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Jurien Bay MPA monitoring

Summary

Floral and faunal communities associated with sialeefs in the Jurien Bay Marine
Park were investigated using underwater visuali®ngethods on six occasions from
October 1999 to November 2007. Densities of fisheshile macro-invertebrates,
sessile invertebrates and macro-algae were quehtti a total of 42 sites.

The magnitude of changes in density at zone locstii@tween years was generally
considerably less than spatial variability betweene locations, although some species
and community metrics examined showed consisten¢ases or decreases in numbers
over the survey period.

The biotic community at different sites showed ganhiotic subdivision between reefs
located within a kilometre of the coastline andenlidgoonal reefs. Inshore reefs were
characterised by sheltered conditions, water witkdenate turbidity, and by macro-algae
such aPictymenia sonderandNeurymenia fraxinifoliaOuter reefs were characterised
by clear water, wave-exposed conditions, the Eelklonia radiata,and the red
seaweedPterocladia lucidaandHennedya crispa

Outer reefs were largely homogeneous with respeass$ociated plants and animals,
whereas inshore reefs showed considerable variagtween sites and between
management zone locations. Scientific referencezan which rock lobster fishing is
permitted, largely include outer reef systems. &Asm@sequence, scientific reference
zones possess a biota that differs little betwes® tocations. By contrast, sanctuary
zones, where all forms of fishing are prohibitedjude only shallow reefs, hence
possess a biota that varies greatly between lotgtand also differs from the biota
encountered in scientific reference zones.

The lack of overlap in reef communities betweercgaary zones and scientific
reference zones complicated analysis of effectesifictions on fishing that were
enacted in these two zone types in December 208%ardless, very few observable
ecological changes associated with new fishingiotisins were identified. The
strongest relationships associated with fishingricg®ns were found in correlation
analysis when comparing the level of change froenpiriods before and after fishing
restrictions with areal extent of protected zonethis analysis, the mean size of
breaksea codepinephelides armatyignd silver trevallyCaranx georgianuswas
found to increase significantly in the larger pobéel zones, as did the abundance of
large (>250 mm) exploited fishes as a group andl étheifish Glaucosoma hebraicum

We consider that the trends in breaksea cod s@@ambers of exploited fishes are
probably real, given that adequate data were dlaifar statistical tests and trends
were consistent between years. However, the tnensib/er trevally size and dhufish
abundance relate to highly patchy data, with thaicant correlations best regarded as
flags for confirmation or otherwise through thedenterm.

Several management recommendations arose frontuithg s

Sanctuary zones should be extended to the outeare. Extra sites should then be
added to the JBMP reef monitoring program to aliawproved evaluation of effects of
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fishing restrictions, particularly with respect &ssessment of the ecosystem role of rock
lobsters.

Other than for an extension of sanctuary zonekéffshore region, the system of
protected zones in the JBMP should be maintainéd ag few changes to regulations
and zone boundaries as possible through the lomg.t€his is particularly important
for zones that include sites surveyed as part®fdahg-term JBMP reef monitoring
program.

Surveys of fishes and mobile invertebrates shoalcepeated on an annual basis, and
surveys of plant assemblages be conducted on aibldrasis, for at least five years
from the time of enforcement of fishing restriciam 2005. The frequency of surveys
should be reviewed in 2010 to assess whether a&tqueyiod between surveys is
warranted on grounds of cost-effectiveness. Momigpshould nevertheless continue
through the longer term at least until biotic chasgassociated with MPA protection
stabilise, probably longer given the unique valfi¢he data set in tracking ecological
effects of climate change.
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1. Introduction

Marine conservation planning has developed rapdér the past two decades,
evolving from an era when marine protected ared®Ad) barely existed, and were
largely declared on ad hocbasis (with the notable exception of the GreatiBaReef
Marine Park), to detailed systematic planning dfvaoeks today. In Australia, MPA
developments in different state, territory and Camnmealth waters now form part of a
national system of representative marine proteateds (NRSMPAs) (ANZECC 1999).

MPAs can potentially provide a wide range of besdfh human society, including
enhanced conservation of biodiversity—the primargl@f the NRSMPA. For
example, MPAs can be used in fisheries manageroariserve critical habitats and
protect spawner biomass. MPAs also act as referaees for assessing acute or
chronic impacts caused by anthropogenic activiiad, for assessing the success of
conservation and fisheries management strategiéis ftr single species and
ecosystems (Rober&t al.2001; Russ 2002; Wast al.2001).

To assess the effectiveness of MPAs as a managasinategy, field monitoring
programs are necessary to identify changes thanguany declaration of MPAs, and to
assess if these changes result from protectioerréthn natural variation. In this way,
monitoring programs can inform MPA planners on whicanagement strategies and
design principles are most effective in achieviegited outcomes.

Sound scientific design for MPA monitoring prograrmaguires replicated surveys both
within and adjacent to protected zones, ideallynftbe period prior to declaration of
MPAs (Willis et al.2003). As much as practicable, control sites shbalve similar
habitat, oceanographic and geographic charact=ristithe protected or treatment areas.
Surveys should also be repeated multiple times betbre the reserves are restricted to
fishing, and then for a biologically meaningful yeer following protection. Through the
use of time-series sampling designs, the effecéiggmf various levels of protection can
be distinguished from more general long-term trehds are coincidental to MPA
management strategies.

Grants from the Australian Research Council (ARE3heries Research and
Development Corporation (FRDC), and assistance tf@Commonwealth
Government and various State governments haveeh#i® Tasmanian Aquaculture
and Fisheries Institute (TAFI) to undertake basetind follow-up surveys in a range of
proposed Australian temperate MPAs. Study siteg lba@en established in Western
Australia, South Australia, Victoria, Tasmania &elv South Wales. In each state a
common methodology was used that allows for comsparof results between differing
locations, MPA designs and management strategigs.ifformation can be used to
critique current plans and assist future planning.

In Western Australia, monitoring surveys have beamducted since 1999 within the
Jurien Bay Marine Park (JBMP), located 250 km noftRerth in the Central West
Coast marine bioregion (Interim Marine and CoaRegionalisation for Australia
Technical Group 1998). The JBMP is centred arotedawns of Jurien and Cervantes,
comprises an area of 824 kmand extends along approximately 80 km of coasfiiam
the shore to the limits of State jurisdiction atodfshore distance of three nautical miles
(ca. 5 km; Fig. 1). The MPA is characterised byatensive offshore development of
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limestone pavement, structured reef, seagrass d&ald,banks and islands that provide
a protective barrier from the prevailing swells @eas. Wave height generally declines
substantially eastward of a series of reefs runnomgh-south at a distance of 5-7 km
offshore. The inner three kilometres of coastalensaessentially form a protected
lagoon with water depths generally <5 m. Isolatedcsured reefs outcrop in this area
from sand and seagrass.

The JBMP was declared on 26 August 2003 and isdztorenultiple use, with six
categories of management zone affording differevels of protection (Department of
Conservation and Land Management 2005). Restretwonfishing in the various zones
were enacted on 23 Dec 2005. The most highly predezones within the MPA
comprise ten sanctuary zone locations (3.7% of &o&m; Table 1). Three scientific
reference zone locations are also highly prote(t@éo of total area; Table 2), while
77% of the marine park is zoned for general usenjing most forms of fishing.
Restrictions associated with these zone typessaf@laws:

1. Sanctuary Zones provide the highest level ofgutain for vulnerable or
specially-protected species and protect represeataabitats from human
disturbance. Passive activities are permittedextichctive activities are not.

2. Special Purpose (Scientific Reference) Zonegdfichigh level of
protection for marine flora and fauna. From vesgeisk lobster fishing is
the only extractive activity permitted. From shdnee fishing, netting, rock
lobster and abalone fishing are also permitted.

3. General Use Zones are those areas of the matkenpt included in
sanctuary, special use or recreational zonesadiNities are permitted in
general use zones provided they do not comprormesedological values of
the marine park.

Table 1. Areas of ten sanctuary zone locations in the duB&y Marine Park.

Name Area (hectares)
Fisherman Islands Sanctuary Zone 473
North Head Sanctuary Zone 204
Pumpkin Hollow Sanctuary Zone 99
Boullanger Island Sanctuary Zone 1,334
Booker Rocks Sanctuary Zone 7
Nambung Bay Sanctuary Zone 215
Cavanagh Reef Sanctuary Zone 261
Grey Sanctuary Zone 259
Target Rock Sanctuary Zone 198
Wedge Island Sanctuary Zone 11
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Table 2. Areas of three special purpose (scientific refee@rzone locations in the Jurien Bay Marine
Park.

Name Area (hectares)
Fisherman Islands Special Purpose (Scientific ReéeeZone 2,266
Hill River Special Purpose (Scientific Reference) on 4,190
Green Islands Special Purpose (Scientific Referenong 7,582

In the present report, we summarise results ofeyigrof reef assemblages in the JIBMP
undertaken from mid October to early November i89,2000, 2003, 2004, 2006 and
2007. The 2006 and 2007 surveys follow prohibitiondishing, while the initial four
surveys are regarded as representative of baselimitions. Results of surveys from
1999 to 2004 have been outlined in previous refd8asrettet al.2002; Edgaet al.
2003; 2005).

The survey methodology focuses on reefs because #wsystems are currently the
most heavily exploited in the region and the mix&ly to show change following
protection. Surveys were designed to provide asnguantitative information on
assemblages of fishes, invertebrates and macroaitfaia the limited dive time
available. This methodology allows detection ofdactable changes in heavily-
exploited species, and also any unpredictable dasgacosystem effects of fishing, as
well as long-term patterns of regional change.

2. Methods
2.1 Sites

Underwater visual censuses of fishes, large madbiertebrates and macroalgae were
undertaken from 1999 to 2003 at a total of 25 glisgibuted across the major
management zone types (general use, sanctuargi@mtfec reference area). An
additional 17 sites were added to the monitoriragmam in 2004, 2006 and 2007,
making 42 sites in total (Fig. 1). Sites examingtteded from moderately sheltered
reefs at 2 m depth to reefs exposed to oceanid atvE? m depth.

Site locations were selected to provide a balaeteden the different management
zone types, and also inshore and offshore reefl,thé constraint that they needed to
be of sufficient size for placement of a 200 m thrigansect. Fourteen sites were
surveyed in each of the general use, scientifieresfce and sanctuary zone types.

The position of each site was recorded using a hatdlGPS (Scoutmaster) based on
the WGS84 Datum System, with position recordedeigrdes and decimal minutes.
Position was post processed in 1999 to overconfiewifes associated with selective
availability of the GPS system. This was not ne@gsis subsequent years. Site
positions and site details are listed in Table L dAta were entered onto an Excel
spreadsheet.
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Figure 1. Map showing the location of sites surveyed wittia Jurien Bay MPA.
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2.2 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, were each cextsasparately along four 50 m long
transects (Edgar & Barrett, 1999; Barrett & Buxt@@02). The transect lines were laid
end to end along a fixed depth contour. For rdedswere relatively flat with no

obvious contour to follow, sketch maps were cre@beallow similar positions to be
relocated on subsequent surveys.

For fish transects, the density and estimateddass of fish within 5 m of each side of
the line were recorded on waterproof paper, withdiver swimming up the offshore
side of the line and then back along the inshate si the middle of a 5 m wide lane.
Size-classes of total fish length used in the stuee 25, 50, 75, 100, 125, 150, 200,
250, 300, 350, 375, 400, 500, 625, 750, 875 an@408m. Lengths of fish >1 m length
were individually estimated.

Double counting of individual fish sometimes oceagrwhen the diver returned along
the inshore side of the transect line. Neverthelssh double counts have little
importance if the inshore and offshore 50 m x Slocks are considered as two separate
(albeit non-independent) estimates for the 50 mseat length. The reason that fish
were counted on the return leg regardless of whélles were recognised as having
been counted on the initial leg was that if thid hat been done then return counts
would be lower than initial counts, and mean td&sity estimates not comparable

with 50 m x 5 m density estimates of workers elsew@hReturn counts were undertaken
to allow greater precision of site estimates wiitiel extra underwater time—transects
already having been set.

