter 1999, 2001; Hyndeal. 1997).

5.4.3 Ontogenetic dietary shifts

All species underwent significant ontogenetic dyhifts owing mostly to changes in
the proportional representation of prey items nathan to exclusive dietary preferences
at different size classes. For small fishes, apuuds were the dominant prey item with
small decapods (particulariyalicarcinus ovatus small bivalves (most unidentifiable)
and small trochids comprising the majority of teenaining prey. With increasing size,
all species fed on greater volumes of hard-shetietluscs with larger individuals of
OphthalmolepidineolatusandNotolabrus gymnogenigeeding unselectively on a broad
range of prey items, whilst larger individuals Rictilabrus laticlaviusfocussed their
feeding on trochid gastropods. Similar ontogenetlufts in diet have been
demonstrated inAchoerodus viridis Achoerodus gouldii Pseudolabrus celidotys
Notolabrus fucicolaand Notolabrus tetricus(Jones 1984c, 1988; Gillanders 1995b;
Denny and Schiel 2001; Shepherd and Clarkson 2@bkpherd 2006). Small
individuals of these species (i.e. 30-200 mm) festlpminantly on amphipods, isopods,
polychaetes and small molluscs. Larger fish fenaasingly on hard-bodied prey such
as larger molluscs, urchins and crabs. Contrigutinontogenetic dietary changes in
labrids is an increase in mouth size and gape tgreaushing power of pharyngeal
teeth, shifts in foraging habitat (see below), angroved locomotion and/or sensory
abilities (Wainwright 1988; Gillanders 1995b; Shimuwet al. 1997; Clifton and Motta
1998; Wootton 1998; Helfmaet al. 1997).

The importance of amphipods as a common food resdiar small individuals (<150
mm) of O. lineolatus N. gymnogeniandP. laticlaviusresulted in considerable dietary
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overlap among early life history stages of eacltigge Amphipods are also important
for juveniles of other fish families including Cledactylidae (McCormick 1998;
Lowry and Cappo 1999) and Monocanthidae (Hutchi®89) suggesting that inter-
specific competition is likely to be greatest amosigall individuals as dietary
divergence occurs among larger fish in respongbdautilising of a wider diversity of
food resources (Helfmaet al. 1997). Differential use of feeding microhabitetdikely

to assist in reducing competition between juveroliethese species (see below).

The diet of recently recruite@. lineolatus N. gymnogenigndP. laticlaviuswere not
examined in the present study as individuals ofy\&mall sizes were generally not
observed. However, the identification of prey itensed by recruits and the availability
of these food resources may be important in priegidihe survival of recruits upon
settlement onto a reef, and hence useful in deagripatterns in the distribution and
abundance of adults. Gillanders (1995b) found peedtruitedAchoerodus viridig17-
26 mm) on coastal rocky reefs of eastern Austiathalmost exclusively on benthic
crustaceans (primarily harpacticoid copepods), feefehifting to a diet of mostly
amphipods in small juveniles (50-150 mm). The $msalfishes examined in this study
were 94, 76 and 70 mm foD. lineolatus N. gymnogenisand P. laticlavius
respectively, corresponding to ages of 0.83, 0% @83 years (Chapter 6). Guts of
these fishes were found to contain 100% amphipéds. recently recruited fishes (i.e.
<50 mm and <0.5 years), it is proposed that ampmlspoay be too large to manipulate
into the mouth so, liké\. viridis, other prey items (e.g. harpacticoid copepods) are
likely to be of greater importance upon recruitment

5.4.4 Microhabitat use

Complex microhabitat in the form of algal basegahlifronds andiopatra dentata

tubes proved especially important to labrids fadiag, but less complex habitat in the
form of bare rock or steel, and sand/rubble wese aked regularly. At each location,
most microhabitats were used for feeding by aljesaof each species but, overall,
substantial differences in microhabitat profileswted across locations due partly to
the differential representation of habitats. Fcaraple, jetty piles were absent at Norah
Head and densities of the erect tubes of the paBtehDiopatra dentatawas

considerably higher at Catherine Hill Bay. Howeueémwas evident that the feeding
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microhabitat profiles for each species was distimgthin each location, except
microhabitat use by juvenildotolabrus gymnogeniwas similar to that oPictilabrus
laticlavius at Norah Head. This is the first known examplettué partitioning of
feeding microhabitats among labrids which is pa&digtimportant for determining how
this family remains so species-rich on subtidafsgeee Chapter 3). For example,
partitioning of microhabitats promotes the sharofgfood resources among species
(Helfmanet al. 1997) and therefore reef areas are able to suppgréater number of
labrid species through minimising competition. Migabitat use is likely to be
influenced by the presence of favourable prey (8b8ep and Brook 2005), but this
currently remains conjecture as prey associated @ach of the identified microhabitats
in the present study was not determined. Futweiet are required to quantify
microhabitat-prey associations and examine coroglat between prey densities in

frequently used microhabitats and the gut contehésach species.

Ontogenetic shifts in feeding microhabitats weraent in Ophthalmolepis lineolatys
N. gymnogenisndP. laticlaviusat Catherine Hill Bay, but shifts occurred only fb.
gymnogenisit Norah Head. Size-related shifts in feedingramabitats have also been
demonstrated iAchoerodus gouldin temperate Australia (Shepherd and Brook 2005).
In this species, smaller fish fed on individualytesing bites directed into foliose algae
and algal canopies, whilst larger fish foraged easingly on epifaunal aggregates
associated with substratum, particularly algal matdhe progressive shifts in
microhabitat use as described by Shepherd and Bi2@b5) forA. gouldii were not
clearly evident in the focal species of this studgr was there a clear relationship
between the profile of the feeding microhabitats éach species and their dietary
composition. For example, progressive shifts ie tiietary compositions 00.
lineolatus N. gymnogenisand P. laticlavius occurred with increased size, but these
shifts where not consistently reflected in micratetbuse by each species at both
locations. Future work is needed to determineticeiahips, if any, between diet and

use of feeding microhabitats in these species.

5.4.5 Feeding behaviour

Bite rates of Ophthalmolepis lineolatysNotolabrus gymnogeniand Pictilabrus

laticlavius were unaffected by the time of day and period fué fear in which
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observations occurred suggesting that the feedit@msity, and the associated effects of
these fishes on subtidal assemblages, is temporlysistent on rocky reefs.
Consistent foraging rates throughout a diurnal qukris reflective of the feeding
behaviour of Achoerodus viridis(Gillanders 1995b), but inNotolabrus tetricus
(Shepherd and Clarkson 2001) aAdhoerodus gouldi{Shepherd and Brook 2005)
diurnal variation in foraging rates occur. Causkgariation in feeding intensity within
a diurnal period are not known, but tidal cycle niajuence foraging rate (Shepherd
and Brook 2005) and anecdotal evidence suggestsetiv@oral consistency in foraging
rates ofO. lineolatus N. gymnogenisandP. laticlaviusis disrupted by periods of lower
foraging intensity during periods of reduced watesibility and/or increased wave

activity.

Feeding rate decreased with ontogenyNn gymnogenisbut remained consistent
through progressive life history stages@f lineolatusand P. laticlavius This was
surprising given studies of other labrids have gihdhe time engaged in foraging
behaviour is highest in small individuals and restuwith an increase in size (Hoffman
1983; Gillanders 1995b; Shepherd and Clarkson 200artha and Jones 2002;
Shepherd and Brook 2005). Variation in feedingsanay be in response to dietary
shifts from small, highly abundant prey in smailesd fishes to large, less abundant prey
located by chance encounters in larger fishes 6£@889), or may reflect the cost of
reproductive success (e.g. reduced feeding oppbesindue to the patrolling of
territory boundaries and harem defence: Gladst@83)L As juvenileP. laticlavius
were highly cryptic and often lost from sight bethealgal canopies it is possible that
many bites were not observed which reduced theativigite rate for small individuals
of this species. By comparison, ontogenetic chamgl. gymnogenisvere revealed as
this species is less cryptic thBnlaticlaviusand most biting episodes are likely to have
been observed giving an accurate representatidioragjing rate. Why ontogenetic
shifts did not occur il®. lineolatusis not known, but biting episodes directed attflog
particles (a commonly used microhabitat by juvendéthis species) were often hard to

detect and many may not have been recorded.

Feeding interactions occurred between the invdstigdabrids and other benthic
carnivores in the form of following behaviour whiphovided the opportunity for the

focal labrids to intercept prey that was disturbgdhe feeding activities of other fishes.
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O. lineolatus N. gymnogenigand P. laticlaviusare unlikely to be strongly reliant on
these associations as encounters were opportungstictc occurred infrequently.
Likewise, the feeding activities of labrids areikely to be of great importance to other
fishes though significant substrate disturbanceseduby large labrids, such as
Achoerodusviridis (Gillanders 1999), may be important to the mangcgs which
congregated around these feeding sites.

The most evident of all feeding interactions was displacement of small individuals
from feeding sites by conspecific individuals ofglar size, prompted by a size-based
dominance hierarchy (see Chapter 4). Small indadsltypically fed on prey items that
could be rapidly manipulated and swallowed (e.gplaipods). When larger prey items
were obtained (e.g. crabs), small individuals wotdgidly retreat into crevices to
manipulate and fragment the prey in order to avoahfrontation with larger
conspecifics which would otherwise attempt to stbal prey item. Therefore, it is
proposed that the dietary composition of small vidlials may be significantly
influenced by their need to feed on prey items Hrat able to be rapidly swallowed

before detection by larger conspecifics. This hlgpsis requires future investigation.

5.4.6 Ecological role of labrids on temperate rpckefs

Many studies have attempted to test whether trectefif feeding of selected fishes on
subtidal assemblages is disproportionately grettan that of other species (i.e.
‘keystone predators’) (see reviews in Choat 198@ dones 1988). These proposals
have not been directly tested on rocky shores wiptzate Australia despite several
species being reported as possibly important iluemicing assemblage structure. For
example, Notolabrus tetricusmay control recruitment of abalone (Shepherd and
Clarkson 2001), whilsAchoerodus gouldimay control the abundance of crabs (which
feed on small abalone) and echinoids (which feedmaroalgae) (Shepheet al.
2002). As generalist, benthic predators of snmathtd-sized invertebrates, the foraging
activities of Ophthalmolepis lineolatys Notolabrus gymnogenisand Pictilabrus
laticlavius are unlikely to influence habitat structure as mas larger labrids feeding
on echinoids as these prey are known to modifyotbec structure of rocky reefs by the
removal of erect macroalgae (Underwaostdal. 1991; Saleet al. 1998; Steinberg and
Kendrick 1999; Edgar 2001).
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Prior to this study, the author hypothesised thatfocal labrids may have a negative
effect on adult echinoid densities by preying orakben individuals that are unavailable
to larger species of labrid. However, dietary gsial showed that echinoids contributed
only a small volume to the overall diet @. lineolatus N. gymnogenisand P.
laticlavius (i.e. %V<5 in all species). Whether the preyOolineolatus N. gymnogenis
and P. laticlaviussignificantly affect other biota is currently unkmae;, however, the
role of these ‘mid-sized’ labrid species in redgciprey densities may be more
important than those of larger size due to theghéar relative abundance (see Chapter
3).

The potential impact of grazing by small to mideslznvertebrates in temperate rocky
reef systems and the effect of labrid foraging basé grazers is an area needing
considerably more study. Such studies require raxpatal manipulations in the form
of fish exclusion/inclusion experiments or modifioa of fish densities; however,
implementation of these impact studies are notauthheir constraints (Choat 1982;
Steele 1996; Connell 1997; Connell and Andersor®99 first step toward adequate
design of such experiments is knowledge of prejepeaces, feeding microhabitats and
the biotic interactions between prey and potentiatiportant predators. Whilst other
benthic carnivores such as cryptobenthic fishespé@gnski and Bellwood 2003),
Cheilodactylidae (Lowry and Cappo 1999), Monacatdhi (Hutchins 1999), rock
lobsters (Edgar 2001) and elasmobranch fishes (Ch®82) also feed on benthic
invertebrate prey, the high densities@f lineolatus N. gymnogeniandP. laticlavius
on temperate reefs of eastern Australia makes thiaty to be disproportionately

important as moderators of prey abundances.

Whether predation b®. lineolatus N. gymnogenisind/orP. laticlaviussignificantly

alters population densities of prey and therebyr@udly affects other biota is presently
unknown, but foraging strategies employed by tHedees almost certainly modifies
prey behaviour. For example, prey may respondigb hates of diurnal predation by
engaging in nocturnal foraging and retreating ®vioes during daylight (Choat 1982;
Shepherd and Clarkson 2001). Determining the efiépredation by labrids on prey
behaviour is beyond the scope of this thesis, $at matter of consideration for future

studies.
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5.4.7 Conclusion

This chapter has described the diet and feedingwetr of different life history stages
of Ophthalmolepis lineolatysNotolabrus gymnogeniand Pictilabrus laticlavius
These species are abundant and co-occur on roeky setemperate eastern Australia,
yet their comparative feeding ecology has not mnesly been investigated. Dietary
analysis revealed these labrids were generalisivcaes feeding on an assortment of
benthic invertebrates including polychaetes, variocrustaceans, molluscs and
echinoderms. WhilsD. lineolatus N. gymnogeniandP. laticlaviusrelied on similar
prey, differences in the volumetric contribution ey items resulted in significant
partitioning of food resources among species. dditeon, ontogenetic dietary shifts

were significant suggesting food resources werhéupartitioned within species.

