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NON TECHNICAL SUMMARY

OUTCOMES ACHIEVED TO DATE

The survey protocol agreed at a national projeckalmp has been used in baseline
surveys undertaken in new or proposed MPAs in Wiegtastralia, Victoria, Tasmania
and New South Wales. The Victorian State Governrhastsince established an
ongoing MPA monitoring program using the projeatvey protocols.

The study has clearly demonstrated the effect$ostice on plant and animal

communities in the reserves, and through a conpauisth fished sites is revealing
much about the effects of fishing on reef commeasitiThis has direct applications for
fisheries assessments underBERBC Act

Models suggest that MPAs are limited in terms efrtisefulness as a fisheries
management tool, especially for the Tasmanian lalzéter and abalone fisheries, but
also for quota-managed fisheries in general.

Marine Protected Areas (MPAS) are being proclaim@dind the world with the stated
primary purposes of enhancing fisheries stocksarabnserving marine biodiversity.
In Australia, in response to a joint State/Commaaitheagreement to establish a
National Representative System of MPAs (NRSMPA)rtatect marine biodiversity,
the focus is on their conservation role. Howeueghdries enhancement is often
suggested as an additional benefit of protectiotergially offsetting the cost of area
closure in some cases.

This study aimed to contribute to the debate orptisgtive and negative effects of the
establishment of MPAs, documenting changes thas bacurred in reserves following
establishment, and particularly, attempting to usi@ad more about their role as a
fisheries management tool. It builds on a prognaitieied following the establishment
of Tasmania’s first ‘no-take’ MPAs a decade ago.

Changes within the MPAs over the period indicatet fishing has had a substantial
influence on the demographic structure of manyisgegparticularly those targeted by
fishers. The magnitude of change detected app¢ateel dependant on the
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susceptibility of species to capture, the remote¢protected locations and to the
MPA configuration itself. Changes within the moeenote Maria Island reserve (the
largest area studied), relative to fished referesites, included increases in the
abundance of lobsters and certain fish speciesn@nelases in the mean size of rock
lobsters (responses typical of protected areasestdisewhere in the world), as well as
a decrease in the abundance of prey species suchhass and abalone.

Not all species increased in size and/or abundamzefor several fish species there
was no significant change. At Maria Island thersatso a 30% decline in the
abundance of common urchins within the reservechvimay be the first Tasmanian
evidence of cascading ecosystem effects relatpebtection from fishing. Abalone
numbers were also observed to decline sharplyttregperiod sampled. This change
was interesting in that one possible explanatios aainverse relationship between
predators (lobsters) and prey (abalone). If shawetcorrect this finding is likely to
have significant consequences for integrated, stesybased management of these
two species.

Clearly the survey showed that MPAS, even of aikaly small size (Maria Island
covers 7km of coastline), could effectively achieemservation objectives, especially
for exploited species that were resident or sedgmanature.

A study of small-scale movement patterns of fisttesved that with few exceptions
fish species showed high fidelity to site. Animaisre generally resighted <100 m from
initial tagging site and with individuals remainingar the tagging site throughout the
1-year duration of study. Influences on distanceedaattributable to the variables
body length, sex, water temperature and time dagging were insignificant compared
to variation between individuals. Patterns of mogatrwere also generally consistent
at all three study sites. Home ranges of some ap@&egere found to be affected by the
presence of macroalgae, with animals emigratingp factificially cleared patches. The
sedentary nature of these small- to medium-sizeffigh species indicated that
relatively small marine protected aread km diameter) could provide adequate
protection to these fishes but suggest limitedileper” benefits to fisheries in the form
of emigrants to surrounding areas.

The population structure of lobsteds édwardsii within the Maria Island reserve after
a decade of protection was substantially changed fevels prior to protection.
Relative to adjacent fished areas, the abundanfsrafles was 2.4 times greater and
the abundance of legal sized females 16.8 timedare-or males these values were
4.1 and 18.6 greater respectively. The recovethi@tobster population in the Maria
Island provided a reference against which the effetfishing on a range of population
biological characteristics could be examined. Theskided movement, growth and
maturity.

Modelling the effects of MPAs was focussed on riotisters and abalone due to the
importance of both fisheries, extensive histordathsets and differences in certain
biological characteristics such as larval disper§adme aspects of the biology of
lobsters required additional research prior to mhdglelling, such as the effect of
increased density inside MPAs on growth, reproducsind movement. This
research revealed the following:
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- There was no evidence of large-scale, unidirectiongration. Tag-
recaptures indicated high site fidelity with thejondy of animals moving no
detectable distance after periods of one to twesylsatween capture events.
This low level of movement suggested limited pasdrior spillover of
biomass from MPAs.

- Growth in the reserve appeared slower than it wiggcant to the reserve and
when closely examined it was apparent that a gonafiortion of the females
outside the reserve were able to moult more thae ona year. It suggested
that stock rebuilding inside MPAs might be slowwart predicted by
extrapolation of growth data collected from fistezdas.

- There was a distinct spatial cline of carapacetleag50% maturity with the
largest sizes being found at northwestern site8@ (th carapace length) and
the smallest sizes at southwestern sites (59 mapaee length). This cline
in size at maturity was the reverse of that desdrilor the same species at
similar latitudes in New Zealand and suggestsriaturity inJ. edwardsiis
not primarily regulated by temperature as sugggstedously.

To model the effects and implications of MPAs @héries, a strategy was adopted
of first exploring the properties of a generallypbgpable simple model followed by
a length-based model that was specific to the lkalogter fishery and which
incorporated catch and catch rate history.

The simple model predicted population increasdsth biomass and size-structure for
the reserve and could be used to support the ¢katmunder certain constraints, a
fishery managed solely through the agency of MP&Addprovide a similar yield to

one managed through more traditional means. Howémemany species with limited
larval dispersal rates the use of MPAs alone wéadd to areas of relatively high
guality marine environment literally surroundedabgea of overfished and depleted
areas. The more complex model highlighted a majocern when displaced effort was
focused on a few of the more productive blockssTéd to these areas becoming
depleted, serial displacement of catch and ultilpaépid fishery decline. It was
concluded that closures displacing large amouné&balfone catch were thus a very
risky management option because of a pre-dispaditicerial depletion in this species.

Because abalone larval dispersal was limited, éunthore complex modelling was
confined to rock lobster where several general lesiens became apparent. Firstly,
because of the dynamics of growth and recruitntbete was a time lag before any
positive effects of an MPA became apparent. Thecesfof large MPAs (affecting >
5% catch) tended to only become apparent afteraleyears and the effects of small
MPAs (affecting < 0.5% catch) would be hard to det8econdly, in an exploited
population, introducing an MPA was equivalent tor@asing the Total Allowable
Catch or the effort outside the reserve. Introdgi@n MPA without reducing catch was
likely to have negative effects upon most fishevbere adult movement was limited
in extent, leading to reductions in total stoclesand egg production. The effects would
be least in lightly depleted stocks where totahtass was high relative to an unfished
state. Thirdly, the impact of introducing an MPAwd depend on the biology of the
species concerned and the state of depletion afttiod. If the stock was already in a
highly depleted state, an MPA could hasten fisloetiapse. On the other hand, if a
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stock had already collapsed then a reserve cooldda some benefit in terms of
protecting mature biomass and egg production. Kingiven the assumptions of the
generalized model, it appeared that it would béebé&b improve current management
controls, in particular the match between sizetBrand the growth characteristics,
rather than introduce large MPAs to improve thbdiy.

In the Tasmanian lobster and abalone fisheriesevbatich and effort are effectively
limited, it was concluded that the introductionMPAs as a fisheries management tool
would be inferior to present management optiordedal, if introduced without
reducing catch or effort by amounts equivalenttt tn the prospective closed area,
closed areas were a risky strategy that couldteaddegradation of the fishery (this
appears to be a general conclusion for specieslavittmovement rates).

Furthermore, if a fishery is being managed in adance with ESD principles, which
by definition means that the ecosystem in whiap#rates is not threatened by the
fishery or fishing practices, then fishing shoutit be a key threatening process. It
follows from this argument that true ESD fishemegnagement offers a potentially
better outcome than no-take MPAs for biodiversagservation.

This is not to suggest that MPAs do not have aepillagnarine and coastal
management. Spatial management of fisheries haggadadition (eg spawning
grounds) and there are a number of fisheries atfit from spatial closures. In
addition they are useful where other forms of fifemanagement are unavailable or
poorly applied. Importantly, this study clearly demstrates the value of MPAs as
reference areas for research on the biology ofo#enl species and in understanding the
ecosystem effects of fishing. Both add to the fi®seemanagement toolbox and lead to
a greater fisheries resource security.
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BACKGROUND

Marine Protected Areas (MPAs) are being proclaiaedind the world with the
primary purposes of enhancing fisheries stocksarabnserving marine biodiversity
(Plan Development Team 1990, Wardal. 2001). By 1992 a total of 303 MPAs had
been declared within Australia (Zann 1995) and pintggcess has continued in the
following decade, particularly in response to thie State/Commonwealth agreement
to establish a National Representative System oASARIRSMPA) to protect marine
biodiversity (ANZEEC 1999). While the current fooolsMPA establishment within
Australia is on the conservation role that they iplay, fisheries enhancement is often
suggested an additional benefit of protection, mita#ly offsetting the cost of area
closure in some cases.

Fisheries benefits associated with area proteaticinde the suggestion that yield may
be enhanced because the MPA will act as a progagatea and/or as a source of
surplus fishable biomass migrating from the resefdslitional benefits may include
insurance against stock collapse, protection aksgenetic diversity and simplified
enforcement (Gell and Roberts 1992).

Protection of spawner biomass in MPAs is now a established fact (Waret al

2001). An initial study conducted on inshore reef§asmania between 1992 and 1997
showed that the density and mean size of sevepébited species were significantly
greater in MPAs when compared to control sitestaatthe effect of protection was
related to the size of the reserve (Edgar and Bdr#®9). Studies elsewhere in the
world provided the same results (reviews by Rolsmts Hawkins 2000, Roberts and
Polunin 1991, Waret al 2001, Gell and Roberts 2002). Despite the latgeber of
MPAs declared over the past two decades, theiésquantitative information in
Australia or elsewhere in the world that rigorouskamines whether other management
aims are achieved.

The tacit acceptance that fishery enhancement aienachieved with the declaration of
MPAs is urgently in need of validation. In partiaylclosure may result in redirected
effort and greater fishing pressure on open aneddleere exists a need to
guantitatively assess the biotic consequencesabf action. This is fundamental for
assessing whether MPAs provide a yield and/or gatpan benefit to exploited marine
populations. An increase in biomass within an MBAfino value to a fishery if there
has been a greater loss of biomass outside the tMi@Agh effort displacement. That
is, we need to establish the net impact of MPAgeeislly for guota-managed species.

The plan to establish a NRSMPA in Australia hasmbesisted by the fishing sector
(Wardet al 2001) because of a perceived loss of yield prtopmal to the area of the
closure and the lack of critical evidence to supfue proposed benefits to fisheries
(including insurance against stock collapse, sauofeggs and larvae and
improvement in yield). To resolve this conflict wegently need to model the potential
impacts and provide the empirical ground-truthih¢he effects of area closure on the
fishery. While there has been a substantial inereaghe number of publications that
model possible fisheries effects of closed areas kastings and Botsford 1999,
Gerberet al. 2003), most are based on broad generalisatiahagsumptions. Intuitive
benefits in terms of stock recovery of sedentagcss have been demonstrated
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(reviews by Warcet al. 2001, Gell and Roberts 2002), however, other bisnafe far

from predictable and the scant information on #bject yields results that are species
specific and dependent on the behaviour of theispethere is a growing awareness
that generalised models are inappropriate and @smneeds to be examined in its own
merit. As the limited size of no-take areas cutyembder consideration in temperate
Australia mitigates against the study of poterihefits for highly migratory species,
initial model development may best be restricterktatively sedentary species where
empirical confirmation of predicted outcomes may@e likely to be achievable.

The ubiquity of indirect secondary interactionsAen species in marine ecosystems
probably results in only a small proportion of 9pedeing adequately conserved under
directed fisheries management (eg. quota managgnk@ntexample the exploitation of
rock lobsters was found to completely alter theentebrate community associated with
South African reefs (Barkai and Branch 1988) anoingfly influence the density of sea
urchins on New Zealand reefs (Shears and Babcdg®, 2D03). In Australia and New
Zealand the removal of wrasses has been founatease the survival of juvenile sea
urchins (Andrew and Choat 1982), with high numlaérsea urchins denuding reefs of
seaweed (Choat and Andrew 1986, Fletcher 1987,eamdnd Underwood 1993,
Shears and Babcock 2003) and possibly affectingities of rock lobsters (Andrew
and MacDiarmid 1991). The presence of seaweedndiffiects the densities of fishes
(Choat and Ayling 1987, Jones 1992).

There is now a substantial international literalweumenting the ecosystem effects of
fishing and how these effects are mediated thralighoss of top-down control of
community structure in a trophic cascade (e.genwesiby Daytoret al. 1998, Tegner

and Dayton 2000, Pinnegar al 2000, Jacksoat al. 2001). In the absence of historical
baseline data, the use of MPAs as scientific refsrereas may play a vital role in
assessing the magnitude of ecosystem effectslhohfjsat a local and regional scale and
developing an understanding of their underlyingsesu If these changes are substantial
and the causes are understood, it may be possibl#apt management strategies to
ensure fishing in Australia is both economicallg @atologically sustainable.

NEED

In concert with the establishment of MPAs arourelworld and the current push to
increase the number and size of no-take areaasibéen argued that these areas may
be of benefit to fisheries management. Suggestedfite include moving fisheries
harvests towards more sustainable yield, rebuildegeted stocks, an insurance
against stock collapse and the protection of esddrabitat.

But as with all management tools, potential andllveaefits need to be rigorously
assessed. This knowledge base is currently lacking.

A core component of this project included makingaor theoretical contribution to
the general understanding of MPAs for fisheries aggment, incorporating several
new parameters into a model examining the fishBeges of closure. These include
effort displacement; existing management toolsuirgontrols and total allowable
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catch); larval dispersal where possible (reseanclaval dispersal of rock lobster has
focused on Tasmania); fleet dynamics; and spagiahtron in biological parameters.

The plan to establish a National System of Mariredeted Areas in Australia has
been resisted by the fishing sector because ofceiped loss of yield proportional to
the area of the closure and the lack of criticadlence to support the proposed benefit
to fisheries (including insurance against stockapse, sources of eggs and larvae and
improvement in yield). To resolve this conflict thevas a need to model the potential
impacts and provide the empirical ground-truthih¢he effects of area closure on the
fishery.

Equally, given that most commercially exploitedfrgeecies are long lived and that
MPAs require several years for the effects of adlesa manifest themselves, there is a
need to provide baseline information on the stafygoposed sites. This information
can then be used in the future as a reference waimiwvhich to evaluate the success of
MPAs in meeting their management objectives. Bgldsthing baseline surveys at a
range of locations across temperate Australia, gdgfollowing protection may be
examined at a range of spatial scales, and a @GNg@A sizes, levels of protection,
habitats, and pre- and post-protection fishingreffnding in the interpretation of the
cause of any change that may occur.

From the perspective of collecting empirical dateecosystem effects of fishing, there
is a need to maintain adequate assessment of chrageccur once an area has been
closed. Prior to this study, monitoring of existiggerve sites in Tasmania had been
ongoing for a period of greater than five yearsvds important to continue this work
because analysis after five years of initial supewided no indication that population
changes of exploited species had stabilised. Tovadss of rock lobsters within
reserves, for example, continued to increase tlimouwigthe five years of the study.
There was clearly a need to continue the surveyder to properly document long-
term changes that occur as a result of closures ihnformation is fundamental to the
evaluation of MPAs as a coastal management tool.

This study was initiated at an opportune time taleate the fishery implications of
MPAs. This is partly because the development oNRSMPA was at an early stage of
development and could benefit from a clearer undeding of the influence of MPAs

on major commercial fisheries such as lobstersadnadbne. It is also because new
reserves were being established and required widaaseline assessments to be
undertaken if their true reference area values Webe gained, and because an ongoing
study of existing Tasmanian reserves required sappaocument changes following
protection over a decade time scale.

While not a direct objective of the study, it isgartant to note that continued
monitoring of existing MPAs can also provide baseldata against which to assess
other anthropogenic perturbations, including ides@tion of the effects of introduced
species (e.g. Japanese kelp, North Pacific seastanfishing, oil spills and even
global warming.
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OBJECTIVES

The objectives of the study were fourfold:

1.

To model the effects of closure on the rock lobatat abalone fisheries, with
particular reference to: the redirection of eff@dtential benefit in terms of
additional biomass and as a recruitment sourcelaadion, size and number of
the MPAs.

To quantify relative abundance of selected fistertebrates and plant
populations at representative sites prior to estatmlent of MPAs, and to
identify changes in relative abundance followingere establishment. This
will be achieved by:

- Continuing the study of the effects of closure lo@ populations of
exploited species inside and adjacent to MPAs, and

- Establishing baseline surveys of proposed temp&t&i& sites in
southern Australia (e.g. Jervis Bay, NSW; Kent @rotilslands, Tas.;
Wilsons Promontory, Vic.; Jurien Bay, W.A.) to evale before and after
effects of closure.

To develop National guidelines for the assessmeRRAS in Australia, with
particular reference to exploited species.

To provide specific management recommendationfi@m@ppropriate location,
configuration and size of MPAs that will providdegitive enhancement for
coastal fisheries, and, to quantify the impacts1BfAs on local fisheries where
they are proposed for reasons other than enhatienfishery.

During the course of the project, however, sevesaiplimentary studies were
undertaken to improve our understanding of keydgialal parameters of lobsters in
relation to MPAs and their use in the modellinge3é included growth, movement and
size at maturity of lobsters.

METHODS

The methods employed are described under the releeation of each Chapter below.

The modelling component of the project chose tagoan relatively sedentary species
(rock lobster and abalone) for several reasons:

While intuitive benefits in terms of stock recoverfysedentary species have
been demonstrated, other benefits are far fromiqgiedale and the scant
information on this subject yields results that gpecies specific and dependent
on the behaviour of the species.
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- There is a growing awareness that generalised madelinappropriate and
each case needs examination on its own merit.

- Furthermore, the size of the no-take areas undeideration mitigates against
the study of the benefits for highly migratory specwhich range freely
between protected and unprotected sites.

- Finally, empirical confirmation of models baseds&uentary species is most
likely to be achievable (recognising that modelsnigratory species are not
well advanced at this stage).

RESULTS

The results of this study are presented in thefoig eight chapters. Prior to the
establishment of the interstate baseline survggmaworkshop was organised by

TAFI and NRE (Vic.) to examine the underwater vistensus (UVC) techniques
proposed to be used to collect the baseline dardsults of this workshop have been
published separately (Barrett and Buxton 2002),dwera summary of this is
presented here as Chapter 1.

Chapter 2 presents the detailed results of ongoimgitoring of changes in Tasmanian
marine reserves. The time series of results weaeaed over a ten-year period
following protection of these areas.

Chapter 3 details the results of baseline survatiated in Tasmania, Western
Australia, Victoria and New South Wales and inchidetailed data reports for the
proposed MPA at Jurien Bay and the now proclaim&iMt Jervis Bay.

Chapter 4 details the results of a study examithegnfluence of diver bias during
underwater census of reef assemblages. By compaothgnter diver variability and
the variability in abundance estimates derived fobffering methods (divers and fish
traps) an indication of the potential biases asdediwith diver census were obtained,
allowing clearer interpretation of census resuft€Ohapters 2&3) and an evaluation of
the reliability of this method for monitoring chamm MPAs.

Chapter 5 details the results of a study examithhiegnovement patterns of a range of
typical Tasmanian reef fishes at a range of siths involved the recapture of tagged
fishes both through trapping and visual census pgaods of up to one year, with the
aim of providing movement information on these sgpefor incorporation into future
models examining the effect of MPAs on these sgecie

Chapter 6 documents the results of studies of dolmsbvement and growth within the
Maria Island Marine Reserve conducted to obtaiarmftion for inclusion in the
models discussed in previous chapters. This infoamancludes fine scale movement
patterns and growth rates and population struatuagpopulation approaching natural
densities.
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Chapter 7 examines the large -scale movementdsfdcs in Tasmanian waters, and in
conjunction with the fine-scale movement data fl@hapter 6, provides critical
information for the modelling chapters.

Chapter 8 details the variability of size at maguof lobsters around Tasmania and
provides additional information required for thedwding in chapters 10 to 12.

Chapter 9 provides a validation of the methods us€thapter 8 to determine size at
maturity.

Chapters 10 to 12 include detailed modelling ofeffect of MPAs on abalone and rock
lobster fisheries using data obtained in the coafseanaging these fisheries, including
fishery dependent and fishery independent dataetfrom a wide range of sources,
including this study.
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Chapter 1. Examining Underwater Visual Census techiques for the
assessment of population structure and biodiversitin temperate
coastal marine protected areas

Proceedings of a workshop sponsored by FRDC, therfianian Aquaculture and Fisheries
Institute and the Victorian Department of Natural &ources and Environment — Marine
Research Laboratories, Hobart, October 1999.

SUMMARY

The Tasmanian Aquaculture and Fisheries Institntethe Victorian Department of
Natural Resources and Environment conducted a fwygaint workshop in October
1999 to examine underwater visual census techniguése assessment of population
structure and biodiversity in temperate coastalimegorotected areas. The proposed
outcome of the workshop was to establish a consemsthe most appropriate
methodologies to use and to standardise methods@giross the temperate Australian
states. The workshop goals included determiningyghes and magnitude of biotic
change we want to detect, examining UVC techniquesently in use worldwide, and
exploring alternative techniques.

A clear outcome from the workshop was that as tineeat round of MPAs are being
developed from a biodiversity perspective; most agans felt that monitoring should
be related to this. Because biodiversity is subhoad concept, monitoring should also
be broadly based, involving sampling at a rangscafes from seascapes, through
communities, to populations of individual speci@ary Davis outlined how such a
broadly based monitoring program was developeterQalifornian Channel Islands.

The availability of funding was identified as a wrajmiting factor in establishing
broadly based monitoring programs, and it was dleatrfunding will be predominantly
a state responsibility and be related to individd®A management. To give an
indication of what can be achieved within the cormustralian funding network, Hugh
Sweatman discussed the types of monitoring beingucted on the GBR with
moderate funding, and Graham Edgar discussed nmmgjton a shoestring budget in
Tasmanian MPAs. Managers will have to accept thistiag resources are limited and
monitoring programs need to be targetted and higae and achievable goals. To
achieve these goals we need good experimentaljesid Mick Keough discussed
ways of achieving this with MPAs. One of the ma#ical points in this design is in
determining the effect size that we consider sigaift. The discussion on this subject,
including the types of change as well as magnitteteged widely from habitats to
individual species. Although there was no overafisensus, it was considered at the
species level, a 100% change in abundance and a&R8ffe in mean size might be
significant in many cases.

Representatives from individual states and the Commealth indicated that
monitoring in temperate MPAs was currently limitedth the exception of Tasmania
and a program currently being developed in VictoFiais lack of monitoring is in part
related to the lack of MPAs in many areas as yet,@artly due to funding restrictions.
Current monitoring programs are focused on visaakas of reef communities for
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practical purposes although many managers indicated that broader monitoring was
desired, including other habitats, and species.

A discussion aimed at developing a consensus on appropriate visual census
methodology accepted that the current techniques in use in the Tasmanian and Victorian
studies were valid, and that with sufficient replication of sites, would detect the types
and magnitude of changes that were of interest to managers. This methodology is
restricted to shallow reefs however, and many of the managers present were interested
in exploring and developing methodologies over a wider range of habitat types and
species, with some questioning the value of adopting a standard methodology between
states. It was evident that if a standard and broadly based methodology is to be
developed, a series of workshops will be needed; each examining clearly defined
habitats, species and techniques.

A full copy of this Technical Report can be viewed at:
https://eprints.utas.edu.au/10564/1/TechnicalReport 11%5b1%5d.pdf

SUMMARY OF THE CURRENTLY USED MONITORING DESIGN AND ITS
RATIONALE.

Rationale

Visual census techniques are non-destructive and permit the collection of a large
amount of data on a range of species within a short period. As a consequence, we
consider that they provide the most effective technique for monitoring species at
shallow-water sites in MPAs. We further suggest that MPA monitoring programs
should generally cover a broad range of taxa because, in addition to heavily-exploited
species that are predicted to recover in new MPASs, significant secondary effects of
fishing may occur that will otherwise go undetected.

The monitoring method used in the current design involves underwater visual census of
densities of fishes, invertebrates and plants along single 200 m transects at replicated
sites within different management zones (sanctuary, scientific reference areas, and open
to fishing). Sites are fixed, with sampling repeated in the same month in different years
to minimise seasonal effects. The 200 m transect distance is subdivided into four
contiguous 50 m long blocks, which are 10 m wide in censuses for mobile fishes, 1 m
wide for censuses of mobile macro-invertebrates and cryptic fishes, and comprised five
positions set at 10 m intervals for plants and sessile invertebrates.

This ‘extended-transect’ sampling design was selected to maximise the amount of
information gathered at each site by three divers, each with a single tank of air. Three
sites can be surveyed per day, weather conditions permitting. Pilot trials indicated that if
divers reduced the amount of information collected per site, for example by surveying
two rather than four 100 m long blocks, then site coverage would not have increased
greatly because of the lengthy time required to move between sites (pull anchor, gear up
for diving, set transect lines). Collection of additional information at each site would
require either more dive personnel or reduced site coverage.
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The overriding consideration when planning the reymg design was that temporal
change in protected zones provided the primarydaéstudy. Consequently, spatial
variation at the site level that interferes witttie detection of the temporal signal was
minimised as much as possible. This was done bsusamg fixed sites through time,
surveying species along a single depth contourpbagin the same season in different
years, and aggregating data over a long distarer(d per site.

The collection of data from four 50-m long blockdest viewed as an approach to
increase the precision of estimates of mean vdbres 50 m block at a site.

Information on spatial substructure within siteis the form of data from the four
contiguous 50 m-long transects — should not be tsadsess variance within sites.
Rather the 200 m transect was subdivided into libagks so that data are more easily
compared with results of other investigators, wfterouse transect lengths of 50 m.
Also, partitioning allows inter-site comparisonspairticular habitat types. For example,
if a sea urchin barren extends for the first 70fra vansect followed by 130 m of
Sargassumthen the first 50 m block provides data on speasgsemblages in sea urchin
barrens, the second 50 m block data on ecotonalszamd the third and fourth blocks
data on fucoid algal habitats. Differences in eéffeaf MPA zoning in urchin barrens
versus algal habitat can then be assessed usise diaga.

The extended-transect design represented a conmgedraiween power and generality,
lying intermediate along the spectrum from moreegahstudies that involve random
replicate transects at each site, and more powsttidies with a single fixed-transect
permanently attached to the seabed.

The extended-transect design is considerably moreegul than a random-transect
design, but with less generality in associatedssiedl tests. Although an understanding
of within-site variation can be central for studwagh other aims, individual sites had
no intrinsic importance in this MPA study. Our irgst was focused on within- and
between-zone effects, with sites providing repédatormation for analyses.
Advantages of a random-transect method over ounadetre: (i) sites encompass a
greater total area of seabed because a range tbiscae surveyed at each site rather
than a single depth contour, increasing generality, (i) information is gathered on
spatial variation within sites. However, for a stud MPA effects, we considered that
these advantages were greatly outweighed by distatyes. These include: (i) lost
diving time during periods when divers move to stet of different replicate transects,
resulting in reduced data collection per site,qjiatial noise associated with
randomised placement of transects that obscurdsitdamental temporal signal, (iii)
difficulties in truly randomising transect placememnd spatial biases associated with
haphazard placement, and (iv) confounding with ll@gta consequence of some sites
being relatively flat with little depth range, aathers being steeply-sloping and
encompassing a large depth range. We suggestdptt i better included as an
explicit variable within analyses, rather than cimiting to spatial noise between
replicates.
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A design involving transects that are permanerithcaed to the seabed would be more
powerful at detecting temporal effects than ouiglesut at some minor cost in
generality and at considerable extra cost in dme.tThe cost in generality for a
physically-fixed transect design relates to the faat our transects were relocated on
each sampling event within a band that extended oain depth (due in large part to
different tidal heights at the time of each survay)l ca. 20 m in horizontal extent (due
to imprecision in site relocation). Thus, some spatoise’ is added to the temporal
‘signal’ in our design, reducing power but alsoueidg the possibility that overall
conclusions are affected by anomalous siting of@maore transects.