Fish census data clearly are affected by a rangesés, including observer error and
variation in behavioural responses of fish to dsv@eMartini and Roberts 1982;
Kulbicki and Sarramega 1999; Thompson and Mapsi®&®¢). Such biases were
investigated in part and discussed for the transethods used here by Edgamal

(2004). Despite the existence of census biasespn&der them to be largely
systematic and not greatly confound interpretatibpatterns because data are used for
relative comparisons between different managemamsz Care was taken to ensure
that sampling effort for each diver was equitab$tributed between the different
management zone types.

Cryptic fishes and megafaunal invertebrates (langfuscs, echinoderms, crustaceans)
were counted along the transect lines used folishesurvey by recording animals
within 1 m of one side of the line (a total of fdum x 50 m transects). In order to
increase precision of estimates for rock lobstergecies of particular interest, counts
for this species were recorded along both sidéseofransect line (ie, a total of eight 1
m X 50 m transects per site) from 2004.

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

species was quantified by placing a 0.225qlmadrat at 10 m intervals along the transect
line and assessing the percent cover of the vaplau species. Cover was determined
by counting the number of times each species cedudirectly under the 50 positions

on the quadrat at which perpendicularly placed svi®ssed each other (a total of 1.25
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m’ for each of the 50 m sections of transect linessBe organisms were not surveyed
in 2007 and, because of limited dive bottom timdegith, were also not censused at
five sites (numbered 31, 33, 34, 40 and 41; seelFad Table 3) in 2004.

2.3 Data transformation and statistical analyses
Fish biomass estimates

Fish abundance counts and size estimates obtauredydinderwater surveys were
converted to biomass estimates using length-weedationships presented for each
species (in some cases genus and family) in Fishtbeip://www.fishbase.org). In cases
where length-weight relationships were describefishbase in terms of standard
length or fork length rather than total length @sorded by divers), additional
equations provided in Fishbase allowed converseiwéen different length metrics.

For improved accuracy in biomass assessmentsjakenbdivers’ perception of fish

size underwater was additionally corrected usiggassion relationships presented in
Edgaret al (2004).

In using these transformations, we recognise thtahates of fish abundance made by
divers can be greatly affected by fish behavioumnf@ny species (Edgat al.2004);
consequently biomass determinations, like abundasiteates, can reliably be
compared only in a relative sense (i.e. for congmeus with data collected using the
same methods) rather than providing an accuratdwbsestimate of fish biomass for a
patch of reef.

Fish species were subdivided into four trophic gatees — herbivore, planktivore,
benthic carnivore and higher carnivore using infation on diet provided in Fishbase
(http://www.fishbase.org/search.ghBenthic carnivores were distinguished from
higher carnivores on the basis of whether their giedominantly consisted of
molluscs, amphipods, isopods and polychaetes rdtaarother fishes, squid and
decapods.

Multivariate analyses

Similarity in community structure between sites waslysed using Principal
Coordinates Analysis (PCA). Data for all three data sets (fishes, macroinvertebrates
and sessile biota) were initially combined int@tal site-by-mean abundance matrix
after square root transformation of data. Countgliiferent surveys within each site
were averaged to provide a single number for etetbg-species combination. Species
recorded from less than three sites were excluded.

In order to avoid domination of the combined taralgsis by one of the three
taxonomic groups, the fish, invertebrate and seskita sets were combined after data
in each had been standardized to a similar rangbundance. This was done by
multiplying each value in the macro-invertebrateadset by the maximum value of any
fish species recorded at a site and dividing byrlagimum value of any invertebrate
species recorded at a site. The same process e@dsaistandardise the sessile biota
data set to the same maximum value as for fisheésretroinvertebrates.
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Environmental influences on community structureanidentified by relating six major
environmental variates (1. latitude, 2. distandshaire (km), 3. distance to general use
zone boundary (km), 4. transect depth (m), 5. umatr visibility (m), and 6. wave
exposure) to each of the first two principal conedes using Pearson correlation. Site
depth was recorded from SCUBA gauges. Underwasd#ility was estimated as the
maximum distance sighted by divers along transees! Wave exposure was estimated
at each site using a four point scale: 1: shelteosdlitions in lagoonal and other
protected environments with little oceanic swell mnd waves; 2: sheltered coast open
to limited swell; 3: coast open to moderate swaeill 4: coast open to full oceanic

swell.

Associations of common species with major commutyphes were also assessed by
calculating correlations with PCA axes using squa transformed species
abundance data for each site and species.

Patterns of similarity were assessed using clastalysis, where a Bray-Curtis
similarity matrix calculated from the square-raeinsformed data set used for the PCA
was clustered using average linkage. Sites shombi0go and >60% similarity to each
other on the dendrogram ouput were encircled bsilggse on the PCA, as plotted by
the PRIMER program (Carr 1996).

In addition to PCA, which is a form of metric mditnensional scaling, data were also
analysed using non-metric Multi-Dimensional ScalfMPS) to produce the best
graphical depictions of biotic similarities betwestes. PCA and MDS were both run
with the PRIMER program. For MDS, the data mathrwing mean abundance of
species at each site was square root-transformedit@e the influence of the most
abundant species, and converted to a symmetriexnedtpiotic similarity between pairs
of sites using the Bray-Curtis similarity index, ianis relatively insensitive to data sets
with many zero values (Faittt al. 1987). Fish biomass data were double square root-
transformed. These procedures follow the recommendaof Faithet al (1987) and
Clarke (1993) for data matrices with numerous zeoords.

Data input to matrices for MDS comprised mean \vafoe all sites within each
management zone before and after prohibitionsgmng (i.e. 1999-2004 and 2006-07).
The usefulness of the two dimensional MDS displayiatic relationships is indicated
by the stress statistic, which signifies a goodatem of relationships when <0.1 and
poor depiction when >0.2 (Clarke 1993).

Analysis of Variance (ANOVA)

Based on a replicated Before-After-Control-Imp&ACI) monitoring design
framework (Green 1979), data were analysed usin@¥A. The statistical view taken
of the JBMP was that it comprised a seascape suledivnto a mosaic of a fixed
number of fished and unfished zone locations, faltuch were surveyed if appropriate
monitoring habitat was present (i.e. reef extendangt least 200 m and with a width of
at least 10 m for fish counts). Monitoring siteseveandomly located within these zone
locations.

We also considered but rejected an alternate ttatisiew of the JBMP where sites are
nested within zone locations that are nested withgthree major management zone
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types. Models based on this scenario were notegppkecause zone location was fixed
rather than random, as would be required in the ofgsesting of factors. Zone location
was considered fixed because all sanctuary andtgmeeference locations with
appropriate reef habitat within the JBMP were syedeas part of this study.

In our model, three fixed factors and one intemacterm were included in the
ANOVA—'year ‘, ‘zone’, ‘year x zone’ and ‘locatior-where zone ‘location’

provides a blocking factor. The factor ‘year’ reggpts two time periods before and
after restrictions on fishing 1999-2004 and 2006+@%pectively. Data for each site
were averaged across survey years within eachperied. This averaging process
allowed the full set of 42 sites to be includeciralyses even though not all sites were
monitored in all years.

The factor ‘zone’ also included two levels: fisket unfished. Unfished sites included
all sites within both sanctuary and scientific refece zones for population variates
examined other than for those relating to rocktietss Rock lobster density and mean
size were analysed with only sanctuary zones censidas unfished zones, given that
fishing for this species was not prohibited in atifec reference zones. By combining
unfished sites in scientific reference zones withse in sanctuary zones, more powerful
tests could be applied than with a three zone {sang scientific reference and general
use) analysis.

The factor ‘location’ included seven levels thatresponded with the major unfished
MPA zones (Boullanger Island, Cavanagh , Fishertslands, Green Islands, Hill

River; North Head, Wedge Island) plus nearby refegesites in the general use zone.
Sites in the Target Rock and Grey Sanctuary Zorezs grouped with sites in the
surrounding Green Islands Scientific Reference Zmmene location, except for the
rock lobster analyses where they represented wafikitations and Green Islands
Scientific Reference Zone a fished location. Lamativas included in the ANOVA as a
blocking factor (i.e., without interaction terms)remove regional variation and thereby
reduce the residual error term, allowing more pdweéviPA-related tests.

The interaction term ‘year x location’ was the miogportant factor with respect to the
identification of MPA effects. Any major recoveryftished populations within MPA
zones should be indicated by a significant chandhis factor, as it would indicate
change in unfished zones relative to fished zoeésden the periods pre- and post-
restrictions on fishing.

Following graphical assessment of the distributbresiduals, abundance and density
data were log transformed to reduce heteroscedgstiANOVAS. Species richness
data possessed homogeneous variance structurees@chet transformed.

Correlation analyses

Much information on variation within and betweemes is lost with an ANOVA
approach because sites in all zones of the sareaatgpconsidered equal. Factors that
vary between sites and can affect a species’ regptnprotection from fishing, such as
distance from the reserve boundary, size of pretezone, or level of pre-existing
fishing pressure, possesses intrinsic interestamdest recognised; however, the
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ANOVA approach overlooks any such relationshipsreby adding to spatial noise
between replicates.

Two spatial variates, distance from protected zmmendary and size of protected zone,
have been found in other studies to greatly aeotogical responses to protection
from fishing (Buxtonet al.2005; Cotéet al.2001). The significance of relationships
between these variates and ecological changedhaivé protection from fishing were
here assessed using Spearman rank correlationsaElometric examined, sites were
firstly ranked in order of change, which was cadtetl as a mean value for each of the
42 sites surveyed in 2006-07 less the correspordean value for the period 1999-
2004. Correlation coefficients were calculated gshese rankings versus ranking of
sites by distance from protected zone boundarysa®dof protected zone (Table 3).

Two-tailed tests were applied for the majority aétnics examined, given that the
cascading ecosystem effects were possible andréxidn of change consequently
unpredictable. Nevertheless, metrics related tdogepl species (large fishes, higher
trophic level carnivorous fishes, dhufish, breaksed, baldchin groper, silver trevally,
and rock lobsters) were examined using one-taédsts tbecause population numbers,
biomass and mean size of species in these grougsprexicted to increase.
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Table 3. Site details for locations surveyed in Jurien Bagluding name of MPA zone location
(or name of adjacent protected zone location iegainuse zone), depth, distance from protected
zone boundary, area of sanctuary zone, area aéqigat zone (= sanctuary zone plus adjoining
scientific reference zone), underwater visibiltig) and wave exposure index (Exp).