Feeding behaviour revealed differential use of if@gdhicrohabitats among species and
to some extent showed shifts with ontogeny. Bates of all species were typically
unaffected by the time of day and period of yeawimch sampling occurred, but a
location effect occurred fdD. lineolatusandP. laticlavius and a reduction in bite rate
occurred with ontogeny fal. gymnogenis Feeding interactions were also explored.
Information presented in this chapter has provifteshdational knowledge of the diet
and foraging behaviour dD. lineolatus N. gymnogenisand P. laticlavius for the
purpose of describing how high biodiversity is ntained on rocky reefs through
resource partitioning and for assisting in the glesof future tests to determine the

ecological significance of these and other labodsocky reefs of temperate Australia.
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6.1 Introduction

6.1.1 Problem statement and chapter aim

An understanding of life history and population @gmraphics is an important initiative
in effective management of fish stocks. Informatimportant in the management of
fisheries includes length, weight, age, growth egqroductive data. Specifically, this
data may be used for establishing size and age @sititqns and biomass estimates for
populations, assessing the status of populatioesermining levels of mortality,
establishing age/length at maturity for settingrappgate minimum or maximum legal
lengths, determining bag limits, determining pesiad spawning to impose temporary
bans on captures, assessing and predicting theciropéishing or habitat modification
on fish populations, and for understanding the @sses of population replenishment.
Unfortunately, the importance of this informatio usually overlooked until doubts

occur about the sustainability of a currently opiaafishery.

Lacking significant commercial valueOphthalmolepis lineolatys Notolabrus
gymnogenisand Pictilabrus laticlaviuscurrently have little information available for
their effective management despite the threat afessed levels of harvesting (Henry
and Lyle 2003; Kennelly and McVea 2003) and theeptil for the expansion of the
live fish trade to include these species. Theeeftre aim of this chapter is to examine
the reproduction, growth and demographicsQoflineolatus N. gymnogenisaand P.
laticlavius Reproduction, growth and the demographics ofelspecies are discussed
in this chapter, but the potential applications tbé results are explored in the
conclusion chapter of this thesis.

6.1.2 Labrid reproductive strategies

Labrids have received considerable attention frah biologists due to their unusual
reproductive strategy (i.e. protogynous hermaplhisod) whereby, in most species,
fitness of individuals is maximised by first repumihg as an initial phase (IP) female
when small, then changing sex to reproduce as rairtal phase (TP) male when
sufficiently large to compete with other males $pawning opportunities (Sakei al.

2001). In most species, only one morphological emigipe is present with these

individuals having developed from adult femalesnied monandry) (Gillanders 1995a;
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Denny and Schiel 2002). Monandric labrids are gahesexually dichromatic with
males typically found in TP colouration. The sizédP and TP coloured individuals
may exhibit considerable overlap, but TP individuale usually larger (Jones 1980;
Gillanders 1995a). Whilst IP colouration is extebi predominantly by females and TP
colouration generally restricted to males, exceygtioccur. For example, Gillanders
(1995a, 1997b) found mal&choerodus viridisexhibiting IP colouration and large
females possessing TP colouration. Jones (1980)als® found mal®seudolabrus
celidotusto exhibit IP colouration. This may be due to thale being in transition into
its TP colouration or, if small, acting as ‘sneakmales in their attempt to spawn with
females (Jones 1980, 1981; Alonzo and Warner 19398)Ist most labrids are sexually
dichromic, some such aNotolabrus fucicolaand Austrolabrus maculatusare not
(Barrett 1995a; Jones 1999).

Sequential hermaphroditism is an important reprodectrategy for labrids and at least
12 other families of fish (Wootton 1998), but othreproductive strategies, including
gonochorism (i.e. genetic fixation of sex), haverbéund to occur in labrids (Barrett
1995a; Denny and Schiel 2002). Other labrids, ¢ermliandric species, may have two
morphological male types with males having devetbfrem adult females (termed

secondary males) or existing from the larval orepile state (termed primary males)
(Warner and Robertson 1978). In some populatiéfi$halassoma lucasanymrimary

males are the most common male type (Warner 1982).

Maturity, sex change and colour change of manyidabis size-related (Jones 1980;
Gillanders 1995a). In addition, many aspects ofetigpment are socially controlled.
For example, intrasexual aggression by femalesintalgit maturation of small females
(Jones and Thompson 1980), and dominant males nialyiti sex change in females
(Sakai et al. 2001; Perry and Grober 2003). For haremic speameBvidual rank
position may therefore be very important in deta&ing reproductive success. In
response, individual females lbdbroides dimidiatusnove among harems to shift their
rank position and increase the likelihood of seange (Sakaet al. 2001). Preceding
harem shifts, these females may do several asses$nps to neighbouring harems.
Once initiated, sex change from female to male gdlydasts 2-3 weeks (Kuwamued
al. 2002). Reverse sex change lasting 53-77 daysalsasbeen documented In
dimidiatusif a male returns to a subordinate rank (Kuwanatral. 2002).
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Labrid sex ratios are strongly biased toward feswateboth temperate (Jones 1980,
1981) and tropical waters (Hoffman 1983). Gillarsd¢1995a) found the ratio of

mature males to adult females Achoerodus viridignay be as high as 1:62 at some
sites and, when juvenile fish are also consideratips may be as high as 1:124.
Evidence of uneven sex ratios and the bimodal amkage frequency distributions of
males and females are often used as evidence fupgynous hermaphroditism

(Gillanders 1995a).

6.1.3 Reproductive behaviour

Spawning behaviour has been observed in severald$alwith spawning episodes
typically between a single male and single femaée pair spawning). Pair spawning
involves both fish rapidly ascending up to 1.5 nowb the substrate, usually with
ventral surfaces in close proximity, and sheddiagngtes at the apex of the ascent
(Jones 1981; Tribble 1982; Martel and Green 198ayi{® and Donaldson 1994; Sakai
and Kohda 2001; Adrearat al. 2004). For territorial species, the majority d@irp
spawning activity is restricted to a small numbemales (Jones 1980, 1981; Robertson
1981; Moyer and Yogo 1982; Hoffman 1983). Precgdmir spawning, males may
engage in courting behaviour involving a serie§iroflaring, passing displays directed
toward the female (Jones 1981; Moyer and Yogo 13B#yett 1995a). For non-
territorial males, spawning success is optimisedgmwning in multi-male groups with
single females (Warner 1984), in mating aggregatiohup to several thousand fish
(Warner 1995), or interfering with pair spawningerts between a female and territorial
male (Warner and Hoffman 1980a, b; Warner 1982 téland Green 1987).

Daily spawning activity may be restricted to shiorie periods at a specific time of the
day (Moyer and Yogo 1982; Tribble 1982), and mayaudfusted to coincide with
outgoing tides (Tribble 1982). Spawning may alsbileit lunar periodicity (Masterson
et al. 1997). Use of outgoing tides is an importanttetyg in reducing predation of
eggs by other fishes as are spawning migratiorsther deeper waters (Jones 1981) or
reef edges (Warner and Hoffman 1980a; Tribble 1982)e migrations oThalassoma
bifasciatumare up to 1.5 km to find suitable reef edges (Waf995). Post spawning

behaviour involving ‘pseudo-spawning’ episodes oscin Coris dorsomaculata
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(Tribble 1982) andrautogolabrus adspersydartel and Green 1987) for the purpose
of attracting additional females or advertisingrogjuctive success.

Spawning behaviour is documented for many labids,in others spawning behaviour
has yet to be observed despite regular observatbnsourting behaviour (Barrett
1995a; Adreaniet al. 2004). Therefore, determination of reproductiativaty is
usually inferred from macroscopic or histologicalamination of fish gonads (e.g.
Gillanders 1995a; Fairclough 2004; Nastial. 2006). In general, these strategies are
useful for determining sexual maturity, sex idea#fion, reproductive ripeness and
sexual strategy (e.g. gonochoristic or sequentmiphroditic). Studies involving
observations of reproductive behaviour and/or gameaimination have revealed labrid
reproductive seasons to be broad, often lasting jomonths (Jones 1980; Denny and
Schiel 2002; Nardiet al. 2006); however, most spawning activity is usually
concentrated into 2-3 months within a reproductigason (Jones and Thompson 1980;
Gillanders 1995a; Fairclough 2004). F@halassoma lucasanynsexually active

females are present year round (Warner 1982).

Suitability of the environment for larval offspringaries throughout the year so fish
reproduction occurs at times of the year most feafole to the survival and growth of
their offspring. In response, spawning usuallyncmes with an increase in water
temperature so more food is available for theimkianic larvae (Jones 1980). For
several labrids of southern Australia and New Zw#laeproductive activity precedes
warming sea temperatures by up to several monttisreproduction occurring in most
species within the period of mid winter (July) trlg summer (December) (Jones 1980;
Barrett 1995a; Gillanders 1995a; Denny and SctiéR2 Fairclough 2004; Nardit al.
2006).

6.1.4 Age and growth

Fish growth is indeterminate (i.e. fish continuggtow throughout life), but growth rate
reduces with increasing size (Wootton 1998). Offaetors affecting the growth of
fishes include food supply, water temperature, cetitipn and spawning activity
(Moyle and Cech 2000; Bond 1996; Wootton 1998)ffdbential growth rates are often
recorded on hard, typically calcified structuregshim the body and may be used to
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estimate fish age. Hard structures used for thipgse include fin rays, dorsal fin
spines, opercula, vertebrae, scales and otolitbadB.996; Kingsford 1998; Wootton
1998; Metcalf and Swearer 2005), with otoliths lgethe most favoured structures in
aging studies of teleost fishes (Campana and Thib2@01; Begget al. 2005; Choaet

al. 2006; Nardiet al. 2006). Otoliths are composed of crystals of cafcicarbonate
deposited in a proteinaceous matrix within the mear (Wootton 1998), and are
involved in hearing and equilibrium (Poppetral. 2005). Otoliths are unique structures
as they are inert (i.e. material deposited withi@ otolith is not reabsorbed) (Campana
and Thorrold 2001; Thorrold and Hare 2002), so @®wa historical, permanent record
of fish growth. The largest of the three pairedlitits is the sagittal otolith, or sagitta,

and this otolith is usually favoured for aging sesd

Within each otolith are alternating, concentric ¢uof opaque and translucent material
with opaque bands usually deposited in periodsapidrgrowth and translucent bands
representing slow growth periods (Wootton 1998)ewhg these growth bands often
requires the otolith to be sectioned, especiallyanger fishes (e.g. Gillanders 1995a;
Choatet al. 2006; Nardiet al. 2006). Typically, one opaque and one transluband
represent one year but validation in the form gbteee-release-recapture, chemical
tagging, holding captive individuals of known age,marginal increment analysis is
critical (Kingsford 1998). Yearly opaque bandsntedannuli (sing:annulug, form in
response to seasonal variation in somatic growtlkijrenmental factors (e.g. water
temperature) and/or reproductive activity (Cailk¢tal. 1996; Wootton 1998; Ewingt

al. 2003). In temperate labrids of Australia and N#&smland annuli typically complete
their formation in mid spring to early summer (i@ctober to November) (Jones 1980;
Gillanders 1995a; Ewingt al. 2003). In general, labrids are long lived withulisl of
many species exceeding 10 years of age (Barrefat ¥airclough 2004). In temperate
Australia, individuals ofNotolabrus fucicola Achoerodus viridisand Achoerodus
gouldii may reach ages of 20 years (Eweigl. 2003), 35 years (Gillanders 1995a) and
50 years (Gillanders 1999), respectively.

6.1.5 Management needs for temperate labrids

As protogynous hermaphrodites, labrids are thoughtbe somewhat resilient to

exploitation as males removed from the populaticay rhe replaced by sex-changing
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females (Peterson and Warner 2002). However, highality of older, larger males
may result in sex reversal occurring at youngesagel/or smaller sizes (Plattenal.
2002; Hawkins and Roberts 2003), reducing the dvespawning success of
populations through decreased sperm output andalsddsruption. In temperate
Australia, labrids have not historically been taegeby fishers; however, spearfishers
caused rapid declines in populations Axthoerodus viridisin eastern Australia and
Achoerodus gouldiin southern Australia before these fishes wereretf protection in
1969 and 1980, respectively (Pogonastkal. 2002).

As most labrids of temperate Australia are not ddd by fishers, biological
information is limited as motivation to acquire Buaformation is generally prompted
by threats of over-harvesting by an operationahdig. For example, the rapid
expansion of the live fish trade in Tasmania andtdfia in 1993 forNotolabrus
fucicola and Notolabrus tetricusMurphy and Lyle 1999; Lyle and Hodgeson 2001,
Department of Primary Industries 2004) led to teeeasment of this fishery for the
purpose of introducing management controls inclgdire application of minimum and
maximum size limits and limitations on the numbérholders of live fish access
licences (Murphy and Lyle 1999). Effective managamof fish stocks requires a
detailed understanding of life-history informatiand population parameters to provide
scientifically based management decisions. Rorfucicola and N. tetricus this
information is now being provided albeit many yeatfter the rapid expansion of their
fishery (e.g. Barrett 1995a; Denny and Schiel 208&iith et al. 2003; Ewinget al.
2003; Welsford 2003). Where possible, it is impottto take a precautionary approach
in acquiring biological information for fishes thdtave the potential for future
exploitation. This is certainly a possibility f@phthalmolepis lineolatys\Notolabrus
gymnogenisaindPictilabrus laticlaviusin eastern Australia if similar expansions of the
live fish trade occur as occurred in Tasmania aradovia, and if levels of recreational

and commercial harvests increase.

6.1.6 Overview and chapter objectives

The reproduction, growth and demographics of séveraperate labrids have been
investigated in South Australia, Tasmania and Nealand, but little work has been
conducted on labrids associated with coastal NewtlS@/ales (see Table 1.1). To fill
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some of the gaps in the current understanding edethabrids this chapter investigates
the reproduction, growth and demographicgOghthalmolepis lineolatydNotolabrus
gymnogenisand Pictilabrus laticlaviusby describing relationships between length and
weight, discovering size and age at maturity arnd cdeange, determining spawning
season, describing reproductive behaviour (i.ertoguand spawning), determining the
suitability of otoliths for aging and validating eéhyearly formation of annuli,
quantifying maximum annulus radii (AR) measures, and determining longevity and

growth rates.
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6.2 Methods
6.2.1 Study area and specimen collection

The reproduction, growth and demographicsQyphthalmolepis lineolatugn=225),

Notolabrus gymnogeniéh=195) andPictilabrus laticlavius(n=93) were investigated
using specimens collected from coastal reefs orcéinéral coast of NSW (Figure 2.2).
A description of the study area, the locations amethods used for collecting fish

specimens, and a summary of the specimens collecfgdvided in Chapter 2.