The major reasons for not utilising a physicallyefil transect were twofold. Firstly, we
recognised aesthetic values associated with dimidgPAs, and considered that 200 m
long ropes or chains permanently attached to thlkexkin sanctuary zones, or
permanent star picket markers, would represengwalintrusion to divers. The
presence of a permanent transect line, includingeviladuced movement that abrades
algae, could also potentially affect the habitat #rus the ecosystem components
censused along the transect.

Secondly, despite the theoretical increase in poavdetect temporal signal for
physically-fixed transect designs, power is adJgraffected in a practical sense by
reduced replication. Considerable dive time is m@glinitially to set up permanent
transect lines and seabed markers. If transec &neleft attached between surveys,
then they need maintenance, perhaps with repladeaftentwo or three years. If lines
are strung on each survey between permanent markehnsas star pickets, then dive
time is reduced by the extra time required to lecaarkers and set the line.

Statistical analysis

The monitoring design described above comprisearalard replicated Before-After-
Control-Impact (BACI) design that can be analyssiehgit ANOVA, with year and
management zone fixed factors. Ideally, such agdesthould be balanced with the
same number of sites inside and outside each dafitteeent management zones
investigated. Nevertheless, much information ormatiamn within and between zones is
lost with an ANOVA approach because sites in allezoof the same type are
considered equal. Variation between sites in bicklgesponse to protection from
fishing (resulting from factors such as distancarfithe reserve boundary, or level of
pre-existing fishing pressure) possess intrindierast and should be recognised, rather
than adding to noise between replicates. An additidisadvantage of ANOVA
designs for long-term monitoring programs is tivaetcomponents need to be blocked
in some way.

We suggest that ANOVA is most useful as a stasibtmol in the early stages of
monitoring programs when little time series dagarailable. ANOVA also provides
the only practical method for assessing power lot gtudies, other than in the rare
situation when the response variate to be exanuarde predictively modelled.
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We consider that curvilinear modelling techniquesiprise the most useful methods
for investigating MPAs. Using non-linear regressitmm example, relationships
between effect size and time since MPA declaragffiect size and management zone
size, effect size and distance from the MPA bouydzfect size and habitat
complexity, and effect size and fishing pressurergo declaration of the MPA, can be
guantified. Effect size is estimated most simplytesdifference between the value of a
metric at any point in time and the mean of basel@ues for that metric prior to
restrictions on fishing.

Relative changes over time in the plant and ancoalmunities are also usefully
examined graphically with non-metric multidimensabscaling (MDS), metric
multidimensional scaling (Principal Coordinate Arsad in particular) and Canonical
Analysis of Principal Components (CAP). In mostesagiata input to matrices for
multivariate analyses are square root transforrmedduce the influence of the most
abundant species, and converted to a symmetriexhedpiotic similarity between
pairs of sites using the Bray-Curtis similarity &xg which is relatively insensitive to
data sets with many zero values.

Underwater visual census methodology

At each reef site the abundance and size struofuaege fishes, the abundance of
cryptic fishes and benthic invertebrates, and #regnt cover of macroalgae, corals and
other cover-forming invertebrates, are each cemsssparately along four 50 m long
transects. The transect lines are laid end to kmdyja fixed depth contour. Some reefs
are relatively flat with no obvious contour to fol. For these reefs sketch maps are
created to allow similar positions to be relocatacsubsequent surveys.

For fish transects, the density and estimateddass of fish within 5 m of each side of
the line are recorded on waterproof paper, withdilker swimming up one side of the
line and then back along the other in the middla 6fm wide lane. Size-classes of total
fish length used in the study were 25, 50, 75, 1@8, 150, 200, 250, 300, 350, 375,
400, 500, 625, 750, 875 and 1000+ mm.

Cryptic fishes and megafaunal invertebrates (langluscs, echinoderms, crustaceans)
are next counted along the transect lines usetthéofish survey by recording animals
within 1 m of one side of the line (a total of fdum x 50 m transects).

The area covered by different macroalgal, coraingp and other attached invertebrate

species are then quantified by placing a 0.25ordrat at 10 m intervals along the

transect line and determining the percent covén@iarious plant species. Cover is
assessed by counting the number of times eachespacturred directly under the 50
positions on the quadrat at which perpendiculadggd wires crossed each other (a

total of 1.25 m for each of the 50 m sections of transect line).

The position of each site is recorded using a lehdl GPS based on the WGS84
Datum System, with position recorded in degreesdmuiimal minutes. All data are
entered onto an Excel spreadsheet and checkeddos.e
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Chapter 2. Changes within the Tasmanian Marine Resves in the
decade following protection

SUMMARY

Tasmania’s first ‘no-take’ MPAs were establishe@aptember 1991 for conservation
purposes. At this time a monitoring program wasated to document changes
occurring in the MPAs and to compare these witingea at external (fished) reference
locations. By surveying reef fishes, invertebrated plants on an annual basis, a
comprehensive database has been established ajlsaine understanding of natural
variability at this temporal scale and the extéat fishing, introduced species and
range-extensions of habitat modifying species nfluence this. Changes within the
MPAs over this period indicate that fishing has haglibstantial influence on the
demographic structure of many species, particuthdge targeted by fishers, although
the magnitude of change detected depends on theislity of species to capture,
the remoteness of protected locations and MPA de€§ljanges within the remote
Maria Island MPA (the largest) relative to referersttes have included increases in the
abundance of lobsters and susceptible fistir{dopsis forstel), increases in the mean
size of rock lobsters and a decrease in the abegedaprey species such as urchins
and abalone. A 30% decline in the abundance of acamumchins within the Maria
Island reserve may be the first Tasmanian evidehcascading ecosystem effects
related to protection from fishing, while a straherline in abalone numbers suggests
an inverse relationship between exploited predapecies (presumably lobsters) and
abalone. These results show MPAs at the Mariadstaale (7km) can be effective
conservation reserves and invaluable references éoeaetermining and understanding
the effects of fishing in the absence of historlzadeline data.

INTRODUCTION

Currently the Tasmanian mainland has four no-takema reserves. They were
established in September 1991 for conservationge@g under the commonly held
belief within the community that fishing had sulvgially altered inshore assemblages
of fish and other target species and that somes ax@aded to be set aside for
conservation purposes (Edgar and Barrett 1997% Wwhs not an unrealistic
assumption, as at the time the reserves werelinijpioposed, an increasing
international literature was documenting serious@pogenic impacts on inshore
marine ecosystems (e.g. Mann 1982 in Nova Scat Tagner and Dayton 1981, and
Cowen 1983, in California), and some Tasmaniantabapecies were known to be in
decline (e.g. Harries and Croome 1989).

Over the past decade similar concerns worldwide thed to a tremendous increase in
interest in MPAs and the roles that they can ptaye ecologically sustainable
management of coastal ecosystems. The roles thatdeen advocated include the
direct management of fish stocks (by protecting\sya biomass), the provision of
biological information for management of stockgj(eatural rates of growth and
mortality), an understanding the ecosystem effettshing, and the protection of
biodiversity. These have most recently been revienvdroberts and Hawkins (2000),
Wardet al (2001) and Gell and Roberts (2002).
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In Australia the potential role of MPAs in managtwastal ecosystems has led to the
incorporation of MPAs within the recently develog@deans Policy (Commonwealth

of Australia 1998) as a core element for achiegnstainable use of Australia’s oceans,
and has also led to the establishment of the NaltiRapresentative System of Marine
Protected Areas (NRSMPA) program (ANZECC 1998)sTgrogram is a collaboration
between the Commonwealth and State governmentieidify, select and declare

MPAs that are consistent with Commonwealth andeStahservation criteria.

One of the problems with implementing these pddierea practical way has been the
relative lack of empirical data on the effectivene§ MPAS in achieving their stated
aims, and an understanding of the range of fath@atscontribute to a successful
outcome. For example, at the time the Tasmaniarves were declared, there was a
fairly scarce literature documenting changes inperate protected areas following
protection (exceptions include Bell 1983, Buxton &male 1989, Colet al. 1990,
Bennett and Attwood 1991) primarily due to the canapive rarity of established

MPAs at that time. While the literature has incesghever the past decade (e.g.
Francour 1994, Babcoek al 1999, Chapman and Kramer 1999, Edgar and Barrett
1999, Coleet al 2000, Paddack and Estes 2000, Wélisl. 2003, Shears and Babcock
2002, 2003) and has been extensively examineckindbhcade of reviews that have
mirrored the increasing international interest iRA% (e.g. Roberts and Polunin 1991,
1993, Jonest al. 1993, Attwoodet al. 1997, Warcet al. 2001, Gell and Roberts 2002)
the range of examples is still insufficient to potdnany of the changes that may occur
on a regional scale and at a level greater thamgéesspecies.

Much of the early literature focussed on targetsseand bycatch, and demonstrated
that as a general rule target species increasedrand abundance within MPAs in
response to protection, and that this increasedanfiten be surprisingly large in areas
subject to long-term fishing.

Now that a number of MPAs have been establishedi@ogically significant time
periods (e.g., the Cape Rodney to Okakari Poimrvesat Leigh in NZ, established in
1977) studies examining the secondary effectseofemoval of fishing are starting to
produce results, with emerging evidence that tpedtmwvn regulation of food chains is
becoming re-established within MPAs (reviews bynegaret al. 2000, Tegner and
Dayton, 2000, Sumailet al. 2000) and demonstrating the ubiquity of the predat
grazer — primary producer paradigm developed bgriMa982) for Canadian reef
systems. In a regional sense, Shears and Babc0gR,(2003) have recently
demonstrated top-down control of community struetom temperate reefs in two
northeastern New Zealand marine reserves, wheodisydrs and predatory fishes at
natural densities limit destructive overgrazinguoghins. As the New Zealand reserves
studied by Shears and Babcock share a number ciesga common with southern
Australian waters (including the lobstiasus edwardsiiand have similar assemblage
structures on their reefs, it is quite possiblé tha patterns observed there are broadly
applicable to temperate Australian waters and rtiqudar, Tasmanian marine reserves.
The establishment of the Tasmanian no-take resenE391 provided a unique
opportunity to test the assumption that led tortdeclaration (i.e. that fishing had
substantially altered coastal biotic assemblagasicplarly with regard to target and
bycatch species) and to examine the generalityeofésults of the existing limited
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MPA and “effects of fishing” literature availabletaat time (e.g. Buxton and Smale
1989, Coleet al 1990, Bennett and Attwood 1991, Mann 1982).

The declaration of the reserves effectively esshleld a natural controlled experiment
or manipulation, where the removal of fishing pteesvas the treatment. This type of
experiment provided an ability to partition chandas to natural variability and
environmental cycles from those due to anthropagefiects. Such experiments,
conducted at realistic spatial scales, can usoallybe conducted in marine reserves,
and highlight the critical importance of MPAs aference areas for understanding the
effects of fishing. The establishment of the Tasisraneserves also offered another
unique opportunity, the ability to obtain a timeiss of data on change from the
beginning of protection, examining the divergentassemblages in protected and
fished areas using an experimental BACI type desigim replicate sites within
treatments. This design overcomes a flaw with nsnglies that either do not have a
“before” component and therefore cannot readilfed#ntiate between differences due
to habitat and protection effects, or lack gensrails they are based on observations of
a single site within treatments. Furthermore thalability of a long time series allows
the significance of trends to be examined rathan thfferences between endpoints,
greatly reducing the chance of type 1 errors whageificant differences are implied
when in fact they are the result of chance occagen

By studying changes in all four Tasmanian MPAdedénces associated with
protection could be examined across a range ofdtapreserve designs, (including
shape and size), and differing levels of fishingsgure. Although there obviously may
be some interactions between these factors, thesina of a range of locations does
allow some interpretation of the most likely infhees on change and an understanding
of the generality of observed changes at a regisceale.

This study was instigated at a time when the imp&f@ishing on Tasmanian coastal
systems was inferred, but there was little emgdieeédence either in Tasmania or
elsewhere to quantify the magnitude of these ingddterefore the major aim of the
study was to determine, using quantitative methibdisere were any identifiable
effects of the removal of fishing pressure witreserves on:

1) Target speciee.g. scalefish, abalone, lobsters),

2) Bycatch (particularly due to the use of non-selecgillnets by both recreational
and commercial fishermen in Tasmanian waters), and

3) Ecosystems (through predator, grazer, and primagycer interactions).

The outcome of this was to determine what possit2leagement implications there
were for:

1) MPA design and management,
2) Target species management, and

3) Coastal conservation, through management of bicsltyeand ecosystems.
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This latter component was particularly importantdaese there is increasing evidence
fishing is having widespread and substantial edesy®ffects (Jennings and Kaiser
1998, Daytoret al1998, Pinnegaet al. 2000), the establishment of “natural” baseline
or reference areas is essential to differentiatierapogenic impacts from natural
processes. Using MPAs as a reference for “natgraititions enables the identification
of the magnitude of anthropogenic impacts, an@dassary, ability to manage these
impacts to restore degraded systems to levels tadiedy the wider community,
balancing sustainable fisheries with conservatisicames.

The results presented here build on those of EalyaBarrett (1999) where the
changes arising after the five years of protectvene examined in some detail.

METHODS
Reserve descriptions

The four Tasmanian “no-take” marine reserves inetlich this study (Fig. 1) differ in
their intended roles and the assemblages theygbrdtee largest reserve, at Maria
Island on the Tasmanian east coast, is a regiemslecvation reserve initially intended
to protect a variety of habitats representativehefTasmanian east coast, ranging from
sheltered embayments to exposed open coast. Mahg bfbitats intended for
protection were excised from the proposed resemee o declaration, with the

majority of the coast currently protected withire tieserve being defined as slightly
exposed. The protected zone within the reservendstior approximately seven
kilometres of coast, including several rocky headtaand patch reefs that are isolated
from each other by sandy beaches.

The Ninepin Point reserve was intended to protestique assemblage of plants and
animals in the D’Entrecasteaux Channel, on sliglhbderately exposed reef at the
mouth of the Huon River. At Ninepin Point tanniaised river water overlies clearer
marine water, producing an unusual situation whghe is strongly attenuated by the
surface waters. This results in a marked compressithe photic zone. Invertebrates
not normally found in inshore waters are locallymatant here due to the absence of
competition by algae at depths below seven metresconditions are ideal for the
growth of red algae, resulting in an unusually higlersity of red algal species. As this
reserve was originally intended to protect an abdage of sedentary species, it is
particularly small, extending as a 500m arc of @ction from the end of Ninepin Point.

The Tinderbox reserve was intended to protect gerah inshore estuarine influenced
assemblages at the intersection of the River Daresnary and the D’Entrecasteaux
Channel. Such habitats are not found within thgdaMaria Island conservation
reserve, as it is located in marine waters 10 ke@lvas offshore and away from the
influence of freshwater inputs. A further role inded for the Tinderbox reserve was
the protection of an area close to Hobart thatavaspular recreational dive location
and extensively used for dive training and eduacafidhe habitats protected their range
from sheltered reef and sediments at the westanterslight/moderately exposed reef
at the eastern end, extending over two kilometfe®astline.
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Figure 2.1. Location of sites surveyed. Approximate reservenidi@uy positions are shown.
Site numbers within each region correspond torgitees and details shown in Table 2.1.
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The Bicheno marine reserve was intended to praoteant easily accessible location,
exposed shallow to deep reef habitats typical efeidistern Tasmanian coast, and
habitats that were under-represented in the otfigas@rve proposed for Maria Island.
As the MIMR was eventually declared with no exposedst protected within it, the
Bicheno reserve currently contains the only expasedt found in the Tasmanian
reserve system. An additional role of the Bichezserve was for recreational diving,
particularly commercial “ecotourism” diving assdei with a nearby dive centre. The
reserve extends for approximately 1.2 kilometres@lthe offshore coast of Governor
Island situated near the township of Bicheno.dtudes reef to 40 m depth in an
oceanic setting.

Sites examined

The locations of the four Tasmanian marine reseanelstheir respective census sites,
including reference locations, are shown in Figlife Site names and positions are
shown in Table 2.1. For the Maria Island Marined®es (MIMR) six sites were
established within the reserve and ten externateate sites (chosen for their
similarity to the reserve sites) were examinedrauthe initial survey in autumn 1992.
The external sites were then compared for theill@iity to the reserve sites using
multivariate analysis of the assemblage data, la@dik sites with assemblages most
closely resembling the reserve assemblages weretasélfor ongoing monitoring in the
following years (Edgar and Barrett 1997). The sigsschosen within the MIMR cover
a substantial proportion of the total reef aredinithe reserve, as much of the
remaining area of the reserve consists of sandghieseor very shallow reef with little
offshore extension. The surveys were generallyictstl to the five-metre depth
contour to reduce depth related variability in thenparisons. This depth was chosen
because:

1. It was representative of core habitat at the Mistend, Tinderbox and Ninepin
Point Marine Reserves.

2. Reefs in shallower water were often difficult tansas due to wave induced
turbulence.

3. Diving times at this depth were not limited by degwession schedules.
4. Few reefs at Maria Island extended to depths gréade six metres.

At Tinderbox only two sites were located within tieserve due to the lack of
availability of suitable habitat at five metresdawo reference sites were situated
nearby in habitats selected to match the refersibeas closely as possible. The
Ninepin Point reserve contains one site interradigt two reference sites. Like
Tinderbox, insufficient reef was available at fimetres for additional sites to be
located within this reserve, however, two referesites were established due to the
abundance of similar habitat within this locatiéw Bicheno two sites were initially
established within the reserve at five metres, with closely matched external sites
chosen in close proximity to match the exposurinefreserve sites. Following the
initial Bicheno survey in spring 1993 it was reafishat the exposed nature of this
location meant that surveys in 5m were in a highitpulent zone with little diversity of
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fishes, invertebrates of algae. In subsequent yehitional sites were added at 10m
(see Table 2.1) both within the reserve and atrobsites, to document changes at a
depth strata more representative of this location.

Location of sites

The sites were chosen so that their centres cautdddily visually re-located to within
+/- 5m longshore of the original survey positiorl. #ites were close to shore,
minimising offshore distance errors, and were s#d@djacent to easily recognised
shore features. Position offshore was determinetid¥p m depth contour which was
usually situated on a depth gradient sufficientdiéshore positioning to be determined
to within +/- 5 m. Following the acquisition of &fdrential GPS in 1999 positions
were able to be recorded to an accuracy of +/-émdthese are shown in Table 2.1.

Census methods

Introduction

The underwater visual census methods describedcahetose currently in use in
Tasmania, Victoria, New South Wales and Westerrtralis for assessing population
structure and biodiversity on temperate reef syst@he methods were originally
developed for assessing the effectiveness of Taam&tPAs (Edgar and Barrett 1997,
1999), and based on commonly used techniquesRassell 1997, McCormick and
Choat 1987, Lincoln Smith 1988, 1989). The suitgbdf this methodology for
assessing the magnitude of biotic change in tertp&t&As was an objective of this
study and the subject of a FRDC sponsored worksh@p99 (Barrett and Buxton
2002) and has been further reviewed by the Viatogiavernment Department of
Natural Resources and the Environment (NRE) asgbaineir commitment to long-
term monitoring of Victorian MPAs. Both the FRDC skehop and the NRE review
found these methods to be appropriate for the maghdiscussed above. The methods
described here have been developed within the framikeof being non-destructive (for
use in MPASs) and gathering as much data as possibdewide range of species,
including fishes, invertebrates and macroalgaes Bload census of biota allows
changes to be examined at the species level doedi, bycatch or key species) and
more widely at the biodiversity and ecosystem Ilgvel

As information was required on the abundance of fisvertebrates and macroalgae,
three different census methods were used to ol#hable quantitative abundance
estimates on these widely differing groups. At et site, the abundance and size
structure of large fish, the abundance of crypsbds and benthic invertebrates, and the
percentage cover of macroalgae were censused tdpara
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Suprabenthic Fishes

The densities and sizes of suprabenthic fishes estmmated at each site by laying four
50m transect lines along the 5m depth contour eodrding on waterproof paper the
number and estimated size of fish observed by e adwile slowly swimming above

the algal canopy along the centre of a 5m wide Issvap one side and then down the
other side of the line. A total of 4 x 508mansects were thus censused for large fish at
each site. Fish sizes are recorded in size cagsg@b, 50, 75, 100, 125, 150, 200, 250,

300, 350, 375, 400, 500, 625, 750, 875 and 100mM. Calibration of size estimates
was based on comparison of observed fish lengttisanscale-bar on the underwater
slates carried by divers. Care was taken to mimrthis duplicate counting of
individuals, especially fishes obviously attractedhe divers.

Invertebrates and cryptic fishes

Invertebrates and cryptic fish were censused aloagame transect lines (four 50m
lines) established for the suprabenthic fish susv@ydiver thoroughly searched the
seabed for a distance of 1 m from the transect iinvestigating all visible crevices and
overhangs but not overturning boulders. The digaridm was measured by a 1m-
length section of conduit carried by each divelis#iso aided in the capture of
lobsters. Macroalgae were swept away from the ¢i@rte obtain a clear view of the
substrate. Most mobile megafaunal (approximately wn length) invertebrates were
counted, including decapod crustaceans (crabs,lobsker and hermit crabs, but
excluding shrimps), large gastropods (whelks, nstabalone), selected bivalves
(scallops, excluding mussels and oysters), octapusids (feather stars), asteroids
(seastars), echinoids (sea urchins) and holothai(sea cucumbers). Other
invertebrates such as annelids (worms), polyplag@pts (chitons), shrimps and
ophiuroids (brittle stars) were not counted as theye mostly cryptic and too
numerous to be properly counted in the time avhalpbr survey. For abalone the
maximum shell length of each animal was measuradu to the nearest mm with
callipers, until at least 20 abalone had been nredsan each 50 m transect. The
carapace length of lobsters was also measured \phesgble. Measurements were
restricted to lobsters greater than 30 mm caraleacgh and to situations where the
animal could be captured and handled without damafpere lobsters could not be
captured, estimates of carapace length were obtéiyn@olding callipers as close to the
lobsters as possible. Estimated size data wereuselg in the analysis where indicated.

Macroalgae

The percentage cover of macroalgal species andsimgy invertebrates (sponges,
ascidians, octocorals, bryozoans) was quantifiepléaging a 0.5 x 0.5m quadrat at

10 m intervals along the four 50m transect lines @stimating the percent cover of the
all plant species in each quadrat. Twenty quadvate thus sampled per site. The
guadrat was divided into a grid of 7 x 7 perpenldicwires, giving 50 points (including
one corner) per sample position, under each oftwthie cover of each species present
was recorded. Initially the cover or overstoreycspe were recorded, and then these
were swept aside exposing the understorey speamiesfinting. Point-counts were
recorded for each lowest identifiable taxon, uguialispecies level. Unknown or
unidentifiable species were assigned functionagmies including: ‘unidentified
thallose reds’, ‘unidentified erect corallines’ntusting corallines’, * unidentified
filamentous reds’, ‘unidentified flamentous browasad ‘unidentified small browns’.
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Site protocols

The location of each site was determined from Visaks, site photographs and
sounder positioning prior to the use of differein@®S in 2000 and conventional GPS
in 2001, following the discontinuation of selectaeailability (the intentional position
wobble imposed by the US military). With both medkdhe positioning of the centre
point of each site during repeat surveys was egtdni@ be within 20m of the original
survey. The boat anchor was used to mark the pogifi the site. Starting at the anchor
a diver then swam out a 100m transect line in eaelction along the 5m depth
contour, thus a 200m length of transect line wéasbéished which was subdivided into
four 50 m segments for the purposes of the cerdtes. the transect was established
the diver would swim away from the line for 10 ni@sito minimise interaction with
fishes attracted to the disturbance, then couhéfiss described previously. Once the
fish counts were completed, transects were seafoh@avertebrates and cryptic fish,
with the algal census usually being conducted coaantly by separate divers. Using
this method, between two and three sites couldibeeged each day.

Sampling periods and times

The sampling periods were restricted to two “segswithin each survey year. These
periods were usually late February to late Apnil“fautumn” surveys and September for
“Spring” surveys. The timing of the surveys waselggent on prevailing weather
conditions and the availability of suitable undetevarisibility (estimated by the
distance that markers along the transect line coealdearly differentiated). Not all

sites were surveyed in all years due to the ladkmding in some years. Complete
autumn and spring surveys were undertaken in sdéirves in 1992, 1993 and 1997 with
less detailed surveys being undertaken in othesyaad then usually restricted to the
MIMR (see Table 2.1). Spring surveys (Septembergwestricted to between 0930 and
1600 hours and autumn surveys (February to Agribgtween 0900 and 1700 to avoid
poor lighting because of low sun angle and peraidewer fish activity. Due to the
limited ability to sight fish and increased fishoaance at low visibilities, fish censuses
were not attempted for visibilities less than 5mg asually not undertaken unless
visibility was 7m or greater.
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Table 2.1 Details of sites surveyed during monitoring osif&nian marine reserves between
1992 and 2002. Positions are in decimal degreieg ¥8GD 86 datum. Suffis denotes spring.

Location Site name Codeatitude Longitude Depth Year of survey
Maria Island Reserve sites
Darlington Jetty 1 425781  148.0607 5 92, 925933, 94, 95, 96, 97, 97s,
98, 99, 99s, 00, 00s, 01, 01s, 02
Hopgrounds Beach 2 42.604 148.0449 5 "
Painted Cliffs 3 42.594  148.0491 5 "
Return Point 4 42.6305 148.0229 5
Magistrates Point North 5 425842  148.0532 5 "
Magistrates Point South 6 42.5878  148.0505 5
Control sites
Isle du Nord 7 42.5638 148.066 5
Green Bluff 8 42.7217  148.0101 5 "
Point Leseuer 9 42.6623  148.0056 5
Point Holme Lookout 10 42,5546 147.9468 5 "
Spring Beach 11 42.5851  147.9143 5
Okehampton Bay 12 425255 147.9679 5 "

Tinderbox Reserve sites
Central 1 43.060 147.330 5 92, 92s, 93, 93s, 94, 95, 96983,
99, 99s, 00, 00s, 01, 01s, 02

Pearsons Point 2 43.053 147.343 5

Control sites

Lucas Point 3 43.039 147.338 5

Dennes Point 4 43.065 147.351 5 "

Ninepin Point Reserve site

Ninepin Point 1 43.286 147.166 5 92, 92s, 93, 93s, 94, 95, 96985, 99, 00, 01, 02
Control sites
Charlotte Cove light 2 43.274 147.141 5
Huon Island light 3 43.296 147.140 5 "

Bicheno Reserve sites
SE Governor Island 1 41.876 148.313 5 92s, 93, 93s, 94, 97, 97s, 99DDM2
North Governor Island 2 41.872 148.311 5 "
SE Governor Island 1 41.876 148.313 10 92s, 93, 93s, 94, 97, 97s, 99OND2
North Governor Island 2 41.872 148.311 10 93s, 94, 97, 97s, 99, 00, 01, 02
Control sites
Blow Hole 3 41.881 148.308 5 92s, 93, 93s, 94, 97, 97s, 90DM2
Harvey's Farm Point 4 41.905 148.315 5 "
Blow Hole 3 41.881 148.308 10 92s, 93, 93s, 94, 97, 97s, 99NM2
Waubs Bay 5 41.872 148.302 10 99, 00, 01, 02
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Analysis

Univariate analysis

The experimental design for this study was basea Bafore-After-Control-Impact
(BACI) design, with before and after comparisonbéanade between reserve (impact)
and fished (control) treatments. Multiple sitesrak@ed within each treatment gave
generality to any observed response with time. Wiiiamges in Tasmanian marine
reserves were first investigated in detail (aftee fears of protection) univariate
changes in abundance and size estimates were eeGioyPANOVA (Barrett and Edgar
1999). In this analysis a two-factor orthogonal AOwas used to examine data from
two seasons in 1992 and 1997, with season andsesasifixed factors. The log §1)
difference between years (i.e. 1997-1992) was tmeehch site as the statistical
parameter of interest, with transect data at edelpsoled to give a mean site value. A
log transformation was used as this reduced hetamty and gave greater significance
to multiplicative rather than additive changes. ékamine whether the significant
differences detected by ANOVA were the result ofgdgerm trends, the data were
assessed by calculating Spearman rank correlabeifidents relating time since
protection to the difference between untransformedn values from reserve and
reference sites for each year. If the magnitudgdiftérence between reserve and
reference mean values increased or decreased maapover the sampling period,
this change was indicated by a significant Speanraak correlation.

