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SUMMARY

This report outlines results of subtidal ecologisatveys undertaken in the Cod Grounds
Commonwealth Marine Reserve (CGCMR) and nearbyeate sites off the central coast of
New South Wales in May 2009. The CGCMR was estadtisn May 2007 with the primary
aim of protecting critical habitat of the endangegeey nurse sharkCércharias taurus). It
encompasses an area of 3.1 square kilometresnwaithD00 metre radius of the Cod Grounds

pinnacles, which lie approximately 7 km offshorenfr Laurieton.

Twenty-four transects were surveyed at 11 sitewdrmt the 12 and 17" May 2009 by a
team of skilled volunteer divers as part of the fRéde Survey (RLS) program

(www.reeflifesurvey.cory using standard RLS underwater visual censupots. Surveys

were based around 50 m transects, with speciesdbuadance and size data recorded for all
fishes, abundance data for large mobile macroiabeates, and percentage cover data for

sessile biota within a standard area.

The fish fauna of the reserve and nearby refersites was generally similar in composition
to inshore reefs of the area, but with a very higlerall biomass. Few rare species were
sighted. An average of 15.7 fish species was recbrper 50 m transect, with mado
(Atypichthys strigatus), silver sweep Scorpis lineolata) and one-spot pullersChromis
hypsilepis) the most abundant. Average fish biomass (ovesitl) was 272.4 kg per 500,m
and higher carnivores and planktivores were theidamnt trophic groups. Four grey nurse
sharks were recorded on transects, and a furtheo&ed at the base of the main pinnacles
(site 8CG).

The mobile macroinvertebrate fauna was dominateddhynoderms and molluscs, with the
spiny sea urchin Qentrostephanus rodgersii), orange feather staiCénolia trichoptera),
eastern slate-pencil urchinPhyllacanthus parvispinus) and the molluscAstralium
tentoriformis most important by abundance and frequency of oenae. Very clear depth-
related patterns were evident in the macroinveatebiauna, largely related to which urchin
species was dominarentrostephanus rodgersii dominated transects between 25 and 28 m,
P. parvispinus dominated transects between 29 and 32 m Rmehocidaris callista were

most abundant on transects deeper than 32 m.

The sessile community was characterised by eitléglacover of crustose coralline algae or
a diverse sessile invertebrate assemblage and exafjdack of large macroalgae. Distinct

differences were also noticed in the sessile conitminetween transects at different depths.
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Transects less than 29 m had very low sessiletiglwexte cover and low taxonomic richness,
whilst transects deeper than 29 m had relativelyetocover of crustose coralline algae and

higher richness and cover of sponges, ascidiansauads.

The CGCMR encompasses an area of high conserwatioa, not only due to the presence of
a significant grey nurse shark aggregation sité¢,af8p because it is a productive area that
supports a large biomass of fishes, including margloited species. lllegal fishing is

considered to be the greatest threat to these caitigsiat present. It is recommended that
continued monitoring of the area be undertaker tie addition of more external reference
sites so that changes in the communities withinrdserve can be compared with similar

unprotected reefs nearby.
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1. INTRODUCTION

The Cod Grounds is located in Commonwealth watppsaximately four nautical miles off
the coast of Laurieton, New South Wales, AustréBahirmeret al., 2004). It consists of
three underwater pinnacles rising to ~18 m depiinfa seabed approximately 40 m deep
(Schirmeret al., 2004). The Cod Grounds was identified as a ptiadgtat for a number of
important species; including grey nurse shar&src¢harias taurus), which are listed as
endangered under the Threatened Species provisidhe NSWFisheries Management Act
1994 (Otway et al., 2003) and critically endangered under the Conweatth Environment
Protection and Biodiversity Conservation Act 1999; andblack cod Epinephelus daemelii),
which are listed as a vulnerable species undeNSw Fisheries Management Act 1994

and are protected in NSW and Commonwealth waters

The Cod Grounds Commonwealth Marine Reserve (CGCM&) declared in May 2007,
covering an area within a 1000 metre radius oftlinee pinnacles of the Cod Grounds, and
with a total area of 3.1 square kilometres (FiglixeThis Marine Protected Area (MPA) is
managed as an International Union for Conservaifaddature (IUCN) Category 1a (no take)
Sanctuary Zone, where all commercial and recreaitifighing is prohibited in the Reserve.
Its primary aim is to protect important habitattié critically endangered grey nurse shark.
The Commonwealth Recovery Plan for Grey Nurse SharlAustralia lists nineteen known
aggregation sites for grey nurse sharks along Aliss east coast, one of which is the Cod
Grounds (Schirmest al., 2004).