6.2.2 Size distributions and length at sex change

The colour phase (initial phase (IP) or terminaag (TP)), sex (male or female, see
Table 6.1 for criteria), total length (£ 1 mm) aweight (+ 0.01 g) were recorded for
each individual. For each species, individualsengaced into 10 mm size classes (i.e.
<100, 100-109, 110-119, 120-129 mm etc.) and tlpgotion of individuals having
changed sex (i.e. males) in each size class watgga To determine the size at which
half of all individuals undergo sex change, ternhggl, a logistic curve (Equation 6.1)
was fitted to the relationship between the mediagach size class and the proportional
representation of male fish using the SOLVER addption in Microsoft Excel 2000.
Constants derived from the fitted logistic equatisere used to estimate the size at
which 25, 50 and 75% of individuals undergo sexndgea(i.e. ks, Lsoc and Lysg,

respectively) using Equations 6.2 to 6.4.

P. = proportion of sex changed fish at length L (mm)
exp[a+ b(L /10)] L = total length (mm)

1+ exda+ b(L /10)] a & b = constants (Equation 6.1)

Estimations derived from Equation 6.1:

Lasc = M Lsoc = -

: - [n@)-d

b

olo

(Equation 6.2 to 6.4)
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6.2.3 Length/weight relationships

Relationships between total length (TL) and weigldre investigated using least
squares linear regression applied to natural logt(ansformed data (Equation 6.5). A
transposed form of this equation was used to preéde weight of a fish at a given
length (Equation 6.6).

In(W) = b.n(L) +a W = weight (g)
L = total length (mm)
a &b =constants (Equation 6.5)

Transposed form of Equation 6.5:

W = In(a).L° (Equation 6.6
6.2.4 Reproductive biology

Gonads were removed and fixed in 5% formalin faeast 48 hours and then stored in
70% ethanol. Gonad wet weight was recorded (x@LQf) to calculate gonadosomatic
indices (GSIs) (Equation 6.7).

W Wy = wet weight of gonad
GSI(%) =100 | ——— Wi = wet weight of whole fish
(Wf } Wg) W;-wy = somatic weight. (Equation 6.7)

Sex, sexual maturity and reproductive ripeness wdtermined by macroscopic
examination of gonads at x10 magnification and sifesl according the criteria
outlined in Table 6.1.

Table 6.1: Macroscopic criteria used to classify gonads @phthalmolepis lineolatys
Notolabrus gymnogen&ndPictilabrus laticlavius(adapted from Fairclough 2004)
Gonad classification Gonad criteria

Female

(i) Immature/ non-ripe  Rounded in cross sectiosible oocytes are present, but these are
small and not substantially hydrated.

(ii) Ripened/spawning Rounded in cross sectioangtar with large, tightly packed and
hydrated oocytes; yellow to orange in colour.

Male Flattened or triangular in cross section, lawollen when
spawning; opaque to cream especially in the spayvs@ason, but
may be brownish outside these periods; margins aftedulating;
no visible oocytes present.
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For months where hydrated oocytes were presenéeveral individuals (i.e. months
signifying gonadal reproductive activity), femalshf were placed into 10 mm size
classes (i.e. <100, 100-109, 110-119, 120-129 num) ahd the proportion of females
with gonads classified as ripened/spawning for esigh class was determined. To
establish the size at which half of all females eveexually mature, termedsds a
modified version of Equation 6.1 was used to ftuave to the relationship between the
median of each size class and the proportionalesgmtation of female fish with
hydrated oocytes. In this instance, @presented the proportion of mature females at
length L. Constants derived from the fitted loigigtquation were used to estimate the
size at which 25, 50 and 75% of individuals sexuaibture (i.e. ksm, Lsom and Lysm,
respectively) using modifications to Equations #.5.4 whereby ks, replaces the 4s¢
value, Lsom replaces koc etc. Reproductive season was recognized as théhswavhere

mean GSI values for mature females @leson) were highest.

6.2.5 Reproductive behaviour

Behavioural observations (see Chapter 4) reveadguparent’ courtship behaviour
occurred regularly in all species with spawningrggeobserved only foPictilabrus

laticlavius The proportion of total interactions between iRles and IP females
which represented reproductive activity (i.e. spengrand courting) were determined
and compared to GSI calculations. Descriptionsafrting and spawning behaviour

were made from field observations.

6.2.6 Age and growth

Both sagittal otoliths were removed from each gpea, then cleaned and dried. In
preparation for sectioning, the primordium of eamblith was marked with a lead
pencil before embedding in Stuers epofix resin. Otolivere transverse sectioned
through the primordium at 400-5@®n using a mounted rotating diamond blade. Each
section was further sanded to 200-30® with fine 600-1200 grade wet-and-dry
carborundum paper.Sections were then mounted on glass slides usiegr @poxy
resin. Viewing of sectioned otoliths at x100 mdigation revealed distinct concentric
opaque and translucent bands. These ‘annuli’ viberg observed in an aqueous
medium on a black background using reflected l{gigure 6.1 and 6.2). Each otolith
was photographed using a Nikon D70 digital cameacaumted on an Olympus CH-2
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microscope for later marginal increment ratio (Mi&jalyses, maximum annulus radii

(ARmay measures and annuli counts.

MIR analysis was performed to resolve whether opagunuli’ zones were indeed
formed yearly. When only one opaque band was ptes8#Rs were determined by
expressing the distance between the edge of tHghotmd the middle of the first
opague band (i.e. marginal increment, Ml) as agerage of the distance between the
primordium and the middle of the first opaque bérel previous increment, PI), using
the formula, MIR = MI/PI x 100 (Figure 6.1a). Wherore than one opaque band was
located, the MI represented the distance betweemdige of the otolith and the middle
of the outermost opaque band, and the PI reprabd¢hte distance between the two
outermost opaque bands (Figure 6.1b). Measurenvesite made using the image
analysis software package ImageTool (Universityexis Health Science Centre, San
Antonio, TX, USA). If annuli are formed yearly, ehMIRs will demonstrate a
sinusoidal trend during the year with a single peakll annuli counts and MIR
measurements were made on otoliths selected ragdeithiout prior knowledge of fish

size or capture date.

Figure 6.1: Measurements used for marginal increment ratidR)Mialculations for fish with 1
opaque zone [119 mm, 1.25 years Bidtilabrus laticlaviusshown] (a) and >1 opaque zone
[180 mm, 2.33 years olB. laticlaviusshown] (b). MIRs were calculated using the eaqumti
MIR = MI/PIx100, where Ml = marginal increment aid = previous increment. Annulus
counts are shown.
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Measurements of maximum annulus radii, termed,fARwere made for successive
annuli counts to determine whether annuli were gatrpredictably in the same position
on the otolith. Measurements of AR were defined as the maximum distance between
the middle of an annulus band extending either gfdbe primordium (Figure 6.2a). In
Ophthalmolepis lineolatysannulus formation within an otolith cross sectioms
typically symmetrical about the primordium; howevesinnulus formation was
asymmetrical in maniotolabrus gymnogenendPictilabrus laticlavius(Figure 6.2b).

A von Bertalanffy curve (see Equation 6.9) wasedttto the relationship between
annulus count and mean AR using the SOLVER add-in option in Microsoft Excel
2000 to apply least squares regression. In thetamte, annulus count (termed ‘a’)

replaced fish age (t) and mean ARmax replaceddisgith (L).

Figure 6.2; Location of measurements used to determine thémmoax annulus radii (AR of
the 3° annulus for symmetrical annuli [294 mm, 5.2 yeal$ Ophthalmoplepis lineolatus
shown] (a) and asymmetrical annuli [316 mm, 5.6y@ddNotolabrus gymnogenshown] (b).
Annulus counts are provided.

Once validated, counts of annuli were made on tucessive occasions, in random
order, by the same observer. Recounts were pegtbriby a second, experienced

observer. Between occasions and observers, caenésthe same in 97.3% and 98.6%
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of instances, respectively. If disagreements cawitdbe rectified the otolith was not
used. Fish age was estimated using annuli conngssociation with known date of
capture, date of birth (estimated from GSI valuasyl period of annuli formation

(determined by MIR measurements) (Table 6.2).

Table 6.2: Age estimates (years) at annulus formation @phthalmolepis lineolatys
Notolabrus gymnogenandPictilabrus laticlavius Date of birth was estimated from the peak
in GSI values for femalesLso, (See Section 6.2.4). Annulus formation was detegthfrom
MIR measures (see earlier in this section).
Species Date of Annulus Annulus count
Birth formation 0 1 2 3 4 5etc.

Ophthalmolepis lineolatus 01 Feb 01 Sept 06 16 26 36 46 b56. etc
Notolabrus gymnogenis 01 Jun 01 Sept 03 13 23 33 43 b53. etc
Pictilabrus laticlavius 01 Nov 01 Sept - 08 18 28 38 4.8 .cetc

Individuals of each species were placed into 1 wegr classes (i.e. 0-0.9, 1.0-1.9, 2.0-
2.9, 3.0-3.9 years etc.) and the proportion ofviallials having changed sex (i.e. males)
in each age class was graphed. To determine thatagrhich half of all individuals
undergo sex change, termedod a logistic curve (Equation 6.8) was fitted to the
relationship between the median of each age cladsh& proportional representation of
male fish using the SOLVER add-in option in Micrtigéxcel 2000. Constants derived
from the fitted logistic equation were used torestie the age at which 25, 50 and 75%
of individuals undergo sex change (i.ess& Asoc and A, respectively) using a
modified version of Equations 6.2 to 6.4 wherebyAeplaces the 1s. value, Ay
replaces boc etc. To determine fish growth, a von Bertalanedyation (Equation 6.9)
was fitted to the relationship between estimatsll ige and fish total length using the

SOLVER add-in option in Microsoft Excel 2000 to &pfeast squares regression.

Pa = exp(a+bA) P» = proportion of sex changed fish at age A (years)
A= m A =age (years) .
a & b = constants (Equation 6.8)
L = L [1-e 1] L, = total length (mm) at age t (years)

L, = asymptotic length (mm)

k = von Bertalanffy growth coefficient

t = fish age (years)

t, = hypothetical fish age (years) at 0 mm length
(Equation 6.9)
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6.3 Results

6.3.1 Size distributions

The growth and reproductive biology of up to 22phthalmolepis lineolatu§94-374
mm TL), 195Notolabrus gymnogeni§’6-358 mm TL) and 9®ictilabrus laticlavius
(70-216 mm TL) were examined (Table 2.2; Figure).6.B all species, females were
generally restricted to smaller size classes vhighlargest size classes representing only
males (Figure 6.3). All females @f. lineolatuswere found to be332 mm and males
>278 mm, with lsoc = 284 mm (Figure 6.3a; Table 6.3). Sexual dictatism could be
used to accurately determine sex in 99% of femalkk @2% of maleO. lineolatus
FemaleN. gymnogenisvere found to be294 mm and males230 mm, with lsgc = 273
mm (Figure 6.3b; Table 6.3). Twell gymnogeni®f transitional colouration were
collected with nine of these individuals being tfes 260-295 mm, two individuals of
sizes 230-239 mm and one at size 204 mm. Colaasehccurately predicted sex in all
individuals of N. gymnogeniswith 58% of transitional colour being female. A
considerable overlap in the sizes of each sefR.dfticlavius occurred with females
<180 mm and males98 mm, with lsoc = 138 mm (Figure 6.3c; Table 6.3). A total of
six P. laticlaviusof transitional colour were collected with four ween the sizes of 129
to 144 mm and two individuals of size 161 mm. @olphase accurately predicted sex
in 96% of individuals, with 60% of those in tramsital colour being female.

Table 6.3: Parameters for the fitted curve used to deterrttimelength at which half of all
individuals changed sex into males (i.eo) for Ophthalmolepis lineolatysNotolabrus
gymnogenis and Pictilabrus laticlavius Equation of the fitted curve s
P.=exp(a+b(L/10))/[1+exp(a+b(L/10))], where B proportion of fish that have undergone
sex change at length L (mm).

Parameters Length estimates (mm)

a b Losc Lsoc Losc
Ophthalmolepis lineolatus -26.925 0.947 273 284 296
Notolabrus gymnogenis -19.597 0.718 258 273 288
Pictilabrus laticlavius -118.279 8.577 137 138 139
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Figure 6.3: Size distribution of femaled<} ) and maldll ( ) ©@phthalmolepis lineolatus
[n=220] (a),Notolabrus gymnogeni;=194] (b) andPictilabrus laticlavius[n=94] (c). Sexes
were determined by the macroscopic examinatioronfds.
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6.3.2 Length/weight relationships

All species recorded an exponential rise in weigtth increasing length (Figure 6.4ai-

ci). Logarithmic transformation of data revealestrmng, significant, linear relationship

between length (In) and weight (In) for all speqiEgyure 6.4aii-cii; Table 6.4). Fitted

regression lines revealed the weightQ@hthalmolepis lineolatusose from 8 g at 100

mm TL to 504 g at 350 mm, the weight lbtolabrus gymnogenisse from 16 g at

100 mm TL to 713 g at 350 mm, and the weighPtilabrus laticlaviusrose from 14
g at 100 mm TL to 249 g at 250 mm (Table 6.5).