In the analysis of the current study, given thegrayear time series was now available
to examine trends through time rather than jusetigpoints, alternative approaches
were explored to incorporate the significance oféasing divergence between
treatments through time. The first of these apgdreaavas to continue the analysis
using the Spearman rank correlation coefficients Tirethod, while simple, was
appropriate as it was directly focussed on therpater of biological significance, i.e.
an increasing divergence between the mean valubsweach treatment through time.
As it was a non-parametric rank order test, it maisunduly influenced by non-linearity
in the rate of divergence, thus was ideally suitednalysing biological systems where
the rates and timing of divergence were unpredietaihe main disadvantage of this
test was that it is necessary to pool all valugliwieach treatment so that the
difference between treatment means can be obtaime@fore losing information
variation between sites within years. This was censated to some extent by the
increased power given to tests with greater spéaaion as a result of lower inter-
annual variance due to the increased replicatiothd analysis, the statistical package
SYSTAT was used to calculate Spearman rank valnesmtransformed differences
between reserve and reference area means of twagiars of interest in the years and
seasons shown in Table 2.1 for each reserve |locasimg a simple correlation of rank-
order data in a pair-wise comparison. The douldeskcritical values of the Spearman
rank correlation coefficients were obtained from Zar (1996), using n-2 degrées o
freedom and where n = the number of time pointspa

An additional analysis was developed to examinesifpeificance of differences in the
“shape” of long-term trends between treatmentss &hialysis would ideally not only
detect an accumulated divergence between treatrtientgyh time, but also detect
biologically meaningful situations where treatmestitfer significantly at some point
during the time series, while having similar redaghip at the beginning and end of the
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time series. This type of change was unlikely taleected by the Spearman rank
correlation approach. In this analysis the sitei@alwithin each treatment were first
normalised over the entire time series of inter&shird order polynomial curve was
then fitted to the normalised data for each treatraad the normalised data from both
treatments. The third order polynomial terms frdva ¢urves of best-fit derived in
EXCEL were compared in a Chi-squared test of thigyabf the common curve to
explain a similar degree of the observed variandbé two treatment curves, with a
significant difference arising when the two treattneurves provided a better fit to the
data than the common curve. Third order terms wensidered to be the most
appropriate common model to describe observed dréfitky provided the best
compromise between simplistic linear and parabulbcels produced by first and
second order polynomials and the unrealisticaliypplex models produced by 4th and
higher order terms. For the data from Maria Islan@hi-squaredistribution was
developed empirically by taking the site valuesasged with the six sites within each
of the reserve and reference treatments, and rasohgnthem to produce a distribution
of all possible differences and their probabilfgr Tinderbox this was not possible as
only two sites were present within each treatmléntting the number of random
combinations that could be produced. Here values wempared with conventional
Chi-squared tables for significance estimationsigmificance values were consistently
less conservative using tables than using the rarsddion method on Matria Island
data, significant results from Tinderbox may nesbé interpreted with caution. In
many cases this may be interpreted by comparinge¢gese of similarity between
standard and randomised Chi-squared from the N&sgnificance tests on the same
parameter of interest, as presumably the datasivie a similar Chi-squared
distribution. No tests were undertaken for the Brabreserve using this method as few
significant relationships were predicted from Spean rank correlations, and because
for the 10 m depth Bicheno sites insufficient sitese available to properly conduct
this test. This method proved to be most robusbmparisons where the parameter of
interest had few zero values and where averageyakere significantly above zero.
Results using this method of analysis were theeedmty shown where the data was
suitable. Likewise, as the analysis was time-comsgnanalysis was only undertaken
when an examination of summary data (presenteabdestin the Appendix) indicated
the possibility of a significant divergence occngibetween treatments.

Parameters of interesthe univariate parameters of interest in thisytadluded the
abundance per site of a wide range of fish andrialieate species, the mean size per
site of common fishes, lobster and abalone, angéheentage cover per site of
common macroalgal species. While effort was foaissecommon and exploited
species, a large number of species were examimesigfaificant trends, as the response
of assemblages within reserves following protecti@s not readily predictable.

Common and exploited species include the fisNegolabrus tetricugblue-throated
wrasse)N. fucicola (purple wrasse),atridopsis forsteri{bastard trumpeter),
Acanthaluteres vittigeftoothbrush leatherjacket) afheilodactylus spectabilis
(banded morwong), as well dasus edwardsiisouthern rock lobsterialiotis rubra
(black-lip abalone) and the common sea ur¢ietiocidaris erythrogrammaror
macroalgae the most common species were examinedittence of long-term trends,
including Ecklonia radiata Cystophora retroflexandSargassum fallaXn addition,
ecological groupings of algae were also examindtiese may respond more generally
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to changes. Grouping of interest included totalecpganopy cover (the cover of large
brown algae that form an overstorey above otherispg red algal cover and the cover
of Sargassunspecies. Red algal species were included as thagde particularly
influenced by grazer species &drgassunspecies were included as these were not
always easily distinguished and growth often regisan a similar manner to
environmental variation.

In some analyses the abundance data was splgizgaategories for further
examination. For fishes the size categories of@stanvere the number of fishes greater
than 250 mm and 300 mm. These categories were rclagsenpublished TAFI research
on gillnet selectivity suggested that nets commamlyse in Tasmanian waters selected
for fishes of 300 mm and above (J. Lypers. comn). This size-based analysis was
used on the two most commonly encountered resreefnfishes that grow to sizes in
excess of 300 mni. tetricusandN. fucicolawhen they were encountered in sufficient
numbers to do so. For the invertebrates this sised approach was also usedon
edwardsiiandH. rubra. Size categories for these species were chosdmedrasis of
biological and fishery characteristics. Theedwardsiisize classes were based on
immature, mature but sublegal, mature and legad.H.hubra size classes were based
on small animals that may normally be cryptic (feidy non-cryptic but sublegal, non-
cryptic and legal.

A size-based analysis was also used on categfishadata. Categories were all
resident fishes greater than 250 mm and 300 mnthendumber of species (richness)
with individual representatives greater than 250 30 mm per site. The first analysis
examined the total number of fishes that were rexd@er site by fishing practices that
target larger fish, while the species richnessdapproach examined the number of
species that were likely to be encountered by eeational diver on a typical dive, and
was sensitive to the general disappearance of spesmies that might not be detected in
individual abundance trends.

Multivariate analysis

Species richnes§or fishes, invertebrates and macroalgae the notaber of species
encountered per site was calculated and examinadiavariate statistic using the
Spearman rank and polynomial comparisons discyzssibusly.

Assemblage dat&hanges in the assemblages of fishes, invertetaatemacroalgae
through time were examined for each reserve anddlsociated control sites by
obtaining similarity values between and within pabreserve and pooled control
abundance data for each year of the study usinBrdne Curtis similarity index on
transformed data. For fishes and invertebrateslbbe@dance data was forth root
transformed. For fishes, the pelagic species veam®ved from the dataset as some
species (e.glrachurus declivgsrandomly occurred at sites in large numbers,
significantly influencing the assemblage presestilfe macroalgal data used was
percentage cover, a square root transformatiorug@d prior to calculating the Bray-
Curtis similarity index. Similarity matrices weralculated using PRIMER, and this
program was also used to graphically representethdting relationships using multi-
dimensional scaling (MDS) for interpretation of@sblage changes through time.
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RESULTS
Maria Island

Fishes

Fish abundance total of 78 species of fishes were recordedisim ransects
associated within the Maria Island region during years 1992 to 2002, and their
abundances per treatment are summarised in App@ridiMany of these species were
rarely encountered or had distributions limitegtsmall number of sites, and these are
not examined further other than for their contnbatto assemblage data. The
abundances of the most common species are shokig.i.2. Of these, the site
attached wrasses form a distinct group whose almoedshowed a remarkable stability
through time. These includ2otalabrus aurantiacu¢Castleneau’s wrasséictilabrus
laticlavius (senator wrassel,seudolabrus psittaculysosy wrasse)\. fucicola(purple
wrasse) andl. tetricus(blue-throated wrasse). Most other resident spegere less
stable or less abundant, includiMguschenia australibrown banded leatherjacket
Acanthaluteres vittigeftoothbrush leatherjackeheilidactylus spectabilibanded
morwong),Diodon nicthemerugglobefish),Aplodactylus arctiden@marblefish),
Pseudophycispp. (cod) anPempheris multiradiatuommon bullseye). Several of
these species showed clear patterns that couldiaxmrt of the observed variability.
For common bullseyes much of this variation wamgrily due to large changes
between years in the abundance of conspicuous Iscbibeewly recruited juveniles,
while for toothbrush leatherjackets, chance encasritetween divers and large mobile
schools contribute to the variabilityl. australisunderwent a strong recruitment pulse
in 1999 that was recorded again in 2000 but disa@okin subsequent years, while
another recruitment pulse resulteddnspectabiliguveniles of approximately 300mm
length becoming notably more abundant at Mariantskeom 2000 onwards.

Two species underwent clear cyclic patterns of dbone over this timéotolabrus
tetricus,the most common large fish on reefs in this regiatlined in abundance for
the first five years then increased to originaklewover the next five, with much of this
cycling being due to large changes in the abundahfishes below 200 mm.
Trachinops caudimaculatublotch-tailed trachinops), a small schooling ree$ociated
planktivore, underwent a very significant cyclesrigasing in abundance by more than
an order of magnitude from 1992 to 1999 and thefhrdeg to original levels by 2002.
Changes of this magnitude were not observed irotmr reef associated species, with
the exception oDinolestes lewin{yellow-fin pike), a mobile schooling species that
does not appear to be home-ranging on the scale widividual reef. Changes between
years could be related more to chance encounténssemools than to cycles in
abundance. Likewise, pelagic schooling species aathachurus declivigjack
mackerel) were occasionally sighted in large numbertransects (Fig 2.2) and were
highly variable between years, with this varialiffresumably related as much to
chance encounters as to temporal patterns.
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Figure 2.2. Comparison between Maria Island marine reserveextetnal reference sites of
the mean abundance per site (+/- se) of commoedisimcountered during the years 1992 to
2002. Abundances are N/2006.m
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Figure 2.2 (cont.).Comparison between Maria Island marine reservesatetnal reference
sites of the mean abundance per site (+/- se)raframn fishes encountered during the years
1992 to 2002. Abundances are N/2000 m

For the majority of species no clear differenceabnndance arose between the
protected and fished sites over time. Some spesuied, adN. tetricusdisplayed
consistent differences in the relative abundaneésden treatments due to treatment
related differences in preferred habitat, whileeosh such aBl. fucicola,were equally
common between treatments. The one species thahdid clear differences in
abundance due to protection from fishing Wwagorsteri. This species underwent a
substantial increase in abundance within the reserthe first five years following
protection, an increase that did not occur at éfierence locations. Figure 2.3 shows
the size distribution df. forsteriduring selected years between 1992 and 2002.
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A strong recruitment pulse of newly settled juvesibccurred in the spring of 1993 and
as these grew in size over the subsequent yearsvdre recorded during surveys. The
peak in abundance was reached in 1997, after viheclarger individuals were not
sighted in surveys. Smaller recruitment pulses wedun other years, resulting in a
residual population remaining within the reservéhi@a years following 1997. Due to the
decline in abundance within the reserve followi®§1 the overall divergence between
treatments was not found to be significant overtéimeyear period when assessed as a
Spearman correlation value (Table 2.2), howeveditierence between treatment
curves were found to be weakly significant using plolynomial curve comparison
(Table 2.3). Both significance tests were weakdnethe almost complete absence of
L. forsterifrom the reference sites during the study.

Fish length With the exception of. forsteri(Fig. 2.3), no individual species displayed
an obvious shift in size distribution within theseeve over the ten-year period of
protection. The changes iin forsteriwere due to inter-annual variation in recruitment
pulse strength and growth subsequent to theseg)ualsd were markedly different
between fished sites and the reserve, withlfefrsteribeing found at fished siteN.
tetricuswas the most abundant large fish at Maria Islartithe mean size and size
distribution of this species was examined for enadeof divergence between
treatments and shifts through time (Figs 2.4 & .2@hile the overall mean length did
vary between years in response to substantialamteual variation in the abundance of
individuals less than 200 mm length there was goificant divergence through time
between treatments (Table 2.2). An examinatiomefiéngth frequency distribution
indicated that larg8l. tetricushad not increased in abundance within the reserve
between 1992 and 2002, and an analysis of thevel@bundance dfl. tetricusin size
classes greater than 250mm length and greateB®@mm length found no significant
difference between the treatments over this period.

To determine whether the abundance of large fiehdsncreased in the reserve
following protection, the fish data were examinedirange of categories. These
categories included all fishes (excluding pelagicg other non resident species) greater
than 250mm length, all fishes greater than 300mmgtle the same categories with
forsteriremoved, and the species richness of fishes witi@se size categories. Few
statistically significant divergences were detedietiveen treatments through time for
any of these comparisons (Table 2.2, Table 2.3) thie exception of the abundance of
fish species greater than 250 mm, and overalldjpsties richness (Table 2.B).
forsteriwas excluded from some tests because this spzmidéd numerically dominate
the data. Three of the categories examined arersioiig. 2.6. In all these categories
larger fish became numerically more abundant withereserve sites than in the
control sites in the first few years following peotion, and this difference remained
relatively constant until 2000 before decliningdw levels in 2002.

As this pattern did not show a continually incregdrend for larges fishes within the
reserve over this time it lacked statistical sigihce, however, despite this there was a
clear trend for a treatment related effect in titermediate years, particularly for

overall fish species richness.
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Table 2.2. Spearman rank correlation coefficients and rdlatgnificance values for testing
serial convergence or divergence between mean hwaluas at reserve and control locations.

Species/ Location Marials.  Sig.? Tinderbo®ig.? | Ninepin Pt Sig.? | Bicheno 5m Sig.? | Bicheno 10m Sig.1
cases, df 17,15 15,13 12,10 10,8 10,8
Fish
Cheilodactylus spectabilis 0.44 0.43 X 0.92 0.005 -0.1
Caesioperca razor 0.096 X 0.26 X X
Dinolestes lewini -0.35 -0.17 0.36 0.17 0.045
Latridopsis forsteri 0.32 0.65 0.01 X 0.55 0.13
Meuschenia australis 0.24 0.74 0.01 -0.13 -0.48 0.095
Notolabrus fucicola 0.033 0.086 -0.28 0.75 0.05 0.78 0.05
N. fucicola> 300 mm 0.38 X X 0.73 0.62
Notolabrus tetricus 0.4 0.47 0.83 0.01 -0.17 0.54
N. tetricus>300 mm 0.29 0.59 0.05 -0.036 -0.38 0.59
N. tetricuslength -0.2 0.089 -0.38 X X
Acanthaluteres vittiger -0.44 0.004 0.25 0.64 0.49
Pictilabrus laticlavius -0.081 -0.24 -0.18 X 0.42
Trachinops caudimaculatus 0.018 0.58 -0.011 X X
Fish species richness 0.25 0.42 -0.008 0.23 301
Fish species >300 mm 0.48 0.74 0.01 -0.38 0.11 6 0
Fish species >250 mm -0.069 0.72 0.p1 0.58 0.23 0.5
Fishes > 250 mm 0.37 0.7 0.01 -0.17 0.66 0.62
Fishes > 300 mm 0.33 0.61 0.05 0.025 0.68 0.55
Fishes >250 mm extatridopsis 0.3 0.64 0.02 X X X
Fishes > 300 mm extatridopsis 0.3 0.77 0.005 X X X
Invertebrates
Jasus edwardsii 0.67 0.01 0.73 0.01 -0.094 0.16 -0.17
Jasus(115 mm +) 0.86 0.001 0.76 0.00b -0.25 0.096 0.33
Jasussize 0.850 0.001 0.393 X X X
Plagusia chabrus -0.18 -0.25 -0.08 -0.091 -0.39
Haliotis rubra -0.76 0.001 -0.725 0.01 0.036 0.097 -0.85 0,05
Haliotis (30-130 mm) -0.762 0.001 X X 0.024 -0.62
Haliotis (135 mm +) 0.005 X X 0.18 -0.49
Haliotis mean size (large category) 0.831 0.001 X X X X
Heliocidaris erythrogramma -0.559 0.05 -0.66 0.02 -0.31 -0.58 -0.71
Centrostephanus rodgersii -0.64 0.02 X X -0.19 -0.059
Pleuroplocha australasia -0.12 -0.34 X X
Amblypneustes/Holopneustes -0.66 0.01 -0.15 -0.078 0.67 X
Goniocidaris tubaria -0.12 -0.77 0.004 0.34 -0.48 -0.49
Nectria ocellata -0.044 -0.18 0.097 X -0.39
Petricia vernicina -0.018 -0.37 0.22 X X
Tosia australis 0.081 -0.097 X X X
Uniophora granifera 0.065 -0.37 X X X
Cenoliaspp. 0.32 -0.18 -0.72 0.05 -0.34 -0.3
invertebrate species richness -0.05 -0.68 0.02 39-0. -0.6 -0.52
Algae Note algae has 1 less case and d.f. than fishrevedtébrates
Acrocarpia panniculata 0.371 0.72 0.01 -0.1 X X
Carpoglossum confluens -0.206 -0.12 X X X
Caulerpa brownii 0.62 0.05 X X X X
Caulerpa trifaria -0.754 0.005 0.16 0.18 X X
Cystophora retroflexa -0.363 X X X
Durvillaea potatorum X X X 0.59 X
Ecklonia radiata 0.86 0.001 -0.066 -0.1 -0.66 0.52
Lessonia corrugata X 0.64 0.05 X 0.27 0.58
Macrocystis pyrifera X 0.13 0.16 X X
Phyllospora comosa -0.703 0.01 X X -0.2 -0.042
Sargassum decipiens 0.374 X X X X
Sargassum fallax 0.426 -0.19 0.17 X X
Sargassum verruculosum 0.54 0.05 0.18 -0.31 X X
Undaria pinnatifida 0.432 0.63 0.05 X X X
Zonariaspp. -0.129 0.72 1 X X X
Algal species richness 0.504 0.29 0.82 0.05 2-0.7 0.15
Total algal cover 0.315 0.22 0.79 0.05 -0.042 .650
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Table 2.3.Significance testing of shape difference betweeatiment responsegalues
obtained from Chi-squared tests of the significapfogifferences in the shape terms of third
order polynomials curves fitted to the time segésite values for reserve and control
treatments obtained between 1992 and 2002. Thishesld detect differences in trends
between treatments that are not necessarily refatedntinuous divergence. For the Maria
Island data the large number of replicate sitesradt an observed Chi2 distribution to be
calculated from randomised empirical data for gaetameter of interest. The 95% quantile
values in the table indicate the Chi2 value estadity the randomisation to give a
significance level of 0.05. P values indicate thedpcted significance level using a standard
Chi-squared distribution. For Maria Island a sigraiht outcome of less than 0.05 is shown (S)
when the Chi-squared value exceeds the randomisgdg@iantile (95% Q). For Tinderbox,
this is shown when P<0.05.

Maria Island Tinderbox
Species or grouping Pvalue 95%Q “hBig.? |Pvalue Chi Sig.?
Fishes
Notolabrus tetricus 0.83 8.1 15 0.051 9.44
N. tetricus> 300 mm 0.22 7.7 5.7 0.099 7.78
N. tetricussize 0.63 6.6 2.6 0.23 5.62
Latridopsis forsteri 0.07 8.6 8.7 S 0.024 11.24 S
Meuschenia australis 0.99 3.4 0.11 0.043 9.83 S
Notolabrus fucicola 0.9 9.5 1 X X
Fishes > 250 0.01 12.9 12.2 0.055 9.3
Fishes > 300 0.8 11.4 8.2 0.089 8.1
Fishes >300 extatridopsis 0.24 9.4 55 0.0047 15 S
Fishes > 250 extatridopsis 0.092 9.5 7.9 0.48 35
Fish species > 250 mm 0.076 8.2 8.5 $ 0.38 4.2
Fish species > 300mm 0.092 7.9 7.9 0.019 11.78 S
Fish species richness 0.12 4.87 7.24 S 0.77 1.8
Invertebrates
Crustaceans
Jasus edwardsii 0.01 11.3 13.2 S 0.024 11.2 S
Jasuscounts > 110 0.0082 10.7 13.7 S 0.0015 17.5 S
Jasusno est >110 0.011 10.5 13.1 S X X
Molluscs
Haliotis rubra 0.00014 20.8 22.8 S 0.18 6.1
Haliotis (30-130 mm) 2.8E-10 22.8 50.5 S X X
Haliotis > 130 mm 0.98 20.9 0.41 X X
Echinoderms
Amblypneustes ovum 0.49 34
Centrostephanus rodgersii 0.43 3.8 9.8 X X
Cenolia trichoptera 0.65 15.9 25 0.48 3.5
Goniocidaris tubaria 0.06 15.2 9.1 0.026 111 S
Heliocidaris erythrogramma 0.047 15.4 9.6 0.00077 19.1 S
Holopneustes/Amblypneustes 0.053 9.3 15.2 0.5 3.2
Invertebrate species richness 0.015 13.4 12.3 58.00 14.5 S
Algae
Ecklonia radiata 0.021 115 115 S X X
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Species richness and fish assembla@as:mean number of species encountered per
site is shown in Fig. 2.6. While there was a decimspecies richness at fished sites
compared to protected sites in the first five yedrhe study, this decline reversed over
the following years and by 2002 there was no ewdeasf long-term treatment related
changes in species richness.

The relationship between fish assemblage data lratim treatments was examined
using a Bray-Curtis similarity index on fourth racansformed abundance data of all
resident species. The relationship is present&iin2.7 using MDS to give the best
2D representation of the Bray-Curtis similaritiBeth autumn and spring survey data is
included in this plot and there are several notédd¢ures. Firstly there is a well-defined
left to right break between reserve and controlmegeandicating a consistent difference
being maintained between treatments presumablyaurinsic site related
differences. Secondly, while the assemblages havelared through time, the start
("92) and end points (‘02) are close to each othéoth treatments, suggesting long-
term changes were minimal. Thirdly, in both treatisehere was a clear seasonal
component to the assemblage data with spring ssitaggyearing at the top of the plot
and autumn surveys at the bottom. Clearly seasmrals are greater than changes
occurring over a decade, suggesting that long-tssemblage changes have been
minimal over the years examined.
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Figure 2.3. Size distribution of bastard trumpeteafridopsis forstef) per year within the
Maria Island marine reserve and at external referesites between 1992 and 2002.
Abundances are total abundance per treatment (R0LE&f).
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Figure 2.4 Mean length of blue-throated wrassi{olabrus tetricusper year within the
Maria Island marine reserve and at external referaites between 1992 and 2002. Means are
the average of site means within treatments (§/- se
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Figure 2.5. Size distribution of blue-throated wrasd#(olabrus tetricusper year within the
Maria Island marine reserve and at external refereites between 1992 and 2002.
Abundances are total abundance per treatment (R0L2f). Only data from every second
year is shown.
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Figure 2.6. Mean abundance per site of fishes and fish speictesess within the Maria
Island marine reserve and external reference lsétygeen 1992 and 2002. Abundances are
number per 2000 f(+/- se).
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Figure 2.7. 2-D MDS plot of the similarity between fish asseag#s present during autumn
and spring within the Maria Island marine resemé at external reference sites between 1992
and 2002. Reserve assemblages are denoted byffireRsand reference assemblages by C.
Autumn surveys are shown as integer values andgsptirveys with a 0.5 suffix. Similarities
were calculated using the Bray-Curtis similaritges on fourth root transformed abundance
data.
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Invertebrates and cryptic fishes
Abundance

A total of 20 species of cryptic fish and 46 sps@émobile megafaunal invertebrates
were recorded on the invertebrate transects assedaiath the Maria Island region
between 1992 and 2002, with their abundances gatntent shown in Appendix 2.2.
Many of these species were either rarely encoutht@nd displayed no obvious trends
in abundance through time, or had their distributiestricted to a limited number of
sites. These species were not examined further titherfor their contribution to
assemblage structure. Of the rare species, saergpic fishes were of note including
the green moraydymnothorax prasingghat had not been previously recorded for
Tasmanian waters, and the white ézar(ma microlepisthat had previously not been
reported south of Bicheno. Two other species raiglyted in Tasmanian waters, the
red velvetfish Gnathanacanthus goetzgand the warty prowfishAetapcus
maculatu} were recorded on a regular basis within thisaedput at low densities.

The abundance of the most common invertebrate spenmuntered are shown in Fig.
2.8. Many of these were relatively stable througtef with notable exceptions being
the long-spined urchirQentrostephanus rodgersand the large turba (irbo
undulatug. The large increase {D. rodgersiiin autumn 2000 was almost entirely due
to increases at two sites (Isle du Nord and Grdaff)Bence the large standard error.
This increase appears to have remained at a sie¥alrin the two subsequent years.
As a similar increase did not occur within the resethere was a statistically
significant divergence between treatments whensasseas a Spearman Rank
correlation (p < 0.02, Table 2.2), although thisuteseeds to be treated with some
caution due to the limited number of sites withrodgersiis:Turbo undulatusppeared
in very large numbers of small animals at one(8fing Beach) in 1999, producing a
pulse in abundance with high standard error, howehis pulse had disappeared
completely in the following year.

The remaining species generally displayed variatiorbundance within +/- 50% of
their long term mean value, including the echinad&Cenolia trichopterglcommon
featherstar)Heliocidaris erythrogrammgcommon urchin)oniocidaris tuberia

(pencil urchin) Nectria ocellata(ocellate seastarfpetricia vernicina(velvet star),

Tosia australigbiscuit star)Plagusia chabrugred bait crab) and@irizopagurus
strigimanug(red hermit crab). The majority of these speciepldiged relatively random
patterns of variation through time. However, exmey includeC. trichopterawhich
appears to have undergone a generally increagingd tn abundance within the reserve
relative to control sites over the past decadédalgh not statistically significant), and
P. chabruswhich displayed a cyclic pattern in abundance overdecade, a pattern
more pronounced at the control sites than withenrserveH. erythrogramma
appeared to display random variation in abundanttenthe first seven years of the
study and then a constant decline of approxima&@®p within the reserve over the
following four years. A similar decline was not ebged at the reference sites where
abundances increased slightly over this time. Tleérdein urchin numbers within the
reserve relative to reference sites was weaklyifsignt when examined as a Spearman
Rank correlation of difference with time (p = 0.0%&ble 2.2), however, this was not
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assessed as being a significant trend when bgxsiljihomial trends were fitted to the
time series (Table 2.3). Two species that did sHear differences through time were
the black lip abaloneH. rubra) and southern rock lobstel. dwardsii. Size

information was collected in addition to abundadat for these two species, and these
results are discussed in detail below.

Abalone

The abundance ¢1. rubra appeared to cycle over the decade 1992 to 2002peeks

in 1992 and 1998, with this pattern evident in h@tberve and control treatments (Fig.
2.8). A similar pattern was also evident in abalbimemass estimates derived from size
frequency data and from an abalone length-weidatiomship from this region
obtained by the TAFI abalone research section 8).