Site MPA Depth Distance Areal Area2 Vis
No. Site name Latitude Longitude Zone location  (m) (km) (ha) (ha) (m) Exp
1 North Head 1 30°13.912" 114°59.924' Sanctuary thNgead 2 0.21 8.2 1
2 Sandland Island 30°12.914"' 114°59.524' Sanctudlgrth Head 5 0.17 6.7 2
3 Outer Rocks-Inner Coffins 30°25.285' 115°0.116' ei@dic Hill River 5 1.90 0 4190 11.2 3
4 Outer Rocks (north) 2 30°26.026" 114°59.984' Sifien Hill River 5 1.41 0 4190 9.7 3
5 Escape Island 30°19.745" 114°59.263' General &uer 5 -0.83 0 0 8.4 3
6 Inner Seaward Ledge 30°17.404' 114°58.349' Glenerdill River 5 -3.84 0 0 10.2 2
7 Juddy Reef 30°10.275" 114°57.33'  Scientific  Fisla@is 5 0.19 0 2739 10.7 3
8 Fishermansis1 30°8.042' 114°56.935"' Sanctuatighefmans 3 0.30 473 2739 12.3 1
9 Fishermans Is 2 30°8.042' 114°56.935"' Sanctuatighefmans 3 0.30 474 2740 11.3 1
10 North Tail 30°15.87" 114°58.5' General Hill River 6 -3.26 0 0 135 3
11 Australia Lump 30°11.788' 114°59.316' General rtiNHead 4 -1.21 0 0 7.0 3
12 Sandy Cape 30°10.882" 114°59.577' General NatdH 2 -0.46 0 0 9 2
13 North Head Island 30°13.61" 114°59.611' Sangtuddorth Head 4 0.17 204 204 8.9 3
14  North Lumps 30°9.412 114°59.73"  Scientific  Ersians 2 1.70 0 2739 10.9 2
15 Middle Lumps 30°9.407 114°58.011" Scientific shérmans 5 1.69 0 2739 11.3 3
16 Longman Reef (off Grey) 30°40.131' 115°7.316" el®dic Green 3 0.19 0 7582 9.9 2
17 Flat Rock 30°45.343' 115°9.898'  Sanctuary TadRgek 3 0.03 198 8039 13.6 2
18 Flat Rock Reef 30°45.249' 115°10.174' Sanctuaryrget&ock 4 0.27 199 8039 8.9 2
19 Gazely Reef 30°42.557" 115°7.084'  Scientific Gree 4 2.37 0 8039 12.4 3
20 Kearn Reef 30°43.322" 115°9.042'  Scientific  Green 4 4.73 0 8039 12.6 2
21 Cavanagh Reef 30°37.246' 115°6.143'  Sanctuary n@giva 5 0.03 261 261 9.0 2
22 Inner Seven Ft Reef 30°35.397' 115°3.889' Generdabreen 4 -4.20 0 0 135 3
23 Sams Reef 30°29.108'" 115°1.799' General Cavanagh 5 -2.71 0 0 12.4 3
24 No Name Reef 30°26.111" 115°2.13' Scientific  Riiller 3 2.20 0 4190 7.4 2
25 Fishermans Island 3007.244' 114°57.219' GenerdFishermans 4 -0.79 0 0 12.4 2
26  Outer Green Islands 30°40.886" 115°5.729'  Siitent Green 12 1.43 0 8039 13 4
27 Cavanagh Reef 30°37.53' 115°6.802' Sanctuary Qglvana 3 0.51 261 261 6.2 2
28 Outer Seven Foot Rocks ~ 30°35.391' 115°2.923" r@ene Green 10 -5.56 0 0 12.6 4
29 Inshore Grey 30040.3' 115°8.138' Sanctuary Grey 5 0.40 259 8039 5.0 2
30 Inshore Grey North 30°38.772" 115°7.434' GeneralCavanagh 3 -1.27 0 0 6.8 2
31 Main Reef 30°10.15' 114°56.53"  General Fishermand.0 -0.21 0 0 9.3 4
32 Offshore Hill River 30024.8' 114°58.9' ScientificHill River 10 0.21 0 4190 12.7 4
33 Offshore Outer Rocks 30°26.908' 114°59.579' 8fieen Hill River 10 0.41 0 4190 11.9 4
34 Big Wave Reef 30°30.87" 115°0.82" General Hill Rive 10 -5.56 0 0 11.9 4
35 Midshore Boullanger Is 30°20.08' 115°0.24' Sanygtu Boullanger 2 0.03 1334 1334 10.0 1
36 Inshore Boullanger Is 30°20.748' 115°2.2541' tsang Boullanger 5 0.34 1334 1334 6.0 1
37 Wedge Island 30°49.868' 115°11.463' Sanctuary dge/e 5 0.03 11 11 6.0 2
38 North Wedge 30°47.951' 115°11.217' General Wedge 5 -1.06 0 0 6.1 2
39 SE Greenls 30°40.693' 115°6.36' Sanctuary Grey 3 0.03 259 8039 6.2 1
40 Offshore Target Rocks 30°46.005' 115°8.518"  8fieen Green 10 2.19 0 8039 8.8 3
41 Offshore Gazaly Reef 30°42.716' 115°6.763'  dSéient Green 10 1.76 0 8039 7.9 4
42  Outer Seaward Ledge 30°17.426" 114°57.990' GéneraHill River 10 -3.84 0 0 14.1 4
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3. Results and discussion

3.1 Biotic similarities between sites

The Principal Component Analysis (PCA) was initialin using mean data for each of the
42 sites for periods before (1999-2004) and aft806-07) fishing restrictions. The first
canonical axes was very highly correlated withatise offshore (r = -0.68), and also highly
correlated (r > 0.5) with transect depth, underwaisbility and wave exposure (Table 4).
These three variates were also highly correlatédd @ach other, as offshore sites tended to
have high levels of wave exposure, clear water vegr@ censused at 10 m depth rather than
5 m or 2 m because of excessive wave surge irhgileowgs.

The second canonical axis was highly correlatedQ45) with latitude, while the third axis
was most highly correlated with wave exposure @t44) and depth (r = 0.42). The
community data set did not appear to be much a&ffelby MPA effects, as indicated by the
variate “distance to general use zone boundarfingcany clear correlation with a PCA

axis. This variate was defined as distance froombdaty inside sanctuary zones and scientific
reference zones for 2006-07 data, and was givextua wf O for data for sites surveyed
before 2005 and also sites surveyed in generatarses after 2005.

Table 4. Pearson correlation coefficients between enviemal variates and first three PCA axes,
using 42 sites and mean data for two survey pefioefore MPA and after MPA).

Distance  Distance to MPA Wave
PCA axis Latitude  offshore zone boundary Depth  Visibility exposure
PCAl -0.22 -0.68 -0.05 -0.57 -0.55 -0.64
PCA2 0.45 0.36 -0.06 -0.08 0.15 -0.28
PCA3 0.20 -0.14 0.08 -0.42 -0.06 -0.44

Outcomes of the PCA are summarised in Fig. 2, whereause MPA effects were negligible,
mean data for each site across all surveys areeglagainst the first two canonical axes.
Sites located on exposed offshore reefs tendewbtgpgo the left of this figure, while

northern sites tended to group towards the topefigure, although the single site surveyed
in the southern Wedge Island sanctuary zone (#3@)groups at the top with sheltered
Fisherman Islands sites. Neither scientific refeeezone nor general reference zone sites
show much biotic overlap with sanctuary zone sitdsch tended to be concentrated towards
the right of the figure.

Correlation coefficients between environmental ai@s and PCA axes for the data set used to
generate Fig. 2 were slightly higher than thosevshio Table 4 because data for each site
were averaged over the full survey period, and thuslved more precise estimates of site
means. This averaging was possible because timméM[RA) effects were so slight.

Distance offshore was again extremely highly catesl with the first three PCA axes
(r=-0.70, 0.39, and 0.12 for PCA1, 2, and 3, eetipely), with a combined r-value of 0.81,
which is equivalent to 66% of total variance expéal. Wave exposure was even more highly
correlated with the first three PCA axes (r = -08618, and 0.54 for PCA1, 2, and 3,
respectively), with a combined r-value of 0.87 @94 of total variance).
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The species with abundances most highly correlatgdthe first two PCA axes were the
kelp Ecklonia radiata(combined r = 0.63), the western buffalo bragyphosus cornelii
(combined r = 0.46), and the sea urdHeliocidaris erythrogramma(combined r = 0.40).
Each of these species also characterised a partgrduping of sites and species ( Fig. 2).
Ecklonia radiatatypified wave exposed sites and generally co-aecuwith the red
seaweedPterocladia lucidaandHennedya crispaKyphosus corneliwas primarily
associated with sites in the vicinity of Fisherntglands, whileH. erythrogrammavas most
commonly found on inshore southern reefs in assooiavith the red seawee@sctymenia
sonderiandNeurymenia fraxinifolia

30T

Similarity

20T

—— 60

Latityde Kyphosus cornelii
10+

PC2

Filamentous red algge
Amphibolis antarctica

Heliocidaris erythrograrima

-20—,

Figure 2. Results of PCA showing biotic relationships betwsites. Each site is depicted using the first fou
letters of the zone (Boul: Boullanger Island; Ca@avanagh ; Fish: Fisherman Islands; Gree: Grdands;
Hill: Hill River; Nort: North Head; Targ: Target R&; Wedg: Wedge Island; Table 4) followed by site
number as listed in Table 3. Site codes are unmatland in red for general use zones, in bluediensfic
reference zones, and in bold for sanctuary zonastdDr plots around groups encompass sites thapgb
either >50% and >60% similarity in cluster analy€§lsrrelation coefficients relating first two PC&es and
environmental variates are also shown (black)rasarrelations relating PCA axes and mean squaate
transformed abundance for species showing stronglasionships (blue). Circle radius indicatest.=

Community-level changes in plant and animal abuodaim different management zones are
depicted using MDS in Fig. 3 for the periods befd@@99-2004) and after prohibitions on
fishing (2006-07). In this analysis, all three magxonomic groups were aggregated using
the same site-abundance matrix as used for the Bx@AmMean values for sites in sanctuary
zones and in scientific reference sites calculaad,input to form the Bray-Curtis similarity
matrix. Thus, this plot includes data averaged srultiple sites within each zone. Zones
with high levels of biotic similarity lie adjacetd each other, while sites with few similarities
are positioned at distance. A moderate stress iswassociated with this figure (0.17),
indicating that it provides a reasonable but neagtwo-dimensional depiction of
relationships.
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Sanctuary zone locations tended to be outlierdéoc® the right and top of Fig. 3, while the
three scientific reference zone locations wereraéand largely overlapped. Thus, sites
studied in scientific reference zones possesseithsiniotas to each other and were also
similar to reference sites in general use zonesyr&ds reef communities at sites in sanctuary
zones showed many differences across the JBMPrregih few good comparative reference
sites.

Reef communities in scientific reference zone liocet changed very little following
prohibitions on fishing (Fig. 3). By contrast, aetin sanctuary zone locations exhibited
substantial apparent change between time peridds.diifference presumably relates in part
to the greater number of sites sampled within ea@mtific reference zone location, as this
would act to reduce the variability associated wlifferences between real and estimated
means, and consequently also differences betweemagsd means in different sampling
periods.

Fishermans (2) Stress: 0.17

Eishermans (2)
Boullanger (2)
/ n
[

Fishermans 3)

5) g Narth (2) Cavanagh (2) j Grey (2)

)
Hill (4) f f
- reen (6) North k

Boullanger (1)

Wedge (1)

. u Cavanagh (2)

Green (2) " rarget (2)

» i
Wedge (1)

Figure 3. MDS plot showing relationships between zone lioceat for total community abundance before
and after MPA declaration. Changes at differenesan mean fish abundance from the period 1999-2004
the period 2006-07 are indicated by arrows. Sittesare underlined and in red for general use zames
blue for scientific reference zones, and in blackifor sanctuary zones, with number of sites sygdan
each zone indicated in parentheses.
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Given that the MDS plot illustrated greater chaimgeanctuary zone locations following
prohibitions on fishing than for scientific refesenzones and general use zones, and that
these results may have been confounded by a less#yer of sites monitored in each
sanctuary zone location, data were also analysad useans calculated for the whole region
rather than for each location. Sites in generalzases were subdivided into sets of inshore
(<1 km from coast) and offshore (>1 km from coaggs, with inshore sites used as
reference sites for the sanctuary zones and offs$ites used as reference sites for general
use zones. This was possible because distancefatas found in the PCA to explain
much of the biotic variation between sites, anéssih sanctuary zones and scientific
reference zones were concentrated in the inshareféshore regions, respectively.

Results of MDS using this dataset indicated thahge in scientific reference zones
following prohibition on fishing was of similar magude and direction to change in offshore
sites in general use zones (i.e. SRZ referenceil: Change in sanctuary zones was of
similar direction but lesser magnitude than changeshore general use zones, and the
trajectories of change for these two zone typeslapped.

The large apparent change amongst inshore sigeEnieral use zones presumably resulted
from only four sites in this grouping having beamveyed, compared to 10-14 sites surveyed
within each of the other three groupings. Regasgjigse actual level of change in inshore
general use zones was relatively low, as evidealuister analysis plots (>70% Bray-Curtis
similarity; Fig. 4).

Stress: 0.06 60 -
70 +
SZ reference >
IS 8o+
£
n
90 +
100+
SRZ Ref SRz SRZRef SRZ SZRef SZRef Sz Sz
sz before before after after  before after before  after

SRZ SRZ reference

!