Table 6.4: Linear regression of the relationship betweentleiily mm) and weight (W g) for
Ophthalmolepis lineolatys Notolabrus gymnogenisand Pictilabrus laticlavius (95%
confidence intervals shown in parentheses). Pdexmare for the fitted equation In(W)

b.In(L) + a. **P<0.001

Parameters Mean of
Species squared F 2§ n
a b ;
residuals
O. lineolatus -13.195 3.315 308.57 36371.1%** 0.994 218
(-13.382, -13.008) (3.281, 3.349)
N. gymnogenis -11.058 3.008 133.21 19565.9*** 0.991 185
(-11.282, -10.834) (2.966, 3.051)
P. laticlavius -11.921 3.158 53.06 5268.5*** 0.983 93

(-12.342, -11.499) (3.072, 3.245)

Table 6.5: Estimated weights (g) ddphthalmolepis lineolatysNotolabrus gymnogeniand
Pictilabrus laticlaviusat several lengths (mm TL) as predicted by theesgon equations in
Figure 6.4 and Table 6.4. Estimated weights waleutated using Equation 6.6.

Total lendthm)

Species 100 150 200 250 300 350
Ophthalmolepis lineolatus 8 30 79 165 303 504
Notolabrus gymnogenis 16 55 132 257 445 708
Pictilabrus laticlavius 14 50 123 249 - -
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Figure 6.4: Relationship between length and weight (i) @phthalmolepis lineolatup=218]
(a), Notolabrus gymnogenig1=185] (b) andPictilabrus laticlavius[n=93] (c). Logarithmic
transformations (In) have been applied to the adfesi) and linear regression performed.
Statistics for this regression are provided in €ahl.
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6.3.3 Reproductive biology

6.3.3.1 Ophthalmolepis lineolatus

a) Size at Maturity

Macroscopic examination of femal®phthalmolepis lineolatusgonads revealed
hydratedoocytes were present from December to April. Ribalata for these months
revealed all individuals <180 mm were sexually intume (Figure 6.5). Seventy-five
percent of 180-189 mm individuals possessed ripspad/ning gonads. Thed., for
O. lineolatuswas determined as 186 mm (Figure 6.5; Table 6Af)females>200 mm
possessed hydrated oocytes, except a single indiviof 300 mm captured in early

December.
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Figure 6.5: Proportion of femalé@phthalmolepis lineolatusiith ripened/spawning gonads at
various sizes for individuals obtained in the menh December to April. Points represent size
class midpoints. Sample sizes are provided ablwvgraph. Fitted curve for estimation @fh-

is shown (see Table 6.6 for curve equation). Daddhe shows predictedsgm

Table 6.6: Parameters for the fitted curve used to deteritiiadength (mm) at which half of all
females reached sexual maturity (i.eson). for Ophthalmolepis lineolatys Notolabrus

gymnogenis and Pictilabrus laticlavius Equation of the fitted curve s
P.=exp(a+b(L/10))/[1+exp(a+b(L/10))], where B proportion of mature fish at length L (mm).
Parameters Estimates
a b Losm Lsom L75m
Ophthalmolepis lineolatus -24.573 1.319 178 186 951
Notolabrus gymnogenis -14.333 0.810 163 177 191
Pictilabrus laticlavius - - - <95 -
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b) Reproductive season

The GSls of femal®phthalmolepis lineolatusLson, (i.e.>186 mm), were lowest from
May to October (0.21-0.38%) (Figure 6.6a). A rapdrease in GSIs occurred in
December and January with values peaking in Fepr{zab3%), followed by a rapid
decline in April. Annual variation in GSls coineid with changes in the representation
of females>Lsoy with ripened/spawning gonads. Ripened/spawningads were
absent in femalesLsoy, from May to October; however, representation ras83% of
individuals in December and 100% of individualslanuary to March before declining
to 67% in April (Figure 6.6b).
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Figure 6.6: Monthly variation in mean gonadosomatic indicesSK&} (a) and percentage of
individuals with ripened/spawning gonads (b) faméde Ophthalmolepis lineolatusLson (i.€.
>186 mm). Sample sizes shown above the graph iaréatommon to both figures. Dashed
line indicates no data (nd).
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6.3.3.2 Notolabrus gymnogenis

a) Size at Maturity

Macroscopic examination of femaldotolabrus gymnogenigonads revealed hydrated
oocytes were present in all sampled months; howdughest GSls were found from
April to October. Pooled data for April to Octobewvealed all individuals <150 mm
were sexually immature (Figure 6.7). Ripened/spagvigonads were found in 13 and
40% of individuals from size classes 150-159 an@-169 mm, respectively. A sharp
rise in the percentage of females with ripened/syagvgonads occurred at size classes
>180-189 mm with over half of all females (i.e. 56@g9ssessing ripened/spawning
gonads in the size class 180-189 mm. Thg, for N. gymnogenisvas determined as
177 mm (Figure 6.7; Table 6.6).
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Figure 6.7: Proportion of femaleNotolabrus gymnogenisith ripened/spawning gonads at
various size classes for individuals obtained artfonths of April to October. Points represent
size class midpoints. Sample sizes are providedeathe graph. Fitted curve for estimation of
Lsom is shown (see Table 6.6 for curve equation). Bddme shows predictedsd. (nd: no
data)
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b) Reproductive season

GSls of femaleNotolabrus gymnogenigLsoy (i.e. >177 mm), were lowest from
December to March (0.42-1.04%) (Figure 6.8a). G8%e in the months of April to
June (1.46-2.45%), peaked in July (3.52%), therirtkmt from August to December.
Females bom with ripened/spawning gonads were present in athged months.
Ripened/spawning gonadsere found in >50% of mature females (iz.som) in
January and the months of March to October, bubnty 10% of individuals in
February and December (Figure 6.8b).
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Figure 6.8: Monthly variation in mean gonadosomatic indiceSSIE} (a) and percentage of
individuals with ripened/spawning gonads (b) fométe Notolabrus gymnogenisLson (i.€.
>177 mm). Sample sizes shown above the graph iaréatommon to both figures. Dashed
line indicates no data (nd).
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6.3.3.3 Pictilabrus laticlavius

a) Size at Maturity

Macroscopic examination of femakRictilabrus laticlaviusgonads revealed hydrated
oocytes were present from August to March. Podlath for these months revealed
>70% of individuals in all size classes possesgshed/spawning gonads, except for
the size class 160-169 mm which was represented daggle individual in transitional
colouration (Figure 6.9). Thesén for P. laticlavius was determined as 95 mm;
however, as the data set was restricted to mosdtynm® individuals, kom is likely to be
less than that predicted (Figure 6.9; Table 6.6).
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Figure 6.9: Proportion of femalePictilabrus laticlavius with ripened/spawning gonads at
various sizes for individuals obtained in samplednths from August to March. Points
represent size class midpoints. Sample sizes @rdded above the graph. Dashed line
indicates no data (nd).
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b) Reproductive season

GSils of femalePictilabrus laticlavius>Lsom (i.e. >95 mm) were lowest from April to
May (0.06-0.08%) (Figure 6.10a). GSlIs rose in Agigand peaked in October and
December (2.60 and 2.54%, respectively), followgdlrapid decline from January to
March. A close relationship occurred between d@n@ual variation of GSIs and
changes in the representation of femalksom with ripened/spawning gonads (Figure
6.10b). Ripened/spawning gonads were absent ialésxl 5o, from April to May, but
their representation rose in August (50%). Gonafdsll females>Lso, contained
hydrated oocytes in October and December beforecting occurred in January to
March.
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Figure 6.10: Monthly variation in mean gonadosomatic indiceSI& (a) and percentage of
individuals with ripened/spawning gonads (b) faméde Pictilabrus laticlavius>Lson, (i.€.>95
mm). Sample sizes shown above the graph in (ay@memon to both figures. Dashed line
indicates no data (nd).

175



Chapter 6: Reproduction, growth and demographics

6.3.4 Reproductive behaviour — courting and spawning

Apparent ‘courting’ of females by males was obsdrire most months in all species
(Figure 6.11). Courting involved flaring (i.e. eten) of dorsal and anal fins in
association with repeated lateral body flexion wthiswimming alongside female
individuals. InPictilabrus laticlavius lateral body flexions were far more rapid than
those of Ophthalmolepis lineolatusind Notolabrus gymnogenis Females typically
moved away from a courting male. In all specibs, grevalence of courting behaviour
did not necessarily coincide with their reproduetigeason. For example, the
reproductive season dD. lineolatus peaks in February (Figure 6.6); however, no
courting behaviour was observed in this month @& pineceding month of January
(Figure 6.11a). Similarly, no courting behaviouasmobserved foN. gymnogenisin
August (Figure 6.11b) despite it representing ohéhe months of high reproductive
activity (see Figure 6.8). Courting behaviour d¢doted 59 to 91% of all interactions
between male and female individualsRoflaticlaviusfrom October to February (Figure
6.11c). A reduction in courting interactions ocedr in the post-spawning months of
March and April (i.e. 38 and 19% of interactionsspectively).

Spawning behaviour was observed onlyPinlaticlaviusand only in October (i.e. the
beginning of the spawning season for this speciegure 6.11c). All spawning acts
(n=5) occurred at midday (i.e. 1130-1400 hr) andewet timed to a particular state of
the tide. Pre-spawning behaviour involved the nadeforming repeated courting
passes (up to 20) above the female which was gestithin algal shelter. A rapid,

vertical swim up to 100 cm above the substrateiniiated by the female and followed

by the male. At the apex of the ascent, eggs padrswere shed in a cloud of gametes.
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Figure 6.11: Percentage of interactions between terminal phades and initial phase females
involving spawningl ) courtind® ), chasirf#) or passiveld ) behaviour f@phthalmolepis
lineolatus (1870 min of observations) (a)Notolabrus gymnogenig1920 min) (b) and
Pictilabrus laticlavius(1200 min) (c) over several months. Total numblemteractions are
provided above each column.
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6.3.5 Age and growth

6.3.5.1 Validation of annulus formation

Sectioned otoliths revealed distinct translucemt @paque banding in all size classes of
Ophthalmolepis lineolatys Notolabrus gymnogenisand Pictilabrus laticlavius
Marginal increment ratio (MIR) measures in all Spsshowed a common trend. n
lineolatusandN. gymnogenisa rise in MIRs occurred froia. 40% in January for both
species taca. 60-70% andca. 55-60% in July-October for each species, respelgtiv
(Figure 6.12ai and bi). Associated with high MIRas the formation of the outer
annulus on the otolith growing edge. @n lineolatus the percentage of individuals
with an annulus on the otolith growing edge rosenfil0% in August to 14 and 38% in
September and October, respectively (Figure 6.J)2aiiThe percentage oN.
gymnogeniotoliths with an annulus on the outer edge rosmf@86 in July to 35, 44
and 54% in August, September and October, respdgtifFigure 6.12bii). Growth of
the otolith outer edge surpassed the centre adutinellus band by October resulting in a
rapid decline in MIRs in December (i.ea. 30-35%) and a substantial rise in the
percentage of otoliths with a formed annulus ongleving edge (i.e. 95 and 85% for

O. lineolatusandN. gymnogenigespectively).

Similarly, a general rise in MIRs occurred for laticlaviusfrom Januaryda. 65%) to
Septemberda. 90%) with the proportions of otoliths with an ahmion the growing
edge increasing from 0% in July to 43 and 64% igust and September, respectively
(Figure 6.12c). By October, growth of the otolihiter edge surpassed the centre of the
annulus band (i.e. MIR = 34%) with the percentaigetaliths with a formed annulus on

the growing edge peaking in this month (i.e. 75%)
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Figure 6.12: Monthly average marginal increment ratios (i) aedcentage of individuals with
an annulus on the growing edge (ii) fophthalmolepis lineolatu&@), Notolabrus gymnogenis
(b) andPictilabrus laticlavius(c). Standard error bars are shown. Sample proesded above
the graph in (i) are common to both (i) and (IDashed line indicates no data (nd).
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6.3.5.2 Annulus radii

Maximum annulus radii (AR.) measurements revealed otolith annuli were
incremented consistently in individuals of eachcsgge with a reduction in annuli
increments with increased annuli count (Figure 6.1B3or example, ARax incremental
distance between theé'and 2¢ annuli was 0.323 mm i@phthalmolepis lineolatys
whilst that between thé®and 4", and %' and 8" was 0.192 and 0.104 mm, respectively
(Figure 6.13a). The mean AR (xSE) for the first annulus d. lineolatus(n=145),
Notolabrus gymnogenigh=156) andPictilabrus laticlavius(n=84) was 1.287+0.007,
1.440£0.009 and 0.879+0.010 mm, respectively (Eduf3a-c). Accurate location of
the first and successive annuli using mean,gRneasurements allowed consistent

interpretation of otolith growth and was used tentify false annuli.

6.3.5.3 Age distribution

Annulus counts were used to assign age range®9db@.3.4, 0.5 to 9.6 and 0.8 to 4.8
years to collected individuals @fphthalmolepis lineolatydNotolabrus gymnogenend
Pictilabrus laticlavius respectively (Figure 6.14). Over 68% Of lineolatus N.
gymnogenisaandP. laticlaviuswere <6.0, <3.0 and <2.0 years of age, respectivily
all species, females were generally restrictedotanger age classes with the older age
classes represented only by males. All femald@3.dineolatuswere<7.1 years old and
males>3.4 years with Ay determined as 4.7 years (Figure 6.14a; Table 6-male
N. gymnogenisvere aged4.8 years and male2.8 years with Ay determined as 4.5
years (Figure 6.14b; Table 6.7). Of the elelngymnogenisn transitional colour,
nine were 3.5 to 4.6 years of age with the remginndividuals of age 2.8 and 7.0
years. FoiP. laticlavius a considerable overlap in the ages of each sexriex with
all females<2.3 years and male<.8 years with Ay determined as 2.4 years (Figure
6.14c; Table 6.7).Each of the six transitional colour®d laticlaviuswere 1.2 to 2.3

years of age.
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Table 6.7: Parameters for the fitted curve used to deterrtinleeage at which half of all
individuals changed sex into males (i.esoA Equation of the fitted curve is
P.=exp(a+bA)/[1+exp(a+bA)], where,P= proportion of fish that have undergone sex cbhang
at age A (years).