The most notable component of the abundance tinkessgas the relative decline in
abalone numbers within the reserve with respettida@ontrol sites over the period of
the study. This decline was highly significant, Wwiegtexamined as a Spearman Rank
value (p < 0.001, Table 2.2) or as a differenceolyqomial trends (p <0.05, Table

2.3). An examination of the length/frequency dimition ofH. rubrarevealed that the
decline in abundance was primarily due to a sigaift decline in smaller size classes in
the reserve relative to the control sites (Fig02.Individuals less than 120 mm shell-
length were common within the reserve in 1992, avthiey were virtually absent by
2002. This trend was most easily visualised in Eifyl, where abundance per year is
shown in three broad size classes. The arbitranbgen classes were 35-84 mm (a size
at which abalone were normally cryptic in this tegi 85-134 mm (emergent abalone
at or below the legal size limit of 132 mm), andgé 135 mm or greater (legal sized
animals). Individuals within the smallest size gaty were rarely sighted due to their
cryptic nature. In the intermediate size categeunpflegal) there was a tenfold decline
in abundance within the reserve between 1992 afid 2ad this decline was not
observed at the reference sites. At the referateethe abundance in this category
varied from year to year but was not notably déférin 2002 than in 1992. Overall, the
decline in small abalone within the reserve retatw the reference sites was also highly
significant whether assessed using Spearman Ramésvg <0.001, Table 2.2) or
comparing polynomial trends (p < 0.05, Table 2.8)hke largest size category (legal
sized), the abundance within the reserve remaiglatively stable during the study, and
although the abundance of large abalone fluctuawe@ markedly over this period, no
significant divergence was detected between treaBne the abundance of large
abalone between 1992 and 2002 (Tables 2.2 & 2.3).

TAFI Final Report — FRDC 1999/162 46



Changes Within Tasmanian MPAs

6001 Comanthus trichoptera _ Ginternal || 50 Tosia australis
@ external 40

400

30
200
0
92 93 94 95 96 97 98 99 00 01 02 92 93 94 95 96 97 98 99 00 01 02
800 1 Heliocidaris erythrogramma 100 Haliotis rubra

600
400

200

92 93 94 95 96 97 98 99 00 Ol 02 92 93 94 95 96 97 98 99 00 01 02

30 Centrostephanus rodgersii 250 Turbo undulatus
200
20
150
8 100
D 10
-
8
) 92 93 94 95 96 97 98 99 00 01 02 92 93 94 95 96 97 98 99 00 01 02
=
@ 40 Goniocidaris tubaria 20 Jasus edwardsii
o
c
S
Q
<
92 93 94 95 96 97 98 99 00 01 02 92 93 94 95 96 97 98 99 00 01 02
16 Nectria ocellata 15 Plagusia chabrus

92 93 94 95 96 97 98 99 00 01 02 92 93 94 95 96 97 98 99 00 01 02

9 Petricia vernicina 8 Trizopagurus strigimanus

92 93 94 95 96 97 98 99 00 01 02 92 93 94 95 96 97 98 99 00 01 02

Year

Figure 2.8. Mean abundance per site of mobile megafaunal iebestes within the Maria
Island marine reserve and at external referenes ditring autumn surveys between 1992 and
2002. Abundances are number per site (N/208/rse).
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Figure 2.9. Estimated mean abalone biomass per site (260rse) within the Maria Island
marine reserve and at external reference sitessleetw992 and 2002. The estimate is based on
the length frequency of abalone at each site argirayal length/weight relationships of

abalone derived for this region by abalone reseascht TAFI.

1992 O Internal
100 100 199¢

Internal =420 m External 80
80 External = 254 Internal =200
60 60 External = 292
40 40
20 20

0 T T T T T T T T T T T T T T T T 1 0 T T T :I\ EI\ T T T T T 1 T T T T 1

40 60 80 100 120 140 160 180 40 60 80 100 120 140 160 180

Y 1994 100 2000
Q 80 Internal =313 80
CIC) External = 139 Internal =172
= % 60 External = 178
S 40 40
L -
LL 20 20
0 T T T i T T T , . 0

40 60 80 100 120 140 160 180 40 60 80 100 120 140 160 180

100 1996 e 2002
80
80 Internal =206 Internal =171
60 External =118 60 External = 145
40
" _ﬂﬂ—m‘\_ﬂ'ﬂﬂl_l-m
0+ 1 i T T 1 T T T U T ]

40 60 80 100 120 140 160 180 40 60 80 100 120 140 160 180

Length (mm)

Figure 2.10. Length frequency distributions bfaliotis rubrameasured within the Maria
Island marine reserve and at external referenee batween 1992 and 2002.
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Figure 2.11. Abundance per size category (shell lengthHafiotis rubra within the Maria
Island marine reserve and at external referenes &ietween 1992 and 2002. The minimum
legal size for abalone during this period was 132 shell length. Abundances are N/120b m
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Figure 2.12. Mean size ofHaliotis rubrawithin the legal sized category measured withi th
Maria Island marine reserve and at external refereites between 1992 and 2002. The
number of abalone used to derive each estimatisrsin Figure 11.

As well as showing a decline in the abundance afllsabalone, the length frequency
distribution of abalone (Fig 2.10) indicated tHa#re had also been an increase in the
abundance of large abalone in the reserve reltitlee reference sites, and therefore
potentially an increase in mean size. Since a da@mparison of mean size between
treatments would have been biased by the absersraalf abalone in the reserve in the
latter years of the study, the mean size of themhB8b+ length animals was examined
as these displayed relatively constant abundaneetbe period of interest. There was a
significant increase in the mean size of abalorthigicategory within the reserve
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relative to reference sites (P < 0.001, Table 2vith the reserve mean size increasing
by 10 mm between 1992 and 2002 and the refereeas aemaining relatively stable.
The notable anomaly in 1995 (where sizes appeaavte been overestimated) may be
due to the low numbers of large abalone encounttuedg that year (see Fig. 2.11).

Rock lobster

The abundance dfasus edwardsappeared to have changed markedly over the
duration of the study (Fig. 2.8). At the referesies, there was a distinct cycle in
abundance, with peaks in 1998 and 1999 correspgrdipears of high recruitment of
small juveniles to the population. These recruittements were evident when the size
distribution of measured lobsters was examinedlaesgth/frequency plot (Figure
12.3). Following the years of high recruitment, matd@nce declined in the reference
locations to levels similar to those encountereti9f?2.
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Figure 2.13. Length/frequency distribution dasus edwardsineasured within the Maria
Island marine reserve and at external referenes Bitselected years between 1992 and 2002.
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Within the reserve itself, the population increaseghificantly in proportion to the
reference areas (p < 0.01, Table 2.2), with theeee within the reserve between 1992
and 2002 being approximately 250%. Much of thisease appeared to be in “legal”
sized lobsters, those greater than 110 mm cardgagth (Fig. 2.13), with a substantial
accumulation of lobsters in the 150 to 180 mm raaqggearing by 2002. Lobsters
above the legal minimum size were absent from tineey data in 1992 (Fig. 2.13) and
while they became abundant within the reserve loissquent years, they remained
absent or rare at the reference sites. The conopabistween size distributions within
the reserve and at the reference sites was maltrgwvhen this was summarised into
size categories. Figure 2.14 shows the distributidobsters in three categories
corresponding closely to immature lobsters (35-87) nsub-legal mature lobsters (88-
112 mm) and mature legal sized lobsters (113 mivhjle the abundance in the two
smaller size classes underwent a clear cycle deeddration of the study in both
treatments, there was no evidence of divergenesedeet treatments through time. For
the large size class there was a substantial dinesgbetween treatments. This was
significant whether examined as a Spearman ranleV@<0.001, Table 2.2) or as a
difference between polynomial trends (p < 0.05,l&@&03). Within the reserve legal
sized lobsters increased substantially in abundaweethe duration of the study, from
being virtually absent at the beginning to formimgre than 60% of the measured
population by 2002. At the fished sites, legal dilsbsters were rarely encountered,
and showed no sign of increasing abundance ovep#riod.
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Figure 2.14. Abundance ofasus edwardshy size class for lobsters measured within the
Maria Island marine reserve and at external reteraites between 1992 and 2002.

An obvious consequence of the substantial increagbundance of large lobsters
within the reserve has been a significant increaseean length compared with the
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external control sites (p < 0.001, Table 2.2). Thease within the reserve has been
from approximately 90 mm to 120 mm over the durabbthe study, while size has
remained relatively constant at the external sudt$, 78 mm being the long term
average (Fig. 2.15). When the size and abundagueeB are combined to produce
biomass estimates based on the formula B = 0.060371135 (S. Frusher, Tasmanian
Aquaculture & Fisheries Institute, unpublished Jlagdating east coast lobster biomass
(B) in grams with carapace length (L) in mm, thaktbiomass was estimated to have
increased within the reserve to 19.6 times th&inrlue in 1992 over the ten year
study. The value at the reference sites remairfatively stable over this period, with
no increasing trend between years (Fig. 2.16).
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Figure 2.15. Mean carapace length (mm) for lobsters measurddntte Maria Island
marine reserve and at external reference sitesgeetw992 and 2002.
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Figure 2.16. Estimated mean biomass per site of lobsters measuitiein the Maria Island
marine reserve and at external reference sitesgeetw992 and 2002.
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Species richness and assemblage structure

The number of species of cryptic fishes and langeritebrates encountered per site is
shown in Fig. 2.17. Invertebrate species richnesgined relatively stable over the
duration of the study, with the reference sitestgeonsistently greater diversity and
no evidence of a divergence between treatmentgtiCryshes were more variable
through time but did not display any evidence eatment related changes in species
richness.

The relationship between invertebrate assemblaigefidan both treatments was
examined using a Bray-Curtis similarity index onrfit-root transformed abundance
data for all species encountered. The relationshgpesented in Fig. 2.18 using MDS
to give the best 2D representation of the Bray-i€@imilarities.
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Figure 2.17. Mean species richness per site for invertebratgptic fishes and macroalgae
counted within the Maria Island marine reserve ainexternal reference sites between 1992
and 2002.
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The MDS plot was characterised by a well-defindttteright break between control
and reserve values indicating that there was ctamgig more similarity within
treatments than between treatments. While the ddages within treatments have
varied through time, the plot indicated that thems been no obvious divergence
between treatments through time, nor long-termctimaal change. Although the
endpoints ('92 & ‘02) of the reserve assemblagenadely separated compared with
the control endpoints, this change was similar agnitude to the difference between
1992 and 1993 values, suggesting that change lb@a@ldgcade was within the scale of
inter-annual variability.
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Figure 2.18. 2-D MDS plot of the similarity between mobile gadaunal invertebrate
assemblages present during autumn within the Mslaad marine reserve and at external
reference sites between 1992 and 2002. Reservmlalsgres are denoted by the suffix r and
reference assemblages by c. Similarities were lzabniusing the Bray-Curtis similarity index
on fourth-root transformed abundance data.

Macroalgae
Species level trends

A total of 98 species of algae were recorded froenalgal surveys within the Maria
Island region over the duration of the study (Apper2.3). While this was not a
comprehensive listing of all species encountereds@ne species were unable to be
reliably identified during field surveys) it didpeesent a reliable description of the
common species found. Many of the algae were infaty sighted, patchily
distributed and low in abundance, and these wetrexamined here other than for their
contribution to assemblage structure and total co&hin the reservé&cklonia

radiata was the dominant canopy forming species, Wiyistophora retroflexand
severalSargassunspecies also being important at some sgesrococcus axillaris,
Carpoglossum confluersdZonariaspecies were the most commonly encountered
understory species, although a mixed assemblagiaflgal species also contributed a
notable component at many sites. The reference witee on average slightly more
exposed than the reserve sites, and, as a conseq)tiee exposed water species
Phyllospora comosapatrtially replaced th€ystophoraandSargassunspecies to
become co-dominant witcklonia radiata.

The percentage cover of these and some of the ctinemon species found within this
region are shown in Fig 2.19. Several trends weigeat in this figure, perhaps the
most notable of these being the cycle in abundahCsstophora retroflexar his
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species underwent a substantial decline in thefius years of the study, particularly
within the reserve, however it displayed some recpin the latter years and there was
no evidence of divergence between the reserve @mdot treatments during the study.
The cover oEcklonia radiataalso underwent substantial change over this pevitida
significant increase in cover occurring within tieserve sites relative to controls when
examined as a Spearman rank value (P < 0.001, 2aleor as a comparison of
polynomial terms (P < 0.05, Table 2.3). Most oftrelative change occurred in the
first five years of the study wheEkloniasteadily increased in abundance within the
reserve and remained constant at the external Sitdsequent to 199Fcklonia
underwent a distinct cycle in abundance. The madked between spring 2000 and
autumn 2001 was due to an unusually warm water smarereEckloniaplants were
observed to have substantially decayed blades.
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Figure 2.19. Percentage cover of common macroalgae within theaMsland marine reserve
and at external reference sites between 1992 &bl 2@alues shown are the mean of site

means (+/- se).
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Phyllospora comosaas another species that underwent cyclic changasundance
during the study (Fig. 2.19), most notably withe treference sites where it was most
abundant. During this time the coverRifyllosporawithin the reference sites doubled
from 20% in 1992 to 40% in 2002. While this increags weakly reflected in the
reserve sites, changes within the reserve werd, gm@tesenting a significant
divergence between treatments (P < 0.01, Table P change iRhyllosporacover
was reflected irsargassunspecies (primarilys. verruculosum, S. decipieasdsS.

fallax), with the cover of these undergoing a markedideatithin the reference sites, a
decline significantly greater than that observethivithe reserve (P < 0.05, Table 2.2).

Several other species displayed patterns of irttereduding the green algdgaulerpa
flexilis. This algae showed marked differences in abundagiveslen seasons, forming
up to 15% cover within the reserve sites in Spand less than 2% during the Autumn
surveys (Fig. 2.19). The introduced brown algaelaria pinnatifidais an annual
species that also displayed large differences imaénce between spring and autumn,
appearing as small mature plants during the smumgeys and, if present at all, as
decaying holdfasts and sporophylls during the anturhe abundance @fndaria

varied throughout the decade but there was no eeeef a trend for increasing
abundance over this time in either the reserve tireaexternal sites (Fig. 2.19).

General cover

Despite some large changes in the abundance ohdotrspecies over the duration of
the study, the overall percentage cover of canopyihg species and the combined
cover of all species varied little over this tinfrieg 2.20). While the overall cover was
relatively stable, the cover of red algae did appeandergo a marked cyclic variation
in response to environmental variables, particylaithin the reserve where the cover
increased from 11% in 1996 to 24% in 1998 befodiniag again (Fig. 2.20).

Species richness and algal assemblage structure

The overall species richness of macroalgae withensurvey sites was relatively stable
over the duration of the study and showed no ewe@h a long-term divergence
between treatments (Fig. 2.17). The reserve stasistently displayed higher
diversity, suggesting the slight difference in aggr exposure between treatments was
influencing diversity at the site scale.

The relationship between macroalgal assemblagesiiaih treatments was examined
using a Bray-Curtis similarity index on square-rdansformed percentage cover data.
This moderately strong transformation should regamea balance between the influence
of the dominant cover forming species and the daution of the numerous minor
species encountered during the surveys. The re#dtip is presented in Fig. 2.21 using
MDS to give the best 2D representation of the BZaytis similarities. There are
several notable features within this figure. Firstlere is a well-defined left to right
break between the mean annual values for the s@ control treatments indicating
there was a consistent difference in assemblagesbe treatments through time.
Secondly, both reserve and reference assemblagesihdergone a degree of
directional change over the duration of the stWiiile these changes were in a similar
direction, the change within the reserve was sulisify greater than that observed at
the reference sites.
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Figure 2.20. Percentage cover of algal canopy species, all ajgadies and red algal species
within the Maria Island marine reserve and at exkreference sites between 1992 and 2002.
Values shown are the mean of site means (+/- se).
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Figure 2.21. 2-D MDS plot of the similarity between macroalgasamblages present during
autumn and spring within the Maria Island maringerge and at external reference sites
between 1992 and 2002. Reserve assemblages atediéydhe suffix r and reference
assemblages by c. Autumn surveys are denoted &ayeinvvalues for the year, while spring
surveys are denoted by the year with suffix .Gnifarities were calculated using the Bray-
Curtis similarity index on square- root transfornmedcentage cover data.
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Thirdly, while there was a seasonal componenteémtsemblage data, this only
accounted for a small component of the observeidhitity when compared to the
long-term changes that have occurred. A SIMPERyarsabf the species contributing
mostly to the long-term change within the resenddaated that in order of importance
Ecklonia, C. retroflexa, C. flexilliandPhyllosporacontributed more than 40% of the
overall trend, with a wide range of minor speciestdbuting to the remaining
component of change.

Tinderbox Reserve

Fishes
Abundance

A total of 53 species of fishes were encounterethdisurveys associated with the
Tinderbox marine reserve between 1992 and 2002hendabundances for each survey
are shown in Appendix 2.4. Many of these speciagwarely encountered, showed no
obvious pattern through time and are not discusgider. The most commonly
encountered species were the blue-throated wrhlsdet(icug, senator wrassé(
laticlavius) purple wrasseN. fucicolg, bastard trumpeteL( forsteri, toothbrush
leatherjacketA. vittigern, common bullseyeR. multiradiatug, little rock whiting (.
balteatu$ and the blotch-tailed trachinopb. caudimaculatys The abundance of
these species is shown in Fig. 2.22. A numberesdtunderwent cyclic changes in
abundance over the duration of the study, inclutngalteatus, P. multiradiatus, N.
tetricus,L. forsteri andT. caudimaculatusThe most marked change was with
Trachinopswhich underwent a substantial increase in aburelaativeen 1994 and
1998, particularly within the reserve.

L. forsterinumbers increased sharply in 1996 in both thavesand fished areas as a
result of a strong recruitment. Subsequently thprears to be a more sustained
recruitment into the reserve, not mirrored in tisedd areas (Fig. 2.22). Abundance in
the years following 1996 appears to be the redutiare recruitment events post
establishment of the reserve. The size distributidn forsteriat Tinderbox (Fig. 2.23)
suggests that by the year 2000, fishes derived thase recruitment events were
dominating the population within the reserve. Whilenbers ot.. forsterihave
increased markedly since 1992 throughout the reggoevidenced by the increases in
the fished sites, the population within the resdrage displayed a greater recovery than
that at the external reference sites (Fig. 2.283salt that was significant whether
assessed as either a Spearman rank value (p <l@lolg, 2.2) or as a comparison of
polynomial trends (p < 0.05, Table 2.3). The recpweas primarily due to the presence
of large fishes within the reserve that were maskkxts abundant at the fished sites
(Fig. 2.23). Over the duration of the study thees\an eightfold greater abundance of
L. forsteri> 350 mm length in the reserve than at the fished (288/s 35), whereas
the abundance af. forsteri< 350 mm was similar between treatmentsy824).

In the analysis of results, the brown-banded legtblket (M. australig also showed a
statistically significant divergence between treaits (p < 0.01, Table 2.2), however,
the overall number of individuals was low (Appendi¥) and insufficient to infer any
trend.
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Figure 2.22. Comparison between Tinderbox marine reserve aratreadtreference sites of
the mean abundance per site (+/- se) of commoadishcountered during the years 1992 to
2002. Abundances are N/2006.m
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Size:

As the most abundant large fish within the TinderbeserveN. tetricuswas examined
for comparative change in demographic structure/den the reserve population and
the reference population following protection. Véhilo divergence in the mean size
was detected (Table 2.2), a statistically signiftadivergence occurred between the
number ofN. tetricusin categories of greater than 250 mm and 300 ntimated total
length (p < 0.05, Table 2.2) with large wrasse inithe reserve increasing in
abundance following protection, while at externedsstheir numbers remained
relatively stable (Fig. 2.23).
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Figure 2.23. Comparison between Tinderbox marine reservecatetnal reference sites of
the length frequency dfatridopsis forsteriduring the years 1992 to 2002. Data from surveys
are pooled into two year blocks to reduce sampiinige. Abundances are N/4006.m

The fish assemblage data was also examined fogekan size structure across all
resident species using fish abundance data antéespedness data. Over the duration
of the study, the abundance of fishes greater 2B&mm and 300 mm increased
significantly within the reserve compared with tieéerence areas (p < 0.01, p < 0.05,
Table 2.2), with the abundance of fishes > 300 meneiasing tenfold within the reserve
and remaining stable at the external sites (FRB)2 AsL. forsteriaccounted for a
substantial proportion of the large fishes in #igel years, this trend was also
examined withouL. forsteri(Fig. 2.23). While the overall change was of auceti
magnitude (approximately a fourfold increase witthia reserve), indicating that
forsterimade a substantial contribution to the large digihted, it was still a significant
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increase relative to the control sites, whetheesss=d as a Spearman rank value (p <
0.005, Table 2.2) or as a difference in shape latvtlee polynomial trends (P = 0.0047,

Table 2.3).
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Figure 2.23. Comparison between Tinderbox marine reserve aratreadtreference sites of
the mean abundance per site (+/- se) of fishesmiitle summary categories in each plot,
counted on surveys during the years 1992 to 20B8ndances are N/200GFm

The species richness of fishes greater than 30@ispiayed a similar trend to the total
number of large fishes (Fig. 2.23) with the numiiespecies encountered within this
size grouping per site increasing significantlyhimitthe reserve when compared with
the control sites (p < 0.01, Table 2.2, p = 0.00#hle 2.3). Over the decade of the
study the average species richness of large feth&ses within the reserve increased
from approximately two per site to approximatelefper site, with the average at the
control sites remaining relatively constant.

Species richness and assemblage structure:

Little change was detected in the species richoklsh assemblages at Tinderbox over
the duration of the study (Fig. 2.24), with the @henumber of species encountered per
site remaining relatively constant through time andndication of divergence between
reserve and control sites over this time. Whersthmlarity between assemblages was
examined using the Bray-Curtis similarity indexfoarth-root transformed abundance
data and presented using MDS (Fig. 2.25) the p&st @haracterised by a well-defined
left to right break between control and reservei@slindicating that there was
consistently more similarity within treatments thaetween treatments. While the
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assemblages within treatments have varied thraog the plot indicates that there
has been no obvious divergence between treatntentsgh time, nor long-term
directional change. Assemblage change within treatsover the decade of the study
was within the scale of both inter-annual and wsegisonal variability.
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Figure 2.24. Comparison between Tinderbox marine reserve aretredtreference sites of
the mean species richness per site (+/- se) adédisind invertebrates counted on surveys
during the years 1992 to 2002. Abundances are /260
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Figure 2.25. 2-D MDS plot of the similarity between fish assead#s present during autumn
within the Tinderbox marine reserve and at exterefdrence sites between 1992 and 2002.
Reserve assemblages are denoted by the suffix reéer@nce assemblages by c. Autumn
surveys are denoted as integer values and sprimgysuby year with suffix + 0.5. Similarities
were calculated using the Bray-Curtis similaritgen on fourth-root transformed abundance

data.

Invertebrates and cryptic fishes
Abundance

A total of 18 cryptic fishes and 40 mobile megaf@umvertebrates were recorded
surveys within the Tinderbox region between 1992 2002 (Appendix 2.5). Figure 26
summarises the patterns of variation in abundah¢keeomost common species. Many
of the remaining species were either rarely enayentor patchily distributed in space
or time. Of these two species were of note. ThertscofParma microlepigscaleyfin)
andC. rodgersii(long-spined urchin) mark the southern-most reedrabservations of
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these species at the time, indicating that thigtloo was becoming influenced by
vagrant warmer water species.

Within the more common species (Fig 2.Z8)scinasterias muricatéeleven-arm star)
was of interest in that it underwent a substantgdruitment event in 1999, with
juvenile animals being super-abundant on the reeind that year. By 2000, the
numbers had essentially returned to backgrounddeWhile C. muricatais commonly
encountered on reefs it is generally more abundargediments. On reefs it is usually
observed as large animals, however in 1999 mosvithdils counted were small,
suggesting a recent recruitment event rather thamaxplained aggregation.

Other species displaying interesting trends inaludee common featherstaC.(
trichopterg, which underwent a marked decline in abundanes the duration of the
study, declining approximately threefold in botle tieserve and control sites. Cyclical
patterns were evident in the abundance of the geantber Stichopus moll)s and
firebrick star Petricia vernicing, although withP. vernicinathis pattern appeared to be
restricted to the reserve.

Several species displayed significantly differemtitgrns between the reserve and
control sites over the duration of the studyoniocidaris tubaria(pencil urchin)
declined markedly within the reserve while remagnialatively constant at the external
sites. This difference was significant whether ssed as a spearman rank value (p <
0.005, Table 2.2), or as a difference in polynoniiahds (p = 0.026, Table 2.3).
However this result needs to be treated with sometian as the naturally low
abundance of this species at the control locatioag have masked any decline there. A
similar pattern was observed witH. erythrogramma(the common urchin) where
numbers declined within the reserve towards theerayears of the study, while
remaining relatively constant at the external sit€kis difference was significant
whether assessed as a spearman rank value (p <T@z 2.2), or as a difference in
polynomial trends (p = 0.0008, Table 2.3).

J. edwardsiiabundances increased to more than twice the atigenmber within the
reserve during the study while numbers at extesitas remained relatively constant
(Fig. 2.26). This was a significant divergence lesw treatments when assessed as a
Spearman rank value (p < 0.01, Table 2.2). Thigihce appeared to be primarily due
to a marked increase in the number of large lobstathin the reserve (Fig. 2.27). The
increase in large lobsters was examined and fomue tsignificant whether assessed as
a Spearman rank value (p < 0.005, Table 2.2) ax pslynomial trend (p = 0.0015,
Table 2.3). The abundance of sub-legal animalsappgeto vary in a cyclical pattern
during the study (Fig. 2.27), with a peak in 1988ttwas substantially greater than that
recorded in 1992. A calculation of the biomass aolbsters based on their size
distribution and the known length weight relatiopsfor the region indicated that by
2002 the biomass had increased to 8.6 times th2 \I&18e within the reserve, while at
the external sites the biomass was 0.98 times382 talue.
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Figure 2.26. Comparison between Tinderbox marine reserve aretreadtreference sites of

the mean abundance per site (+/- se) of commonlenot@gafaunal invertebrates encountered

during the years 1992 to 2002. Abundances are Nt#00
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The blacklip abaloneH. rubra) increased in abundance at the external sitesigltine
study while within the reserve abundances remaated low level (Fig. 2.26). This
trend was significant when assessed as a Speaanknalue of differences between
treatments (p < 0.01, Table 2.2), however it ndedbe treated with caution, as the
abundances within the reserve were low and varigassibly masking any increasing
trend there. As the reserve abundances were |ome thias insufficient data to assess
whether juvenile abalone had undergone a similatirde to that observed at Maria
Island.
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Figure 2.27. Abundance ofasus edwardsldy size class, with estimated size class
distribution based on lobsters measured within &ibhdx marine reserve and at external
reference sites between 1992 and 2002. Abundaned¢seanumber per 400°nwith size
classes of carapace length corresponding approadyriatimmature (35-87 mm), mature sub-
legal (88-112 mm) and mature legal (113+ mm) atsma

Invertebrate species richness and assemblageustruct

A small decrease was detected in the species sshuofanvertebrate assemblages
within the Tinderbox reserve over the durationhs study (Fig. 2.24), with the overall
number of species encountered per site decliningimelly through time, giving a
significant Spearman rank value (p < 0.02) for dyemce between reserve and control
sites. This divergence was approximately equivaleatdecline in one or two species
within the reserve and a similar increase at thieraal sites. Within the reserve this
most likely related to the marked declineélinmagnificaG. tubariaandH. inflatus
numbers (Appendix 2.5, Fig 2.26).