Figure 4. MDS plot showing relationships between zonesdtaltbiota before and after MPA declaration.
Changes in density from the period 1999-2004 tq#réd 2006-07 in sanctuary zones (SZ), scientific
reference zones (SRZ), inshore general use zodee{&ence) and offshore general use zones (SRZ
reference) are indicated by arrows using mearvaitges. Results of cluster analysis (average ¢gjiekasing
the same similarity matrix are also shown.
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Fish abundance and biomass

Mean fish abundance at sites within different MRAes generally varied little from pre-
MPA to post-MPA periods (Fig. 5), particularly fecientific reference zones. The largest
changes were associated with the Cavanagh ant Nedd sanctuary zones, although the
reference sites in general use zones associatedhesge sanctuary zones also showed
relatively large changes, indicating that effecesyrhe more closely related to regional
changes than protection from fishing. Changesmatsiary zones following protection of
fishes tended to manifest on the Fig. 5 plot asargwnovement of zones, whereas changes
in general use and scientific reference had latlesistent direction.

Cavanagh North Stress: 0.15
North
m Boullanger
Grey f
[ Green
Target Green
g Hill
‘. H|II Wedge
Wedge m Fishermans .’
|
f Fishermans
ol "
Boullanger f
Fishermans

Figure 5. MDS plot showing relationships between zone liocatfor fish abundance before and after MPA
declaration. Changes at different zones in me&rdisindance from the period 1999-2004 to the period
2006-07 are indicated by arrows. Site codes arenlindd and in red for general use zones, in bbue f
scientific reference zones, and in black bold orcuary zones.

Patterns of biotic similarity between sites andseyiperiods for fish biomass were similar to
those based on fish abundance (Fig. 6); howeveritiount of change between survey
periods was greater for fish biomass, presumalidguime errors associated with site means
could be affected by an anomalous count of oneslsfp. Regardless, stress associated with
this plot was again moderate (0.14), indicatingasonable depiction of relationships. For
both fish abundance and fish biomass plots, s€iengéference areas tended to be
biologically very similar to each other and be kechnear the centre of the figure, whereas
sanctuary zones exhibited a large range of vanatial occurred at the extremities of the
figure. The greatest biological differences betwsiégs, as indicated by separation in the
MDS plot, were between the northern Fisherman tgBanctuary Zone and the southern
Cavanagh and Grey Sanctuary Zones.
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Stress: 0.14 Boullanger
Cavanagh [
Cavanagh Y Target Green
Grey \ Green mHill

North (3) l Hill

Flshermans
]
/ .
n Eishermans f
Wedge Wedge

Boullanger

Fishermans "> =

Figure 6. MDS plot showing relationships between zone |lacetifor fish biomass before and after MPA
declaration. Changes at different zones in me&rbiismass from the period 1999-2004 to the peria@6207
are indicated by arrows. Site codes are underkmetlin red for general use zones, in blue for $ifien
reference zones, and in black bold for sanctuangzo

Macro-invertebrate abundance and sessile orgamsogpt cover

The MDS plot for macro-invertebrate abundance aiddbmany of the same patterns as for
fishes, albeit with even greater variation betwservey periods (Fig. 7). Care should be
taken when interpreting this figure as the stredgeswas 0.20, indicating that much of the
variance between sites cannot be accommodatethio-dimensional plot. The Green
Islands General Use Zone showed the most extrearggelfrom pre- to post-MPA survey
periods. This outcome was a consequence of verynesvtebrates being recorded at the two
sites in this zone (Outer Seven Foot Rocks), dadge associated stochastic variability
between surveys.

As in other figures, scientific reference zonesametral in the MDS plot for percentage

cover of sessile organisms, and show little vayirabetween survey periods (Fig. 8).
Sanctuary zones all tend to be located to the dgttbottom of the plot while general use
zones tend fall towards the top left of the figurbus, interspersion of the three zone types is
poor, with different assemblage types predominatirtpe different management zone types.
The site in the general use zone adjacent to thagé/ksland Sanctuary Zone provides a poor
reference location for the Wedge Island Sanctuanezite despite being located only 3.2

km distant; ecological communities at the referdncation mapped onto the opposite side of
the MDS figure when compared with the Wedge Isl8adctuary Zone site.
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Figure 7. MDS plot showing relationships between zone laretifor macro-invertebrate abundance before
and after MPA declaration. Changes at differenesdn mean fish biomass from the period 1999-26G4«
period 2006-07 are indicated by arrows. Site ce@desinderlined and in red for general use zondspinfor

scientific reference zones, and in black bold forcuary zones.
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Figure 8. MDS plot showing relationships between zone lacetifor percent cover of sessile organisms
(seaweeds, seagrasses, sessile invertebrate) befbedter MPA declaration. Changes at differemiezson
mean fish biomass from the period 1999-2004 tqtreod 2006-07 are indicated by arrows. Site cades
underlined and in red for general use zones, ia fduscientific reference zones, and in black otd

sanctuary zones.
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3.2 Patterns of species richness

Patterns of biodiversity at the scale of site Hasen assessed using total number of species
recorded at a site during each survey period. Resudre highly consistent between
management zones and survey periods for totaldiahd fishes in different trophic groups,
with an average of21 fish species sighted at each site (Figs. 9 @&hd\lb significant
differences in species richness between zonesteeba years were evident when data were
analysed using ANOVA (Table 5), other than for Imtarnivores, which showed a slight
decline through time (Fig. 10).

Table 5. Mean squares (MS), F-value (F) and significarice.05>p>0.01; **; 0.01>p>0.001; ***: 0.001>p) reking
from ANOVAs using time and MPA effect as factorsdaone location as a blocking factor, for spedidmess data

(number of species recorded per site). Degreezeflobm are 1 (time), 1 (MPA effect), 6 (zone lama}j 74 (error

associated with fishes and macro-invertebratesp@n@rror associated with fishes and macro-inbesates).

Taxon Time MPA Zone location Time x MPA Error
MS F MS F MS F MS F MS
Herbivores 0.335 0.221 0.139 0.091 2.651 1.746 0.2511660. 1.518
Planktivores 4920 2.579 2.155 1.129 7.098 3.720* 18.0 0.010 1.908
Benthic carnivores 51.206 5.529* 15.811 1.707 20.349192. 9.643 1.041 9.261
Higher carnivores 2149 1172 1.381 0.753 7.229 3.942* 0.381 0.208 1.834
Large (>250 mm) fishes 7.085 0.992 2.303 0.322 18.744623* 0.121 0.017 7.144
Total fishes 72.024 2.277 10.962  0.347 86.639 2.739* 3.429 0.108 31.628
Macro-invertebrates 1524 0.163 0.388  0.042 24.610638 4.024 0431 9.329
Red macroalgae 262.270 11.550%* 77.000  3.391 48.302127. 23.184 1.021 22.708
Green macroalgae 1.176 0.456 0.047 0.018 6.48 2.509* 9951 0.773 2.582
Brown macroalgae 1.616 0.361 6.127 1.371 7.328 1.639 0480. 0.011 4.470
Total macroalgae 191.519 5.360* 42.476  1.189 99.489785* 36.099 1.010 35.728

Amongst the trophic groups, the number of fish sgsewas highest for benthic carnivores
followed by herbivores, and lowest for higher caones and planktivores, which were both
poorly represented at all sites in all zones (E@). The latter two trophic groups were,
however, non-randomly distributed across the JBdHndicated by a significant effect of
zone location in ANOVAs (Table 5).

None of the fish species richness metrics examexédbited a detectable change following
protection from fishing. Neither the ‘time x MPAadtor in the ANOVA (Table 5), nor
correlations between change in species richneksmiolg restrictions on fishing and either
protected zone size or distance from protected bonedary (Table 4) generated a
significant result.

The number of mobile macro-inverteibrate speciestas remained highly constant between
years and in the three major zone types, with a@ne@e of 11.2 species observed per site
(Fig. 11). Significant variation was, however, et between different zone locations
(Table 5).

Macroalgal species richness varied significantiydeen survey periods (Table 5), with
lowest numbers of species recorded on the firstsweey occasions (Fig. 12). This trend
was driven by increasing numbers of red algal ggeevhile numbers of brown and green
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algal species showed no trend for change with tithe.number of green macroalgae and
total macroalgae varied between locations; howeeerand brown macroalgae occurred in
similar species numbers per site across all zaregitns (Table 5).
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Figure 9. Mean species numbers of all fishes and large (¥2%() fishes observed per site (+ SE) in
different management zones in different years.

Table 6. Spearman rank correlations relating change inispa&ichness of major taxonomic groups followimgtpction
from fishing with distance of site from protectemhe (= sanctuary zone + scientific reference zboendary and with
size of protected zone. None of the correlationewegnificant at p = 0.05.

Distance to protected Area

Taxon area boundary protected
Herbivores 0.04 0.12
Planktivores -0.11 0.13
Benthic carnivores 0.06 0.05
Higher carnivores -0.01 0.11
Large (>250 mm) fishes -0.02 0.21
Total fishes 0.01 0.12
Macro-invertebrates 0.03 -0.22
Red macroalgae 0.13 0.11
Green macroalgae 0.16 -0.16
Brown macroalgae 0.12 0.09
Total macroalgae 0.15 0.06
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Figure 10.Mean number of fish species belonging to four majphic groups observed per site (x SE) in
different management zones in different years.

TAFI Internal Report Pag24



Jurien Bay MPA monitoring

16

12
10 — T

Species
[e¢]

1999 2000 2003 2004 2006 2007 1999 2000 2003 2004 2006 2007 1999 2000 2003 2004 2006 2007
Sanctuary zone Scientific reference zone General use zone

Figure 11. Mean number of mobile macro-invertebrate spediseved per site (+ SE) in different
management zones in different years.
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Figure 12. Mean number of red, brown, green and total magedalpecies observed per site (+ SE) in
different management zones in different years.
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3.3 Patterns of faunal and floral density
Fish abundance

None of the four community metrics associated wothal fish abundance at sites showed a
significant temporal change between the periodsrbednd after restrictions on fishing (Fig.
13; Table 7). However, abundance of the baldchapgrChoeroden rubescershiowed a
significant increase (Fig. 14), and abundance @bitown-spotted wras$éotolabrus parilus
(Fig. 15) a significant decrease, across the regioen assessed using ANOVA (Table 5).

Although the graph of total abundance of fishesitas appeared to be relatively stable across
zones (Fig. 13), this metric was found using ANOa&ftter log transformation to differ
significantly between protected (sanctuary andrgifie reference) and general use zones
(Table 7). Total fish abundance was influenced loybers of the abundant western king
wrasseCoris auricularis which occurred in significantly lower numberspirotected zones
than general use zones (Fig. 15), whereas the maassel halassoma lunarehowed the
opposite pattern (Fig. 16). Variation between zZioeations within the JBMP was significant
for several of the metrics examined, including ltadgal abundance of large exploited fishes,
and abundances Bdlotolabrus parilusand the western buffalo bredfgphosus cornelii

The primary test of interest in the ANOVA, the iratetion between time and MPA effect,
was not significant for any metric examined (Tableindicating that any change in the fish
community in protected zones relative to generalages following restrictions on fishing
was relatively slight. Nevertheless, the total nemdif large exploited fishes and abundance
of the dhufishGlausosoma hebraicutvoth increased significantly following restricteoon
fishing in the largest protected areas (Table B btal abundance of exploited fishes
increased 110% at sites in the two years follovgragection in sanctuary and scientific
reference zones (Fig. 13), compared to an overalease of 43% decrease over the same
period in general use zones. Dhufish numbers iseka3% in two years in protected zones
compared to an overall 29% decrease over the sanwpn general use zones (Fig. 14).

The western scalyfin exhibited a significant negatiorrelation between change over time
and distance from protected area boundary (Table 8)
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Figure 13.Mean total numbers (+ SE) of fishes observed perisidifferent management zones in different
survey years.
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Figure 14.Mean total numbers (+ SE) of exploited fishes olbesgtiper site in different management zones in
different survey years.
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Table 7. Mean squares (MS), F-value (F) and significarice.05>p>0.01; **: 0.01>p>0.001; ***;
0.001>p) resulting from ANOVA using time and MPAegft as factors, and zone location as blockingofact
for abundances of all fishes, large (>250 mm) Sslexploited fishes, and common fish species. bata

log transformed). Degrees of freedom are 1 (tihgMPA effect), 6 (zone location) and 74 (error).