Parameters Age estimates (years)
a b Asc Asoc Azsc
Ophthalmolepis lineolatus -11.204 2.405 4.20 4.65 5.11
Notolabrus gymnogenis  -12.203 2.709 4.09 4.50 491
Pictilabrus laticlavius -4.094 1.713 1.74 2.39 3.03

6.3.5.4 Growth

Derived von Bertalanffy growth curves were foundotovide a good representation of
age-length relationships for all species (FigudbgTable 6.8). Length (TL) estimates
obtained from the von Bertalanffy equation fophthalmolepis lineolatusvere 108,
177, 228, 265 and 293 mm at 1, 2, 3, 4 and 5 yeaspectively. Growth rates for
Notolabrus gymnogenisere similar with lengths of 130, 184, 226, 259 @84 mm at
1, 2, 3, 4 and 5 years, respectively. Pagtilabrus laticlavius growth was less rapid
with estimated lengths of 100, 151, 180, 196 and 2®n at 1, 2, 3, 4 and 5 years,

respectively.

Table 6.8: Growth parameters for von Bertalanffy growth car¥itted to lengths at age for
three labrids. The von Bertalanffy equation is=IL.,(1-€").

von Bertalanffy parameters 2
L., (mm) k (year) t, (years) "
Ophthalmolepis lineolatus 373.3 0.300 -0.150 0.954 193
Notolabrus gymnogenis 371.5 0.254 -0.705 0.878 176
Pictilabrus laticlavius 216.9 0.577 -0.076 0.744 84
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6.4 Discussion
6.4.1 Evidence for protogynous hermaphroditism

Evidence of sex-related bimodal length and ageribigtons in fish populations is
suggestive of protogynous hermaphroditism (Sadawdy $hapiro 1987). Protogynous
hermaphroditism appears to be the reproductiveestyeof Ophthalmolepis lineolatus
Notolabrus gymnogenendPictilabrus laticlaviusas the length and age distributions of
females and males were bimodal with smaller sized wounger ages typically
restricted to females, and males restricted mdstliarger sizes and older ages. For
example, only femal®. lineolatuswere found at sizes below 278 mm and ages less
than 3.4 years and only males were found above &832 mm and ages of 7.1 years.
Similarly, size and age distributions fof. gymnogenigevealed only females were
found at sizes below 230 mm and ages less thageais and only males above 294
mm and greater than 4.8 years. For female and hadgiclavius considerable overlap
in size and age occurred with small size classes&D-99 mm) and young of the year
(i.e. 0-0.9 years) not restricted to females; havewonly males were found at sizes
greater than 180 mm and ages greater than 2.3. y@arprotogynous hermaphrodites,
O. lineolatus N. gymnogenisand P. laticlavius follow the reproductive strategy
common to the family Labridae (Jones 1980; Bark885a; Gillanders 1995a; Andrew
et al. 1996; Candet al. 2004; Fairclough 2004; Nardt al. 2006).

Evidence of biased adult sex ratios in favour ohdées provides further supporting
evidence for sex-change (Sadovy and Shapiro 198api® 1987). Estimates of adult
male to adult female sex ratios fOr lineolatus N. gymnogenisndP. laticlaviuswere
approximately 1:5-10 at locations used for behandbuobservations. These ratios are
similar to other temperate protogynous hermaphesditith male to female ratios of
1:4-9 inNotolabrus celidotugJones 1980) and 1:7-40Athoerodus viridigGillanders
1995a). In contrast, sex ratios in gonochorist filon-sex changing) labrids are similar.
For example, male to female sex ratios of 1:1.6faumd in the gonochorist labrid
Notolabrus fucicolgDenny and Schiel 2002).

Whilst the population structure d. lineolatus N. gymnogenisand P. laticlavius

strongly suggest protogynous hermaphroditism, poddliis sexual strategy requires an
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examination of gonadal structure using histologieghniques to provide evidence of
remnant ovarian tissue in male gonads (e.g. Bat®&tba; Gillanders 1995a; Denny and
Schiel 2002; Fairclough 2004; Nareli al. 2006). Previous histological examination of
N. gymnogenigerm cells by McPherson (1977) found females \sitimall cysts of
primary spermatangia andales with remnants of degenerate mature oocyteghw
supports this study’s population-based conclusiohsex inversion in this species.
Similarly, Barrett (1995a) concluded malesRoflaticlaviusunderwent sex inversion as
transitional gonads were identified as having batbcytes and developing
spermatocytes, and gonads of mature males revealdual ovarian structures.
Unfortunately, Barrett (1995a) obtained few smatividuals (<160 mm) resulting in
all males being restricted to larger sizes (>170)mmnin the present study, the
occurrence of males at small sizes (<100 mm) andgy@ges (<1 year) suggest that not
all maleP. laticlaviusexperience sex change after sexual maturityr{foeall are post-
maturational secondary males), but rather some foragtion as males from the larval
or juvenile state (Warner and Robertson 1978). hSuales may be defined as either
primary males (i.e. genetically fixed males) or-praturational secondary males (i.e.
sex change occurs before the female ever sexualyres) (Warner and Robertson
1978). Future histological examination of testemmf smallP. laticlavius males is

required to determine conclusively the sexual stpabf this species.

6.4.2 Colour phase as an indicator for sex rectgni

Permanent sexual dichromatism was evident in &tisgg and was used to predict sex
with high accuracy. InOphthalmolepis lineolatysNotolabrus gymnogenisand
Pictilabrus laticlavius 99, 100 and 96% of females exhibited initial phd#e)
colouration and 92, 100 and 96% of males were talmphase (TP), respectively.
Misidentification of colour phase and sexual trénosi most probably contributed to

colour-sex discrepancies.

As male O. lineolatus and N. gymnogeniswere found almost exclusively in TP
colouration and were restricted chiefly to largeder individuals, these species may be
described as monandric (i.e. only one morphologitale type is present) (Warner and
Robertson 1978). Monandry, involving only secogdaales (i.e. all males are derived
from mature females) is known to occur in many itdbr(Jones 1980; Tribble 1982;
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Gillanders 1995a; Andrevet al. 1996; Candiet al. 2004). Labrids with both
primary/pre-maturational males and secondary matestermed diandrous (i.e. two
male types are present) (Warner and Robertson 19T8andry appears to be the
reproductive strategy dP. laticlavius however, in most diandrous labrids only the
larger, post-maturational secondary males exhildt dolouration. For example,
Thalassoma bifasciaturand Thalassoma lucasanumxhibit TP colouration only in
larger males which are able to defend territoridgarer and Hoffman 1980a, b;
Warner 1982). Smaller males are non-territoriatl,alike females, exhibit IP
colouration. These IP males may represent nealfydi the IP population (Warner
1982).

Expression of IP colouration in male labrids iseaftlue to the male being in transition
into its TP colouration (Jones 1980, 1981) or,nfafl, used as a disguise to act as a
‘sneaker’ male in an attempt to spawn with femgWarner and Hoffman 1980a, b;
Alonzo and Warner 1999). Uniquely, small malessLof P. laticlaviuspossess TP
colouration advertising their sexuality and therefare unable to act unrecognised as
sneaker males among larger TP malda/hether these small males are successful
spawners is not known and is of particular intefesfuture studies. If this species is
territorial, as is suggested by Barrett (1995antthese small TP males are unlikely to
be successful spawners as they are less able emdieérritories, and the females
contained within, from larger TP males. Howeverhévioural work (see Chapter 4)
provides evidence that this species does not dgferrdanent territories which suggests
that the ability to defend a resource is not ofagrienportance in determining the

reproductive success of males in this species.

6.4.3 Relationship between length and weight

A strong relationship was found between length wedht for all species. Estimated
weights forOphthalmolepis lineolatusrere approximately 50-60% that Nibtolabrus
gymnogenisand Pictilabrus laticlaviusfor lengths up to 200 mm. At 350 mi®.
lineolatus weights were approximately 70% that Mf gymnogenis Coefficients for
length-weight equations revealed values of b §.808-3.315) were typical of the range
calculated for other wrasses (i.e. 2.670-3.227)ylgraand Willis 1998; Gordoat al.
2000; Fairclough 2004). The magnitude of the doeeffit b inN. gymnogenisand P.
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laticlavius (3.007 and 3.158, respectively), being close toreealed fish shape
remained relatively constant with growth (Taylodawillis 1998) compared with that

of O. lineolatus(a = 3.312) which became deeper bodied at laiges.s

6.4.4 Reproduction
6.4.4.1 Sexual maturity

Sexual maturation represents an important tramsitiothe life of fish as resources
previously required solely for growth and survivaust now also be utilised for
purposes of reproduction (Wootton 1998). Sexudunty occurred typically within a
narrow size and age range for each species. Sizexaal maturity (i.e. 4or) was
estimated to occur at lengths of 186 mm (all 188-&fin), 177 mm (majority 165-194
mm) and <95 mm inOphthalmolepis lineolatys Notolabrus gymnogenisand
Pictilabrus laticlavius corresponding to von Bertalanffy predicted age2.b, 1.8 and
<0.9 years, respectively. Identification of cidti@ges and sizes at sexual maturity has
been demonstrated in other temperate labrids (JI9®3; Gillanders 1995a) with most
maturing at ages of @ years. However, it has been suggested that fenshlsome
labrids may socially inhibit sexual maturity in diea females by intra-sexual

aggression (Jones and Thompson 1980).

6.4.4.2 Sex change

Sex change in fishes is known to occur at crititaés/ages (Warner 1975; Jones 1980;
Charnov and Skuladottir 2000; Allsop and West 20f¥3nay be socially controlled by
dominant males (Warner 1982; Shapiro 1987; Warner Swearer 1991; Sakat al.
2001; Kuwamureet al. 2002; Perry and Grober 2003). Sex chang@phthalmolepis
lineolatuswas highly predictable, occurring at sizes of 332- mm (lsoc = 282 mm)
and predicted von Bertalannfy ages of 4.4-7.2 ygasg = 4.7 years). Similarly, most
females ofNotolabrus gymnogenisxperience sex change at the critical size of 2%6-
mm (Lsoc = 277 mm) and corresponding von Bertalannfy ades25.5 years (byc =

4.5 years). However, the presence of TP and tranal males ofN. gymnogenist
sizes of 230-254 mmevealed early sex change can occur in this spaciésnay be in

response to the mortality of an older, larger niBlattenet al. 2002).
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In the case oPictilabrus laticlavius sex change occurred at sizes of 138 mggland
ages of 1.9 years (A); however, several transitional coloured femalpgai180 mm
were found. Perhaps, for these individuals, seangh is being inhibited by the
aggressive behaviour of larger males (Sataal. 2001; Perry and Grober 2003). As
previously outlined, some probable primary or praumational males <jgc and <Asoc
were also found in thé. laticlavius population. Results foP. laticlavius are in
contrast to that of Barrett (1995a) who found seange in this species to occur at sizes
of 174-225 mm and’35" years reflecting either a difference in the popafadynamics

in Tasmania compared to that of New South Wales or response to the different size
distributions sampled. In the present study, the @& sex change for each species was
comparable to that predicted by Allsop and WesD80vhereby fish change sex at
ages 2.5 times their age at maturity; however ptiediction that size at sex change was
79% of their maximum length substantially overestied the actual doc in P.

laticlavius (i.e. 138 mm compared with the predicted 174 mm).

Determination of whether sex inversion is predomilya biologically or socially
induced inO. lineolatus N. gymnogenigndP. laticlaviusrequires future experiments
involving the removal of dominant males to discetmether such manipulations within
a social group prompt sex change in females<LSuch experiments also allow the
determination of time required for sex reversal domparisons with the 2-3 weeks
described in other labrids (Kuwamuwtal.2002).

6.4.4.3 Reproductive season

Reproductive seasons ddphthalmolepis lineolatysNotolabrus gymnogenisand
Pictilabrus laticlavius extended over approximately 5-7 months, but GShsuees
indicate spawning is mostly concentrated into a fewnths. The pattern of
concentrating most spawning into a few months withreproductive season lasting up
to six months typifies the strategy employed by trtemperate labrids (Jones 1980;
Jones and Thompson 1980; Barrett 1995a; Gillantig@®da; Sakai and Kohda 2001;
Denny and Schiel 2002). Post-spawning, larvalidisbare transported in the plankton
for 15-50 days (Gillanders 1995a; Jones 1999)ntayt be as long as 120 days (Victor
1986), before metamorphosing into juveniles updtieseent onto a reef. Therefore,
fish reproductive activity is timed to periods betyear most favourable to the survival
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of their larval offspring, particularly to timesfefing an increase in the availability of
appropriate food resources for planktonic larv&er example, Jones (1980) suggested
spawning in Pseudolabrus celidotusn mid winter (July) through to late spring
(November) coincided with an increase in water terapure and greater availability of

food for larvae.