When the similarity between assemblages was examiumeng the Bray-Curtis
similarity index on fourth-root transformed abundardata and presented using MDS
(Fig. 2.28), the plot was generally characterisgcabwell-defined left to right break
between control and reserve values indicating thate was usually more similarity
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within treatments than between treatments. Thisepatdiffered in 2002, however,
when the reserve assemblage nested within the ricstorange of the control
assemblage. This convergence appeared to be rédadeceduction in the abundance of
H. erythrogrammawithin the reserve to levels similar to the refere sites, and to the
marked decline o6. tubaria, T. australi@ndT. magnificawithin the reserve in 2002.
These latter species were originally common withmreserve and rare at the reference
sites and were conspicuous elements differentidiiageserve and reference treatments
prior to 2002 (Appendix 2.5). The assemblagesiwiboth treatments appear to have
varied directionally through time, although thisaolge does not appear to be treatment
related as both treatments moved a similar distancein a similar direction between
1992 and 2002 (Fig. 2.28). The most notable componghin the assemblages that
may be responsible for this change is the abundaihCe trichoptera as this species is
numerically dominant in both treatments and hastuywhe a marked decline between
1992 and 2002. Seasonal changes in assemblagéustrappeared to be generally
lower than the variation between years.
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Figure 2.28. 2-D MDS plot of the similarity between mobile meaahal invertebrate
assemblages present during autumn and spring withifiinderbox marine reserve and at
external reference sites between 1992 and 2002rReassemblages are denoted by the suffix
r and reference assemblages by c. Autumn surveydemoted as integer values and spring
surveys by year + 0.5. Similarities were calculatethg the Bray-Curtis similarity index on
fourth-root transformed abundance data.

Macroalgae
Species level trends

A total of 77 species of macroalgae were recordethd the algal surveys within the
Tinderbox region between 1992 and 2002, and theathvaeean percentage cover of
each species recorded per treatment in each ysammarised in Appendix 2.6. The
mean abundance per year of some of the more compeanes is shown in Fig. 2.29.
The dominant algal species in this region Wasadiata,which formed approximately
30% cover in both treatments (Fig. 2.29). While ¢beer of this species fluctuated
somewhat over the duration of the study, theremeagbvious trend to the fluctuations,
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and no divergence between treatments was obseélrkiiedemaining algal cover
consisted of a broad mixture of species, includiagpoglossum, Acrocarpiand a mix
of Sargassunspecies, with few species exceeding 10% covemabae time.
Acrocarpia panniculatavas moderately common at the reference sites92 b@it
declined by more than 60% over the duration ofstiney, a decline that differed
significantly between the reserve and referencations (p < 0.01, Table 2.2) as the
reserve cover fluctuated over this period but ditlsthow any long-term trend. A mix
of Sargassunspecies, most notab$. fallaxandS. verruculosumnwvere also
conspicuous components of the flora in most ydarcs .29). While these underwent
substantial fluctuations in abundance during tbdysthere was no obvious trend, with
seasonal fluctuations being similar to those experd over longer time frames. In
Appendix 6, the groupin§argassunspp. relates to non-fertile plants that could bt
positively identified but that are likely to & fallax.

The giant string kelMacrocystis pyriferaunderwent a substantial cycle in abundance
during the study. At the reference sites whereai$ wost abundant, it declined from
5% cover in 1992 to a low of 1% in 1996 before @asing to 10% cover in 2000 (Fig.
2.29). The actual surface canopy cover was fatgrélaan that estimated by quadrats
placed on the seabed, and in 2000 the surface gaowpr ofMacrocystisat Lucas

Point (one of the reference locations) approacl®ddcover above the 5 m depth
contour.

Below the canopy species, red algal species caéabup to 40% of the cover, with
the most common and stable of these b&atjophyllisspecies (Fig. 2.29).

During the study the introduced kelp pinnatifidabecame established within the
reserve, first appearing adjacent to the boat-rangpthen slowly spreading throughout
the general region. It first became evident ongeats during the spring 1999 survey
where it was present as a few isolated plants.rnguhe spring 2001 survey it was a
dominant cover forming species at the central Tibbpde site adjacent to the boat-ramp,
forming up to 100% cover in areas previously ocedy urchin barrens, and had
spread as isolated plants throughout the Tinderégion. The cover of this species is
shown in Fig. 2.29.

When the total cover of red algal species, canopyihg species and the total algal
cover was examined, no obvious divergence aroseckeatthe reserve and control
flora. Although the overall cover in these groumrilgictuated between years, no
obvious long-term trends were evident (Fig. 2.29).

Algal species richness and assemblage data

The average algal species richness within treasnarted throughout the study (Fig.
2.30), and appeared to vary in a cyclic patterinaihotable peak in 1995. Much of the
variation in the species recorded was relatedfterdnces in the number of red algal
species encountered, with ephemeral red algae étimirthe overall species
composition (Appendix 2.6). When the similarityween assemblages was examined
using the Bray-Curtis similarity index on squaretrtransformed percentage cover data
and presented using MDS (Fig. 2.31), the plot Wwesacterised by a well-defined left

to right break between reserve and control valnégating that there was usually more
similarity within treatments than between treatrse®easonal differences within
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treatments appeared to be generally small when amdgo longer-term changes. The
most notable long-term change was within the resassemblage, where a substantial
shift occurred between 1992 and 2002. While this appears large, a SIMPER
analysis of the results indicated that most of was attributable to changes in the
abundance dtcklonia, MacrocystisndPhacelocarpusOf these, only th&lacrocystis
change was of biological significance, witiMacrocystisstand developing at the
Pierson’s Point site in 2000 and remaining into200
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Figure 2.29. Comparison between Tinderbox marine reserve gietrel reference sites of

the mean percentage cover per site of common mgetapecies, the cover of canopy

forming species and all algal species encounteneidglthe years 1992 to 2002. Values are the
mean of site means (+/- se).
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Figure 2.30. Comparison between Tinderbox marine reservesatetnal reference sites of
the mean species richness of common macroalgalesperccountered on surveys during the
years 1992 to 2002. Values are the mean of sit@isn@d- se).
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Figure 2.31. 2D MDS plot of the similarity between mobile madgzd assemblages present
during autumn and spring within the Tinderbox manieserve and at external reference sites
between 1992 and 2002. Reserve assemblages attediéydhe suffix r and reference
assemblages by c. Autumn surveys are denotedeggeimtalues and spring surveys by year
with suffix + 0.5. Similarities were calculated ngithe Bray-Curtis similarity index on square-
root transformed percentage cover data.

Ninepin Point

Fishes
Abundance

A total of 40 species of fish were recorded on freimsects within the Ninepin Point
region between 1992 and 2002 (Appendix 2.7). Odehthe mean abundances of the
most abundant resident species are shown in Fiy8&N. tetricuswas the most
common large reef residemmb)lowed byP. laticlavius.Two other wrasse specids,
psittaculusandN. fucicola,were also regularly encountered. The barber pérchsor
tended to form aggregations and was occasionatlgwertered in large numbers, while
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the small schooling planktivore caudimaculatugvas regularly encountered in large
numbers. Although not shown in Fig. 2.32, sevetiaépspecies were commonly
encountered within the fish assemblages of thimred hese included the
leatherjacketd\. vittiger,andM. australis,the wrass®. aurantiacusand two small
fishesP. multiradiatusandN. balteatusThe yellow-tail pikeD. lewinii was
occasionally encountered in large numbers andasackeristic of this location,
although it is not clear to what extent this scirapbkpecies displays an affinity to a
home reef.
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Figure 2.32. Comparison between Ninepin Point marine reservesatetnal reference sites
of the mean abundance per site (+/- se) of comisbrehcountered during the years 1992 to
2002. Abundances are N/2006.mhe value for the external treatment is missm@999, and
the reserve treatment lacks a standard error §ooel site was surveyed within the reserve
due to the lack of suitable habitat.

Notolabrus tetricusvasthe only species to display any significant diveigebetween
treatments (p < 0.01, Table 2.2), with overall atance at the external sites undergoing
a 50% reduction during the study while remainirapkd within the reserve site (Fig.
2.32). This change did not appear to be relatethémges in the abundance of larger
fishes subject to fishing, as no significant divarges in the abundance of large wrasse
were detected between the treatments (Table ®.@3hinopswas the only other
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species to display a notable pattern in abundamzbergoing a substantial increase in
abundance at both reserve and reference locati@rdlee decade, increasing more than
tenfold within the reserve during this time

Fish assemblages

The MDS plot of fish assemblage relationships witihie Ninepin Point region is
shown in Fig. 2.33. In this plot the assemblagebleatontrol sites closely resembled
those within the reserve and there was considemiadap between both assemblages
through time. Changes on seasonal and annual talesswere of a similar magnitude
to those over a decade and there was no evidertieeofional change over the
duration of the study, nor divergence betweenineats.
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Figure 2.33. 2-D MDS plot of the similarity between fish asseat#s present during autumn
and spring within the Ninepin Point marine reseaxd at external reference sites between
1992 and 2002. Reserve assemblages are denotbd byffix r and reference assemblages by
c. Autumn surveys are denoted as integer valuesaiigg surveys by year + 0.5. Similarities
were calculated using the Bray-Curtis similaritgen on fourth-root transformed abundance
data.

Invertebrates and cryptic fishes
Abundance

A total of 11 cryptic fish species and 31 megafdumaertebrate species were recorded
during invertebrate transects within the NinepinnPoegion between 1992 and 2002.
The abundance of these species per treatment amdsypresented in Appendix 2.8,
and the mean values per site of the more commoaiespare shown in Fig. 2.34.
Overall, the invertebrate assemblages at thesewiee dominated by an abundance of
C. trichopteraand H. erythrogrammawith G. tubaria, P. vernicinaand P. dubeni
being relatively common. Over the duration of theadg C. trichoptera numbers
increased markedly within both treatments, althothgd increase was greatest within
the reference sites, resulting in a weakly sigaificdivergence in treatments being
detected (p <0.05, Table 2.2). A number of othexcss appeared to undergo cyclic
changes in abundance during the study includingcellata, P. vernicina, P. dubeni
andH. rubra, however these were generally small, and maximulmegawere usually
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within 2-3 times the minimum values. The exceptias P. dubenithat was
completely absent from the 2000 surveys and ratiearsubsequent years.
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Figure 2.34. Comparison between the Ninepin Point marine resandeexternal reference
sites of the mean abundance per site (+/- se)rafraan fish encountered during the years 1992
to 2002. Abundances are N/2008. fihe value for the external treatment is missm#999,

and the reserve treatment lacks a standard eranlg®ne site was surveyed within the
reserve due to the lack of suitable habitat.

The exploited specids. rubraandJ. edwardsiishowed no evidence of treatment
related change in size or abundance following ptmie of the reserve. Within this
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region of the D’Entrecasteaux Channel the majaitgbalone were in shallower water
than the 5 m depth at which transects were conduatel abalone were rarely sighted.
The lobsters, while present, were patchily distelluand restricted to clumps of
favourable habitat that only constituted a smattise of the transect area. Due to this
patchy distribution and a lack of replicate sitathim the protected area, insufficient
lobsters were encountered to determine the extentyotrend. While it was evident
that the number of large post-legal sized lobdtasincreased following protection,
insufficient numbers were sighted to develop megiiriength frequency plots or to
conduct significance tests.

Invertebrate assemblage data

The Bray-Curtis similarity between the invertebratsemblages surveyed within the
Ninepin Point region during the study is shown i9. 2.35. There was some overlap of
the space occupied by reserve and reference aseablages over the decade of the
study, indicating that the assemblages within tneaits were closely matched. There
were no clear long-term trends evident in the abtsye data, with seasonal and annual
changes being of similar magnitude to changes awen-year time-frame. While there
was some distance between the 1992 to 2002 vdahissyas similar in magnitude and
direction in both treatments suggesting that simgeocesses had structured these
assemblages.
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Figure 2.35. 2-D MDS plot of the similarity between mobile mémanal invertebrate
assemblages present during autumn and spring vitibilNinepin Point marine reserve and at
external reference sites between 1992 and 2002rfR=assemblages are denoted by the suffix
r and reference assemblages by c. Autumn surveyslemoted as integer values and spring
surveys by year with suffix + 0.5. Similarities weralculated using the Bray-Curtis similarity
index on fourth-root transformed abundance data.

Macroalgae
Individual species cover

The algal assemblage at Ninepin Point and at tjazewl reference sites was
characterised by high species diversity, with altot 84 species or genus groupings
being recorded during the study (Appendix 2.9). Rlgal species formed a notable
component of both algal cover and species compaosivith Sonderopelta coriaceae
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andThamnoclonium dichotomubeing conspicuous components of the flora,
contributing between 20-30% of the total cover iostryears (Fig. 2.36).
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Figure 2.36. Comparison between Ninepin Point marine reserveeatetnal reference sites

of the mean percentage cover per site of commomaakyal species and the cover of canopy
forming species and all algal species encounteneidgithe years 1992 to 2002. Values are the
mean of site means (+/- se).

The remaining cover was dominated by the brownedigaadiata, C. confluens,
Zonariaspecies an®argassunspecies (Fig. 2.36). The total cover of algae raath
fairly stable during the study, with cover beingpagximately 100% in both treatments.
One notable component of this cover, however, wagarticularly low cover of
canopy forming species. At Ninepin Point the aftgl at 5m depth is light-limited
due to the input of tannin rich waters from theaadnt Huon River, with canopy
forming species such &ckloniaandSargassunieing largely replaced by a suite of
smaller red algal species more tolerant of lowtlighnditions.
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Over the duration of the study there was no appalieargence between treatments in
the abundance of common species, Bokloniawas the only species to display any
long-term cyclical pattern in abundance. Betwee®21&nd 1996 the cover Etklonia
within the reserve underwent a twofold increaseigetlieclining by a similar amount
by 2002. A similar trend was observed at the reiegesites (Fig. 2.36).

Algal assemblage data

The similarity between assemblages was examined) tise Bray-Curtis similarity

Index on square-root transformed percentage caterahd presented using MDS (Fig.
2.37). This plot was characterised by a top todmotbreak between control and reserve
values, indicating that there was consistently nsarelarity within treatments than
between treatments over this time scale. Whenitfexehce between treatments was
examined using SIMPER analysis it was found toreel@minantly due to small
differences in the cover of dominant species ratian a marked difference in the
species present.
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Figure 2.37. 2-D MDS plot of the similarity between algal assémgles present during
autumn and spring within the Ninepin Point marieserve and at external reference sites
between 1992 and 2002. Reserve assemblages attediéydhe suffix r and reference
assemblages by c. Autumn surveys are denotedeggeintalues and spring surveys by year +
0.5. Similarities were calculated using the BraytSusimilarity index on square-root
transformed percentage cover data.

In both the reserve and reference treatments #pgrears to have been a directional
shift in the assemblage structure between 19928604, with both treatments shifting

a similar distance and in a similar direction. Tindicates there has been no treatment
related response in the assemblage structure logeimhe period. A SIMPER analysis
of the underlying causes of the shift indicates ihia primarily due to variations in the
abundance of annual red algal species that flueinaibundance in response to varying
environmental conditions. These includgmenena curdieanandJenerettia lobata,
species that increased in cover from 0% to near A@8teen 1992 and 2002. Changes
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in the cover of perennial species suclitekloniamade little contribution to the overall
assemblage shift.

Bicheno

Fishes
Abundance

The fish assemblages at Bicheno were surveyediat3oo and at 10m. These surveys
commenced in spring 1992, with two internal and axternal sites at the 5m depth
contour, and one internal and one external sif®at. In spring 1993, an additional
internal site was added to the 10m surveys, aagdiinmn 1999 an extra external site
was added. This variation in site replication fog L0m data has obvious implications
for analysis and interpretation of results. In skegtistical analysis shown in Table 2.2
only data form the original two sites was used.5At, a total of 37 species were
encountered during the study (Appendix 2.10), whi#hassemblage being dominated by
the resident speci@é fucicola, A. vittigeeandO. cyanomelagherring cale), wittC.
spectabilis(banded morwong) ard. tetricusbeing regularly sighted. Mobile coastal
species such asripis spp. (Australian salmon) afid decliviswere occasionally
sighted in large numbers, as was the warm tempesagt@ntAtypichthys strigatus
(mado sweep).

The temporal variation of the most commonly enceret resident species is shown in
Fig. 2.38. Of these, two species appeared to digpagnificant treatment effect, with
C. spectabilisundergoing a substantial decline at the extelitesd svith respect to the
reserve sites (p < 0.005, Table 2.2) &hducicolaundergoing a marked increase in
abundance within the reserve while external numimmgined stable (p < 0.05, Table
2.2). TheN. fucicolaincrease within the reserve was predominantlytduelarge
number of fish in a single size class (200-250 rang did not contribute to an increase
in the abundance of large fishes.

No obvious long-term cycles in the abundance ofroom species were apparent over
the duration of the study, with the possible exiogpof the peak itN. fucicolanumbers
within the reserve in 2000/2001. As this was nadent at the control sites, it was
unclear if the observed pattern was the resuhlitefriannual variation in recruitment or
a treatment effecf. vittigerunderwent large changes in abundance from yeagaio
(Fig. 2.38), however, as this species was frequemitountered as large mobile feeding
aggregations, the observed pattern may be dueatocelencounters with aggregations
in some years but not in others, rather than iatemal variation in abundance.

At 10m, a total of 49 species were recorded dutlegsurveys (Appendix 2.11), with
the increase in species recorded relative to theliweys being related to the lower
degree of exposure encountered at 10m. At 5m tie @aetion is often very high at
Bicheno, making this an unstable habitat to occlipg resident species at 10m were
characterised by an increased abundan€& spectabilisand a lower abundance lgf
fucicola,with N. fucicolabeing partially replacedy N. tetricusAnother wrassep.
psittaculus(rosy wrasse), also became a conspicuous elemé@tra{Fig. 2.37). Other
commonly encountered species includedittiger,O. cyanomelaandD. lewini.
Several species were of note in that they werasdéhernmost records of their
distribution. This includes the Maori wragSgthalmolepis lineolatuand the one spot
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puller Chromis hypsilepiswhile adultChromiswere never sighted in spring
(suggesting they did not survive the winter) adiddiori wrasse were regularly sighted
from 2000 onwards, indicating that environmentaldibons had changed sufficiently
for them to become established.
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Figure 2.38. Comparison between Bicheno marine reserve andreftesference sites of the
mean abundance per site (+/- se) of common fishwariered at 5 m depth during the years
1992 to 2002. Abundances are N/2000 Rumber of sites is 2.

The temporal variation of the most commonly enceret resident species is shown in
Fig. 2.39, and needs to be interpreted in the hlatdditional sites being added
throughout the study. fucicolaappeared to undergo a similar pattern of increase
within the reserve to the 5m data, and as thiseas® was not recorded at the external
sites, it produced a treatment effect that wasifsigmt when comparing differences
through time arising between the original reserve r@ference sites (p< 0.05, Table
2.2). A similar pattern was observed wiNhtetricus although this was weaker and not
statistically significant (Table 2.2). No other adws long-term trends were evident in
the fish dataA. vittigervaried substantially in abundance from year ta yea similar
manner to the 5m sites, although there was a lac&roespondence between the peak
years in the 5m and 10m datasets suggesting trabirdly was due to chance
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encounters with feeding aggregations rather thapdeal patterns on an annual scale.
The decline irC. spectabilisobserved in the external sites in 5m was not exiotethe
10m data, however the lack of site replicatiorh& tlepth limits the interpretation of

results.
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Figure 2.39. Comparison between Bicheno marine reserve andrattesference sites of the mean
abundance per site (+/- se) of common fish encoedtat 10 m depth during the years 1992 to 2002.
Abundances are N/2000’nData is from one reserve site until spring 1988] one reference site until
autumn 1999. Number of sites in replicated yea#s is

Fish assemblages

The similarity between fish assemblages at Bichea® examined using the Bray-
Curtis similarity index on fourth-root transformabdundance data, and the resulting
relationships at both 5m and 10m depth are predersieg MDS (Fig. 2.40). At both
5m and 10m depth there was a substantial degreecofap between treatments
indicating the assemblages within treatments wiexeety matched. For the fish at 10m,
the 2002 assemblages within the reserve and aixtkeenal sites were almost identical.
There was no evidence of divergence between tredsnae either depth, nor any
indications of long-term directional change. Diéeces between years and seasons
were of a similar magnitude to differences oveeeadle.
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Figure 2.40. 2-D MDS plots of the similarity between fish assésgles present at 5 m and 10
m depth during autumn and spring within the Goveisland marine reserve and at adjacent
external reference sites between spring 1992 anoren2002. Reserve assemblages are
denoted by the suffix r and reference assemblages Autumn surveys are denoted as integer
values and spring surveys by year + 0.5. Simikgitiere calculated using the Bray-Curtis
similarity index on fourth-root transformed abundamlata.

Invertebrates and cryptic fishes
Abundance

The invertebrate assemblages at Bicheno were sohetyboth 5m and 10m depth. At
5m, a total of 7 cryptic fish species and 36 speofenvertebrates were recorded
during the study (Appendix 2.12). The assemblage eharacterised by the presence of
a range of exposed water species includingo undulatuandThais orbita,and the
inter-annual variation in abundance of some ofntloee common species within this
assemblage is shown in Fig. 2.41. Most speciesayjisp substantial inter-annual
variation in abundance, presumably at least ingm# response to the highly exposed
and unstable nature of the habitat occupied. Fat symecies there was also a marked
difference in abundance between reference andveesagans throughout the study,
possibly reflecting small differences in shelteusture between sites. There was no
evidence of divergence in abundance between tredsnas a result of protection, or
any other obvious long-term trends.

At 10m, a total of 9 cryptic fishes and 31 invertdbs were recorded during the study
(Appendix 2.13). The dominant species at 10m wiendas to those found at 5m with a
few minor differences, including increased numhérS. trichopteraandH.
erythrogrammahat presumably were related to the decreaselilence with depth.
The abundance of some of the most common speaesdexl during the study is
shown in Fig. 2.42. This needs to be interpreteti waution, however, as it includes
data from additional sites in some years. One @kttternal sites was slightly less
exposed and had more shelter structure than tlee site, and the inclusion of this site
in 1999 substantially increased the average vdbres. trichoptera, H. erythrogramma
andC. rodgersii.
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Figure 2.41. Comparison between the Governor Island marine vesard external reference
sites of the mean abundance per site (+/- se)raframn mobile megafaunal invertebrates
encountered at 5 m depth during the years 1992@a.2Abundances are N/2006.rNumber
of sites is 2.

The only notable divergence between treatmentsdetvi992 and 2002 was a weakly
significant decline irH. rubra abundance within the reserve when this was examine
using the time series from the original reserve aitd reference site (p<0.05, Table
2.2). As the total number of abalone encounteresiretatively small, this change could
not be examined to see whether it was size related.
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Figure 2.42. Comparison between the Governor Island marine vesard external reference
sites of the mean abundance per site (+/- se)rafrmmn mobile megafaunal invertebrates
encountered at 10 m depth during the years 1992@8. Abundances are N/2006.Ror the
reserve sites there was one site in 1993. Thisneasased to two sites in 1994. For the
reference sites there was a single site until 198i& was increased to two sites from 1999.

Over the duration of the study few obvious longrt@hanges were observed. One of
the exceptions was. rodgersii.While historically the southern limit of this spes

was northern Bass Strait, it has undergone a rexigasion in recent years and is now
commonly encountered along the Tasmanian east. dbasts present at low numbers
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within the reserve at the beginning of the study mached a peak in abundance in
spring 1997 (Table 2.13) before declining to a levieere it was not recorded on
transects in 2002. Numbers were consistently lotkebriginal reference site
throughout the study, however, they were substantigher at the additional site
added in Waubs Bay in 1999, and increased thevecket 1999 and 2002.

Assemblage structure

The similarity between invertebrate assemblag&ciiteno was examined using the
Bray-Curtis similarity Index on fourth-root transfised abundance data, and the
resulting relationships from both the 5m and 10mptlleanges are presented using
MDS (Fig. 2.43). At 5m there was a clear separatioreserve and reference
assemblages throughout the study resulting fronkedadifferences between
treatments in the abundance of common speciesidimg C. rodgersii, H.
erythrogrammaandT. orbita. There was no indication of a divergence between
treatments and no obvious directional change dwedtration of the study, with
annual and seasonal variability being on a sinsitale to longer-term changes. At 10m
the pattern was similar with the exception thatrdserve and reference values
overlapped substantially, reflecting the similarityassemblage structure between the
sites involved.
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Figure 2.43. 2-D MDS plots of the similarity between mobile megaal invertebrate
assemblages present at 5 m and 10 m depth duringnaw@and spring within the Governor
Island marine reserve and at adjacent externalarde sites between spring 1992 and autumn
2002. Reserve assemblages are denoted by the safitkreference assemblages by c.
Autumn surveys are denoted as integer values amsgurveys by year + 0.5. Similarities
were calculated using the Bray-Curtis similaritgen on fourth-root transformed abundance
data. The 10 m values are from sites repeatedlpleaihsince 1992 and do not include values
from sites added since.

Macroalgae

Individual species cover

Algal surveys were conducted at Bicheno from spiifi§2 to autumn 2002 at depths of
5m and 10m. At 5m depth a total of 40 algal spese® recorded during the surveys
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(Appendix 2.14), with the assemblage being domahateDurvillaea potatorum, E.
radiata, P. comosandLessonia corrugatéFig. 2.44). These species together usually
provided more than 100% cover, with the remainjpecges rarely contributing more
than 1% cover each. There was no obvious divergante abundance of any of the
common species between treatments over the dumattithve study, and few
conspicuous long-term trends were evident. Thespeeies displaying some variation
in abundance during the study weasklonia,which underwent a substantial increase in
abundance between 1997 and 1999 before declinarglgtbetween 2000 and 2001,
particularly at the external sites. The declineegponded to an observed widespread
dieback ofEckloniain the summer of 2000/2001 at both Bicheno and #istand

during unusually warm sea temperatures in summer.

60 Durvillaga potatorum 40 - Ecklonia radiata DOreserve

O external
30 4 -
40 -

20 4

20

16

gL o

40 1

’5 10 +

>

o

o

% 0 1 t t t t 0

© 1993 1994 1997 1999 2000 2001 2002 1993 1994 1997 1999 2000 2001 2002
=

a) .

g Lessonia corrugata 120 - Phyllospora comosa

a

1993 1994 1997 1999 2000 2001 2002 1993 1994 1997 1999 2000 2001 2002

Year

Figure 2.44. Comparison between the Governor Island mariserve and external reference
sites at Bicheno of the mean percentage coveriggeofsScommon macroalgal species
encountered at 5 m depth during the years 1998Qa.2/alues are the mean of site means (+/-
se). Two sites are included per treatment.

At 10m a total of 46 species of algae were recodigthg the study (Appendix 2.15)
with the assemblages being dominatedebkloniaandPhyllospora(Fig. 2.45), with
these species together contributing most of thed tmiver. While red algal species
contributed between 10 and 20% of the total covigy. 2.45), this cover included a
wide range of species, with no single species bamgdant (Appendix 2.15). No
obvious divergence occurred between treatmentarfpispecies and no long-term
trends were evident, with the exception of a decimthe abundance &icklonia
between 2000 and 2001, mirroring the decline oleskat 5m.

TAFI Final Report — FRDC 1999/162 84



Changes Within Tasmanian MPAs

. . Oreserve
60 - Ecklonia radiata 100 - Phyllospora comosa

Eexternal

Percentage cover

1993 1994 1997 1999 2000 2001 2002 1993 1994 1997 1999 2000 2001 2002

160 - Total cover 40 Red algal cover

1993 1994 1997 1999 2000 2001 2002 1993 1994 1997 1999 2000 2001 2002
Year

Figure 2.45. Comparison between the Governor Island marine vesand external reference
sites at Bicheno of the mean percentage cover ifgero6 common macroalgal species, all
species combined (Total cover) and red algal spesi®ountered at 10 m depth during the
years 1993 to 2002. Values are the mean of sitesn@d- se). For reserve values there was
one site in 1993 and two sites in the remainings/géor the external values there was one site
until 1997, with two sites from 1999.

Assemblage structure

The similarity between macroalgal assemblagesdtdBio was examined using the
Bray-Curtis similarity Index on square-root trarrsfied abundance data, and the
resulting relationships at both 5m and 10m depthpaesented in Fig. 2.46 using MDS.
At 5m the assemblages displayed a substantialagyvedtween the two treatments, with
no evidence of divergence between treatments. Whle was some indication of a
shift in the assemblages over the duration of theys this was not markedly greater
than inter-annual differences. The shift appeaiseteelated to an overall decline in
Eckloniaand increase iRhyllosporathis period.