This report describes patterns of reef biodiversitthe CGCMR as well as at external sites
chosen as ‘reference sites’. This report was cosioned by the Department of the
Environment, Water, Heritage and the Arts to chwotie to the development of suitable
monitoring and management strategies of this diea.results of the survey will be used as a
baseline on the current condition and biodiversaiues of the Reserve to form a basis for
future research and monitoring of the Reserve. $hevey is part of the performance
assessment program for the Reserve, which willraéte its effectiveness in protecting the
grey nurse shark habitat that the Reserve waspsiet safeguard. The broad aim of this study
is therefore to enhance knowledge of the bioditersi the CGCMR and provide baseline
data to be used in ongoing monitoring of this aifd® methods employed are based on those
applied widely in marine park assessments alondethperate Australian coast and tropical
island systems, involving quantitative surveysisiiés, mobile macroinvertebrates, and photo

guadrats of sessile invertebrates and macroalgae.
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1.1 GEOLOGY/GEOMORPHOLOGY

The NSW Department of Environment and Climate Cha(iQECC) completed a swathe
sonar and underwater video survey of the CGCMRsamtbunding area using a Geoswath
125 kHz interferometric system (Davietsal., 2008). These data showed a central rocky reef
outcrop rising 24 m from a relatively flat seab@&the reef is surrounded by boulders and
cobbles which gently slope and are progressivelyer by sand. A combination of
underwater video analysis and interpretation ofiyraetric features in the reserve show that a
combination of at least two distinct rock typesgeological facies explain the complexity of
the terrain (Daviest al., 2008).

The underwater video survey revealed four substygites, ranging from solid consolidated
bedrock outcrop, unconsolidated boulder and coldabbles partially covered by sand, and
rippled fine sand with variable amounts of shelt ¢roughs). The geomorphology of the
CGCMR forms a variety of habitats; including steegcrops, shallow gutters, boulder/cobble
slopes, and sand expanses (Daeted., 2008).

The central peak of the CGCMR consists of a sefesharp, blocky outcrops, with side
slopes of around 25 degrees (Dawesl., 2008). The peak formations within this area are
massive and lack obvious bedding features, risipgau8 m above the surrounding reef
(Davieset al., 2008). The peaks appear to consist of Tertiatganics of the Comboyne
Beds, with the deeper parts of reef apparently aseg of a different rock type to the central
pinnacle—possibly sedimentary facies of the Tegrt@amden Haven Beds (Daviesal.,
2008). The solid reef outcrops are surrounded bgadbed comprised of a mixture of cobble
and larger boulders, with an area of the westedhtla@ south-east corner dominated by sand
(Davieset al., 2008).

1.2 OCEANOGRAPHY

The East Australian Current (EAC) is the primargamcographic feature impacting on waters
off NSW, and is the largest ocean current closiné¢ocoast of Australia. The EAC is formed
by the westerly flowing Southern Equatorial Curremfich moves into this region from the
Pacific Ocean. The EAC hits the continental shelireen 13°S and 22°S latitude where it
bifurcates into the northward flowing Hiri Curreahd the much larger EAC (The East
Marine Bioregional Plan Bioregional Profile, Chap® Godfreyet al., 1980). The EAC
causes upwelling where it moves away from the catastaces like Cape Byron, Smoky Cape

and Sugarloaf Point in NSW, and draws nutrient vitier from a depth of 200 m or more
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(The East Marine Bioregional Plan Bioregional Repfi2009; Chapter 3). The coastal
circulation near the Cod Grounds is dominated by slouthward flowing EAC, which is

highly energetic in this region due to topographaciations (Oke and Middleton, 2001). The
EAC is also responsible for transporting subtrdpggeecies to temperate regions along this

coast.

1.3PREVIOUS BIOLOGICAL STUDIES

Much of the previous biological work on or arouhé Cod Grounds has focussed on the grey
nurse sharkQarchariastaurus). Studies by Otway and Parker (2000) and Oteia. (2003)
provide comprehensive data on distribution and dhnoe ofCarcharias taurus along the
NSW and southern Queensland coasts, with quamétatformation patterns of movement

and site occupation, population size structure,s@xdratios for this species.