Taxon Time MPA Zone location Time X MPA Error
MS F MS F MS F MS F MS

Number of fishe 0.85 3.11 1.08 3.96* 0.35 1.28 0.40 1.48 0.27
Number of large fishe 1.22 0.98 4.84 3.88 2.49 1.99 0.27 0.21 1.25
Large fishes less kyphosids 1.39 2.45 0.41 0.72 213 234 * 0.21 0.38 0.57
Large exploited fishes 0.15 0.31 0.20 0.40 152 143 0.00 0.00 0.48
Choerodon rubescens 2.56 5.95 0.90 2.10 0.95 221 0.02 0.05 0.43
Epineplelides armatus 1.23 3.77 0.15 0.46 0.47 1.43 0.02 0.07 0.33
Caranx georgianus 0.79 1.57 0.30 0.59 0.66 1.33 1.08 2.16 0.50
Glaucosoma hebraicum 0.04 0.57 0.15 2.13 0.07 0.91 0.02 0.25 0.07
Austrolabrus maculatt 0.00 0.00 2.04 2.25 2.28 251 * 1.00 1.10 0.91
Coris auricularis 0.25 0.54 3.25 7.07* 0.73 1.58 0.03 0.06 0.46
Notolabrus parilu 7.28 37.10" 0.01 0.03 0.67 3.42 ** 0.15 0.77 0.20
Thalassoma lunare 0.28 0.32 5.34 6.11* 1.18 1.35 0.11 0.13 0.87
Thalassoma lutescens 3.88 3.66 3.55 3.35 2.32 2.18 0.02 0.02 1.06
Kyphosus cornel 3.97 1.21 5.41 1.65 8.76 2.67 * 7.04 2.14 3.29
Kyphosus sydneyar 0.34 0.19 0.67 0.38 2.02 1.14 2.30 1.30 1.77
Parma mcculloct 3.70 3.86 2.94 3.07 2.13 222 * 0.00 0.00 0.96

Table 8. Spearman rank correlations relating change im@éuoces of all fishes, large (>250 mm) fishes, @itqudl

fishes, and common fish species following protecfrom fishing with distance of site from protectashe (= sanctuary

zone + scientific reference zone) boundary and siith of protected zone; *: 0.05>p>0.01.
Distance to protected area

Taxon boundary Area protected
Number of fishes 0.16 0.24
Number of large fishes -0.10 0.00
Number of large fishes less kyphosids -0.15 0.05
Number of large exploited fishes 0.02 0.28 *
Choerodon rubescens 0.10 0.15
Epinephelides armatus -0.21 -0.28
Caranx georgianus 0.08 -0.03
Glaucosoma hebraicum 0.20 0.34 *
Austrolabrus maculatus 0.16 0.20
Coris auricularis -0.02 0.07
Notolabrus parilus 0.07 0.03
Thalassoma lunare 0.04 -0.13
Thalassoma lutescens -0.04 -0.05
Kyphosus cornelii -0.02 0.06
Kyphosus sydneyanus -0.13 -0.12
Parma mccullochi -0.31 * -0.04
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Fish biomass

Estimated total fish biomass at sites was stabtitgh time and between different zone
locations (Fig. 17), with no significant effectslicated by ANOVA (Table 9). The estimated
biomass of several trophic groups of fishes didydaer, change at the regional level through
time (Table 9). The estimated biomass of plankggand higher carnivores both increased
through time, whereas the biomass of benthic carassdeclined (Fig. 18). Notably, when
pelagic species were removed from calculationsgifdr carnivore biomass, no change after
the enforcement fishing prohibition, was indicat€dus, large pelagic fish species
contributed most of the temporal change in bionmdsse higher carnivores.

No MPA related change over time was evident in@&rtyie community metrics related to
total fish biomass (Tables 9 and 10). The biom&&enthic carnivores exhibited
considerable spatial variation, both between mamagé zone types and between zone
locations (Table 9). The biomass of higher carregalso varied with zone location.

Restrictions on fishing should increase survivédsaf large individuals in exploited stocks,
shifting the size-distribution and increasing meme of fishes in a population. This was
assessed by calculating correlations between chanmgean biomass of individual fishes in
protected areas following restrictions on fishimgl @oth distance from protected area
boundary and protected area size. ANOVA was nal beeause of the large number of zero
values and variance structure that was highly bgtreous.

Breaksea codHpinephelides armatlishowed MPA related effects for both these sets of
correlations, with mean observed size increasigigificantly with distance from protected
area boundary and also with size of protected @ralale 11). The mean biomass per
individual increased by 20% in protected zonesfoihg restrictions on fishing, and
decreased 20% in general use zones (Fig. 19).rSidxally (Caranx georgianusand moon
wrasse Thalassoma lunadealso showed significant correlations between gean mean
fish size and size of protected location, whilefélaf bream Kyphosus sydneyanushowed a
significant decline in mean size in protected lmoe (Table 11).
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Figure 17.Mean total biomass (+ SE) of fishes in differenthagement zones in different survey years.
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Table 9. Mean squares (MS), F-value (F) and significaric6.05>p>0.01; **; 0.01>p>0.001; ***; 0.001>p) reking
from ANOVA using time and MPA effect as factorsdarone location as blocking factor for fish biomd3ata were log
transformed). Degrees of freedom are 1 (time), PA\ffect), 6 (zone location) and 74 (error).

Taxon Time MPA Zone location Time x MPA Error
MS F MS F MS F MS F MS

Herbivores 0.304 0.218 3.216 2.300 2.850 2.039 1.7722671. 1.398
Planktivores 2.143 4.569 * 0.371 0.791 0.588 1.255 ®.090.208 0.469
Benthic carnivores 2.850 11.538 *** 1.878  7.605 ** 0.750 3.036 ** 0.022 0.090 0.247
Higher carnivores 8.961 8.539 ** 0.299 0.285 2.847 3.71 0.043 0.041 1.049
Higher canivores less

pelagics 2.389 3.437 0.014 0.021 1.222 1.759 0.288 50.410.695
Total fishes 0.280 0.378 2.389 3.219 1.270 1.711 3D.3 0.446 0.742

Table 10. Spearman rank correlations relating change Imtfiemass per site for major trophic groups follogvi

protection from fishing with distance of site frggrotected zone (= sanctuary zone + scientific ezfee zone) boundary

and with size of protected zone. None of the cati@hs were significant at p = 0.05.
Distance to protected area

Taxon boundary Area protected
Herbivores -0.18 -0.20
Planktivores -0.07 0.11
Benthic carnivores 0.01 -0.08
Higher carnivores -0.08 -0.02
Higher canivores less pelagics -0.06 0.14
Total fishes -0.18 -0.15
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Table 11. Spearman rank correlations relating change immnseze of fish of common species following proteotfrom
fishing with distance of site from protected zomeihdary and with size of protected zone (*: 0.053-0%;
**: 0.01>p>0.001).

Distance to protected area

Taxon boundary Area protected
Caranx georgianus 0.16 0.43 *
Choerodon rubescens 0.07 0.04
Epinephelides armatus 0.38 = 0.40 *
Glaucosoma hebraicum -0.28 -0.32
Austrolabrus maculatus -0.08 -0.13
Coris auricularis -0.10 0.00
Notolabrus parilus -0.05 0.09
Thalassoma lunare 0.18 031 *
Thalassoma lutescens -0.27 0.08
Kyphosus cornelii 0.10 0.19
Kyphosus sydneyanus -0.33 ¢ -0.38 *
Parma mccullochi -0.07 0.01

Mobile macro-invertebrate abundance

Compared to fish abundance, the abundance of miaweotebrates varied greatly across the
JBMP, with most of the common species exhibitinghty significant variation between zone
locations. Nevertheless, macro-invertebrate dessitiere stable through time and no
regional change over time was evident for any efdbmmon species examined (Fig. 21;
Table 12). No MPA-related changes were detectédN@VAs (Table 12) and rank
correlations (Table 13), including the analyse®inwng rock lobsters.

Thus, although densities of rock lobsters wereipted to increase in sanctuary zones
relative to fished zones (scientific reference gaderal use), no such increase was
statistically apparent (Fig. 21). Rock lobster nensldid, however, show a slight overall
increase in sanctuary zones following protectioon(f8.2 to 8.6 per 2007y whereas

numbers in fished zones (scientific reference arerpl use) showed a marked decline (from
4.4 to0 2.6 per 200 M The lack of statistical significance relatestte highly patchy
distribution of rock lobsters, particularly amonganctuary zones, which include one
anomalous site (Inner Boullanger Island) produ@hgut 30% of the total numbers of rock
lobsters recorded across all sites.

Mean size of rock lobsters provided a more stapleas through time (Fig. 22). Contrary to
predictions, mean rock lobster carapace lengtreassd in fished zones relative to unfished
zones following protection, from a mean of 49 mné%mm in scientific reference and
general use zones between the periods 1999-200208&d07, compared to a change from
59 mm to 63 mm in sanctuary zones over the samed€Figs. 22 and 23). Change in mean
size between these two periods was significanthatieely correlated with distance from
sanctuary zone boundary £ -0.421; 0.01>p>0.001), but not with size of saacty zone @
=-0.294; 0.05>p).
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Table 12. Mean squares (MS), F-value (F) and significaric8.05>p>0.01; **: 0.01>p>0.001; ***: 0.001>p) reking
from ANOVA using time and MPA effect as factorsdazone location as blocking factor for mobile maineertebrate
abundance. Data were log transformed). Degreegefiém are 1 (time), 1 (MPA effect), 6 (zone loma)iand 74

(error).
Taxon Time MPA Zone location Time x MPA Error
MS F MS F MS F MS F MS

Total macro-invertebrates 0.83 1.27 0.28 0.42 423355 ** 0.04 0.06 0.66
Campanile symbolicum 0.14 0.10 0.05 0.03 280 1.88 0.00 0.00 1.49
Turbo pulchra 0.10 0.18 0.07 0.12 139 239 * 0.12 0.21 0.58
Turbo torquatus 0.00 0.00 0.46 0.45 471 455 ¥ 0.68 0.66 1.04
Panulirus cygnus 1.64 1.46 0.53 0.48 1.23 1.10 0.16 0.14 1.12
Holopneustespp 1.47 2.05 4.92 6.84 * 231 3.20 ** 0.80 1.11 0.72
Phyllacanthus irregularis 1.69 1.84 1.00 1.09 577 6.30 ** 0.42 0.45 0.92
Heliocidaris erythrogramma 0.11 0.05 0.02 0.01 13.33 6.61 *=* 0.47 0.23 2.02

Table 13. Spearman rank correlations relating change inilmotacro-invertebrate abundance per site following
protection from fishing with distance of site frgorotected zone (= sanctuary zone + scientific ezfee zone) boundary
and with size of protected zone. None of the cati@hs were significant at p = 0.05.

Distance to protected

Taxon area boundary Area protected
Total macro-invertebrates 0.04 -0.03
Campanile symbolicum 0.06 0.04
Turbo pulchra -0.15 -0.02
Turbo torquatus -0.01 0.09
Panulirus cygnus -0.01 0.01
Holopneustes spp. 0.03 0.09
Phyllacanthus irregularis -0.18 -0.21
Heliocidaris erythrogramma 0.17 0.06
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Macroalgal and sessile invertebrate cover

Coral cover differed significantly between zonedaygTable 14), with five times higher mean
cover in sanctuary zones (1.8%) than in scientédference zones (0.37%) and general use
zones (0.39%) (Fig. 24). Coral cover also diffebetiveen zone locations (Table 14), with
highest cover near Fishermans Island.