At 10m there was almost complete overlap betweem tbserve and control

assemblages in the sites repeatedly surveyed thootighe study (Fig. 2.46). There
was no evidence of divergence between treatmendtsh@nlong-term changes were of a
similar magnitude to those occurring over annudl sgasonal time scales.
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Figure 2.46. 2-D MDS plots of the similarity between macroalgatsemblages present at 5 m
and 10 m depth during autumn and spring withinGlogernor Island marine reserve and at
adjacent external reference sites between sprifig 48d autumn 2002. Reserve assemblages
are denoted by the suffix r and reference assembliag c. Autumn surveys are denoted as
integer values and spring surveys by year + Orfil&iities were calculated using the Bray-
Curtis similarity index on fourth-root transformedundance data. The 10 m values are from
sites repeatedly sampled since 1992 and do natdaclalues from sites added since.

Boundary effects

Several of the key parameters that displayed ansgpto protection within reserves
were examined for a relationship with distance floneserve boundary. For fishes, the
parameters of interest were the number of largdeatfishes and the species richness
of large fishes (Fig. 2.47). For both parametédrste was a weak trend for an increase
across reserve boundaries, with no obvious increghkealistance within the reserves or
decrease with distance outside the reserves. Agldteare a combination of data from
all reserves, there is some confounding of thsti@hship due to regional differences in
fishing pressure and habitats.
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Figure 2.47. Relationship between the distance from the redsouadary of each site and i)
the number of large fishes per site in 2002, & tlumber of fish species with large individuals
per site in 2002. Positive distance represents aitthin reserves.
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The lobster size relationship was clearer (Fig8R.4nd showed a marked transition
near the reserve boundary. There is some eviddraeemge size increasing sharply at
the reserve boundaries, and continuing to a distahat least 3 km within the reserves.
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Figure 2.48. Relationship between the mean size (+/- se)ludtlrs per site during the years
2000-2002 and the distance from the reserve boyn8&e measurements taken over a three
year period at each site were pooled to ensure wedaas per site were calculated from a
minimum of 7 samples. Sites with insufficient saegolvere excluded. Positive distance
represents sites within reserves.

DISCUSSION

Until recently the changes that are likely to odaliowing the protection of coastal
systems from fishing have been difficult to predpimarily because of the lack of
empirical pre-fishing baseline data (Dayttral. 1998) but also because of our general
lack of knowledge on temporal variability in poptidaas and assemblages, species
interactions, fishing at multiple levels of the ébohain, the temporal scale of recovery
and relative levels of fishing effort. This studgsvinstigated at a time when many of
these factors were unknown but when evidence wasgng from the international
literature that many species were being overfigegdmples reviewed in Paudy al.
1998, Jacksont al.2001) and that this overfishing may have widersgstem
implications (e.g. Breen and Mann 1976, Tegner@aygton 2000). Within Tasmania
there were suggestions that some coastal reetfishee heavily exploited (Harries and
Lake 1985, Harries and Croome 1989) and if thiglle¥ exploitation was typical of
Tasmanian fishery species, coastal ecosystems avaydiso been substantially altered.

This study, examining changes that occurred in Basam MPAs following a decade of
protection from fishing, built on those documenddier 5 years of protection (Edgar
and Barrett 1999). They suggested that there mdeed been changes in most of the
Tasmanian MPAs that could be attributed to thecesfef fishing and that in many
cases these changes were accumulating with tinae protection.

Reef fishes

Latridopsis forsteri

For the reef fishes, changes following protecti@rewmost notable in the bastard
trumpetellL. forsteri,a species particularly vulnerable to fishing, amdish
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assemblages at locations subject to heavy fishiegspreL. forsteriis a schooling
species, that from the results of this study, apgoeabe a long-term reef resident to
400mm body length with scales of movement thateme of metres (see chapter on
fish movement). Schools appear to move freely beene reefs, making them
particularly susceptible to capture in gillnetse$a nets are widely used by both
recreational and commercial fishers in Tasmaniatemsand._. forsteriis actively
targeted by both user groups (Murphy and Lyle 1998 susceptibility of. forsteri

to net fishing was highlighted by Harries and Credit989) who documented a
substantial decline in the abundancé oforsteriover the last century and suggested
that this species was heavily overfished.

Our results from the Maria Island and Tinderboeress indicate thdt. forsterihas
made a significant recovery in the protected afdésle numbers fluctuate from year
to year in response to inter-annual variabilityearuitment, the difference between
fished and unfished areas suggests that fishingesgp®nsible for the decline in
abundance of this species on inshore coastal I@&foncern was the observation that,
within the Maria Island and Tinderbox reservesyipeter greater than 500mm length
(the approximate size at maturity according to ldarand Lake1995, Murphy and Lyle
1999) were not recorded. This suggested that tleeg @migrating before reaching
maturity either to adjacent reefs or to deeperaife reefs. If they migrated to adjacent
reefs then there is a high probability that theylddoe captured before reproducing,
hence negating a major benefit of protection inrdserve. Given that the fishery
targetted juvenile fishes, research is neededtermee how this fishery is being
sustained. Two options are possible, mature truen@ae resident on deeper offshore
reefs where they currently may have a refuge frebfishing, or recruitment is being
sustained by populations found on the Tasmaniamh eeast where they are afforded
partial protection by the highly exposed coasttime limits the ability of fishers to use
nets in inshore waters.

Changes within individual reserves

Within the large MIMR several changes in the fissemblage were noted after 5 years
of protection (Edgar and Barrett 1999), includingreases in species richness of fishes,
the species richness of fishes greater than 32%ngtH, the total number of fishes
greater than 325mm in length, and the mean sik& tdtricus.While these changes
were expected to continue in subsequent yearsitappears that this has not been the
case, and with the notable exceptior.oforsteriabundance, no significant treatment
related divergence in any characteristics of thle issemblages was detected between
1992 and 2002. In most cases there was a notaldegdince between treatments in the
years 1993 to 2000, suggesting numbers withindberve had responded positively to
protection from fishing during this time. Howevas, differences did not necessarily
increase monotonically between years, and decbhadoly between 2000 and 2002 for
unknown reasons, this change could not be descwitbdhe statistical methods used
here.
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For species richness (an index of diversity), nuimethin the reserve and at external
reference sites in 2002 were at similar levelsa®2] with the differences detected after
five years of protection having declined to nomgigant values during the subsequent
five years. For the total number of large fishemaggr than 325 mm length, the large
divergence between the reserve and referencedosan the years 1992 to 1997 was
primarily due to the contribution &f forsteri,which increased in abundance by two
orders of magnitude in the reserve over this tigdg@ar and Barrett 1999). As

forsteri numbers have subsequently declined within the'vesa response to
emigration of mature fishes and lower levels ofugment, this change has reduced the
overall divergence between fished and reserveimtafrom the 1997 value, resulting
in a non-significant long-term trend.

In a similar mannem. tetricuslength, which was initially found to have diverged
significantly between treatments after five yedrprotection, did not appear to show
any pattern of divergence in the following five ggaand in 2002 the mean lengthNof
tetricuswas at a similar level to 1992 (see Fig. 2.4). M/thie mean length d.
tetricusdid vary substantially from year to year in resg@to variation in cohort
strength, there was no constant pattern, sugge$n997 result was a chance
occurrence (Type | error). Such errors can occleiiore and after comparisons using
ANOVA, where temporal variability is not incorpoeakin significance testing. Both
theN. tetricussize and fish species richness results demonstratealue of a long-
term time series in interpreting ecological changdewing short-term trends, cyclic
patterns and chance deviations to be differentiited the longer term trends. Despite
sufficient replication in our dataset at the saedl, the BACI approach used in our
analysis of changes after five years of protectvas susceptible to treatment related
inter-annual variation in year class strength toatild have occasionally led to the
assumption of significant trends when in fact theye chance outcomes. In the case of
large fishes this was a “fishing” effect of treatrhéwith Latridopsisnumbers
influencing the result). In the caselftetricussize, this was possibly due to
confounding of sites at the spatial scale. By n@begeference sites were more widely
separated than reserve sites, resulting in diffeder@cruitment processes between
treatments in any particular year.

At Tinderbox, changes in the fish assemblage cst@dasharply with Maria Island.
Here the protected assemblage diverged from thedigareas in a number of ways,
including a significant increase in the numbetL oforsteri,the number of large fish
(greater than 250 mm and 300 mm length and botbhdimg and excludind. forsteri),
the species richness of fishes greater than 25@nth800 mm total length, and the
abundance df. tetricusgreater than 300 mm length. These changes wéer @iot
evident after five years of protection or were onbBakly significant (Edgar and Barrett
1999), suggesting that changes are accumulatingghrtime in this MPA, albeit
slowly. In the case of large fish greater than 800 length, this represented a ten-fold
increase in numbers since 1992, or a four-foldaase if the contribution @&f. forsteri
was excluded. For the species richness of largkee$i (greater than 300 mm length),
the change represented a doubling in the numbspeafies sighted over this time.
These changes were substantial and biologicallyfsignt, suggesting that fishing had
markedly altered the size structure of fishes withie reserve prior to protection.
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At Bicheno and Ninepin Point very few significattanges were noted over the
duration of the study. At Ninepin Point the oveadundance d\. tetricushad

increased relative to the reference sites. Howekieraverage size of. tetricushad not
increased over this time, and the result was daedecline outside the reserve rather
than an increase within it. The observed resultpvabably related to the low number
of sites surveyed and with these being influengesdatial variation in recruitment. At
Bicheno, the abundance Nf fucicolahad substantially increased within the reserve in
recent years relative to the reference sites, afthaehis has not translated into an
increase in the number of larlye fucicola.The increase corresponded to a switch from
solitary to schooling behaviour in this speciethi@reserve, that may be density
related. AN. fucicolawere not actively targeted by fishers prior to thgerve
declaration, and the size classes involved initltisease were below the size selected
for by nets, this increase was not readily expladir@ne possibility was th&t. fucicola
numbers had increased substantially over the &stde and that the development of a
live wrasse fishery over this period that activialsgetedN. fucicolaon the Tasmanian
east coast using handlines (Murphy and Lyle 1998ht have prevented this increase
from being observed at the fished sites.

The other notable change at Bicheno was a signifid&ergence between the reserve
and reference locations in the abundance of thddshmorwondgCheilodactylus
spectabilisat the 5m depth sites. This change was relatadit@fold decline in the
abundance of. spectabiliobserved at sites outside the reserve. This wiaa no
surprising result as an intensive targeted livieelig developed for this species during
the 1990’s (Murphy and Lyle 1999), with Bichenorigebne of the main areas targeted.
Prior to 1992 fishers did not target this specldsagh it may have been an accidental
bycatch of the broader gillnet fishery. While chasgnC. spectabiliddensity were not
detected at the 10m sites, this was not unexpastedly one external site was
censused until 1999 due to time constraints. This tveakened the ability to detect
anything other than gross level changes.

Processes influencing change within reserves

For fishes, the overall results from all reserved across all species suggested that a
number of forces affected the extent that reseaveds diverged from fished areas
following protection. These included:

1. The susceptibility of individual species to capture

2. Reserve location (habitat effects).

3. Reserve design and size.

4. Fishing pressure prior to and during the study.

5. Temporal duration and replication of the study.

6. Spatial extent and replication, including power gederality.

7. Biases associated with monitoring techniques.
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Many of these factors have been identified as petienfluences in previous studies
(e.g. Buxton and Smale 1989, Francour 1994, Dufbat 1995, Russ and Alcala

1996, Chapman and Kramer 1999, Edgar and Barréft)18nd are discussed in
several recent MPA reviews (e.g. Watdal 2001, Gell and Roberts 2002). However,
the available literature is still relatively scamed there are yet insufficient examples to
untangle the processes responsible for respon$é¢BAs following protection.

Because of its broad nature (examining a wide rafhgpecies in number of reserves
and habitats and in areas subject to differencé@shing effort), this study provides
several new findings that illustrate the relatingortance of these processes.

For example the study demonstrated thdbrsteriwas a species that was particularly
vulnerable to gillnet fishing. Even at remote logas such as Maria Island, fishing
intensity prior to 1992 was probably sufficients@verely impact stocks of this species.
Recovery was not immediate due to inter-annuahtan in recruitment and a lack of
long-term population storage (because of adult eatian). Recovery was also not a
simple process of a gradual increase that evegtieslched an asymptote. Instead
recovery occurred stochastically following occasiaecruitment that caused variable
peaks in abundance. These peaks, neverthelessswestantially higher in the
protected sites. Anecdotal evidence suggestedhisaspecies had large recruitment
events on an approximately 7-10 year timescaleeéks recruits appeared to reside
within the reserve for a period of 4-5 years befarggrating it was likely that the
abundance of this species within the reserve walwdys be highly variable. This
suggested that the duration and temporal replicati@ study was a key component in
understanding the benefit that MPAs may provida particular species. Furthermore,
for “snapshot” surveys, the conclusion made ablmeitlegree of recovery may not
reflect the biological processes occurring oveetim

The failure ofLatridopsisto recover within either the Ninepin Point or Bacio
reserves may have been related to habitat asualtéserves differ greatly in the
habitats they represent. Noting thaforsteriwas recorded at both Ninepin Point and
Bicheno during this study and in previous survé&dgar 1982, 1983), the most
probable explanation was that both of these resexmegze simply too small to protect
the species. Both reserves were heavily fisheldeat boundaries, with gilinets
constantly set on the boundaries over the summathaaluring suitable weather.
Lobster pots were also constantly set on the redepundary at Bicheno and were
observed to have a substantial fish bycatch. Ah@&no the furthest point from the
boundary is 450m, and at Ninepin Point this distanas 500m. Continuous reef
occurred along the coast from the central sectidheoreserve across the boundary in
both cases.

From the limited information on the species (Murpimg Lyle 1999, Paul 2000) and
related specied @tridopsis ciliarig, it was likely that daily movements of individsal
were on a scale similar to the distance protecyetid reserves, and therefore given the
fishing effort on the boundaries, it was very ualkthat this species would be afforded
any protection by small reserves. At Maria Islamel larger size of the reserve meant
that the populationsf L. forsteriwere protected by both distance from the boundary
and by frequent habitat boundaries in the fornoofjlsandy beaches that prevent
movement. At Tinderbox, suitable habitat was retd to a section of reef running for
approximately 1.6 km eastwards from Tinderbox Bdadine reserve boundary. With
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the western end of the reef protected, and westerrements restricted by the presence
of the beach, it appeared that this section ofweef sufficient in length to provide

some protection for this species. However it wadaar to what extent recovery may
have occurred if the reserve was larger. Certdirilyture reserves intended to conserve
this “typical’ Tasmanian reef species, they woubgah to either incorporate suitable
habitat boundaries within their design or be laggeugh to limit the loss of resident
species with similar home ranges (one of which bwthe banded morwong).

While theL. forsteriresults illustrated many of the factors influercthe extent that
reserves recover following protection, additioresdons were available from the
remaining species. The overall fish assemblagdtresggested that, with the exception
of L. forsteri there had been little overall change at Mariandlthat was attributable to
recovery from the effects of fishing. While thisyri@e due to a lack of power to be able
to detect biologically meaningful changes (parteiyl when examining the abundance
of minor species), it appeared unlikely, as eveakiteends were not evident in the
data. Similarly, the time period studied so far wesbably insufficient to detect
changes in species that were long-term resideatsyhich recruited sporadically.
While this might be the case, such species weetyliio be uncommon and would not
unduly influence the generality of the resultsvdts most likely that at the time the
reserve was declared in September 1991, fishinghbagreatly affected the reef fish
assemblages within the Maria Island region, withribtable exception af. forsteri

and possibly other rarer net-susceptible specigs as the draughtboard shark
(Cephaloscyllium laticepsThis location was relatively remote and the fedfes there
may have been only subject to light fishing presgaror to 1991.

In contrast to the Maria Island marine reservesetingere marked changes within the
Tinderbox reserve, particularly with respect to siee class of fishes protected there.
The overall tenfold increase in large (>300 mm tahgesident reef fishes within the
reserve, coupled with an increase in the speatesess of large fishes, suggested that
prior to declaration of the reserve fishing hadssabtially altered the size composition
of fishes found there. The Tinderbox reserve wamgd next to a popular boat-ramp
that was less than a 10-minute drive from the dubaf Hobart, and while no
guantitative data exist, it was certainly subjecsignificantly greater fishing pressure
prior to protection than was Maria Island.

Both the Ninepin Point and Bicheno reserves wege situated near popular fishing
locations, however, unlike Tinderbox, the resexidsnot show marked recovery from
fishing following protection. With both these reges, a large part of this observation
may be explained by the small size of the resen®lasive to the daily scale of fish
movements, with losses across the boundary congtany benefit of protection. As

the coast adjacent to the Governor Island resdérB&eheno was exposed to large
swells it was also possible that gillnetting insthirea prior to protection was low and
that the area was afforded sodeefactoprotection by the inability of fishers to use nets
in exposed waters.

The implications of these results were that fislprgssure undoubtedly varies around
the coastline in response to distance from pomuriatentres, exposure to weather and
swells, and the ability of fishers to deploy geactsas gillnets. At relatively remote

locations such as Maria Island, pressure prioQ&llwas probably insufficient to alter
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stocks notably from natural levels (with the exaapbf the vulnerablé. forsteri,
while at the same time areas such as Tinderboxhdrie closer to population centres
were relatively heavily impacted, unless they wadferded some natural protection
such as high levels of wave exposure.

Invertebrates and cryptic fishes

Long-term patterns

With the exception of exploited species, the abanndaf most common invertebrates
remained remarkably stable over the ten-year canratf the study, generally varying
less than +/- 50% from the long-term mean valués $hggested that many of these
species were long-lived with “inter-generation ag®” within a population buffering
against the effects of inter-annual variability@cruitment. It also indicated that as a
general rule the sampling design used in this sivayadequate to detect biologically
significant “treatment” related effects, as theerrannual variability due to sampling
error must have been relatively low. Some spedeksaty significantly between years;
two distinct examples being undulatusn the Maria Island and Bicheno study areas
andC. muricatain the Tinderbox study area. Both species weredyly present at low
levels in most years but experienced a strong tteceat pulse (seen as juveniles) in
one single year. These pulses were transient,datidgcthat either post-recruitment
mortality or emigration restored populations ofsapecies to background levels in the
subsequent years. Interpretation of the signifieasfcsuch transient data required a
long-term dataset, and highlighted one of the athges of a long-term time series
approach to understanding natural change in cosygtdms and differentiating these
from reserve related effects.

Cyclic patterns

While most changes were not large, a number ofispemderwent distinct cycles in
population abundance over the duration of the stlidg cause of these cycles remains
unknown but may at least partly be explained bgriainnual variability in recruitment
that was in turn related to large-scale oceanogergpbcesses. While this required
further investigation, some evidence of temporainges in recruitment patterns was
given by the presence of green mor@yifinothorax prasingsat Maria Island, Maori
wrasse Qpthalmolepis lineolatysand one-spot pulleChromis hypsolep)sat

Bicheno. These fishes represent either vagrargsuthern range extensions, and had
not been previously recorded in east coast Tasmahia was reinforced by the
increasing abundance of the long spine ur€hinodgersiiin the study during the
1990’s. This species had not been recorded froorm&amn mainland waters prior to
the 1970’s when a small population was first natedortheastern Tasmania (Dartnell
1980). Subsequently the range extension has besemvaa southward to at least
Tinderbox (Appendix 2.5). At sites surveyed at fimetres depth at Bicheno the
abundance of. rodgersiiincreased during the 1990’s to a peak in 1997rbefo
declining to zero in 2002 (Appendix 2.12). A siamipattern was observed at the 10m
deep sites with the exception of the new 10m déemdded in 1999. At this slightly
more sheltered sit€. rodgersiinumbers increased between 1999 and 2002 and
presently formed small barrens. In the Maria Islandly area there was an increase in
abundance throughout the 1990’s, reaching a peakundance in 2000 that has since
remained relatively constant. This range extengias consistent with the observation
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that Tasmania has come under increasing influehEast Australian Current waters
during the past two decades (Hagisal 1992, Crawforat al 1999), and that the
average water temperature has increased by upetdemree Celsius over this period
(Crawfordet al 1999), providing both an advection mechanismdorae of northern
species to extend their range southward and a tatope regime more suitable to their
survival. The results provide documentary evidesfdde types of change occurring
within the Tasmanian coastal biota in responsénémging environmental conditions,
allowing for the first time in Tasmanian waters,iasight into what types of natural
variability to expect over a ten-year time frameh&h coupled with a comparison of
fished and unfished areas they allowed an inteapogt of the extent that effects of
fishing might modulate that response.

Protection effects

Over the duration of the study the abundance arsierof several common
invertebrate species displayed a significant dieecg between fished and unfished
locations. The responses were not identical, waitying levels of significance and
magnitudes of divergence between reserves requeane degree of interpretation of
likely patterns and causes.

Lobsters (Jasus edwardsii)

Within both the Maria Island marine reserve andTimelerbox marine reserve, the total
abundance of lobsters and the abundance of leggd fobsters increased significantly
over the duration of the study, representing atsumtisl divergence from the pattern
observed at the fished reference sites. At thearée sites total abundance varied
between years due to variation in recruitment fy@ar to year rather than increases in
the abundance of larger animals. Within the MIMR tbtal abundance of lobsters
increased three fold over the study period, mostlo€h was due to the increasing
abundance of legal sized lobsters, a size classvidmextremely rare in the reserve in
1992. At the fished reference sites legal sizégdtiers remained rare for the duration of
the study, clear evidence that the change withernréiserve was in response to
protection from fishing. The increase in legal dizgbsters within the reserve led to a
substantial accumulation of large lobsters, ineclgdnales with carapace lengths in
excess of 180 mm. Over the 10 year period the Bsrmcrease was estimated to be
19.6 times the 1996 value and did not appear te Btabilised suggesting that resource
availability is not limiting population growth akig stage.

A notable feature of the lobster abundance figtnas the Maria Island study was the
cyclic pattern in the abundance of sub-legal semchals, particularly in the smaller
35-87 mm size class. This pattern was similar betvweeatments, with peaks in 1994
and 1998 indicating that lobster stocks within tigigion varied substantially from year
to year in response to recruitment strength andvér@ation in sub-legal sized animals
may exceed 50% of peak values between years. Rdbstvariability the abundance
of sub-legal sized animals did not display anyttreant related divergence, suggesting
that the presence of a significantly increased lgsrof large lobsters within the
reserve had not influenced levels of recruitmeiat survivorship of juveniles.

The results from Tinderbox were similar to thos#latia Island, although the overall
contribution of large legal sized lobsters to tl@ylation within the reserve was
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slightly less, but also more variable from yeayé¢ar, presumably as a response to the
smaller number of sites sampled. At Bicheno ancepim Point, the lack of a
significant difference between treatments was thotmbe related to the sampling
methods and lack of replication rather than absehea effect. However, it was likely
that poaching and boundary effects in these vegllseserves would have reduced the
magnitude of change relative to Tinderbox and Mislend, making the detection of
change more difficult. Within the Bicheno reserebdters were patchily distributed in
response to available shelter and generally ocd@atrelepths below 5m due to the
highly exposed nature of this coast. While lardesters were observed to be abundant
within suitable habitat within the reserve this itabwas restricted to a relatively small
number of crevice or boulder features distributemagst an expansive background of
low flat granite, and therefore greater replicatdisites was needed if some of these
features were to be included within a robust samgpdiesign. A similar problem
occurred within the Ninepin Point reserve wherel#oi of site replication (primarily
due to the limited availability of reef within tmeserve) combined with relatively low
lobster densities prevented the detection of treatrrelated differences despite a few
large animals being found during random site in8pes. The overall ability of the
methods used within this study to detect biolodyoaleaningful change at the reserve
level for species such as lobsters is discussed lat

For lobsters, the general pattern of the resulssimilar to that reported from other
temperate regions where lobsters formed the ba#ie dishery, including the Florida
Keys (Huntet al 1991) and north eastern New Zealand (MacDairmaiBreen 1993,
Kelly et al 2000), where increases of up to 260% in abundaece reported following
closure (Kellyet al. 2000). While some of the early increases withmreserve at
Leigh in NZ have been countered by intense fisloinghe outer reserve boundary
following the discovery by fishermen of offshoredeng migrations of lobsters
(MacDairmid and Babcock 1999, Keky al. 2000), the initial results from Leigh
suggest that the changes reported may be typiedmbited lobster stocks subject to
intense fishing while protected by a minimum legjak.

Abalone (Haliotis rubra)

Like lobsters, the blacklip abalokt rubrawere heavily exploited along much of the
Tasmanian east coast prior to declaration of terves, and an initial hypothesis was
that abalone abundances would increase withinvesdollowing protection. This was
not the case, however, and within the MIMR abalalbendances appeared to decline
from the outset, with abundances by 2002 fallingrity 50% of those recorded a
decade earlier. This decline was clearly treatmalated, as abundances within the
fished reference locations remained relatively tamsover this time. A subsequent
analysis revealed that the decline was the resaltseven-fold reduction in the
abundance of sub-legal sized animals, while theddnce of those above the
minimum legal size remained relatively constant.
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There are several possible causes of the obseeahidel including:

1. Increased predation on juvenile abalone due teasad predator abundance
particularly lobsters.

2. Increased cryptic behaviour due to increased poedi@nsity or increased
conspecific competition for space.

3. Increased mortality due to intra or inter-speatfienpetition for resources,
including food.

While a series of manipulative experiments is ndedaintangle the exact nature of the
abalone decline, there was good correlative evielémsuggest that lobsters may play a
pivotal role in the observed decline. Firstly, witlvster biomass increasing to 19 times
the original value within the MIMR over the duratiof the study, lobsters would be
expected to have an increasing impact on their sogbly. Abalone are known dietary
items of lobsters (Edmunds 1996) and lobsters pnatkntly forage nocturnally
(Frusheret al 1999) at a similar time that cryptic abalone egedp graze (Craig

Mundy, Tasmanian Aquaculture & Fisheries Institufgers comn). Secondly, no other
potential predator species were observed to ineneagbundance within the MIMR
during the study, particularly to the numbers thatld be needed to impact the
abalone populations.

In addition, while the mean size of legal sizedlaba within the reserve increased
slightly over the study (in response to protectrem fishing), the overall number of
legal sized abalone did not changed notably antbtiaéabalone biomass declined.
This would suggest that intra-specific competitionresources wais unlikely, as was
inter-specific competition, as there was no indaabf increases in the abundance of
potential resource competitors over this time.

Abalone abundances within the other reserves disglaarying patterns during the
study. At Ninepin Point, abalone abundances undaravelistinct cycle, peaking in
1996 before declining to low levels in subsequeary. While there was a weakly
significant treatment effect, with numbers incregdan the reserve with respect to the
fished sites, the numbers involved were small asidiologically meaningful. At
Tinderbox, while numbers increased slightly witthe reserve, they increased more
substantially at the reference sites, resultingnimoverall significant treatment effect.
As abundances within the reserve were low it cowidbe determined whether the
observed pattern displayed the same size relatad tbserved at Maria Island. As
abalone numbers (including the sub-legal size tlaege particularly low within the
Tinderbox reserve, it is likely that either the habwas marginal for this species or that
localised recruitment failure had occurred in tiggion due to past overfishing.
Population crashes were reported for this speniasdas adjacent to high human
population density in NSW (McShane 1999) and gassible a similar situation may
have occurred at Tinderbox. Regardless of the ¢#usends in abalone abundances
are to be followed with more certainty, additiorgplication is needed to identify
trends. At Bicheno the observed pattern varied depth, with no response being
observed at 5m and a weak decline within the resesative to the reference site being
observed at 10m. As the latter test was basedeorettults from a single reserve and
reference site and differences were small, it wdkely to be a biologically
meaningful result. The patchy distribution of alm@@long transects at Bicheno
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(similar to lobsters) and the lack of replicatiari@m from the beginning of the study
limited our ability to observe small changes iratee abundance between treatments,
and like Tinderbox, additional replication wouldvieebeen needed to identify the trends
occurring. Regardless of this, the temporal andrdegplication at Bicheno was
sufficient to detect any biologically meaningfudid such as a doubling in relative
abundance. No such change was observed, suggelstinges were within the scale of
natural year-to-year variability.