1.4HISTORY OF FISHING EFFORT

The Cod Grounds Commonwealth Marine Reserve (CGCHRHR) been a strictly no-take
marine reserve since May 2007. Prior to the MPAndetdstablished, commercial fishers
operating in the region on and around the Cod Giswmsed multi-species, multi-method
fishing for several decades (Schirngtral., 2004). Just for the 20 main target species, the
average annual commercial fish harvest was estimate average to be ~27,000 tonnes
between 1996/97 and 2002/03; with an additionaimesed ~4,000 tonnes of ‘minor’ species
(Schirmeret al., 2004). The highest reported catches were of@ra@@hrysophrys auratus),
bonito &arda australis), sweep $corpis lineolata) and silver trevally RPseudocaranx
georgianus) (Schirmeret al., 2004). Data on past recreational fishing pressuthe area are
limited, but given the commercial pressure and do&d accounts of recreational fishers
regularly observed near the Cod Grounds pinnaskss $chirmeet al., 2004; Peter Huettner
pers comm.), it would be expected that recreatidald would also have been high, and

likely would have focussed on many of the sameispdargeted by the commercial fishers.
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2.METHODS

Field surveys at the Cod Grounds were conductad fi®-17 May 2009 by a team of skilled

divers from the Reef Life Survey programviw.reeflifesurvey.comand the University of

Tasmania. Geographical coordinates of sites (in BA3Svere recorded using handheld
Garmin GPS units (Table 1). Ecological surveys wemeducted at varying depths along 18
transects at seven sites in the CGCMR, where hinfiss allowed, and along six transects at
four sites outside the CGCMR (Figure 1). Data atéd from each site consisted of
abundance and size of fishes, abundance of mobiteaimvertebrates and cryptic fishes, and

percentage cover of sessile biota. These are Hedcseparately below.

Sites were selected to encompass the range dfypeef and depth both inside and outside the
CGCMR, but with the depth range limited by diveesgfconsiderations and bottom time
restrictions. One pair of closed-circuit (re-bremjidivers was able to survey reef in depths >
32 m, while depths between 26 and 32 m were sudvaegimg standard open circuit SCUBA.
Depth (as displayed on SCUBA gauges) and underwasdpility (measured along the

transect line) were also recorded at each site.

2.1FISH SURVEYS

Fish census protocols involved a diver laying o&0am transect line along a depth contour
on reef. The number and estimated size-categoajl iEhes sighted within 5 m blocks either
side of the transect line were recorded on watefgraper as the diver swam slowly along up
and down each side. Size-classes of total fishthefigpm snout to tip of tail) used are 25, 50,
75, 100, 125, 150, 200, 250, 300, 350, 400, 508,r6th, and above. Lengths of fish larger

than 500 mm were estimated to the nearest 12.5hdnmdividually recorded.

2.2MACROINVERTEBRATE AND CRYPTIC FISH SURVEYS

Large macro-invertebrates (molluscs, echinodernts @ostaceans > 2.5 c¢cm) and cryptic
fishes (i.e. inconspicuous fish species closelp@aged with the seabed that were likely to be
overlooked during general fish surveys) are certsageng the same transect lines set for fish
surveys. Divers swim along the bottom, up then dewarh side of the transect line, recording
all mobile macroinvertebrates and cryptic fisheserposed surfaces of the reef within 1 m of

the line.
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HABITAT, Depth

Mon Reef, 256- B0m
B Reef0-25m
[ Reef,25-60m

Reef, = Hlm

Figure 1. Location of the Cod Grounds Commonwedlthrine Reserve and reef sites
surveyed in May 2009. Refer to Table 1 for furtbiée information. Habitat mapping data
from Davieset al. (2008) and A. Jordan, unpublished data.
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Table 1. Site details including marine park zone (GCMR: Cod Grounds Commonwealth Marine Reserve; Ref:Reference site outside reserve),
geographical coordinates (datum = WGS84), depth afansect line, direction from waypoint and underwatr visibility for each site surveyed.