As with many other labrids of southern Australia &tew Zealand (e.g. Barrett 1995a;
Gillanders 1995a; Denny and Schiel 2002; Fairclo@gb4; Nardiet al. 2006), the
reproductive period of mid winter to early summethe life history strategy employed
by P. laticlavius In this species, the reproductive period extefidmn August to
January with a peak in spawning occurring in midngp (October) to early summer
(December). However, this is not the reproducstrategy used b§. lineolatusor N.
gymnogenis Gonadal examination and GSI measures indicdtadthe reproductive
season oD. lineolatuswas December to April with a peak in spawning ogng in
late summer (February) to early autumn (March), @wad of N. gymnogenisvas April

to October with a peak in spawning occurring in miditer (July). In these species,
post-larval processes may be more important inraeténg spawning period than that
of food availability for larvae prior to reef setthent. For example, asynchrony of
spawning may ensure recruits settle onto reefsfi@reht times of the year to reduce
early competition for food resources among specieilternatively, reproductive
activity in O. lineolatusandN. gymnogeniss possibly determined by adult condition
which may be susceptible to annual fluctuations ttuseasonal availability of prey
items to adults. Future studies are needed torrdgte the processes driving

asynchronous breeding in the three investigatetdsb

6.4.4.4 Reproductive behaviour

Apparent ‘courting’ behaviour involving fin flaringnd repeated lateral body flexions
was not a reliable indicator of the reproductivasesm ofOphthalmolepis lineolatys
Notolabrus gymnogenisr Pictilabrus laticlavius Barrett (1995a) reported make
laticlavius courting females from mid August to late Januargl auggested this period
of courting coincided with the spawning seasontfos species. Indeed, the present
study revealed these months to broadly represemtréproductive period for this
species, but courting was also observed in monthside their known reproductive
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period. Therefore, the effectiveness of courtiefpdviour as a predictor of spawning
season must be questioned despite the accuraaeditfions made by Barrett (1995a)
for P. laticlaviusandNotolabrus fucicolgcompare with the known reproductive period
in this chapter and Denny and Schiel (2002), respdg). In non-reproductive

periods, courting behaviour may act as a form aiadodominance thus potentially
inhibit females from undertaking sex inversion (Kamuraet al. 2002). By enforcing

subordination of females, males maximise egg priaiudn the spawning season and

minimise intra-sexual competition for fertilisation

Spawning behaviour was observed onlyPinlaticlaviuswith all spawning acts (n=5)
occurring at midday (i.e. 1130-1400 hr). Spawroegurred between a single male and
single female at the apex of a rapid ascent afjeeated acts of courting by the male.
Therefore, the mode of spawning fBr laticlaviusis similar to the pair spawning
observed in many other labrids (Jones 1981; Trili®82; Martel and Green 1987;
Clavijo and Donaldson 1994; Sakai and Kohda 200dreaniet al. 2004). No false
spawning ascents by the male were observeR. itaticlavius prior to the spawning
event as has been previously reported in this spéBarrett 1995a) and in other labrids
(Jones 1981), nor was there evidence of the p@stspg behaviours (e.g. downward
arcing around the female after gamete release)rtexpan some labrids (Martel and
Green 1987).

Despite frequent observations of interactions betwmale and femal®. lineolatusin
the reproductive season of December to April, spagvrwas not observed. As
behavioural observations were restricted to periotisdaylight, it is possibleO.
lineolatus spawn around sunset (e.g. Adreati al. 2004) and/or may engage in
temporary migrations to deeper reef areas outdide study region for spawning
purposes (e.g. Jones 1981; Warner 1995). Ncgymnogenisbehavioural observations
were restricted to periods primarily outside thekpespawning months of April to
August. Therefore, further behavioural observaiane required in these months to

determine the spawning strategy employed by thesisp.
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6.4.5 Age, growth and annulus formation
6.4.5.1 Validation of annulus formation and anmakasures

Sectioning of whole sagittal otoliths revealed idst translucent and opaque banding in
all size classes dbphthalmolepis lineolatysNotolabrus gymnogeniand Pictilabrus
laticlavius Marginal increment analysis revealed that alsingaque band was formed
once a year from late August to early December $peing) in each species and each
may therefore be accurately termed an ‘annulushis Pperiod of annulus formation
coincides with other fishes of southern Australim &New Zealand (e.g. Jones 1980;
Ewing et al. 2003; Lowry 2003; Fairclough 2004). Annulus fotioa has been
associated with periods of fast growth, spawningssa and rapid increases in water
temperature (Jones 1980; Cailledtal. 1996; Wootton 1998; Ewingt al. 2003). Of
these,the physiological response to a rapid increase atemtemperature seems most
likely to govern annulus formation in each of timwastigated labrids as annuli form
outside the spawning seasoniflineolatus(i.e. Dec-Apr) and is slightly out-of-phase
with the spawning season ®f. gymnogenigi.e. Apr-Oct). Furthermore, juvenile
individuals (i.e. <lspm) Who are yet to engage in spawning activity sgti#dictably form

annuli in spring.

Annuli of O. lineolatus N. gymnogeniandP. laticlaviuswere found to be incremented
consistently at a predictable location on the ttoli Measurements of maximum
annulus radii (ARay quantified the position of yearly annuli for thmirpose of
consistent interpretation of otolith age by the umate location of the first and
successive annuli. Mean AR for the first annulus 00. lineolatus N. gymnogenis
and P. laticlaviuswas determined as 1.287, 1.440 and 0.879 mm, ci#gply, with
successive annuli formed at mean AR measures predicted accurately by von
Bertalanffy equations. It is recommended the distadd ARy.x measures be used for
future interpretation of otoliths in these spe@as the technique to be implemented for
other species as a means of reducing reader esswciated with poor otolith
readability. An analogous technique utilising mdeamsverse radius measures was
employed by Ewinget al. (2003) to confirm that the first opague zone igittae of
Notolabrus fucicolavas formed before the first birthday. Similadlge present study

revealed the first opaque zone @f lineolatus N. gymnogeniandP. laticlaviuswas
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formed before the first birthday (i.e. at ages @&, @®.3 and 0.8 years, respectively). In
O. lineolatusandN. gymnogenighis first opaque zone was termed the ‘0’ ann(tes
Table 6.2). Determining the position of annulipesally the first annulus, is of great
importance for assurance that fish ages are nat eveunder-estimated (Ewingt al.
2003; Campana 2001).

6.4.5.2 Growth and longevity

Age at length data revealgdphthalmolepis lineolatysNotolabrus gymnogeniand
Pictilabrus laticlaviusare initially fast growing to the sizes (agesppproximately 300
mm TL (6 years), 280 mm TL (5 years) and 180 mm (BLyears), respectively.
Thereafter, growth continues at a substantiallyvelorate such that little discernible
difference in fish length occurs between fish ab6@l3 years of age fd. lineolatus 6

to 10 years foN. gymnogenisand 2 to 5 years fd?. laticlavius Annuli counts were
used to assign maximum ages of 13.4, 9.6 and 4& yeO. lineolatus N. gymnogenis
and P. laticlavius respectively. These ages were younger than som#ar sized
species of labrid in Tasmania (Barrett 1995a; Evahgl. 2003), New Zealand (Jones
1980) and Europe (Treasurer 1994), but reflect dfi&totolabrus tetricusn Tasmania
(Barrett 1995a)Choerodonspp. in Shark Bay, Western Australia (Fairclou@®4),
andSymphodus tincandCoris julisin the north-western Mediterranean sea (Goetoa
al. 2000). The maximum age fér. laticlaviuswas substantially lower than the 11.5
years reported for this species by Barrett (19958%timated maximum ages in the
present study are likely to be underestimates etrille maximum ages for each species
as specimens were collected from inshore watershwdiie known to be frequented by
recreational fishers, thus potentially resulting ithe harvesting of larger/older
individuals from the population.

Derived von Bertalanffy growth curves provided abgaepresentation of length-age
relationships for each species with asymptotic tendL.) for O. lineolatusand N.
gymnogeni®f approximately 370 mm, reflecting the maximumaeted sizes for these
species (i.e. 400 mm: Kuiter 1993). In contrast, @asymptotic length d®. laticlavius
of approximately 220 mm was lower than the asynipiength ¢a 250 mm) reported
by Barrett (1995a) and considerably lower thanrtaimum size of 300 mm reported
by Kuiter (1993). The von Bertalanffy growth caeints (k) were comparable for
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both O. lineolatusandN. gymnogenigi.e. k = 0.300 and 0.254, respectively) and were
within the range of estimates made for other lab(ifreasurer 1994; Barrett 1995a;
Gordoaet al. 2000; Ewinget al. 2003; Fairclough 2004) and other fishes (Taylatt an
Willis 1998; Lowry 2003). The growth coefficiens a measure of how rapidly the
asymptotic length is approached (Taylor and Will898). InP. laticlavius the
estimated k (i.e. 0.577) was substantially higlantotolith-based predictions for this
species by Barrett (1995a) (i.e. 0.45). This r#fiehe absence of larger specimens (i.e.
>220 mm) in the present study which resulted inapid approach to the lowered
asymptotic length. FoP. laticlavius at ages less than 5 years, the fitted von
Bertalanffy curves from the present study and diddarrett (1995a) were comparable
despite Barrett (1995a) constructing the von Banfy curve for fish aged below 4
years using less than 10 specimens. For exanapigth estimates by Barrett (1995a) of
ca 100, 150, 180, 200 and 210 mm at ages'pP1 3', 4" and 5 years were the same
as those at ages of 1, 2, 3, 4 and 5 years inrdsept study.

6.4.6 Conclusion

The reproduction, growth and demographic®Oghthalmolepis lineolatysNotolabrus
gymnogenisand Pictilabrus laticlavius have been determined in this chapter. The
population structure of each species suggestsyfheat labrid reproductive strategy of
protogynous hermaphroditism is employed in all sgggec Size/age at sexual maturation
and sex-change were similar . lineolatusand N. gymnogenisbut occurred at
substantially smaller sizes and younger agés iaticlavius Reproductive seasons and
peak periods of spawning were asynchronous amoagesp Aging studies revealed
these species to be relatively long-lived. Detemng the reproductive strategy, growth
and demographics of each species has provided famtanformation for assessing the
impact of fishing on labrid populations and for kexsing the current management
strategy for these fishes in NSW. Implicationshae$ chapter for the managemeniof

lineolatus N. gymnogeniandP. laticlaviusare discussed in Chapter 7.
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7.1 Study initiative and general approach

The present study was motivated by observationtsigifer labrid densities and larger
mean size of individuals on coastal reefs of NSWheetencing reduced fishing

pressure. This led to questions regarding thecisffef the fishing sector on labrid
populations and the effect that labrid over-haingsinay have on rocky reef systems.
These concerns were justified when consideratios gwzen to the increase in fishing
pressure occurring in coastal regions of easterstrAlia (Henry and Lyle 20083;

Kennelly and McVea 2003) and the potential for apamsion of the live fish trade to

include additional labrid species. Secondly, thacfional ecology, life history and

demographics of most labrid species had yet tobestigated in NSW, with available
knowledge restricted mainly to photographic idecdfion guides providing brief notes
on species distribution, habitat preferences aedtification.

Therefore, it was evident that a significant gastexi between what was known about
labrids and the information required to adequatalyderstand their ecological
significance, to predict the system-wide impactlaifrid harvesting and to provide
informed decisions for the effective managemerthege fishes. The present study has
provided a substantial contribution to filling somkthese previous gaps by primarily
focusing on Ophthalmolepis lineolatys Notolabrus gymnogenisand Pictilabrus
laticlavius which are abundant and co-occurring species adgdciwith temperate
rocky reefs of south-eastern Australia. The methaeskd to provide this information
included SCUBA surveys of labrid assemblages; situ observations of labrid
behaviour; and acquisition of labrid specimenstfa extraction of intestines, gonads

and otoliths, and for measurements of fish weigiat l@angth.

This conclusion chapter provides a brief summaryhef major findings of this study,
suggests possible ecological implications of tHas#ings, offers recommendations for
the effective management of the focal labrids anolvides suggestions for future
research.
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7.2 Patterns of distribution and abundance

Chapter 3 aimed to describe patterns of distrilbutend abundance in labrid
assemblages with special emphasis given to theteffe habitat on these patterns.
Labrids were found to be species-rich (total ofsp@cies) and abundant on rocky reefs
of the central coast region of NSW, with assemidagensisting mostly of species
endemic to temperate waters of Australia. Labrejgesented the most speciose and
abundant family of all non-planktivorous fishes. vetall, sponge garden habitat
represented the habitat with highest species rgshaad diversity of individuals due to
a greater representation Qiphthalmolepis lineolatysAustrolabrus maculatusand
Eupetrichthyes angustipesNeither fringe or barrens habitat containediniistlabrid
assemblages, but higher overall densitieNatblabrus gymnogenigchoerodus viridis
and Pictilabrus laticlavius occurred in fringe habitat due mostly to the paido
recruitment of each species into this habitat. @tiect of habitat on structuring labrid
assemblages often varied between sites separat@b®B$B00 m, but was consistent
between locations separated by approximately 30vkmch emphasises the importance
of replication at various spatial scales when samgghbrid assemblages. Contributing
to temporal fluctuations in labrid diversity wasabstantial increase in the abundance
of ‘recruits’ coinciding with the warm sea tempeiras experienced in late summer and
autumn (Apr-May). Recruitment events were mosiablat for N. gymnogeniginto
fringe habitat), and. lineolatus A. maculatusandE. angustipeginto sponge garden
habitat).

7.3 Spatial structure and behaviour

Chapter 4 aimed to describe the social organisadioth behavioural repertoires of
Ophthalmolepis lineolatysNotolabrus gymnogenisand Pictilabrus laticlavius by
employing an intensive ethological study. The nfgdhis information was prompted
by the fact that the social organisation and behavof most labrids are not described,
the behavioural diversity of labrids is poorly ureteod and sources of variation in the
occurrence of behaviours is generally not recoghiséhe three focal species differed
substantially in the spatial structure of their plgpons and in the area of reef used by
individuals. O. lineolatuswere found to be temporary reef residents usingehanges

in excess of 2500 fifor periods of up to 1 year before permanentlygeating to areas
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outside these temporary home ranges. Few interscticcurred between individuals of
this species but, like the other focal speciesjza-lsased dominance hierarchy was
evident. N. gymnogenisiemonstrated strong fidelity to reef patches s$ llnan 600 f

in which they remained for up to at least 2 yealsvenile and IP individuals shared
reef patches with up to at least 10 conspecificganious sizes, but defended reef areas
from individuals of similar size. In contrast, TRales were highly territorial and
actively defended contiguous territories from rivales. Gaining an understanding of
the spatial structure oP. laticlavius was constrained by its cryptic behaviour, but
observations suggest that individuals of this sgmeshare a common reef area within
which they temporarily defend small reef patchesupfto 10 m for the purpose of

feeding, shelter and/or reproduction.