If the decline in abalone within the MIMR is shotmbe related to predation by
lobsters it will be the first documented evidentamecosystem cascade involving
direct lobster-abalone interactions. While lobsterhin-kelp interactions have been
suggested by studies in Nova-Scotia (Breen and M&ii6), California (Tegner and
Dayton 1981) and New Zealand (Shears and Babcd@k, 2003), and ecosystem
cascades have been extensively reviewed in reeans ye.g. Daytoat al 1998,
Pinnegeeet al 2000, Tegner and Dayton 2000), lobster-abalotezantions have not
been reported as important other than during amaftaus event in South Africa. In
this case an invasion of lobsters resulted inake bf urchins that were used by
juvenile abalone as a protective shelter and foapgly (Day 1998). As this shelter
mechanism also has been reported in the US, watiirudensity being correlated with
the abundance of juvenile abalone (Rodgers-BemtePaarse 2001), there is some
generality to this pattern and it may partially kip our result from Maria Island. The
decline in juvenile abalone numbers within the MIM&s, however, substantially
greater than the observed changes in urchin aboadard the most parsimonious
explanation was direct predation on abalone bytébsather than urchin interactions.

If this is the case, these results have a numberdedspread implications. Firstly, in
some habitats where abalone are particularly amintteey are likely to be an
important part of the grazer community. While blgzkbalone feed mainly on drift
algae (McShane 1999) there is some evidence teatiko selectively graze attached
algae, altering the mix of algal and sessile irelaidte species present near
aggregations (Shepherd 1973). It follows that ffecelobster fishing has on abalone
abundances in core abalone habitats may be analogadlie lobster-urchin interaction
in core urchin habitats which has been identifie@ anajor ecosystem effect of fishing
on temperate reefs (e.g. Tegner and Dayton 20@xrSiand Babcock 2003). The
development of commercial abalone fisheries mai line natural process of this
ecosystem cascade, however, as abalone fishiikglg to be sufficiently intense to
regulate abalone numbers in Tasmanian waters @féied Tarbath 2000), mainland
Australia (e.g. Andrewvet al 1997), and elsewhere (e.g. Tegner and Dayton)2000
Certainly the evidence suggests that the intensipalone fishing throughout the
world is such that predation by humans will ofteorenthan counter the changes
resulting from the removal of other predatory spediy fishing. In a recent review,
Daytonet al (1998) noted that due to the sliding baselineatffwhere historical
baselines are missing and present baselines aselglaltered to an unknown extent by
either direct or indirect effects of fishing), albgfishing at multiple levels of the food
chain, it was very difficult to determine the overature of species interactions on reef
systems. Daytost al. (1998) cite an example for abalone where CoxZ)8€ported
abalone numbers to have increased substantiatly fiatural levels in California
following the decimation of sea otters, a naturabator of abalone. This increase
resulted in the development of an abalone fishsay subsequently reduced abalone to
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low numbers, masking any observable effect of émeaval of predators (otters,
lobsters) on abalone populations.

The second implication of our results was thatime habitats, abalone populations
may not be adequately protected within MPAs wheir fredators were also protected
and were increasing in abundance. This sugges&a@lialone sanctuary zones may
need to be specifically designed to reduce abgioe@ation, rather than designed to
provide broader outcomes, if the role of the priat@@rea was to improve abalone
stocks, either for conservation of an overfisheecsgs, or to maintain a critical
spawning biomass and the export of larvae for fiskgropagation (Shepherd and
Brown 1993). In particular, conservation of endardeCalifornian species of abalone
(Rogers-Bennett al 2000, Tegner, 2000; Rogers-Benmtal 2002) should not rely
solely on the concept of fully-protected MPAs amislocation of individuals into areas
where predators are also fully protected. Thes#irfgs also have important
implications for the value of no-take areas asregfee areas for assessing the condition
of adjacent fished stocks as the abundances iakeareas that have returned to
natural levels may not reflect the “natural” abumckain the adjacent fishery if only
targeted abalone fishing ceased.

The third implication of the rock lobster monitagidata is that there may be a strong
interaction between lobster and abalone fishendsasmania, southern Australia, New
Zealand and perhaps further afield. As these fishere the most economically
valuable in Tasmania, there is a clear economi@ratpse to co-manage these species
and to understand the broader implication of timt@ractions with other key
components of the ecosystem, including sea urchins.

Sea urchins
Heliocidaris

The common urchirtl. erythrogrammayas the most abundant urchin recorded during
the study, and, with the occasional exceptio@ africhoptera,was also the dominant
mobile invertebrate species recorded on transeattawvall reservesWithin both the
MIMR and TMR this species underwent significantloexs that were not observed at
the external reference sites and were equivaleBd at Maria Island and 40% at
Tinderbox over the 10 year period. In both casesdécline did not occur until after
1998, and several years more data were neededribfidthe true nature of the
response. This pattern was not surprising, howgween that a number of studies and
reviews (e.g. Mann 1982, Cowen 1983, Tegner anthLE®83) suggest that urchin
numbers are likely to respond to changing preddg¢osity, and that large predators
may take many years to recover to sufficiently Hegrels of abundance within
protected areas to alter prey densities. As thendeln urchin density was correlated
with a large increase in lobster biomass, and ébstere known urchin predators (e.g.
Shears and Babcock 2002, Pedersen 2003), it waalpemthat the observed reduction
in urchin density was related to increased lohstedation, at least at Maria Island. As
discussed with regard to the abalone decline, dobstere the only known predator to
increase in abundance within the MIMR, with fislegator abundance other than
forsteriremaining relatively stable.
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A likely mechanism for the urchin decline was timathe first few years following
protection, the lobster biomass within the resewas insufficient to substantially
change urchin numbers and that few lobsters wdfieisuatly large to consume large
urchins. By 1997, after 5 years of protection, tebbiomass had increased by at least
ten times and large lobsters comprised a subsktantiportion of the population (Edgar
and Barrett 1999). This increase may then have befficient to initiate a decline in
urchin numbers that was accelerating with increpkbster biomass and average size.
Such a delayed response in a prey species maybefaBowing protection of
previously fished areas where top predators werstauntially reduced by fishing. From
observations of the recovery of the reserve atlLeigNE New Zealand, Shears and
Babcock (2003) suggest that the re-imposition pfdown control through a trophic
cascade can be a long-term process. While urchrermmamay be an artefact of fishing
at Leigh, the control of urchin numbers and recgpwéibarrens within that reserve took
nearly 25 years from the time of protection.

Recent experimental work conducted within the MIedersen 2003) adds support
to the observation of urchin decline and the predasechanism for that decline. In a
series of tethering experiments, Pedersen fourtdutibhin mortality rates were
significantly higher within the reserve than adjsiceshed areas and that large urchins
were subject to little mortality outside the regerin caging experiments, he
demonstrated that for lobster predation, only |dodpsters were able to consume large
urchins, and that other predators such as wraagegbnly a minor role in urchin
mortality.

While observations were needed over a longer tiaraé to understand the extent that
populations of urchins will decline following the-establishment of top-down
regulation by natural levels of predation, theseiits and those of Pedersen (2003)
suggest that fishing has altered urchin densitiédsasmanian waters. Whether a similar
tenfold reduction on urchin density that has begorted in the Leigh reserve in New
Zealand is seen here remains to be ascertainethédptesence of extensive
Heliocidaris urchin barrens along the Tasmanian north coasirasideltered waters in
Eastern and south-eastern Tasmania, suggestd¢hetfécts of fishing on urchins may
be more substantial than has previously been resediiVWhile urchin abundances did
not show any treatment related effects at BichembNinepin Point, this may be due
more to the absence of any observed recovery glapre numbers within these small
reserves than a lack of generality between areas.

Goniocidaris

Two other urchin species were also observed torgndggnificant declines in
abundance following protection of the reserves. gérecil urchinG. tubariaunderwent

a 10-fold reduction within the Tinderbox reservéwsen 1992 and 2002. This decline
was not observed in the other reserves, howevdr,the exception of Ninepin Point,
where the abundance Gf tubariawas too low to reliably examine trends. Presumably
the decline of5. tubariaat Tinderbox was related to increased levels efigtion.
Because both predatory fishes and lobsters haveased in abundance within this
reserve it was not possible to partition possilleses without conducting manipulative
experiments.
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Centrostephanus

The other urchin species to display a significeestiment related effect was the long-
spined urchirC. rodgersiiat Maria Island, where numbers within the resenve
reference sites were similar until 1999, at whiatetthey underwent a significant
divergence, with numbers increasing markedly aettternal sites and declining within
the reserve. This pattern was not repeated at Bachwnere the numbers at 5m depth
were too low to observe trends and where insufficieplication was available at 10m
(single reserve and reference site) to overcomealkéity due to the patchy distribution
of preferred habitat and the observed clumpinG.afodgersiiinto small aggregations.
From the two reserve sites followed at Bichenoesih@94 it did appear that
rodgersiinumbers declined sharply between 2001 and 20@2Apendix 2.14),
although it was not clear whether this was a reseffect or a general trend within the
region.

The Maria Island results need to be interpretet same caution, however, as they
were strongly influenced by a single referencejsgénorth of the reserve (Isle Du
Nord) that possessed unusually high abundanc#ss I§ite was excluded from the
analysis the result was not significant. While tite&d suggested there may be some
influence of protection from fishing on the rela&isgbundance o. rodgersiiat Maria
Island, the habitats within the reserve may ngbpiederred byC. rodgersiiand

therefore the reserve may not be the most appteddeation to examine the influence
of protection orC. rodgersiiabundance. Abundances were generally much higher a
Bicheno and research within this reserve may yetakthe extent that. rodgersii
abundance varied between protected and fisheddosatAs theH. erythrogramma
results suggested that top-down regulation was r@agntly evident within the
Tasmanian reserves, it would be worthwhile initigta more focused and replicated
long-term study in cor€. rodgersiihabitat within the Bicheno region to document
whether the abundance of this species was able tedulated by predation at near
natural levels. The answer has substantial impdioatfor coastal management,@s
rodgersiihas significantly expanded its range in Tasmawniaters over the past two
decades and now forms extensive barrens in the ®enp of Islands in Bass Strait
(Barrett and Edgar 1992) and in NE Tasmania (Baared Wilcox 2001) and has
recently been documented to form barrens on ther @otast of Maria island (Johnston
et al 2004). These barren formations represent sulstalterations to the function of
reef ecosystems in NE and Eastern Tasmanian waidrsnay have important
consequences for fisheries and conservation valusgherefore important to
understand the degree that current fishing pracace modulating. rodgersii
abundance and barren formation, and long-term wagens of trends within MPAS,
coupled with appropriate experimental research lshaovide that understanding.

Macroalgae

While many algal species underwent cyclic variatroabundance over the duration of
the study in response to changing environmentalitions, for most reserves there was
little evidence of changes through time being ezldb treatment effects, either at the
species or assemblage level. While assemblagédsteudid change from year to year,
changes were usually of a similar magnitude anecton in reserve and reference
treatments.
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The exception to this was the Maria Island regidrereg the reserve assemblage
underwent a greater rate of change than the refer@ssemblage over the duration of
the study. Much of this difference was due to amaase irE. radiatawithin the

reserve relative to the reference sites, and aease irP. comosat the reference sites
relative to the reserve sites, with these increbeesy balanced by an overall decline in
the cover ofC. retroflexaandSargassunspecies. It was not clear whether this observed
pattern was a treatment effect or whether it wastdwa scale effect of the experimental
design, and several more years of data may be deedfscern this. As grazer
numbers did not appear to have changed markediekettreatments between 1992
and 2002, there was no correlative evidence toesidbat the observed changes were
related to the types of trophic cascades repotssivbere (e.g. Shears and Babcock
2002, 2003), when reserves are protected for hicdtlg meaningful time spans.

At present the most parsimonious explanation ferdifferences arising may be a
scaling effect. The algal assemblages may be relappio localised environmental
variables such as incident wave action and watepéeature, and, because the reserve
sites were more spatially related than the referaites, they may have tracked these
changes in a more homogeneous way. While this wigsagpossible explanation, it did
highlight the problems in designing MPA monitoripgograms, as reference sites could
not by definition be scattered throughout the getetd area to ensure they were at a
similar scale, subject to similar environmentalditions and located in identical
habitats to the reserve sites.

Summary of the changes after a decade of protection

While many changes have occurred in Tasmania’'sif@arine reserves in the decade
following their protection from fishing, there i® simple unifying pattern of change, as
a wide range of factors have contributed to thealeesponse. These factors include
reserve location (spatial difference in habitatd assemblages), reserve configuration
(shape and size), fishing pressure (prior to amohguhe study), biology and ecology
(inter-annual variation in recruitment and othergpaeters as well as species
interactions) and in oceanography (currents, cinchtange). At the individual species
level it is clear that for particularly valuabledat species (rock lobster, abalone, fish)
fishing pressure has substantially altered the ddoece and size structure of
populations on reefs around much of the coastlvtkthat recovery within reserves is
both substantial and expected. Likewise for speei#slife history characteristics that
make them particularly vulnerable to fishing (sashbastard trumpeter), even low
levels of effort may result in the widespread depieof stocks resulting in substantial
relative increases in abundances occurring withéenves following protection where
the reserve design provides adequate protectitretspecies in question.

For many other fished species the extent of chapgears to be related to the
effectiveness of the reserve configuration andrtensity of fishing prior to protection.
The smaller reserves were observed to be inefiegthven they are on a similar scale to
the daily movements of resident fishes, and arles® ¢o population centres subject to
higher fishing effort appeared to display greateange than relatively more remote
locations.
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There has been some evidence of cascading effiefishiog, with both urchin and
abalone numbers showing signs of decline in resptmthe increasing abundance of
large predators (most notably rock lobsters), aitfinothese changes are at an early
stage. Additional surveys over the next decad@eeeled to determine whether the
abalone decline is attributable to an increaseedation or whether other factors are
involved. At present the declining abundance of ¢g@zer species within the MIMR
and TMR has not had any identifiable influencelmmacroalgal assemblages within
them, with overall algal densities remaining refaly unchanged. While a shift in the
algal assemblage within the MIMR has occurred t¢erpast decade, this is thought to
be related more to a local-scale effect than acetif protection.

Although the results described here have manyadimis due to logistical constraints
and the biases of the methods used, they givesamahle indication of the general
trends occurring following protection of the marmeserves and the relative magnitude
of these trends compared with natural variabilitthim the system. This provides a
good basis for hypothesis testing and a stronginaseference for developing more
detailed studies examining features of interesé ddmplex nature of the response to
protection of each reserve and the species witlemtand the time scales over which
these responses occur are only now becoming evigiehbeing appreciated. This
emphasised the need for long time series.

Limitations of the study and recommendations for faure designs

The limitations of the methods used in this studyendiscussed in some detail in Edgar
and Barrett (1999). They include biases involvethwhe methods used, spatial
confounding caused by differences in the separatioaserve and reference sites and
the lack of power associated with changes in resenith a low degree of site
replication. Of these, the greatest problem is@ased with obtaining sufficient site
replication within reserves and at appropriatelyahed reference sites. Without
sufficient replication at the site level it is dddlt to determine whether the changes that
are detected are related to localised trends ageareral patterns, so changes required
to provide a statistically significant result mag inrealistically large. Ideally the

degree of site replication used in the Maria Islanaly (six reserve and six control)
would be a minimum value, particularly where theratance of species of interest are
low. There were numerous occasions where trends aggarent to divers within the
smaller reserves but where the results of the gatimé analysis did not show this.

Several design problems were encountered at Biciwbieoe changes within the reserve
were evident to divers but not detected duringstiey. The first of these was that the
availability of suitable structured shelter habftatlobsters, abalone, urchins and some
fishes was relatively sparse. While these animaiewften abundant within this
habitat, few structured areas were encounteredaosécts, resulting in low counts and
non-significant results. This problem would haverpalleviated with greater site
replication to ensure this habitat type was betpresented within both protected and
fished treatments, or by a different census tealethat targeted structurally-complex
habitats. The second problem was that most chatdg&sheno were apparent at depths
below 10m, the maximum depth that transects wemdwcted. While dive time
constraints limited maximum depths able to be stedethe exposed nature of the
Bicheno coastline meant that many species of istevere found below the turbulent
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zone. If similar coasts are to be effectively syeckin future studies, the current
technique may need to be modified to allow infolorato be collected on assemblages
from 15 to 20m depth.

In this study the original statistical design waséxd on tests using a two-factor
ANOVA with season (spring and autumn) and treatn(&stied/protected) as fixed
factors. The difference between initial and fin@ayvalues at each site was used as the
data value. For analysis of the ten year datasedstdecided to use the temporal data
series instead, as the before and after appro@&chinghe ANOVA design ignored
important information on long-term trends and isvilaese trends that were of most
interest. The two methods used (Spearman ranklatore and comparison of fitted
curves) each had their own problems but were soraeedmplimentary in detecting
change. The Spearman rank method did not deteogebaf there was not a
continuously increasing trend, even if, in the fiyear, the treatments had diverged
substantially. An example of this is the resultlfoforsteriat Maria Island. The
comparison of curves method did detect the diffeedretween treatmentslinforsteri
numbers at Maria Island, however, it was generafignsitive to changes when there
was marked variability between sites. While newlmads are currently being
developed to analyse time series data of this (s Stewart-Oaterpers. comm.6"
International Temperate Reef Symposium, Christdiutbe simple approach to
analysis used here appeared sufficient to detetddically meaningful changes, and
provide some interpretation of the types of tremgslved. As many of the changes that
occur in reserves following protection were likeédybe cyclical in nature (such as
Latridopsisabundance) there is unlikely to be any one siedishpproach that is
correct, and attempting to place statistical valuegven the most obvious of trends
may prove to become increasingly difficult.

Conclusions

Value of reserves as reference areas

The results from this long-term study of Tasmampestected areas, and from
experimental studies undertaken within them, hgitied the value of marine reserves
as reference areas for understanding the effedtshifig on coastal species and
systems and placing these in perspective with abg&mnvironmental changes. There
was evidence that fishing had substantially altéhedabundance and size structure of
vulnerable species such as lobsters and bastangéter, that impacts on fish stocks
may be related to distance from population ceraresthat lobsters may play an
important role in the regulation of grazer spechesthe reserves continue to approach
a more stable or un-impacted state, and providertyputies to experimentally test the
hypothesis developed from observation of changeimthem, they should significantly
contribute to our understanding and managemergedfaystems. This understanding
will be enhanced by the establishment of a systeraserves at a regional scale,
allowing a fuller understanding of the processesioing at that scale and how they
vary in response to environmental differences betwegions (e.g. the relatively
sheltered north coast compared with the highly sgdavest coast).
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Value of long-term time-series monitoring

Several of the results from this study clearly oadied the value of a time-series
approach to understanding changes following pristiecAs many biological factors
were variable in space and time, a simple befodeadter comparison of change
through time was subject to the chance that ettteebefore or after value was outside
the long-term average and therefore the signifieara magnitude of change would be
either under or overestimated. In addition, theraV@attern of change could be
missed, resulting in an incomplete understandintp®@frocesses involved. The results
for the bastard trumpeter provided an excellentrgyta of this, where recruitment
variation over long time-scales substantially iefiaged the observed degree of recovery
of this species within reserves. A low abundanae gampled in a simple BACI
comparison would have substantially undervaluectctmservation benefits that
reserves provided for this species, whereas the-$nies approach provided a fuller
understanding of the variability involved and tlaeises behind it.

Benefits for fisheries management

The information provided by this study had a raofyeshery management implications
that could contribute to the sustainable managewifertiastal reef species. At the
single species level it was clear the both sto¢kmstard trumpeter and lobsters on the
Tasmanian east and southeast coasts had beemsialigtaltered by fishing, and for
bastard trumpeter, this had been in a fishery texgg@nmature fishes. The trumpeter
results suggested that if an immature fishery wdsetsustainable for this species,
greater use of closed “nursery” areas might betthe option for future management.
For reef fishes in general, the overall impactghhe exception of bastard trumpeter),
appear to be slight in remote locations but quitesgantial near population centres.
Therefore future management options might incluéasuares aimed at reducing effort
in populated areas. The observation that lobsters wnplicated in the control of
grazer abundance (including both urchins and akey|@oupled with the extent that
lobster stocks had declined from natural levelsastern Tasmanian waters, had
perhaps the greatest overall management implic&tiotihe long-term. While it was
unclear to what extent lobster fishing may haverall grazer abundances and algal
assemblages from natural levels, the results adddadmom a continued long-term time
series together with manipulative experiments isrfania’s existing and future marine
reserves will eventually provide an answer. It wikn be up to stakeholders (managers,
industry and the community) to decide on an actdptaalance between fishing effort
and conservation values.

Interactions between lobsters and both abalonéasmgdspined urchingd. rodgersi)

have substantial management implications, the fobeaeause of the interaction
between two highly valuable fisheries, and thestatecause of the implications for the
productivity of coastal reefs following urchin banrformation, including negative
association with abalone (Andreaval. 1998). While the understanding of both these
interactions is still at an early stage it is agaain urgent need of improvement if we are
to be confident of sustainably managing our twotwatuable reef fisheries.

Lessons for conservation management

Two of the most important outcomes of this studycanservation management are
those relating to reserve design and the potest@dystem effects of fishing. Fish
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assemblages (most notably those including bastamapieter) failed to recover at the
surveyed depths within the two smallest reservidsviong protection, and given the
small size of these reserves relative to the likelne ranges of resident fish species,
the most likely explanation was a high rate of moeat (loss) from the protected to the
adjacent fished areas. If the intended role obames includes the protection of resident
fishes their home range size must be taken intouatdn reserve planning. Habitat
barriers such as the transition from reef to sgmear to minimise loss and the
incorporation of such barriers within the resereerdary would enhance the protection
provided to mobile species.

As the results suggest that lobsters may play @oitant role in regulating grazer
numbers on coastal reefs in this region, it wasiptesthat the assemblages of plants
and animals on these reefs may have been moreastibBy influenced by current
levels of fishing than had been previously recogphi©Observations of future changes
within the Tasmanian reserves provide the only oggalbortunity of quantifying the
extent of this impact and placing it in perspectith the natural variability of coastal
systems. This highlighted the important role tleserves had as a reference for both
conservation based management.

Need for more information on fishing effort

The disparity between the changes in fish assermablaghin the MIMR and TMR
suggested that the Tinderbox region was subjeslbgtantially greater fishing effort
than the Maria Island region prior to protectionl éinerefore the observed recovery at
Tinderbox was more substantial. While this was pbipthe case given the relative
population densities in the two areas, the ladkfmirmation on both recreational and
commercial fishing in the areas adjacent to therves reduced the overall strength of
the conclusions. The collection of this informataiuring the period of protection
would provide a valuable contribution to our undiensling of the effectiveness of
MPAs by being able to relate the magnitude of defifiees arising between protected
and fished areas to the extent of fishing presguoe to, and during protection. Itis
highly likely that the extent of fishing prior tand during the period of protection will
have a great influence on the degree of recovesgrokd, and at least for fishes, may
account for much of the variability recorded in therent literature.
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APPENDICIES - TABLES OF SPECIES AND ABUNDANCES RECORDED DURING THE TASMANIAN MPA STUDY BETWEEN

1992-2002.

Appendix 2.1. Summary of fish abundance recorded from the MatanHt region in the decade 1992 to 2082undance is the total count per treatment (N/1206)0

Year
Species/ Treatment

92 92593 93594 95 96 97 97.598 99 99500 00.5 01 01.5 02

Reserve

92 92593 935 94

95 96 97 97.598 99 99.500 00.5 01 01.5 02

Control
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Diodon nichthemert
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Appendix 2.1. (Cont.). Summary of fish abundances recorded from Maténtsin the decade 1992 to 20@hundances are the total count per treatment (N/Q.2().

Yeal 92 92.£ 93 93.£ 94 95 96 97 97.E 98 98 99.£ 00 00.E 01 01.E 02|92 92.£ 93 93t 94 95 96 97 97.£ 98 99 99.£ 0C 0. 01 01l.t 02
Species/ Treatme Reserv Contro
Latris lineate 3 3 1
Lotella rhacinu: 1 1
Melambaphes zeb 1 2 2 3 1
Mendosoma allpor 4
Meuschenia austral 16 1 30 3 32 10 13 7 26 22 25 92 30 35 17 7 8 3 12 6 16 3 7 7 1 2 31 10 27 12 19 4 7
Meuschenia freycine 4 2 16 4 8 6 2 3 2 1 1 8 8 414 4 5 2 4 1 4 2 9 2 5 1 1
Myliobatis australi: 1 1
Nemadactylus macroptet 1 2 2 4
Neoodax balteatt 52C€ 46 347 35 99 43€ 97¢ 27C 28 21z 73 15 244 37 37 23 70|40 11 81 15 31 17 56 104 22 75 97 18 65 7 23 4 24
Neosebastes scorpaenoi 1 1 1 3 5 8 5 3 2 1 2 2 1
Norfolkia clarke 1 1
Notalabrus fucicca 12C 13C 13z 21t 68 90 9C 174 11t 57 48 22& 64 19C 49 12C 57|56 67 15C 101 70 98 66 85 74 69 60 55 77 68 47 61 41
Notalabrus tetricu 77C 40€ 627 32C 34C 44¢ 60€ 47C 21t 407 501 467 80S 50€ 77S 61z 93€|277 12C 265 12& 221 16t 14€ 154 41 111 17€ 13€ 34z 16& 44E& 16€ 26¢
Octopus s| 1 1 1 1
Odax acroptilu 2 1 3 1 1 2
Odax cyanomel: 4 1 2 2 1 3 1 4 2 5 916 2 4 2 8 3 8 5 4 8 3 2 7 5 14 4 8
Paratrachichthys traill 11
Parequula melbournen: 17 48 26 2 62 13 1 2 1 1 37 2 8
Parma microlepi 1 4 | 2 2 1 3
Pempheris multiradiatt 58 26¢ 267 19¢ 401 331 441 2 461 731 127 80C 15 30¢ 13 53 |35€ 373 23: 14€ 181 51 16€ 16€ 97 91 10C 12¢ 35C 31€ 10¢ 33
Penicipelta vittige 582 19 741 36 19z 27 87 36 5 18 3C 15 65 39 76 13 31 |29¢€ 13€ 321 65 56€ 62 12z 42¢ 18 18z 27t 73 15C 71 28S 13t 27:
Pentaceropsis recurvirosti 1 2 1 1 1 1 2|1 1 1 1 2 2 1 2
Phyllopteryx taeniolatt 1 1 1
Pictilabrus laticlaviu: 155 14 121 40 86 65 85 74 14 69 76 19 10z 26 70 50 10€| 75 2C 46 3¢ 55 33 80 73 4 25 41 18 26 12 47 34 59
Platycephalus bassen 1 2 1
Pseudolabrus psittacul 3¢ 7 29 7 10 9 9 7 2 16 12 10 10 5 3 12 12|16 3 9 2 2 6 4 7 1 8 8 4 4 1 11 3 6
Pseudophycis bach 4 26 2 4 6 17 9 1 7 6 1 3 1 3 1 1 2 2 10 17 4 5 3 1
Pseudophycis barbat 1 2 1 2 2 1 1
Reja whitleyi 1
Sardinops neopilchard 55( 20
Scorpaena papilos 5 1 1
Scorpis aequipinn 2 10 2
Scorpis lineolatu 4 1 4 43 19 22
Sepia apam 1 1 4
Seriolella bram. 30 25C
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Appendix 2.2. Invertebrate and cryptic fish species recorded fsomveys within the Maria Island region between2.88d 2002. Abundances are the total recorded per

treatment (N/2000 fin

Year 92 92593 93594 95 96 97 97598 99 9950 05 01 15 02| 92 92593 93594 95 96 97 97.598 99 99500 05 01 15 02
Species/ Treatment Reserve Control

Cryptic fishes
Aetapcus maculatus 1 1 2 1 1 1 1 2 2 3 2 4 1 1 1 1 1
Bovichtus angustifrons 1 1 1 1 3 1 1 1 2
Cephaloscyllium laticeps 1 2 2 5 1 1 2
Conger verreauxi 1 1 1 1 1 2 1 1
Cristiceps australis 1 1 2
Genypterus tigerinus 1 1 1 1 1
Gnathanacanthus goetzii 3 2 2 1 2 1 3 1 1 3 1 1 2 3 1 1 1 12
Gymnothorax prasinus 1 1
Heteroclinus johnstoni 1 2 2 1 1 2 2 1 1 ¥ 4 2 2 1 1 4 5 1 2 1 1 1
Heteroclinus perspicillatus 1 1
Heteroclinus tristis 6 2 2 1 3 2 1 1 2 1 2 2 2 2 2 1 1
Hippocampus abdominalis 3 2 5 1 1 1 2 1
Neosebastes scorpaenoides| 1 1 1 5 3 1 2
Nesogobiuspp. 1 1 1
Norfolkia clarkei 12 1 2 16 4 10 100 3 3 3 6 B 27 1 2 4 24 13 2 9 10 1 1 4 7 7
Parablennius tasmanianus 1
Parascyllium ferrugineum 1
Parma microlepis 1 1 1 1 2 4 1
Phyllopteryx taeniolatus 1
Scorpaena papilosa 4 1 13 3 3 12 13 10 9 5 11 3 19 6 12 8 12 54 15 18 16 24 22 12 7 11 16 3 17 11 26 13 [16
Echinoderms
Allostichaster polyplax 1 1
Amblypneustespp. 1 4 3 3 2 2 2 4 4 1
Astrostole scabra 3 2 1 3 1 1 2 2 1 5 1
Centrostephanus rodgersii 1 2 3 2 5 3 1 8 9 5 2 14 3 3 6 B 11 22 5 10 9 13 2 39 19 18 44 77 53 66 60 @8
Comanthus tasmaniae 4 22 8 23 40 123 4 81 116 13 14 19 8 41 23 70 34 27 33 7 34 1559 20 59 219 30 123 55 32 141 60 58 69
Comanthus trichoptera 360 229 450 409 595 59773 822 12381196 1114 706 546 1414 1601 1875 1554{1994 1625 1211 1092 1292 1129 1509 1227 1265 1550 2250 1154 1675 1960 1970 2171 2227
Coscinasterias muricata 1 3 2 1 1 4 2 2 1 2 2
Fromia polypora 1 3 2 4 1 1 1 2 3 1 3 4
Goniocidaris tubaria 14 13 24 14 24 22 13 25 36 32 33 21 24 24 21 11 232 91 74 56 69 88 65 79 91 68 90 82 81 1089 60 69
Heliocidaris erythrogramma (2548 1296 2015 1498 1891 2066 1710 1966 1998 2133 1960 1103 1758 1714 1611 1619 14153249 2309 1949 1444 2090 2224 2675 2179 2329 2531 2856 2045 2367 2148 2885 2760 3267
Holopneustes inflatus 1 1 2 4 3 5 2 1 4 5 3 1 4 2 10 1 5 14 42 1 4
Nectria ocellata 7 14 2 2 4 10 9 8 14 13 6 11 9 10 22 5 1 53 35 MB 21 24 30 29 42 19 29 29 24 28 36 25 |19
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Appendix 2.2. (Cont.). Invertebrate and cryptic fish species recorded fsanveys within the Maria Island region between2.88d 2002. Abundances are the total
recorded per treatment (N/2006)m

Year
Species/ Treatment

92 92.5 93

93594 95 96 97 97.598 99 99500 0.5 01 1.5 02
Reserve

92 92593 93594 95 96 97 97.598 99 99500 0.5 01 1.5 02

Control

Patiriella calcar
Patiriella gunnii
Pentagonaster dubeni
Petricia vernicina
Smilasterias multipara
Tosia australis

Tosia magnifica
Uniophora granifera
Crustaceans

Hermit u/i

Jasus edwardsii
Pagurid sp.