Site Reserve  Site name Latitude Longitude Depth (m) Date surdeyeDirection of transect from GPSVisibility (m)

No. status location

1CG CGCMR  Nth of Pinnacles (662) 31.68207 152.90948 27 14/05/2009 NNE 9
CGCMR 31 14/05/2009 S

2CG CGCMR  Cod Gardens (CODGAR) 31.68128 152.91078 28 14/05/2009 NW 10
CGCMR 29 12/05/2009 NW
CGCMR 36 14/05/2009 Swam 50m S then transect to E

3CG CGCMR  SW flats (66B) 31.68309 152.90585 27 14/05/2009 NNW 13
CGCMR 26 14/05/2009 NW

4CG Ref Z - 3 (666) 31.70804 152.90093 29.5 15/05/2009 S 9
Ref 29 15/05/2009 S

5CG Ref Deep Wall (665) 31.69339 152.90375 42 15/05/2009 SW 8

6CG Ref Z-1-28(M2-28) 31.71699 152.88254 29.5 15/05/2009 E 12
Ref 29 15/05/2009 NE

7CG Ref Leah's Lumps (L-BUMP) 31.72582 152.86517 35 15/05/2009 E 10

8CG CGCMR  Cod Grounds Pinnacles (CODGRD) 31.68254 152.90945 25 16/05/2009 S (along W side of pinnacles) 7
CGCMR 32 16/05/2009 SW (anemone gardens)
CGCMR 36 16/05/2009 swam 100m SSE then transect S
CGCMR 26 17/05/2009 S (along E side of pinnacles) 7

9CG CGCMR  Geek Flats (667) 31.6807 152.90872 26 16/05/2009 E 9
CGCMR 27 16/05/2009 w

10CG CGCMR  Steve's Bommie (668) 31.68152 152.91196 31 17/05/2009 S (wrap around top of Sth lump) 8
CGCMR 30 17/05/2009 N (wrap around top of Nth lump)
CGCMR 36.5 17/05/2009 Swam 20m then S

11CG CGCMR  SE lumps (66A) 31.68406 152.90851 29 17/05/2009 SW around lump 8
CGCMR 33 17/05/2009 S
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2.3MACROALGAL AND SESSILE INVERTEBRATE SURVEYS

Information on the percentage cover of sessile alsirand seaweeds along the transect lines
set for fish and invertebrate censuses were redanding photo-quadrats taken sequentially
each 2.5 m (or 5 m, see below) along the 50 m écn®igital photo-quadrats were taken
vertically-downward from a height sufficient to emegpass an area of at least 0.3 m x 0.3 m.
When a wide-angle lens was used and the photo-gtsaeincompassed at least 0.5 m x 0.5 m,
only 10 images were taken (one every 5 m). Thegmage cover of different macroalgal,
coral, sponge and other attached invertebrate epeici photo-quadrats were digitally
guantified in the laboratory using the Coral Po@uunt with Excel extensions (CPCe)
software (Kohler and Gill, 2006). A grid of 56 ptsrnwas overlaid on each image and the
taxon lying directly below each point recorded. ntifiication was to the lowest possible
taxonomic resolution, with taxa for which identditon was uncertain grouped with

congeners or other members of the family or order.
2.4STATISTICAL ANALYSES

At most sites, multiple transects were surveyediffiérent depths (see Table 1). Because
community types encountered along individual tratsswithin a site generally matched more
closely with transects at similar depths at othitwss rather than transects at other depths
within the same site, each transect was regarded asdependent sample in analyses. Thus,
the unit of replication was mean value(s) per teahblock (i.e. per 250 Trfor fishes and per
50 nf for mobile macroinvertebrates). Exceptions to thie were species richness data and
sessile biota percent cover data, which were egptkas totals or average % per transect (i.e.
2 blocks) respectively. Whilst mean values perdeah block were used in most analyses,

totals per transect (i.e. 2 blocks) are generakbggnted in tables, figures and summary data.

Separate univariate analyses and data exploragionniques were used for fish, mobile
macroinvertebrate communities, and sessile commesgniand then these major taxonomic
groups were combined to examine multivariate pasten overall community structure in the

reef communities surveyed.

Univariate metrics that described important comrnyucharacteristics were calculated for
each transect and compared between transects sdrirgide and outside the CGCMR and
with transect depth. Metrics examined for fishegeweelative abundance, estimated total
biomass (see below for biomass estimation), bionwdsfishes > 40 cm TL, biomass of

exploited (recreational or commercial) species, anchber of species. Mobile invertebrate

10
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metrics were: total relative abundance of mobileeitebrates, relative abundance of
Centrostephanus rodgersii, relative abundance of all sea urchins, and nunaolbespecies.
Sessile community/benthic cover metrics were: %tose coralline algae, % bare rock, total
sessile invertebrate cover and number of biotia/groups (i.e. not including bare substrate
categories). Urchin numbers, % crustose coralligaea and % bare rock were included
because they are closely associated with “urchireb&areef state — habitats where all canopy,
understory, and often much of the sessile inveatebtover, have been overgrazed by dense

aggregations of sea urchins, usu&bntrostephanus rodgersii.