Amongst the macroalgae, coverSdrgassunspp. and foliose red macroalgae varied
significantly between zone types (Table 14), withlest cover of foliose red algae and
lowest cover oBargassunspp. in sanctuary zones (Figs. 24 and 25). Filéousred algae
decreased through time, several ta&ek{onia radiata Caulerpaspp. and filamentous red
algae) varied with zone location, but no taxon seawignificant MPA-related changes with
time (Tables 14 and 15).
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management zones in different survey years.
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Table 14. Mean squares (MS), F-value (F) and significaric8.05>p>0.01; **: 0.01>p>0.001; ***: 0.001>p) reking

from ANOVA using time and MPA effect as factorsdarone location as blocking factor for scleractintarals and

macroalgal taxa. Data were log transformed). Degoédreedom are 1 (time), 1 (MPA effect), 6 (zdmeation) and 69

(error).
Taxon Time MPA Zone location Time x MPA Error
MS F MS F MS F MS F MS
Coral 0.02 0.05 3.28 1052 * 0.87 278 * 0.02 0.05 0.31
Ecklonia radiata 0.38 0.17 5.47 2.47 6.77 3.06 * 0.01 0.00 2.21
Sargassunspp. 0.63 0.83 7.54 9.93 * 1.28 1.69 2.10 2.76 760.
Caulerpaspp. 0.01 0.03 1.01 2.66 1.27 3.35 * 0.43 1.13 380.
Filamentous red algae 7.21 849 * 0.36 0.42 2.262.67 * 0.38 0.44 0.85
Foliose red macroalgae 0.59 1.84 439 1380 * 420. 1.33 0.00 0.01 0.32
Green macroalgae 0.04 0.09 0.04 0.07 0.71 1.53 .02 0 0.04 0.47
Brown macroalgae 0.00 0.00 0.08 0.09 1.82 2.06 0.36 0.40 0.89

Table 15. Spearman rank correlations relating change inguetrcover of scleractinian corals and macroakya t

following protection from fishing with distance site from protected zone (= sanctuary zone + sfientference zone)

boundary and with size of protected zone. Nonéefcorrelations were significant at p = 0.05.
Distance to protected

Taxon area boundary Area protected
Coral -0.08 0.08
Ecklonia radiata 0.21 -0.03
Sargassunspp. -0.01 -0.10
Caulerpaspp. -0.07 -0.14
Filamentous red algae -0.22 -0.21
Foliose red macroalgae 0.06 0.03
Green macroalgae 0.06 -0.07
Brown macroalgae 0.16 0.05

4. Discussion and recommendations

4.1 Reef monitoring rationale

The creation of a mosaic of management zones iaghscape through the declaration of
MPAs represents an ecological experiment involtiregexclusion of human predators at a
vast spatial scale (Walters and Holling 1990). JB&P monitoring method was developed
to capitalise on this experiment (Edgar and Badr@®9). It involves underwater visual
census of densities of fishes, invertebrates aadtplalong 200 m transects at replicate sites
to quantify biological changes in response to ttieduction and enforcement of fishing
restrictions in different management zones.

We consider that visual census techniques providertost effective technique for
monitoring species at shallow-water sites in MPAsause they are non-destructive and
permit the collection of large amounts of data dmaad range of species within a short dive
period. MPA monitoring programs need to cover ajeanf taxa because, in addition to
heavily-exploited species that are predicted tovecin new MPAS, significant secondary
effects of fishing are known to also occur that ldoatherwise go undetected (Babcaathal.
1999).
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The overriding consideration when planning the nayvimg design was that temporal change
in the different management zone treatments provide primary focus of study.
Consequently, spatial variation at the site leliat interferes within the detection of the
temporal signal was minimised as much as possiilis.was done by censusing fixed sites
through time, surveying species along set deptkocws, sampling in the same season in
different years, and aggregating data over a lastguce (200 m) per site to smooth fine
scale variation.

To minimise natural variation and seasonal effesites are fixed and sampled each year over
similar dates from mid October to early Novembdre OO m transect distance is subdivided
into four contiguous 50 m long blocks, each of vlhiE 10 m wide for censuses of mobile
fishes and 1 m wide for censuses of mobile macvertebrates and cryptic fishes. In

addition, macrophytes and sessile invertebratesiaxeyed 20 times with a 0.25 guadrat

at 10 m intervals along the transect line.

This fixed ‘extended-transect’ sampling design s@lected to maximise the amount of
information gathered at each site by three diveaish with a single tank of air. Three sites
can be surveyed per day, weather conditions pengnitPilot trials indicated that if divers
reduced the amount of information collected pe, $dr example by surveying two rather
than four 50 m long blocks, then site coverage d@aait have increased greatly because of
the lengthy time required to move between sitef gnechor, gear up for diving, set transect
lines etc). Collection of additional informationesch site would require either a second dive
team or reduced site coverage.

The collection of data from four 50 m long blockdbiest viewed as an approach to increase
the precision of estimates of mean values for m3flock at a site. Information on spatial
substructure within sites, in the form of data fridma four contiguous 50 m-long transects,
was not used to assess variance within sites. Ridi&00 m transect was subdivided into
four blocks because:

1. Data are more easily compared with results cfrativestigators, who often use
transect lengths of 50 m.

2. Different divers can collect information in difét 50 m sections of the 200 m
length, allowing equitable distribution of dive #megardless of number of divers, and
permitting analysis of observer (between diverg .

3. If greater precision at a site is required, faaraple if rock lobster numbers are highly
spatially-variable but are a management prioritgntextra 50-m blocks can be added.
Similarly, the number of 50-m blocks can be redutéive time is limited, such as when
surveying deep sites. In both cases, data at time Block scale remain directly comparable
with data for other sites.

The extended-transect design represents a comprdreieeen power and generality, lying
intermediate along the spectrum from more genéebkgudies that involve random replicate
transects at each site, and more powerful studibsassingle fixed-transect permanently
anchored to the seabed.

The extended-transect design is considerably mmregul than a random-transect design,
but with less generality in associated statistieals. Although an understanding of within-
site variation can be critical for studies with@tfaims, individual sites had no intrinsic
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importance in this MPA study. Our interest was f&elion within- and between-zone effects,
with sites providing replicate information for aysgs. Zone locations were regarded as
important in their own right because of a manageémead to identify whether particular
zones were ineffective with respect to managememd,asuch as if the zone was too small or
illegal exploitation affected population numberawéver, because the general level of
ecological response to the new MPA zones that doeldlentified after two years of
protection was low, data pertaining to individuahes have not been presented.

Advantages of random-transect methods over thendgtktransect method are: (i) sites
encompass a greater total area of seabed becaasgesof depths are surveyed at each site
rather than a single depth contour, thus increagamgrality, and (ii) information is gathered
on spatial variance within sites. However, forwdgtof MPA effects, we considered that
these advantages were greatly outweighed by disgalyas, which include: (i) spatial noise
associated with randomised placement of transkatobscures the fundamental temporal
signal, (ii) lost diving time during periods wheivers move to the start of different replicate
transects, resulting in reduced data collectionupértime, (iii) difficulties in truly
randomising transect placement and spatial biassceted with haphazard placement, and
(iv) confounding with depth as a consequence ofessites being relatively flat with little
depth range, and others being steeply-sloping aodmepassing a large depth range. We
regard depth was better to be included as an éxydigable within analyses rather than
contributing to spatial noise between replicates.

A design involving transects that are permaneritched to the seabed would be more
powerful at detecting temporal effects than ouigiesdut at some minor cost in generality and
at considerable extra cost in dive time. The aogtenerality for a physically-fixed transect
design relates to the fact that our transects vaoeated on each sampling event within a band
that extended ca 1 m in depth (due in large patdifferent tidal heights at the time of each
survey) and ca 20 m in horizontal extent (due tprauision in site relocation). Thus, some
spatial ‘noise’ is added to the temporal ‘signalour design, reducing power but also reducing
the possibility that overall conclusions are aféelcby anomalous positioning of a transect.

Disadvantages of utilising a physically-fixed traasare threefold. Firstly, the presence of a
permanent transect line could affect survey resity instance wave-induced movements of
the line may abrade plants and potentially affeethabitat and thus the ecosystem
components censused along the transect. Secoraihiggament and social issues arise with
installation of fixed infrastructure. This includaseduction in aesthetic values associated
with diving in MPAs, given that 200 m long ropesobiains permanently attached to the
seabed in sanctuary zones, or permanent markeus wapresent a visual intrusion to
recreational divers. Thirdly, despite the theaadtincrease in power to detect temporal
signal for physically-fixed transect designs, povgesidversely affected in a practical sense by
reduced replication. Considerable dive time and iso®quired to initially set up permanent
transect lines and seabed markers. If transec &ineleft attached between surveys, then
they need maintenance, perhaps with replacemesnttafd or three years. If lines are strung
on each survey between permanent markers suchrgscket posts, then dive time is
reduced by the extra time required to set thedfter locating markers, some of which may
disappear between annual surveys.
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4.2 Natural spatial and temporal variation in the JBVIP

The JBMP provides home for a diverse range of §isheacro-invertebrates, macroalgae and
seagrasses, a large proportion of which are endensicuthwestern WA. A few corals near
the southern end of their ranges were recordedaoisécts in JBMP; however, reef habitats
are much more characterised by warm-temperate selswather than by corals. Subtropical
fishes and corals in the JIBMP were most evidetitenFishermans Island Sanctuary Zone, a
shallow protected reef system in the northern daggonal region where water is clear and
temperatures rise on sunny days.

Compared to other locations investigated as pati@broader temperate Australian MPA
study, a notable characteristic of the JBMP isuc of planktivorous fishes. The mean
observed biomass of planktivores was ~2 kg perwitech compares with a mean of ~50 kg
per 2000 nf in the Lord Howe Island Marine Park (Edgsral.2008a), the only region
where comparative analyses have been undertaldateoThe low biomass of planktivores
presumably relates ultimately to extremely low raurtt conditions that prevail across the
region (Bancroft 2005; Babcoek al. 2006), and an associated paucity of plankton prey
(Department of Conservation and Land Managemens)200he mean biomasses of
herbivorous, benthic carnivorous and higher camaus fishes do not differ greatly in
general use zones between the Jurien Bay and Lone Hsland Marine Parks.

The major factor that affects the distribution aftle communities in the JBMP is the
offshore gradient. Plants and animals associatddtive sheltered inshore reefs differ greatly
from those on outer reefs. Within the set of shetteeef habitats, substantial biological
differences are also evident between reef comnasiti the Cavanagh and Grey Sanctuary
Zone regions in the south, and reefs in the Fisheansland Sanctuary Zone in the north.
These differences in community structure are coaigarin magnitude to differences
between sheltered and offshore reefs (see PCAtsanUtig. 2). By contrast, offshore reefs
were found to be highly homogeneous, with littleiaon in community structure apparent
across the full extent of the JBMP.

The floral and faunal communities at different lo@as generally exhibited a low level of
change between years compared to variation betaiee=n MDS trajectories depicting
change between early and recent surveys showledohterlap between different zone
locations (Fig. 3). Nevertheless, the magnitudelbsferved temporal change varied between
taxonomic groups, with most change evident amotgssessile biota (Fig. 8), and least
change evident amongst the fishes (Fig. 5).

The lack of survey data for sessile biota in 20@&pmably contributed to the relatively high
magnitude of temporal change at different locatimnghis taxonomic group. Averaging
between the years 2006 and 2007, as was donecgffisthand macro-invertebrate data sets,
would reduce spatial noise in data and provide eeratable temporal signal.

Some of the interannual variation in species riskra the sessile biota also probably
resulted from variation in the taxonomic skillsdifers when assessing cover of macroalgae.
In contrast to fishes and mobile invertebrates,re/ladl animals are recorded to the species
level, seaweed species are grouped within higlxerwdenever a macroalga cannot be
identified to species. This occurs when the spasiasknown to the diver or when
reproductive structures critical for identificatiare absent. Through time, as knowledge of

TAFI Internal Report Pagd8



Jurien Bay MPA monitoring

the algal flora increases, additional speciesegegnisedn situ by divers and recorded at the
species level, rather than lumped into a highesriax

Although we tried to minimise the effect of divardwledge by using only three experienced
divers for assessing macroalgae during the fiveesuyears, the influence of experience
possibly contributed to trends in macroalgal spedighness, with increasing total numbers
of macroalgae recorded through time (Fig. 12).dasmg macroalgal richness was due to
increasing numbers of red algal species obsenigd1E; Table 5), an expected outcome of
increased diver knowledge given that red macroatgagprise the floral group where
taxonomic skill is most important and where addiibspecies will be recognised with
experience.