Plagusia chabrus
Trizopagurus strigimanus
Molluscs

Agnewia tritoniformis
Aploactisoma milesii
Aplysiasp.
Argobuccinium vexillum
Cabestanapp.
Charonia rubicunda
Chlamys asperimus
Conus anemone
Cymatium parthenopeum
Equichlamys bifrons
Haliotis rubra
Mesopeplunsp.
Nectocarcinus tuberculatus
Octopussp.

Octopus tetricus
Penion mandarinus
Penion maxima
Phasianella australis
Phasionellaventricosa
Pleuroploca australasia
Ranella australasia

22 14

37 44 40

15 23

13

31

11 14 12

420 327

208 264

11 13 13 10 13 15 22 18

32 39 62 28 48 29 30 29 28 28 36 51 15

18

16 38 34 30 54 82 61 47 55

12
11
10

95 51 72 67

11
21

17
16

13
12

17 16 19 11

23 11 16

313 133206 253 281 200 268 297 172 192 137 171 156

16

286 119 105
7

4
1

12
34
30

22

1

31

%3]

10

32

26

13
27
33

1

254 188 81

2
9

1

15 18 19

165 173 134 103 116 140 120 149 63

28

14
41
34

29 33
18

93 15

1
101 139 59

1

16

27 26 34 33 20 38 18 24 23 27 |22

143 147 169 127 87
4 2 10
2 1

1 3
4

3
3

2
4

21 48 25 66 62 49 22 20 42 31 (21

16
22

16
17

11
32

20 27

20

52 29

10

41
21

59
22

47
16

68
20

10
54

41

118 229 324 292 263 249 178 216 209 145 175
1
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Appendix 2.2. (Cont.). Invertebrate and cryptic fish species recorded fsanveys within the Maria Island region between2.88d 2002. Abundances are the total

recorded per treatment (N/2006)m

Year 92 92593 93594 95 96 97 97598 99 9950 05 1

Species/ Treatment Reserve

15 2

92 92593 93594 95 96 97 97598 99 9950 05 1 15 2
Control

Sassia subdistorta
Scutus antipodes

Sepia apama 1 1

Stichopus mollis 4 8 2 14 1 17 5 4 22 6
Thais orbita 1 1
Turbo undulatus 2 1 75 149 89 86 20 63 32 2

58 2H

b

10 16 4 6 5 10 B 17 4 1 12 1 6 1 17
3 2 3 9 5 4 2 11 6 1 5 1 9 n2 2
245 33 32 507 59 48 60 3 29 11 71650 91 77 122181 96
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Appendix 2.3. Average percentage cover by treatment of algalispeecorded on surveys within the Maria Islandaedetween 1992 and 2002.

Year 92925 93 93595 96 97 97598 99 99500 05 01 01.502| 92 92593 93595 96 97 97598 99.599C 00 0.5 01 01.502
Species/ Treatment Reserve Control

Abjohnia laetevirens 0 0 0 0 0O O 0O 0O 0O O O OO0 0O O0O/O O OO O O O OO0 0O O O O 0 0 0 |0
Acrocarpia paniculata 1.77 2.28 3.27 2.27 1.85 0.87 3.27 2.15 1.55 4.43 4.72 3.08 2.57 1.48 4.95 2.47|1.03 1.78 1.48 1.85 0.78 0.38 0.72 0.83 1.1 1.081.72 1.37 1.65 1.62 0.52 1.18
Areschougiaspp. 0 0 0 0 0 0O O O O 0150 01 02 028007 0|0 O O O O O O O O O O O O 0mO7 O
Asparagopsispp. 0o 0o 0 0 0O O 0O O O0OwO10 O O O O O O O O O O O O O O01® O 0180 O 0580
Asperococcus bullosus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 D 0 0 0 03 O 0 0 0 ()] 0 0 0 0 0 0
Ballia callitricha 0.07 0.28 0.35 0.12 0.12 0.22 0.32 0.02 0.17 0.22 0.18 0.22 0.03 0.3 0.180.17|0.45 0.13 0.23 0.5 0.570.13 0.430.72 0.68 0.5 0.220.38 0.43 0.63 0.58 0.6
Ballia scoparia 0O 0 0O O O0 0030 O O 0030030 0 003003 0|0 0 O O 0.0%.02003 0 005025008 0 0 0 0 0.0
Bangiaspp. 0o 0o 0 0 O O 0O 0O 0O 0O 0O 0O O 0 O O O01®» 03O 0 O O O OC O O O 0 0 0
Bellotia eriophorum 0o 0 0 0O O O 0O 0O 0O O 0O 0O 0O 0 0O p O O OOOKB O O O O O O O 0 0050 O
Callophyllis lambertii 0 0 0 0O O O O O 06706 007045005 0 0 0| O O O O O O O O 0023 042013018 0 0 O

Carpoglossum confluens | 7.5 9.189.88 7.57 4.52 6.47 5.97 8.18 7.43 8.18 6.3 7.287.87 6.28 9.72 5.88/3.92 3.53 2.6 3.081.85 1.95 3.056.47 3.07 4.352.323.754.034.83 2.1 24

Carpomitra costata 0 017 0 0 0.350.020.070.350.080.130.170.08 0.4 0.070.330.43/0.170.23 0 0.350.050.05 0.4 0.080.15 0.6 0.080.170.17 0.2 0.670.32
Caulerpa annulata o o o o o o o o o o o o o o o b 0 0 o0 o0 O O O O O ®™ O 0230 0 0.13
Caulerpa brownii 0.23 0 0.480.68 0.6 0.170.17 0.5 0.720.780.181.351.120.881.122.22/0.38 0 0.020.03067 0.1 0 0 O 0.430.150.130.17 0 0.570.28
Caulerpa flexilis 0.481151.9313.21.28 1.4 1.7 11.92430.7317.20.63 17 1.13 12 0.970.63 3.08 2.13 7.3 0.42 0.2 0.051.87 0.12 3.68 0.05 0.05 3.35 0.03 3.15 0.23
Caulerpa geminata 0.22 1.370.520.67 1.770.75 1.9 1.730.53 0.13 1.350.88 0.95 1.05 0.03 0.5|0.12 0.070.08 0.28 0 0.130.050.03 0.17 0.07 0.25 0.65 0.35 0.55 0.12 0.53
Caulerpa longifolia 0.03132 0 1.030.020.730.370.12 0 028003 0 O O 028003 O O O O O 0030 0150 ©0 0020 O O O O

Caulerpa remotifolia 0 0320 0 O O O o o o o o o o o o o o o o o o o o o 0 @ o o o

Caulerpa scalpelliformis 0.3 0 1.851.031.850.731.070.420.180.68 0.8 4.151.084.45 2.8 4.93 0 0 O O 0.050.150.02 0 0 O 02 0.050 0.150.03 0.2
Caulerpa simplisciuscula 0 0o © 0 O O0 0120 022 0 0 0350 0 003 0|0 O 0 0 O 0O 0O O o0 ©O 0 0 O 0 ©O 0
Caulerpa trifaria 4.786.774.75 89 7 3.233.85 3 3.132.732552.15 1.5 4.153.13 2.13/ 0.7 0.030.28 0.28 0.2 0.150.080.25 0 0.350.07 0.47 0.1 0.380.77 0.67|
Caulocystis cephalornithos |1.05 0.48 1.73 1.62 0.73 0.451.43 1.05 1.4 1.382.881.87 25 1.1329 1.8(1.120.150.630.07 0.5 0.320.18 0 0 0.080.17 0 0.180.17 0 0.3
Chaetomorpha billardieri 0 0 O 0O 0O O O 0 O 0O O 04203 0O 0 O 0O o0 ©O 0O o0 ©O 0 O 0O o0 O 0O O ©O 0 |0

Chaetomorpha sp. 0 012 0 O 0.1709857706 0020 O O O O O O O O O O 0130 0020 O O O O O O o0 o
Champia viridis 0.053.93 0 0.370.17 0.050.13 0.12 0.37 0.350.13 0.150.170.780.880.15 0 0.1 0 0.020.05 0.2 0.22 0 0.130.050.070.080.020.07 0.1 O
Cladophora spp. 0O O O O 005002 0 O O O O O o o o o O O O06O0220€ 0 00020 0 O 0 O O o0 o
Cladostephus spongiosus | 0 0 003 0 0 012002 0 O O O O O O OO0 O O O O O O O O O O00ORO2 O O o0 O
Codium harveyi 0 O O 01 01 02 0120 02208 0O 04 0O 02 O O O 01 O 050007 0 0 0070 01 O O 0280 O
Codium pomoides 0o 00020 O O O O O O o o o0 o0 o0 d o o o O O O O OoOoO@® O O O 0O o0 o
Codiumspp. 117127095048 0 0 03 15 0020 1 0.050.070.12 0.2 05308800813 0 O O O O O 0220 012 0 0O 0.120.52
Colpomenia sinuosa o o o o o o o o0 0020 O O O O O o0 O O o o o o o o000 0 0020 0 o0 02
Craspedecarpes ramentosuys 0 0 0 0 0 0 0 0 0 0 0 0 0 0 D 0 0 0 0 0 0 0 0 0200 0 0 0 0 0

0
Cystophora grevillea 0 0 002 0 0.071.05 O 0 007 O 0 O 0O O ©O 0y 0 O o o o o o o o o 0O O O 0 0 |0
Cystophora monilifera 0 0 © 0O 0 o0 o0 0 © 0O © 0O 0 0 0 D O 0O 0 0 0O 0O O o o @ 0 0 0 0 00

ot
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Appendix 2.3. (Cont.). Average percentage cover by treatment of algalispeecorded on surveys within the Maria Islandaedetween 1992 and 2002.

Year
Species/ Treatment

92925 93 93595 96 97 97598 99 99.5 0
Reserve

05 1 15 2

92 92593 935 95 96 97 97.598 99.599C 0
Control

05 1 15 2

Cystophora moniliformis
Cystophora platylobium
Cystophora retorta
Cystophora retroflexa
Cystophora subfarcinata
Deliseaspp.

Dictymenia harveyana
Dictyopteris muelleri
Dictyota dichotoma
Echinothamnion hystrix
Ecklonia radiata
Erythroclonium

Euptilota articulata
Gelidium glandulaefolium
Grateloupia filicina
Haliptalon roseum
Halophila australis

1.121.870.830.73 1.830.530.68 0.6 0.230.68 1.17 0.92 0.48 1.63 0.85 1.02
o o o o o o o o o o o o o o o
0.67 2.650.730.220.15 0.1 0.070.15 0 O 0.17 0 0.420.270.120.42
22 17.418.725.412.26.824.33 3.6 4.1 2.886.133.27 8.3 4.737.97 13.4
0 0 O O O0 0020 012 0 O 0.380.330.07 0.9 0.420.52
o o o0 o o o o o o o o o o o o
0 0.070.120.020.22 0.1 0.070.42 0.4 0.222.52 0 0.530.130.95 0.1
0.220.150.430.080.220.22 02 0 04 0950 06 O 0.820.130.42
o o o0 o o o o o0 o o o o o0 00x o
005 0 0 0o O O O O O O O 03R0522 0 0.34
15.519.119.2 27.1 27.7 32.3 34.3 46.3 30.4 30.3 38 34.943.1 21 35 26.7

o o o0 o o o o o o O O 0 0.03 0.080.03
0 O O O 0.020.07 0 0.270.070.13 0 0.020.080.020.02 0
o o 0 o o o o O o OoO 0 0388 0 0 0.07
o o o o o o o o o o o o o o o

o o o0 o o O O O o080 0 0450 0 0 O
o o o o o o o o o o o o o o o

1.5 0.430.380.730.930.38 0.35 0.9 0.180.42 0.32 0.65 0.33 0.53 0.37 0.67|
b 0 0O o0 018 O O O O O o o o o0 o0 o0
018 0 014 0 01 O O O O 0010150 O 0 01§
11.210.1 19.7 14.311.39.17 7.52 4.98 9.45 4.2 4.356.82 3.15 5.3 3.989.33
072z 0 0 O O 0050 O O O O O O O o0 o
D 0.0213 0 0.050.030.07005 0 O O 002018 0 O O O

o o0 o0 o o0 o o O 0 01903 0 007 0O o0 ©

0.15 0.1 0.020.030.02 0 0.05 0 0.05 0 002 0 O 0.170.070.88

0 0120 0080 O O 00020 O O O O O O
o o o0 o o o o o o o o o o o oo
32.3 31.7 30.8 36.3 29.8 34.8 36.3 40.8 26.6 40.8 32.9 30 34.517.4 27.1 25.8

o o o o o o o o o o o o o o o
0.020.05 0 0.030.020.030.02 0 012 0 0 003 0 0 0 01
o o o o o o o o o o o o o o o
b 0 0 0O 0O O O O o o o o o o o
o o o0 o o o O 0020 0 03 0 0 o0 o

b 0 0 o 0 O O 0O O o0 ®® o o o o o

03

Halopterisspp. 0.32 0.2 0.450.12 0.050.17 0.23 0.15 0.03 0.03 0.020.17 1.12 0.1 0 0.4§0.78 0.57 0.55 0.37 0.27 0.32 0.37 0.87 0.07 0.3 0.970.42 0.63 1.67 1.07 0.65
Hemineura frondosa 0.53 0.03 0.07 0.07 0.18 0.37 0.37 0.23 0.23 0.28 0.27 0.18 0.97 0.020.170.12| 0 0.4 0 0.070.02 0.1 0.070.050.12 0.15 0.13 0.03 0.08 0.02 0.03 0
Heterozostera tasmanica |0.42 0.05 2.22 0.28 1.27 0.550.03 0 0.530.330.370.28 0 0.070.180.23(005 0 0 0 002023 0 0 O O O O O O 0 O
Hormosira banksii 0o 0 0 0 0 O O 00470 O O O O O O O O O O O O O O O O O O 0 0 0 |0
Hymenemia curdea 0O 0 0 0 0 0O O O O O O 020 0 0 010 0O O O O O O O O O O O O O 0 D
Hypnea ramentacea 0030 0O O 0 0050 O 0 0050 O O O O 0[0030 O O O O 0070 O O O 0080 O O O
Jeanerettia pedicellata o 0 0 0 0 0O O O O O O O O O OO O 0O 0O 0O O O O 0 00070 0O 0O O O O
Jeannerettia lobata 0.420.080.03 0 0.030.130.08 0.2 015042 0 018 0 O O O| O O O 00305 0 013002028 0 0020 0 0O 0 O
Laurencia elata 0O 0 0 0 0 0O O O O O O O 00333032 0|0 0 0 O O O O O0 0030 0 0O O O 0 01ip
Laurenciaspp. 0 002 0 022 0 012 0 0.230.070.170.070.05 0 0.130.07 0 | 0 0 0320 0 0380 007 0 02 01 0 O 01 0 O
Lenormandia marginata  |0.37 0.23 0.08 0.08 0.18 0.42 0.65 0.95 1.07 0.55 0.18 1.05 0.85 0.68 0.32 0.43| 0.4 0.250.48 0.52 0.25 0.73 1.02 1.67 1.03 0.48 0.43 0.78 0.68 0.28 0.58 0.7
Lessonia corrugata o 0 0 0 0O OO O OO OO O OGO ® P O OO OO0 0 0 0 0 ® 0 0 01 0 0O
Lobophora variegata o 0 0 0 0 0O O O O O OO OO0 O P O O OO O O 0 0 0O ® O 0030050 0
Macrocystis pyrifera 0130 0 0O O 00050 0 O O O O O O O O O O O O O O O O O O O O O 0|0
Melanthalia obtusata 0 00180 0 O O O O O O 0 0050 010030 0 0 0 0 0O O O O O 0 03010 0 0.03
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Changes Within Tasmanian MPAs

Appendix 2.3. (Cont.). Average percentage cover by treatment of algalispeecorded on surveys within the Maria Islandaedpetween 1992 and 2002.

Year 92925 93 93595 96 97 97598 99 9950 05 1 15 2| 92 92593 93595 96 97 97598 99599C 0 05 1 15 2
Species/ Treatment Reserve Control

Pachydictyon paniculatm | O 0 0 0 0 0O O O O O O O O O OOpPOD O O O O O O O O O O O O O O
Perithalia cordata 0 0o 0 0 O 0O 0O 0 0 0 0O 0 O O O D O0wO0OB O O0WO000 O 0O O O O O 0030 O
Phacelocarpus alatus 0o 0o 0 0O OO0 0 0 0O 0 0O 0 0O 0O O0O TSP O O O O O O O 0200 0 0 0 0 0 01
Phacelocarpus peperocarp8.33 0 0 0.02 0 002 0 0.050.08 0 0520.250.17 0 0.1 0 |0.120.130.230.250.070.130.32 0.1 0.020.32 0.130.130.38 0.1 0.150.25

Phyllospora comosa
Plocamium angustum
Plocamium cartilagineum
Plocamium costatum
Plocamium dilatatum
Plocamium leptophyllum
Plocamium mertensii
Pterocladia capillacea
Ptilonia australicum
Rhodomeniap.
Sargassum decipiens
Sargassum fallax
Sargassum heteromorphum
Sargassum varians
Sargassum verruculosum
Sargassum vestitum
Scytosiphon lomentaria
Seirococcus axillaris
Sonderopelta coriacea
Sonderopelta/Peyssonelia
Sporochnusp.
Sporochnuspp.
Stenogramme interrupta
Thamnoclonium dichotomu
Ulva spp.

Undaria pinattifida
Xiphophora gladiata

1.034.780.950.67 1.8 1.350.7 4.783.63 7.87 4.17 3.62 5.33 5.08 4.03 8.27
2.931.071.95 1.8 1.722.18 3.33 2.423.07 3.32 1.9 2.782.63 3.02 3.47 4.1

o o0 o0 o o o O O 0030 0050 0O o0 o0 o0
0o o0 0070 O 01 O O O O 0320 0 o0 o0 O
0.320.57 0.08 0.27 0.12 0.58 0.05 0.3 0.1 0.030.050.13 0.62 0.17 0.27 0.33
o o o0 o o o O O0 0030 0 0030 O 0 o

o o o o o o o o o o o o o o o

o o0 0O o0 0020 O O O O O O O o0 o0 0
0 O O 0030 0020 0 O 0.050150.0300301 0 O
0 0.350.070.23 0.32 0.830.52 0.32 0.67 1.4 1.272.07 2.3 1.6 1.971.78

0.134.721.932.422.470.780.681.35 1 1.384.022.083.58 1.5 6.88 1.3

4.53 4.63 3.72 9.03 4.25 2.48 2.68 3.65 2.58 2.23 3.63 1.3 5.2 3.2 4.08.32
o o o0 o o o o 00050 O O O o0 o0 o
o o o o o o o o o o o o o o o

252 0.231.620.87 1.421.05 0.7 1.220.452.57 0.952.380.43 5.2 1.53 3.8

0.12 O 0O O 0030 018 O 0 008 0 0.07 O 0O o0 O
0 0o © 0O 0 0 O 0 ©O 0O ©O 0 0250 0O O
3.535.43 3.4 2.185.432.384.873.771.37 2.1 1.78 4.3 46841 5 7.41

0.9 233145185 1.8 137268272 22 16 2 19 2422 185222

0 0 O 0O 0O O O 0 O 0 O 0.8242 0 0.332.22
0 0o © 0O 0 0 O 0 ©O 0 ©O 0 0 0.020 0
0 0O O 0.080 0 047 O 0 O 0 0050 0O o0 O
0 0o © 0O 0 0 O 0 0.0».05 0 0.07 O 0O 0 O
m0.3 0 0.080.23 0.2 0.350.42 0.37 0.32 0.25 0.45 0.35 0.55 0.63 0.15 0.42

0.77 0.58 0.23 1.27 0.05 1.18 0.45 0.52 0.68 1.23 0.03 0.47 0.17 0.28 0.35 0.05
0 0.020.020.37 0 0.570.056.97 0.52 0.23 1.62 0.07 2.53 0.02 2.78 0.03
o3 o o o o o O o0 O O o o o o o

Zonaria angustata

22.530.9 30.6 27.6 24.3 31.4 35.8 36.8 32.9 37.3 31.4 44.4 47.6 39.2 39.8 42.8
1.981.731.531.45 1.5 1.282.53 2.2 2.9 0.671.78 2.15 1.33 2.13 2.83 3.07

0.120.12 0.1 0.180.03 0.08 0.13 0.28 0.12 0.030.170.15 0.1 0.2 0.12 0
0o o O O O0 0150 O O 022 0 002 0O 0 0.07 0
0.27 0.52 0.85 0.83 0.52 0.57 0.38 1.37 0.62 0.32 0.12 0.18 0.6 0.170.35 0.63
0050 O O O O 0020 O O 0.03003 0 0 0.070.03

b 01 o0 0 O O o o o O O o o o o
o o 0O OO0OOB® O O O O O o o o o0 o
0 0 0.220.350.050.030.05 0.1 0.030.08 0.1 0.220.120.27 0 0.22

0 0.380.250.08 0.18 0.25 0.07 0.62 0.38 0.22 0.3 0.520.38 0.72 0.73 0.57
0.051.722.231.03 2.62 0.88 1.7 0.370.97 0.78 1.63 0.450.130.83 0.6 0.4
2.37 2.2 2.584.07 3.27 2.03 2.02 5.07 0.65 2.98 1.52 3.08 2.33 1.52 3.68 3.23

0 © o o o0 o o o o0 o 0O 0 O 0 ©O
D 0 0O o0 O 0O 0O O o0 O @ O O 0 0 07
185008 0 018 0 0.1 0.030.27 0O O 0.18 0O 0.03 0 0.030.25

0.680.080.38 0 0.15 0 0.15 O 0 0.670.28 0.2 O 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
6.93 9 6.2 7.978.677.429.33125 85 9.22 8 7.92 7.1 8.439.18 7.35

1.77 2.7 0.981.421.481.132.12 24 1.3 135127 2 1.931.520.952.95

0 o o o o o o o o 0O O 09893 0 0 2.95
o o o o o o o o o o o o o o o

0030 0 O 0O 0O O O o0 0050 0 O 0O o0 ©O
o o0 O O O 0o O 0 00215002 O 0 O 0 012

0.3 0.130.05 0 0.150.620.530.730.23 0.430.120.25 0.5 0.43 0.3 0.47
0.05 0.1 0.020.28 O 0O O O 0050 01701 0 0.070.070.18
0 1.18 0 5430.12 03 0.1 1.7 0.172.15 0 O 0.17 0 0.220.02

) 0 01 ©O0 0O70 O O O O O 0070 O O O

9.9214.911.3129 8.2 515748114 10 7.0511.4 12 10.514.9123 15

6.3510.3 6.67 9.58 5.6 3.674.155.82 5.72 8.33 4.52 5.55 9.53 11.8 10.1 10.6
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Changes Within Tasmanian MPAs

Appendix 2.4. Summary of fish abundances recorded from the Thaleregion in the decade 1992 to 2002. Abundaneetha total count per treatment (N/4008).m

Yeal 92 92593 93594 95 96 97 97599 0 05 1 15 2 |92 925 93 935 94 95 9697 97599 0 05 1 152
Species/ Treatment Reserve Control

Acanthaluteres spilomelanurug 0 4 2 51 7 7 2 1
Aplodactylus arctidens 1 1 1 1 1 4 13 2 4 1 1 3 2 2 2
Apogon conspersus 4 1 2 1 3 1 1 1

Aracana aurita 7 1 2 3 7 4 1314 6 7 1 41 2 3 1 2 1 3 9 2 15 14 10 3 2 1
Atherinason hepsetoides 43 355

Atypichthys strigatus 3 2

Brachaluteres jacksonianus 1 8
Caesioperca lepidoptera 1 3 1
Caesioperca rasor 4 3 1
Cephaloscyllium laticeps 3 1 2
Cheilodactylus nigripes 1 1 1 1 1
Cheilodactylus spectabilis 2 1 2
Conger verreauxi 1 1
Dinolestes lewini 42 50 60 6 2 33 2
Diodon nichthemerus 2 5 5 3 3 2
Dotalabrus aurantiacus 4
Eubalichthys gunnii 1 2 1 1
Forsterygion varium 2 4 4
Gnathanacanthus goetzii 1

Haletta semifasciata 2
Hippocampus 