Univariate metrics were used in separate ANCOVA#) veserve status (inside CGCMR vs.
external reference sites) as a fixed factor amis@ret depth as a continuous covariate. Depth
was included as a covariate as it was evident dusimveys and from preliminary data
exploration that fish, invertebrate and sessile momties differed according to the depth at
which transects were surveyed. All dependent viegalere log(x+1) transformed, except

for species richness (number of taxa recordedrpeséct block).

To explore patterns in fish community trophic stuaue, the abundance and biomass of fishes
in different trophic groups (herbivores, planktigsy benthic carnivores and higher carnivores)
were estimated. Biomass estimates were made for g@xries on each transect block using
fish abundance counts, size estimates, and théhlevejght relationships presented for each
species (in some cases genus and family) in Fishtfamese and Pauly, 2009). In cases
where length-weight relationships were describe#ighbase in terms of standard length or
fork length rather than total length (TL), lengdngth relationships provided in Fishbase
allowed conversion to total length, as estimatedlibgrs. For improved accuracy in biomass
assessments, the bias in divers’ perception ofdiish underwater was additionally corrected
using relationships presented in Edgaal. (2004). Note that estimates of fish abundance and
size made by divers can be greatly affected byledaviour for many species (Edghil .,
2004); consequently biomass determinations, likendance estimates, can reliably be
compared only in a relative sense (i.e. for conguas with data collected using the same
methods) rather than providing an accurate abselstienate of fish biomass for a patch of

reef.

The size structure of the fish community was alsan@ned, with the size spectra approach
(Dulvy et al., 2004; Daaret al., 2005) used to quantify the size structure in ay what
represents the whole community, including unhaeaspecies, and that can be repeated in
future surveys. The methods of the above autharsdltulating the size spectra metrics of

slope and mid-point height were modified slightbysuit the temperate reef fish community

11
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present at the Cod Grounds, which has less fishethé lower and upper size classes
compared to the tropical fish communities for whible approach has been developed and
mostly used for (Jennings and Polunin, 1996; Jgwdal., 1999).

Firstly, size estimates were corrected as for tbmass calculations above, and then all fishes
less than or equal to 12 cm were pooled, as wesetgreater than 80 cm. Fish abundance in
each of the new size classes (i.e. corrected vexgibthose originally estimated by divers as
<10 cm, 12.5, 15, 20, 25, 30, 35, 40, 50, 62.5a@®% > 80 cm TL) on each transect was
log10(x+1) transformed. Whilst multiple transectseach site were considered separately in
the other analyses presented in this report, malues per site (i.e. across 1-4 transects) were
used for this analysis as the size spectrum of Sodieidual transects were non-linear or had
an unreliably large®r This problem was largely avoided by averagingdeats at each site.
Size classes (after correction) were also loglO(¢tdnsformed and re-scaled so that the
midpoint was zero; i.e. the mid-point was calcuaby subtracting the value of the lowest
size class from the greatest and dividing thisviay, then adding to the value of the lowest.
This value was then subtracted from all the sizsslalues to make the middle of the size
class range zero. Least-squares regressions afarared abundance against size class for
each transect was then used to provide the sloghérdntercept (which now represents the

mid-point height) of the size spectra.

Community characteristics and relationships betwtesamsects were explored using Principal
Coordinates analysis (PCO) and associated plotgriotipal axes based on Bray-Curtis
similarity matrices. Firstly, data for fish, mobiteacroinvertebrate and sessile communities
were considered separately, with a log(x+1) tramsédion applied to all data. Then, in order
to consider the entire reef assemblage, data fisim fobile macro-invertebrate and sessile
community surveys were combined into one speciegdnsect matrix, and standardised by
dividing values by the total of all species aburagsicover values on each transect, and then
log(x+1) transforming standardised values. Thisuess that the high values for some fish
species didn’'t dominate the analysis and that coVeessile taxa (which were expressed as
percentages) were not insignificant in comparidgector diagrams were added to all MDS
plots to show the most important species/taxa ivirdy overall differences in the community

type present.