Regardless, relatively few of the trends througietcan be attributed to biases in diver
training. In addition to foliose red algal speadietiness, red algal cover also increased
through time (Fig. 24), and this measure is nduericed by diver experience. Moreover,
zone locations with relatively large temporal chesn fish abundance and mobile macro-
invertebrate abundance trended in a similar dwadth MDS plots, indicating a coherent
region-wide change in ecological communities. Cstesit change across the region is also
evident in plots showing abundance trends of imlligl fish species, including long-term
population decline for the wrassgstolabrus parilusThalassoma lutescemsdThalassoma
lunare (Fig. 16).

4.3 Effectiveness of IBMP zoning scheme and monitag program

Identification of effects of fishing over the pagtcade in the JBMP is complicated by the
long-term regional ecological change that occuoesr the period of monitoring, and also by
the non-random distribution of zone types. As djeavident in MDS plots, sanctuary zones
were often outliers with respect to floral and faucommunities, and consequently lacked
good control locations to account for regional iateual trends in data that were unrelated to
effects of fishing. In contrast to sanctuary zaseations, reef communities in the three
scientific reference zone locations were very @amib each other, and also to communities at
offshore reference locations in the general usezon

Very few observable ecological changes associatddngw fishing restrictions in sanctuary
and scientific reference zones have been identifiethte in the JBMP monitoring program.
None of the 49 ecological metrics examined usingAM was found to change significantly
in protected zones relative to data obtained podishing restrictions and at reference sites
located in fished areas. Of 61 rank correlatiosessed between ecological change and
distance from protected area boundary, only thigrgfecant outcomes were observed, while
six significant outcomes were found for the 61 rankrelations with size of protected area.
Given use of aa-value of 0.05, which implies about three significaorrelations that are
spurious (Type 1 errors) amongst each set of @4, tdeen most of the significant results are
probably a consequence of such errors.

Nevertheless, not all significant results are kitel be spurious given that four of the six
significant correlations with protected area sineived exploited species, yet only 15 of the
61 metrics tested involved this subset of all sgedVletrics significantly correlated with
protected area size included mean size of breal®kpinephelides armatyisnd silver
trevally (Caranx georgianus and the abundance of large (>250 mm) exploistes as a
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group and also dhufislis{aucosoma hebraicumThe trends in breaksea cod size and
numbers of large exploited fishes are likely taéa, given adequate data that is consistent
between years. By contrast, the trends in siheyally size and dhufish abundance relate to
highly patchy data, with the correlations best rdgd as flags for confirmation or otherwise
through the longer term.

The scarcity of observed ecological changes agsacvaith the new JBMP zoning scheme
may result from several possible causes: (i) lowgran statistical design to detect change at

= 0.05, (ii) low pre-existing level of fishing msure in some of the more inaccessible
locations, (iii) limited time since gazettal ofliisg restrictions, (iv) lack of adequate
enforcement of fishing restrictions, (v) MPA zorage ineffective in achieving biodiversity
aims, or, most likely, (vi) a combination two or ramf these factors.

The power of tests varies greatly between metdepending on patchiness of data and
consistency of means through time. Data sets cohbsetween consecutive years (e.g.
number of fish species recorded per year, abundafiidetolabrus pariluy should allow
detection of relatively small effects, such as1ii&o increase in mean log biomass per
individual breaksea cod that was found significatr<0.01. Note that year to year
consistency is a better index of power than thedsted error terms shown in figures, which
relate to spatial variance between sites. Stanglaods can be high but temporal tests of
MPA effects will still have reasonable power praddhat site to site to site variance is
consistent between years.

Overall, a lack of statistical power does not appede a major issue with respect to the
paucity of significant results. Plots of temporalnges in species richness and abundance
indicate very little net change in mean values @ssed with different zones for the periods
before and after restrictions on fishing. Thus,rewesampling effort had been greatly
increased with much higher levels of site replmatifew significant changes would have
been noted over the two year period since enforneofdishing restrictions.

A second explanation for the low level of obserehdnge is that pre-existent fishing
pressure across the region was low and historidalyessed stocks only slightly, hence any
recovery to the unfished state can only be mindrdifiicult to detect. This hypothesis is
likely true for species not actively targeted attdo not occur as bycatch in the major
fisheries.

Compared to heavily exploited regions, such avitiaity of Perth, the remoteness of the
Jurien region and low local human population dégssihave likely prevented major historical
declines in fish stocks. Nevertheless, becauselatipos of rock lobsters, dhufish and
baldchin groper are heavily targeted across tldlirdnge, population numbers of these
species, at least, were likely to have been sutialigrdepressed within the JBMP. Dhufish,
in particular, are a comparatively rare speciesphavide the primary target for recreational
fishers, hence even low fishing pressure would tauiglly reduce population numbers.

Dhufish notably provided one of the few significAfiPA-related responses observed in the
study, with a significant correlation relating clgarat sites to area of protection from fishing.
Dhufish numbers increased 13% in the two yearswotig protection in sanctuary and
scientific reference zones, compared to an ov2eilh decrease over the same period in
general use zones. A recent study indicates tmatreercial and recreational dhufish catch
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rates for the Midwest has been reasonably statith&length of this monitoring program
(Wiseet al.2007)

Rock lobsters, on the other hand, showed no iner@asopulation numbers or mean size
within sanctuary zones, and an increase in meansizshed zones. This unexpected
outcome probably relates, at least in part, tdotbkgy of the species, and an offshore
migration of animals at the stage in their lifedeyahen they are recruiting to the fishery
(Phillips 1983). If rock lobsters settle on reefsnishore sanctuary zones at the post-puerulus
stage, then leave for deeper reefs on reachingmamilegal size, animals in protected zones
are not subjected to fishing pressure, and no M&ated effect can be expected.

Nevertheless, it is also possible that, while tlagamity migrate, some individuals remain on
or return to inshore reefs, and that insufficiemiet has elapsed for the presence of these
animals to statistically affect survey data. Somienals above legal size were observed on
sanctuary zone reefs, and studies 250 km soutbtatdst Island indicate that marine
reserves on shallow reefs can provide effectivetsanies for lobsters (Babcoek al.2007).

The two years that has elapsed since restrictinrissbhing were enacted is minor in relation
to the life-span of local commercial species, henegr changes are unlikely for several
more years. Any flow-on interactions to other memlwd the food web should take five or
more years as they require substantial changdsuimdance or size-distribution of the
keystone commercial species before they are manifes

In the Tasmanian MPA study, for example, rock lebsiomass increased an order of
magnitude over a five year period, and it was alghat time when flow-on effects to
populations of large grazing invertebrates developensities of sea urchins, abalone and
grazing gastropods all showed major declines irufa@n numbers from the five year mark
(Buxtonet al.2005), with population decline of these invertédispecies showing no sign of
abating in recent monitoring surveys 15 years pasction. Outcomes after two years have
been similar in both the Jurien Bay and NSW JdBag marine parks, with few observable
changes at that time. Significant increases initleaf large fishes and the targeted species
Cheilodactylus fuscusere, however, evident in Jervis Bay sanctuaregaiter four years
(Edgar and Barrett, unpublished data). Ecosysteel thanges related to increasing predator
numbers, decreasing grazing invertebrate numbedsinareasing macroalgal cover required
ca. 20 years to manifest in the NZ Leigh Marined®es (Babcoclet al. 1999; Shears and
Babcock 2002; Shears and Babcock 2003).

Because so little time has elapsed in relatiolmédife-spans of the large predatory species, it
is not yet possible to adequately assess wheteelBMP management plan is on course to
achieve its vision (Department of Conservation bald Management 2005): “In the year
2025, the marine flora and fauna, habitats andeatality of the Jurien Bay Marine Park

will be in the same or better condition than in yiear 2005. The area will support viable and
ecologically sustainable fishing, aquaculture, @ation and nature-based tourism and the
marine park will be considered an important asgehe local community”.

In the context of this vision, it is important ecognise that a lack of difference through time
in sanctuary and scientific reference zones conag@rgeneral use zones does not
necessarily represent a failure of management aithsrespect to biodiversity conservation.
Some benefits of protected zones may propagatssatiie wider JBMP region through
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dispersal of eggs, larvae, juveniles and commestaalk, increasing population numbers
across all zones.

Nor does a lack of change through time in proteztates relative to baseline conditions
represent a failure of management aims, providiag lbcal ecosystems were not heavily
fished prior to enactment of fishing restrictioRgshing pressure on inshore WA coastal
waters will inevitably increase with time, hence 8afeguarding of areas with little current
fishing pressure provides important insurancedoal marine biodiversity through the long
term.

In fact, protection of habitats that have beetelitinaffected by human activity to date is
arguably a better strategy than the protectiorabitats that are heavily-exploited and in need
of restoration. Degraded habitats will not necelgsagcover once exploitation ceases (Frank
et al. 2005), and the social and political cost of proterexploited habitats may be high
because of the number of stakeholders with anastén continued exploitation. Regardless,
a fully representative system of MPAs will inevitabequire protection of particular habitats
that are heavily-exploited because some habitastgpe currently exploited across their full
distribution. Such habitats are most threatenedcandequently in most need of protection if
species extinction is to be avoided (Edgaal. 2008b).

Recommendations

Our primary recommendation is that some locatioitls affshore reef need to protected as
sanctuary zones. The lack of water depths >8 ranctsiary zones clearly comprises a major
deficiency in the JBMP zoning system. From a biedsity perspective, it is, however,
fortunate that numerous sanctuary zones are logaiadhore waters, given that offshore
reefs possess communities that are largely homogsrecross the full range of the JBMP.

By contrast, inshore reef communities vary grelaéiwveen locations, and thus have a greater
range of ecosystem biodiversity to be capturediwitiie sanctuary zone system.

Regardless, neither biodiversity nor scientific siofithe JBMP can be fully achieved
without the addition of offshore habitat types whesck lobsters as well as fishes are
protected. Biodiversity aims will not be achievestluse of the life-cycle of rock lobsters,
which includes an offshore migration for most o thopulation at about minimum legal size
(Phillips 1983), and also because of the potegtiaystone role they play in controlling
populations of grazers in local ecosystems (Ed§80)L As a consequence of their offshore
migration, no habitat will contain numbers of matanimals that approach unexploited
levels, and thus no habitat exists where the f@tlpatory impact of adult rock lobsters is
expressed. This impact is likely to be considergbten the high densities at which western
rock lobsters occur, and, by analogy, becauseeotdnsiderable role played by rock lobsters
elsewhere (Barkai and Branch 1988; Pedeet@l. 2008; Shears and Babcock 2002; Tegner
and Dayton 1999; Tegner and Dayton 2000; TegneiLawth 1983).

Scientific aims of the JBMP are also presently caommpsed by the lack of offshore sanctuary
zones because the role of rock lobsters in loaadystems cannot be fully assessed, nor can
data useful for rock lobster management be dirextitgined from a population containing
mature animals at natural densities, including dataatural growth and mortality of large
individuals. The difficulty in undertaking an adede scientific evaluation of effects of rock
lobster harvesting has multiple consequences @fishery, including relevance to the

TAFI Internal Report Pags2



Jurien Bay MPA monitoring

granting of export permits for rock lobster expamgler the Environmental Protection and
Biodiversity Conservation Act.

We recommend that sanctuary zones be extended tmtér reef area when management
zone boundaries are reviewed. Extra sites showdd tie added to the monitoring program to
allow improved assessment of effects of fishingicésns, particularly with respect to
assessment of the ecosystem role of rock lobsters.