Other behaviours introduced in Chapter 4 were lyirgg of shelter, rubbing, bending,
gaping, cleaning by clingfishes and colour chandél species typically engaged in
each of the reported behaviours, but the occurrebicgehese behaviours often
demonstrated substantial differences among spdeigs lying, shelter and bending)
and/or exhibited shifts with ontogeny (e.g. intéi@ts and area usage). These trends
generally exhibited consistency at different timéshe day and periods of the year, and
at both locations, but the magnitude of occurreneese often different across

locations.

7.4 Diet and feeding behaviour

Dietary and behavioural observations were usedhaptr 5 to investigate the feeding
ecology of Ophthalmolepis lineolatys Notolabrus gymnogenisand Pictilabrus

laticlavius As no previous studies have been conducted wduatpare the diets of co-
occurring labrids, special consideration was giien determining whether food
resources were partitioned among species. Allispewere found to be generalist
carnivores feeding on a variety of benthic inveraéds including polychaetes,
amphipods, decapods, gastropods, bivalves, polyplaarans, echinoderms and
cirripedes. These prey items were obtained mdsiiyp complex microhabitat in the
form of algal bases and fronds, aDtpatra dentatatubes, but less complex habitat
such as bare rock or steel, and sand/rubble wes® wded regularly for feeding.
Substantial differences among species in the vadiueneontribution of prey items and
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differences in feeding microhabitat profiles reweehlthat the partitioning of food

resources may be an important strategy for alloviegfocal species to co-occur with
minimal competition. In addition, ontogenetic dist shifts were significant and, to
some extent, changes in feeding microhabitat m®fidccurred suggesting that food

resources are further partitioned within species.

Observations of feeding episodes revealed therdiés ofO. lineolatus N. gymnogenis
andP. laticlaviuswere unaffected by the time of day and periodhef year in which
observations occurred; however, differences betweestions and among life history
stages did occur for some species. This sugdkatsfuture quantification of the
feeding behaviour of the focal species needs tteg® concerned with temporal than
with spatial replication, and that sampling acrafislife history stages needs to be

considered.

7.5 Reproduction, growth and demographics

The reproduction, growth and demographicOghthalmolepis lineolatysNotolabrus
gymnogenisand Pictilabrus laticlaviuswere investigated in Chapter 6 for the purpose
of providing information for the effective managarhef these species. The occurrence
of males only at larger sizes and older ages styauggests thaD. lineolatusandN.
gymnogenisare monandrous species (i.e. all males are segontides having derived
from females), but the occurrence of samdaticlaviusmales at small sizes and young
ages suggests this species is diandrous (i.e. states are primary males having never

functioned as females).

Juveniles reached sexual maturity (i.@enand Asom) at 186 mm (2.1 years) i0.
lineolatus 177 mm (1.8 years) iMN. gymnogenisand <95 mm (<0.9 years) iR.
laticlavius  Individuals remained as a sexually active IP dmmuntil sex change
occurred into a TP male (i.esds and Asod at 282 mm (4.7 years) . lineolatus 277
mm (4.5 years) ifN. gymnogenieind 138 mm (1.9 years) b laticlavius However,
variable sizes (ages) at sex change suggest soi@edctions may influence the timing
of sex change. Timing of reproduction was asynobus among species with
reproductive activity peaking in late summer (Feloy) to early autumn (March) 0.
lineolatus mid winter (July) inN. gymnogenisand mid spring (October) to early
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summer (December) iR. laticlavius O. lineolatus N. gymnogenigndP. laticlavius
were fast growing to the sizes (ages) of approxeige800 mm (6 years), 280 mm (5
years) and 180 mm (3 years), respectively, witlyéwmity up to at least 13.4, 9.6 and 4.8

years.

7.6 Implications for better understanding labricbéogy

The present study has contributed substantiallythi® development of a greater
understanding of ecological processes importarthénstructuring and functioning of
fish assemblages on temperate rocky reefs, asasgiroviding important information
for determining the ecological significance of ldlsr for use in predicting any
foreseeable consequences of labrid over-exploftati6vidence of relatively few inter-
specific interactions and evident differences amspgcies in their food resources,
feeding microhabitats, spatial structure, periodeeproduction and behaviour suggests
that past ecological pressures have contributegidaificant niche differentiation
among species to reduce overall competition, alkmaoccurrence and contribute to
high species diversity in reef systems. In contfasquent intra-specific interactions in
the form of size-based dominance hierarchies, cttigre for food resources and
territoriality suggests that competition betweedividuals of the same species is of
consideration when describing processes likely nituénce the structure of labrid
populations in rocky reef systems. Ontogeneticip@aring of resources (e.g. habitat
and food) contributes to reducing overall compatitiwithin populations, but
morphological and behavioural similarities withinspecies places constraints on the

availability of resources, especially between imdlnals of similar size.

The availability of shelter and type of substratged: for nocturnal refuge were
identified as potentially important sources of a#idn in the spatial structure of labrid
assemblages. In the case ©phthalmolepis lineolatysthe potential use of soft
sediments for nocturnal refuge, but reliance onkyosubstrate for foraging, may
preclude territoriality in this species and maywde insight into why individuals are
most abundant at sand-reef interfaces. Whethdmeolatus Notolabrus gymnogenis
and Pictilabrus laticlaviusare considered ‘keystone’ predators in rocky meftems

was beyond the scope of this present study, butdleeof these species in reducing
prey densities and influencing prey behaviour iseptally significant. However,
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future experimental manipulations in the form ofclesion/inclusion experiments
and/or modification of fish densities are requitechdequately assess the direct impact
of labrid foraging on prey densities and to deteerthe indirect effects of predation on

modifying habitat structure.

7.7 Applications for the management of labrids

Determining the spatial structure, behaviour, history, growth and demographics of
Ophthalmolepis lineolatysNotolabrus gymnogenisnd Pictilabrus laticlavius has
provided important information for evaluating tharrent management strategy for
these fishes in NSW. Lacking significant commdraialue, little was previously
known about each of the focal species for theeaive management. Currently, a bag
limit of 20 fish per person per day with no sizstrietions is applied t@®. lineolatus N.
gymnogenisaandP. laticlavius Findings from the present study suggest thelinaity
for these species is too generous as larger, reptivd males are usually targeted
potentially causing a depletion of males, and hespsrm output, within populations.
Therefore, the author supports the initiative oé tNSW Department of Primary
Industries (2005a) to reduce the general bag fioniO. lineolatusandP. laticlaviusto
10 fish per person per day to reduce the risk @f thver-harvesting. Furthermore Of
lineolatus and P. laticlavius were to be more frequently targeted by fishessit i
recommended that minimum size limits of 310 mm (&e@rs) and 180 mm (2.9 years)
be applied, respectively, to ensure the representat males>Ls for at least one year
beyond sex change to provide sperm input to populatefore becoming susceptible

to harvesting.

A limitation on the density of reproductive malek M. gymnogenisn response to
territoriality presents an important considerationtheir management. For this species,
the current bag limit is highly ineffective for ihsustainability as males may be easily
eliminated from large reef areas by fishers. Frangple, the harvesting of 10
reproductive males from a common reef area resultie absence of males over an
area of up to 6000 In Replacement dfl. gymnogenisnales appears to be only from
the female population due to sand flats deterringmigration of males from
neighbouring reefs. This highlights an importaohsideration for the exploitation of
males in areas where their rate of removal by fsiheay be higher that the occurrence
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of sex change in females. In such cases, popofatid N. gymnogenisvould be
sustained by the recruitment of progeny from otkefs, but the population itself would
not contribute to maintaining fish stocks. Theref the susceptibility ofN.
gymnogenigo over-harvesting prompts the need to reducdibats for this species to
no more that 5 fish per person per day and to pi@ioemum size limits of at least 300
mm (5.5 years) to ensure the representation ofswdle, for at least one year beyond
sex change to provide sperm input to population®rbebecoming susceptible to

harvesting.

It is also recommended that better strategies belolged to acquire accurate catch data
for labrids from both commercial and recreationsthérs. Currently, statistics are likely
to be vastly under-representative of the true rafekarvesting ofO. lineolatus N.
gymnogenisaandP. laticlavius This places serious constraints on the abititya$sess
the impact fishers have on these species. Indeeplilations ofO. lineolatus N.
gymnogeniandP. laticlaviusmay be very sensitive to harvesting by fishers tduew
rates of ‘natural’ mortality. For example, the laut is unaware of any species
associated with temperate rocky reef systems tleainaolved in labrid predation and
no evidence of labrid predation occurred in oves h@urs of behavioural observations.

7.8 Future research

This study has provided important insights into spatial distribution, social structure,
behaviour, feeding ecology, reproduction, growtd demographics dDphthalmolepis
lineolatus Notolabrus gymnogeniand Pictilabrus laticlavius but represents only the
foundation of knowledge needed to fully understémel ecology of these fishes. It is
therefore recommended that future studies be caeduto address some of the
questions that have arisen throughout this theS@. example, the spatial distribution
of labrids needs further exploration to comparerithlassemblages associated with
sheltered and exposed reefs, the importance destalailability on the distribution of
labrids needs to be determined and patterns olitewnt need to be more fully
understood. Of special consideration for futuralss of labrid behaviour is exploring
how these fishes use nocturnal refuges, taggindiestuare required to more fully
explore the spatial structure of populations anduatic studies oD. lineolatusare

recommended to determine patterns of movemenisrsgecies.
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With regard to feeding ecology, further investigatiis required to establish
relationships between diet and the use of feedingoamabitats, the effects of labrid
foraging on prey abundance and behaviour need tdebermined, and hypotheses
regarding the ecological role of these fishes nedae established and tested. Finally,
future studies are recommended to explore the itapoe of asynchrony in the
reproductive seasons of the focal species, the ripgvbehaviour 0. lineolatusand

N. gymnogenisneeds to be documented, and larval duration i®etodetermined.
Histological examinations of gonads are also ofdngnce to confirm protogynous
hermaphroditism irO. lineolatusand N. gymnogenisand to establish whether small
males ofP. laticlaviusare indeed primary males. Variation in the repaive strategy
(e.g. age/size at maturity and sex change) of saelties is also an area of future
interest to determine whether uniform managemeantegjies can be applied to each

species throughout their range in temperate Auatral
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Appendices

Appendix 1: Pilot study results used to determine the optigzathpling strategy (i.e.
10, 20 or 30 mins) for quantifying labrid behavipas discussed in the pilot study
section of Chapter 2.

700

600

Area usage (m2)

-1

Occurances.10min

500 4

400 -

(i)

700

500 -

400 ~

300 -

200 -

100

25 4

20 1

15

10 ~

O. lineolatus N. gymnogenis O. lineolatus N. gymnogenis
Source of of a) Area use b) En%(:ﬁgrte;ir:hwnh
variation MS = MS =
Time (T) 2 3438.68 2.04 30.36 7.66
Species (Sp) 1 849.74 1.02 210.01 0.39
Stage (St) 2 4226.92 3.27 34.36 0.98
Location (L) 1 71378.83 53.13*** 7109.46 65.26*
TxSp 2 195.40 0.56 87.38 0.52
T xSt 4 673.69 2.25 22.55 0.29
TxL 2 1682.21 1.25 3.96 0.04
Sp x St 2 501.38 0.54 108.09 0.37
SpxL 1 830.02 0.62 537.47 4.93*
StxL 2 1294.42 0.96 35.22 0.32
T x Sp x St 4 335.86 1.05 222.24 2.33
TxSpxL 2 348.72 0.26 168.86 1.55
TxStxL 4 300.05 0.22 76.70 0.70
SpxStxL 2 927.40 0.69 292.67 2.69
TxSpxStxL 4 320.90 0.24 95.34 .88
Residual 72 1343.58 108.96

Bata square-root (x+1) transformed (Cochran’s G B<3.05)
*P<0.05, ***P<0.001

Graphs and ANOVA results used to compare area u&ggand encounter rates with other
fishes (b) in 10, 20 and 30 minute observation siifs=quential replicated columns) for several
life history stages oOphthalmolepis lineolatuand Notolabrus gymnogeniat Catherine Hill
Bay (i) and Norah Head (ii). Life history stages:aluv. = juvenile[] ), IP = initial phasll ( ),

TP =terminal phas€d ). Standard error bars areiged (n=3 replicates).
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Appendix 1 (continued):

10 4

. -1
Occurances.10min

(bi)

10 4

(aii)

(bii)

O. lineolatus N. gymnogenis O. lineolatus N. gymnogenis
Source of a) Dominant b) Subordinate
variation df interactioris interactiorfs

MS F MS F
Time (T) 2 1.69 0.47 1401 2.4
Species (Sp) 1 0.60 0.10 53.251.46
Stage (St) 2 2.22 0.40 105.01 385.
Location (L) 1 1147.24 77.13%** 266660.39 45.F2*
TxSp 2 2.78 1.38 4.05 62.1
Tx St 4 2.89 1.10 8.26 5.6
TxL 2 3.62 0.24 3.17 0.00
Sp x St 2 5.33 2.73 21.42 80.3
SpxL 1 6.22 0.42 36.56 0.01
StxL 2 5.50 0.37 19.51 0.00
Tx Sp x St 4 2.53 0.88 2.87 0.95
TxSpxL 2 2.02 0.14 1.88 0.00
TxStxL 4 2.63 0.18 12.77 0.00
SpxStxL 2 1.95 0.13 56.54 0.01
TxSpxStxL 4 2.88 0.19 .0B 0.00
Residual 72 14.87 5832.83

Hata square-root (x+1) transformédata In(x+1) transformed (Cochran’s C t&%t0.05)
**P<0.001