The population of Jurien Bay has steadily increasest the last decade and the imminent
opening of the “Indian Ocean Drive” connecting Lalnt with Cervantes will increase access
to the Midwest, with accompanying increase in ratomal activities. As fishing pressure
increases within the region, stakeholder groups soggest the opening up of protected
zones to fishing. We recommend that such suggeshemnejected for the reasons described
in Section 4.3—management aims can be achievedtelditite ecological change through
time in protected zones, providing that initiahfisg pressure was low. In fact, increasing
pressure to open up protected zones to fishing@spl perceived desire amongst fishers to
access grounds because of declining stocks indiaheas. In this case, opening up of
protected zones to fishing will have major negatwasequences for biodiversity. Note that a
decline in stocks in fished areas should be apparghe reef monitoring data in the form of
a decline in population numbers of exploited spetiggeneral use zones.

Any change to the protection status of scient#i@rence and sanctuary zones would
negatively affect the long-term JBMP reef monitgrprogram, with reduction in site
replication for data extending from the 2004 bawelChanges in the zoning scheme would
also affect analysis of long-term change acrossdf®n for reef communities, including
identification and assessment of ecological impattdimate change.

We recommend that, other than for an extensioamdtsary zones to the offshore region,
the system of protected zones in the JBMP be miadéatavith as few changes to regulations
and zone boundaries as possible through the lomg.t€his is particularly important for
zones that include sites surveyed as part of thg-term JBMP reef monitoring program.

The JBMP reef monitoring program has been undefaragnly two years since the
enforcement of restrictions on fishing, a perioalttis insufficient to adequately assess
ecological changes associated with the zoning seh@hile changes in populations of
exploited species are expected to occur most sapidir the first five years of the zoning
scheme, flow-on effects amongst other ecosystenpooents may take decades to become
apparent, with relatively little change betweenrgea

Given the high cost of JBMP field surveys (ca $28,per event), the frequency of surveys
requires ongoing review to maximise return on exiitene. Thus, while annual surveys of
fishes and invertebrates are appropriate ovemitialiperiod of most rapid ecological
change, annual surveys of fishes and macroinvetiebbmay not be necessary once annual
change stabilises. The frequency of surveys of o@gae and sessile invertebrates has
already been reduced to once every two years becdulke extra time, specialised skills and
cost required to survey this component of the biata because changes in macroalgae
associated with JMBP zones are not predicted aftél substantial change occurs in
populations of exploited habitat-engineering specie

Although the JBMP reef monitoring program was priilgadesigned to detect ecological
changes associated with enactment of the marirke jpp&s also important to recognise that it
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will have increasing value through the long-ternthia identification and assessment of
ecological impacts of climate change (and perhégusiavasive species). Many ecological
changes that follow changing climate will be int#h&e and unpredictable, hence a critical
need will always exist for empirical data. Thiseralf the JBMP reef monitoring program
may well be seen to more than justify field sureests in future years.

We recommend that surveys of fishes and mobiletébrates be repeated on an annual
basis, and surveys of plant assemblages be corttlonta biennial basis, for at least five
years from the time of enforcement of fishing restms in 2005. The frequency of field
surveys should be reviewed in 2010 to assess whetbager period between surveys is
warranted on grounds of cost-effectiveness. Momgpshould nevertheless continue through
the longer term at least until biotic changes asstec with MPA protection stabilise,
probably longer given the unique value of the dagt in tracking ecological effects of
climate change on temperate reef communities.

5. Acknowledgments

We would like to acknowledge the Australian Rese&ouncil and the Strategic Research
Fund for the Marine Environment for funding survessd the logistical and technical
assistance provided by the Department of Conservaind Land Management (Moora
District Office and the Marine Science Program).nyithanks to Alastair Morton, John
Huisman, James Brook, Arianna Polacheck, Dave | ¢eel Butcher, Greg Inglis, Mat
Kertesz and Isaac Hatch for field assistance.

6. References

ANZECC (1999) 'Strategic plan of action for the idaal Representative System of Marine
Protected Areas. A guide for action by Australiamv&€nments.' (Australian and New Zealand
Environment and Conservation Council Task Forc&lanine Protected Areas, Environment
Australia: Canberra)

Babcock RC, Kelly S, Shears NT, Walker JW, Willi3 (.999) Changes in community structure in
temperate marine reservédarine Ecology Progress Serié89, 125-134.

Babcock RC, Phillips JC, Lourey M, Clapin G (200¥reased density, biomass and egg production
in an unfished population of Western Rock LobsRan(ulirus cygnus) at Rottnest Island, Western
Australia.Marine and Freshwater ResearbB, 286-292.

Babcock RC, Clapin G, England P, Murphy N, Phill}s, Sampey A, Vanderklift M, Westera M.
(2006) Chapter 5 Benthic Ecosystem Structure: Sbpatid temporal variability in animal and plant
diversity. In Keesing JK, Hiene JN, Babcock RCaiGPD, Coslow J (eds) (2006). Strategic
Research Fund for the Marine Environment Final Repgolume 2: The SRFME core projects
December 2006. Strategic Research Fund for thinkl&nvironment, CSIRO, Floreat, Western
Australia.

TAFI Internal Report Pagb4



Jurien Bay MPA monitoring

Bancroft, K.P. (2005). Central West Coast marimed®ersity and Conservation Programme.
Baseline water quality monitoring in the coastatevs of the Northern Agricultural Region,
focussing on the West Midlands Sub-Region: Fieldeyt2004-2005. Marine conservation Branch,
Department of Conservation and Land Managemenin&nde, Western Australia 6151. 153

Barkai A, Branch GM (1988) The influence of predatand substratal complexity on recruitment to
settlement plates: a test of the theory of alterstatesJournal of Experimental Marine Biology and
Ecologyl124, 215-237.

Barrett NS, Edgar GJ, Morton AJ (2002) A baseline/gy for ecosystem monitoring within the
proposed Jurien Bay Marine Paflasmanian Aquaculture and Fisheries Internal Repb#33.

Buxton CD, Barrett NS, Haddon M, Gardner C, Edgan#005) 'Evaluating the effectiveness of
marine protected areas as a fisheries managen@ni{Report to FRDC, TAFI, University of
Tasmania: Hobart, Tas)

Carr MR (1996) 'PRIMER User Manual. Plymouth Roesirin Multivariate Ecological Research.'
(Plymouth Marine Laboratory, Plymouth, UK)

Clarke KR (1993) Non-parametric multivariate analysf changes in community structure.
Australian Journal of Ecolog$8, 117-143.

Coté IM, Mosqueira |, Reynolds JD (2001) Effectsririne reserve characteristics on the protection
of fish populations: a meta-analysigurnal of Fish Biologyp9 (Suppl. A) 178-189.

DeMartini EE, Roberts D (1982) An empirical testhidises in the rapid visual technique for species-
time censuses of reef fish assemblalytarine Biology70, 129-134.

Department of Conservation and Land Management520Qrien Bay Marine Park Management
Plan.' (CALM: Perth, WA)

Edgar GJ (1990) Predator-prey interactions in sesgpeds. lll. Impacts of the western rock lobster
Panulirus cygnu&eorge on epifaunal gastropod populatidasirnal of Experimental Marine
Biology and Ecologi39, 33-42.

Edgar GJ, Barrett NS (1999) Effects of the declanabf marine reserves on Tasmanian reef fishes,
invertebrates and plant¥ournal of Experimental Marine Biology and Ecold@2, 107-144.

Edgar GJ, Barrett NS, Bancroft K (2003) Baselineveys for ecosystem monitoring within the
Jurien Bay Marine ParHd.asmanian Aquaculture and Fisheries Internal Repbi28.

Edgar GJ, Barrett NS, Bancroft K, Brook J, Cran@805) Ecosystem monitoring in different
management zones within the Jurien Bay Marine Peg&ults of 2004 surveyasmanian
Aquaculture and Fisheries Internal Repakt28.

Edgar GJ, Barrett NS, Morton AJ (2004) Biases dased with the use of underwater visual census
techniques to quantify the density and size-stinectdi fish populationslournal of Experimental
Marine Biology and Ecolog$08 269-290.

Edgar GJ, Davey A, Mawbey RBM, Parsons K (2008a¥dtine surveys of marine flora and fauna at
Lord Howe Island Marine Park, New South Wales. Baby 2006. Unpublished report to NSW
Marine Park Authority.' (Aquenal Pty Ltd: Hobart)

TAFI Internal Report Page 55



Jurien Bay MPA monitoring

Edgar GJ, Langhammer P&t al.(2008b) Key Biodiversity Areas as globally sigo#nt target sites
for the conservation of marine biological diversiyuatic Conservation: Marine and Freshwater
Ecosystemsn press.

Faith DP, Minchin PR, Belbin L (1987) Compositionidsimilarity as a robust measure of
ecological distancé&/egetatios9, 57-68.

Frank KT, Petrie B, Choi JS, Leggett WC (2005) ThigpCascades in a Formerly Cod-Dominated
EcosystemScience (WashingtoB8 1621-1623.

Green RH (1979) 'Sampling design and statisticahous for environmental biologists.' (Wiley,
Chichester)

Interim Marine and Coastal Regionalisation for Aaka Technical Group (1998) 'Interim Marine
and Coastal Regionalisation for Australia: an gstesn-based classification for marine and coastal
environments Version3.3 .' (Environment Austrai@nberra)

Kulbicki M, Sarramega S (1999) Comparison of dgnsgtimates derived from strip transect and
distance sampling for underwater visual censuseasa study of Chaetodontidae and
PomacanthidaeAquatic Living Resourcek?, 315-325.

Pederson HG, Barrett NS, Frusher SD, Buxton C (R00@ effect of predator-prey and competitive
interactions on size at emergence in black-lip@malHailotis rubra) in a Tasmanian MPMarine
Ecology Progress Serig366, 91-98.

Phillips BF (1983) Migrations of pre-adult westeatk lobsters, Panulirus cygnus, in Western
Australia.Marine Biology76, 311-318.

Roberts CM, Bohnsack JA, Gell F, Hawkins JP, GatghiR (2001) Effects of marine reserves on
adjacent fisheriesscience294, 1920-1923.

Russ GR (2002) Marine reserves as reef fisherigmgament tools: yet another review. In 'Coral
reef fishes. Dynamics and diversity in a compleasystem' pp. 421-444. (Academic Press: Ontario)

Shears NI, Babcock Rl (2002) Marine reserves detratestop-down control of community structure
on temperate reef@ecologial32 131-142.

Shears NT, Babcock RC (2003) Continuing trophicads effects after 25 years of no-take marine
reserve protectiorMarine Ecology Progress Seried6, 1-16.

Tegner MJ, Dayton PK (1999) Ecosystem effectssififig. Trends in Ecology and Evolutidi,
261-262.

Tegner MJ, Dayton PK (2000) Ecosystem effectssififig in kelp forest communitiekCES Journal
of Marine Scienc&7, 579-589.

Tegner MJ, Levin LA (1983) Spiny lobsters and sesdnims: analysis of a predator-prey interaction.
Journal of Experimental Marine Biology and Ecoloff}y 125-150.

Thompson AA, Mapstone BD (1997) Observer effectbtaaining in underwater visual surveys of
reef fishesMarine Ecology Progress Serié§4, 53-63.

TAFI Internal Report Pag®6



Jurien Bay MPA monitoring

Walters CJ, Holling CS (1990) Large-scale managemeperiments and learning by doiritgology
71, 2060-2068.

Ward TJ, Heinemann D, Evans N (2001) 'The role afine reserves as fisheries management tools:
a review of concepts, evidence and internationpéagnce.' (Bureau of Rural Sciences: Canberra,
Australia)

Willis TJ, Millar RB, Babcock RC, Tolimieri N (20038urdens of evidence and the benefits of
marine reserves: putting Descartes before des hBrsgronmental ConservatiasO, 97-103.

Wise BS, St John J, Lenanton RC (208patial scales of exploitation among populations of
demersal scalefish: Implications for managemerdrt B: Stock status of the key indicator species
for the demersal scalefish fishery in the West €Bawegion. Final Report to the Fisheries
Research and Development Corporation on Project2003/052 Department of Fisheries, Perth,
Western Australia, Fisheries research Rep6&

TAFI Internal Report Page 57