Graphs and ANOVA results used to compare rates avhimhnt (a) and subordinate (b)
interactions in 10, 20 and 30 minute observationesi (sequential replicated columns) for
several life history stages @fphthalmolepis lineolatuandNotolabrus gymnogenest Catherine

Hill Bay (i) and Norah Head (ii). Life history gfas are: Juv. = juvenild( ), IP = initial phase
(@), TP = terminal phas&l ). Standard error baegaovided (n=3 replicates).
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Appendix 1 (continued):

45 4 457
40 1 40
o (ai) o5 | (aii) J
30 30 4
25 4 25 |
20 1 20 4

15

10 4

g
PR
1S
= 0
kS
]
g 90
8 g
5 (bi)
o 70 A
60 -
50 A
40 -
30 1
20 1
10 1
0 - 4
0. lineolatus N. gymnogenis 0. lineolatus N. gymnogenis
Source of of a) Lyingf b) Shelter use
variation MS F MS F
Time (T) 2 0.10 0.15 8155 1.15
Species (Sp) 1 10.09 312.86* 1084.04 7.30
Stage (St) 2 1.93 0.93 127.82 34.92*
Location (L) 1 113.98 35.91*** 1502.37 11.56**
TxSp 2 0.23 0.44 8.15 0.39
T x St 4 0.42 0.61 2457 0.86
TxL 2 0.70 0.22 70.65 .50
Sp x St 2 0.30 0.14 193.79 0.47
SpxL 1 0.03 0.01 148.53 14
StxL 2 2.07 0.65 3.66 0.03
Tx Sp x St 4 0.52 0.95 3.9 0.66
TxSpxL 2 0.52 0.16 20.83 0.16
TxStxL 4 0.68 0.22 28.45 0.22
SpxStxL 2 211 0.67 413.94 3.18*
TxSpxStxL 4 0.55 0.17 36.33 0.28
Residual 72 3.17 129.98

Hata square-root (x+1) transformédata In(x+1) transformed (Cochran’s C té&t0.05)
*P<0.05, *P<0.01, **P<0.001

Graphs and ANOVA results used to compare the ptagenof time engaged in lying (a) and
sheltering (b) in 10, 20 and 30 minute observatiores (sequential replicated columns) for
several life history stages Gphthalmolepis lineolatuandNotolabrus gymnogenet Catherine
Hill Bay (i) and Norah Head (ii). Life history gfas are: Juv. = juvenild( ), IP = initial phase
(=), TP = terminal phas@& ). Standard error baggaovided (n=3 replicates).
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Appendix 1 (continued):

(ai) (aii)

- -1
Occurances.10min
o

4 4
(bi) (bii)
2 2 4
T
2
1 14
? ﬁ
0 77 0 .r.ﬁzz
0. lineolatus N. gymnogenis O. lineolatus N. gymnogenis
Source of df a) Side-swiping b) Bending
variation MS F MS F
Time (T) 2 8.58 4.88 1.64 0.40
Species (Sp) 1 52.78 1.00 9293 118
Stage (St) 2 23.39 0.59 35.97 0.85
Location (L) 1 265566.35 45,51+ 264280.61 4G
TxSp 2 3.47 3.11 1.84 0.45
Tx St 4 2.39 0.76 2.30 0.75
TxL 2 1.76 0.00 4.06 0.00
Sp x St 2 28.62 0.59 32.72 0.83
SpxL 1 52.81 0.01 51.39 0.01
StxL 2 39.56 0.01 42.49 0.01
Tx Sp x St 4 4.14 0.85 2.35 50.7
TxSpxL 2 1.12 0.00 4.11 0.00
TxStxL 4 3.15 0.00 3.08 0.00
SpxStxL 2 48.87 0.01 39.58 0.01
TxSpxStxL 4 4.87 0.00 3.15 0.00
Residual 72 5835.84 5809.26
**P<0.001

Graphs and ANOVA results used to compare rategletswiping (a) and bending (b) in 10, 20
and 30 minute observation times (sequential reggicc@olumns) for several life history stages
of Ophthalmolepis lineolatuand Notolabrus gymnogeniat Catherine Hill Bay (i) and Norah
Head (ii). Life history stages are: Juv. = juven{d), IP = initial phasel ), TP = terminal
phaseEd ). Standard error bars are provided (npigates).
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Appendix 1 (continued):

35 -
3.0 1 (ai)

2.5

16

14 + (bi)

- -1
Occurances.10min

2.0
15
1.0 A
05 1
004 - - -
12 1
10
81
61
4]
2]
0

(bii)

O. lineolatus N. gymnogenis O. lineolatus N. gymnogenis
Source of df a) Gaping b) Bite rate
variation MS F MS F
Time (T) 2 6.23 4.62 0.59 0.95
Species (Sp) 1 34.69 1.20 0.00 0.02
Stage (St) 2 26.92 0.72 2.95 1.10
Location (L) 1 265501.89 45.60*** 117.29 44 .44*
TxSp 2 2.60 0.75 0.07 0.12
T x St 4 6.58 6.44* 0.39 0.78
TxL 2 1.35 0.00 0.62 0.24
Sp x St 2 26.21 0.87 0.11 0.13
SpxL 1 28.86 0.00 0.23 0.09
StxL 2 37.47 0.01 2.68 1.01
T x Sp x St 4 6.23 1.47 0.04 0.10
TxSpxL 2 3.48 0.00 0.60 0.23
TxStxL 4 1.02 0.00 0.50 0.19
SpxStxL 2 30.21 0.01 0.84 0.32
TxSpxStxL 4 4.25 0.00 0.37 1D.

Residual 72 5822.72 2.64

Yata In(x+1) transformed (Cochran's C t€t0.05)

*P<0.05, **P<0.001

Graphs and ANOVA results used to compare ratesping (a) and biting (b) in 10, 20 and 30
minute observation times (sequential replicatecurools) for several life history stages of
Ophthalmolepis lineolatusnd Notolabrus gymnogeniat Catherine Hill Bay (i) and Norah

Head (ii).

phaseld ). Standard error bars are provided (npigates).
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Appendix 2: Fish species recorded within fringe, barrens grwhge garden habitat
at Terrigal and Norah Head over 5 sampling periddgmbers correspond to the

total number of individuals observed.

Species (118 species)

FRINGE

Terrigal

Norah

Head Terrigal

BARRENS

Norah
Head

Terrigal

SPONGE
GARDEN
Norah
Head

Heter odontidae
Heterodontus galeatus
Heterodontus portusjacksoni

Orectolobidae
Orectolobus maculatus
Orectolobus ornatus

Carcharhinidae
Carcharhinussp.

Urolophidae
Urolophus sufflavus

Dasyatididae
Dasyatis thetidis

M uraenidae
Gymnothorax prasinus

Plotosidae
Plotosus lineatus

Aulopidae
Aulopus purpurissatus

Gobiesocidae
Cochleoceps orientalis

Moridae
Lotella rhacina

Trachichthyidae
Trachichthys australis

Syngnathidae
Phyllopteryx taeniolatus

Platycephalidae
Thysanophrys cirronasus

Scor paenidae
Scorpaena cardinalis
Scopaenidae sp.

Serranidae
Acanthistius ocellatus
Epinephelus corallicola
Hypoplectrodes annulatus
Hypoplectrodes maccullochi
Serranidae sp.

Plesiopidae
Paraplesiops bleekeri
Trachinops taeniatus
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Appendices

Appendix 2 (continued):

SPONGE
FRINGE BARRENS GARDEN
Terrigal Norah Terrigal el Terrigal Norah
9 Head 9 Head 9 Head
Apogonidae
Apogon limenus 6 15 12
Dinolestidae
Dinolestes lewini 35 23 24 275 93 113
Pomatomidae
Pomatomus saltatrix 1
Carangidae
Pseudocaranx dentex 1 8 1 70
Pseudocaranx wrighti 5 4
Seriola lalandi 4 60
Trachurus novaezelandidiae | 1257 371 322 750 562 331
Trevally sp. 1
Sparidae
Chrysophrys auratus 1 2 1 1
Rhabdosargus sarba 1 40
Mullidae
Parupeneus multifasciatus 1
Parupeneus signatus 8 30 7 8 4
Upeneichthys vlamingii 1 4 34 9
Pempherididae
Pempheris affinis 263 171 81 158
Pempheris compressa 132 5 958 292 100 109
Pempheris multiradiata 2 20 48
Monodactylidae
Monodactylus argenteus 126 39 70
Schuettea scalaripinnis 596 528 130 2728 1124
Scor pididae
Scorpis lineolata 582 174 194 180 209 754
Kyphosidae
Kyphosus sydneyanus 2 26
Girellidae
Girella tricuspidata 37 3 13 13
Girellidae sp. 1
Microcanthidae
Atypichthys strigatus 2518 6071 510 2001 56 340
Microcanthus strigatus 80 1 1
Chaetodontidae
Chaetodon guentheri 2
Chelmonops truncatus 1 1 2
Pomacentridae
Abudefduf vaigiensis 20
Chromis hypsilepis 130 327 1593 1831 342 1823
Mecaenichthys immaculatus 45 50 171 a7 240 164
Parma microlepis 44 79 363 113 517 279
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Appendices

Appendix 2 (continued):

SPONGE
FRINGE BARRENS GARDEN
Terrigal Norah Terrigal NG Terrigal Norah
Head Head Head
Pomacentridae (continued)
Parma unifasciata 409 731 326 581 1 2
Pomacentrus chrysurus 1
Pomacentrus coelestis 3 3
Pomacentridae sp. 1
Enoplosidae
Enoplosis armatus 69 14 31 11
Chironemidae
Chironemidae sp. 1
Aplodactylidae
Crinodus lophodon 231 38 28 7 3 3
Cheilodactylidae
Cheilodactylus fuscus 25 13 58 40 45 32
Nemadactylus douglasi 3 1
Latrididae
Latridopsis forsteri 2 1
Labridae
Achoerodus viridis 42 96 49 52 38 42
Anampses caeruleopunctatug 1
Austrolabrus maculatus 2 7 25 215 257
Coris dorsomacula 5 6
Coris picta 10 8 5 15
Coris sandageri 4
Eupetrichthys angustipes 15 9 6 55 111
Halichoeres nebulosus 5
Labroides dimidiatus 1 6
Notolabrus gymnogenis 197 85 98 64 90 91
Opthalmolepis lineolatus 45 218 130 237 232 327
Pictilabrus laticlavius 69 24 9 1 23 30
Pseudolabrus guentheri 1 1 1 7 3
Pseudolabrus luculentus 1 1
Stethojulis interrupta 1 5
Thalassoma lunare 9 3 1
Labridae sp. 1 1
Labridae sp. 2 1
Labridae sp. 3 1
Odacidae
Odax acroptilus 1
Odax cyanomelas 137 73 4 2 4 6
Gobiesocdae
Heteroclinus whiteleggi 5 5
Gobiesocidae sp. 10
Blennidae
Plagiotremus tapeinosoma 1 2 1 2 2
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Appendix 2 (continued):

FRINGE

Terrigal

Norah
Head

BARRENS

Norah

Terrigal Head

Terrigal

SPONGE
GARDEN
Norah
Head

Acanthuridae
Ctenochaetus binotatus
Prionurus microlepidotus

Zanclidae
Zanclus cornutus

Balistidae
Rhinecanthus rectangulus
Sufflamen chrysopterus

M onacanthidae
Acanthaluteres vittiger
Eubalichthys bucephalus
Meuschenia flavolineata
Meuschenia freycineti
Meuschenia scaber
Meuschenia trachylepis
Sufflamen bursa
Monacanthidae sp.
Monacanthidae sp.
Monacanthidae sp.
Monacanthidae sp.
Monacanthidae sp.
Monacanthidae sp.
Monacanthidae sp.
Monacanthidae sp.
Monacanthidae sp.
Monacanthidae sp.

O© 0O NO UL, WNLPE
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Aracanidae
Anoplocapros inermis

Tetraodontidae
Canthigaster callisterna
Tetractenos hamiltoni

Diodontidae
Dicotylichthys punctulatus

Unknown Fishes
Fish 1
Fish 2
Fish 3
Fish 4
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Species Abundance
Wrasse Abundance

Total Species
Wrasse Species

7840
368

53

15487
430

47
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11567 23047
332 404

58 60
11 13

7804 10481
676 884

57 58
10 11
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Appendices

Appendix 3. Descriptions and corresponding photographs of ctade labrid
behaviours.

a) Lying:
Remaining motionless, or nearly motionless, restingthe abdomen or side.
Lying behaviour is often accompanied by pectomalrfiovements to maintain

body position. Examples are of anNBtolabrus gymnogeni&30 mm) resting

on its abdomen (i) and a ¥ gymnogenig310 mm) resting on its side (ii).

Yol T o g
Sy
Rebelol 115

b) Cleaning by clingfishes (Gobiesocidae):
Clingfish (family Gobiesocidae) move over the hefans and body of the focal
individual removing parasites and dead tissue.ntplas are of a TPictilabrus
laticlavius (190 mm) being cleaned b@ochleoceps orientali¢l) and a TP
Notolabrus gymnogeni820 mm) being cleaned ®\spasmogaster costafa).
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Appendix 3 (continued):

c) Side-swiping:
An individual swipes one side of its body, or head, the surface of hard
substrate (i.e. rock or steel structure), sandynset or algal fronds. The

example is a side-swiping sequence of arOjshthalmolepis lineolatugl70

d) Bending:
Flexure of the body as a head twitch, ‘C’ body bemdS’ body bend. The
example is an IDphthalmolepis lineolatu30 mm) performing a strong ‘S’
body bend.

e) Gaping:
Focal individual widely opens the mouth to dispisyprominent caniform teeth.
Gaping behaviour examples are of anN&tolabrus gymnogeni@40 mm) (i)
and TPN. gymnogenig300 mm) (ii).
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