12
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3. RESULTS

3.1FISH SURVEYS

Overall, 69 species of fishes were recorded aloaugsects, with 66 of these recorded within
the CGCMR. The most abundant species were maAtggi¢hthys strigatus), silver sweep
(Scorpis lineolata), and one-spot pullersCbromis hypsilepis), and the most frequently
recorded were Maori wrass®ghthalmolepis lineolata), girdled parmaHRarma unifasciata)
and half-banded sea perdHypoplectrodes maccullochi) (Table 2). All of these species are
commonly found in shallower reefs (<15 m) along Mf8W coast, as were the majority of
fish species encountered on reefs in the CGCMRnaadby reference sites. The exceptions
to this pattern were the pipehorSaegnathus dunckeri (see rare species section below), and
schools of teraglinAtractoscion aequidens), both of which are rarely encountered in diveable
depths, as well as abundant pelagic species sutiighfn amberjack $eriola rivoliana),
yellowtail kingfish @eriola lalandi) and rainbow runneiagatis bipinnulata), which tended

to aggregate around the highest pinnacles in the NIi&.

For sites inside the CGCMR, the average fish aburelper transect (500)rwas 388, and
the average biomass 179.1 kg. The large mean b#oimadake CGCMR was partly due to the
high abundance of large wobbegong sha@edtolobus halei andO. maculatus). However,
the average abundance and biomass on transecteatat reference sites was substantially
greater at 5,543 individuals and 552.5 kg, respelsti largely due to the presence of massive
schools of mado and silver sweep. These two speviesaged more than an order of
magnitude greater biomass on reference site tremslean those in the CGCMR. While
inside/outside MPA differences are potentially ileihced by unbalanced survey effort, with
only six transects surveyed at four sites outdideGGCMR, the estimated biomass of mado

and silver sweep was extraordinarily high on fivéghese six transects (see Appendices).

The fish community inside the CGCMR was dominatgdigher carnivores (20% numbers,
77% biomass) and planktivores (61% of total numbdrE% of total biomass), with
herbivores and benthic carnivores making up verglispercentages of numbers and biomass,
respectively (4% and 15%, and 2% and 11%). Théhicogtructure of the fish community at
individual sites can be seen in Table 3 and suns®drior the CGCMR and reference sites in
Table 4.

13
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Table 2. Frequency of occurrence, total abundandebséomass (total kg) of fish species recorded 4énransects (18 inside the CGCMR and 6 at external
reference sites) at 11 sites (7 inside the CGCMR4aat external reference sites), representingdD2n@ of reef surveyed. Trophic category (p: planktivore
c: higher carnivore, b: benthic carnivore, h: heobé).

Species Transects Abundance Biomass  Trophig i&pec Transects Abundance Biomass Trophic
Acanthopagrus australis 6 42 13.2 b Mecaenichthys immaculatus 6 18 0.7 h
Acanthistius ocellatus 2 2 0.5 c Meuschenia freycineti 4 6 6.1 b
Achoerodus viridis 7 14 27.2 c Meuschenia scaber 7 22 3.0 b
Anoplocaprosinermis 2 2 0.1 b Meuschenia trachylepis 1 1 0.5 b
Argyrosomus japonicus 1 40 586.3 c Nelusetta ayraudi 1 1 1.4 b
Atractoscion aequidens 1 570 276.5 c Nemadactylus douglasi 9 83 28.2 c
Atypichthys strigatus 8 24884 2048.9 p Notolabrus gymnogenis 17 52 12.1 b
Aulopus purpurissatus 3 3 2.2 c Ophthalmolepis lineolata 22 108 39.1 b
Bodianus frenchii 2 2 2.0 c Orectolobus halei 6 8 1005.0 c
Caesioperca lepidoptera 1 1 0.6 p Orectolobus maculatus 3 3 241.4 c
Carchariastaurus 2 4 282.7 c Paracaesio xanthura 1 100 254 p
Centroberyx affinis 1 12 1.7 c Parma microlepis 10 57 12.0 h
Chaetodon guentheri 1 1 0.1 b Parma unifasciata 20 264 324 h
Cheilodactylus fuscus 17 572 221.6 b Parupeneus spilurus 16 78 22.3 b
Cheilodactylus vestitus 1 1 0.2 b Pempheris affinis 5 16 0.8 p
Chemonops truncatus 1 1 0.3 b Pempheris compressa 5 489 65.1 p
Chromis hypsilepis 19 2056 1415 p Plagiotremus tapeinosoma 2 2 0.1 b
Chrysophrys auratus 14 77 334 c Prionurus maculatus 1 2 3.3 h
Coris dorsomacula 2 5 0.3 b Prionurus microl epidotus 4 10 12.3 h
Corispicta 20 104 18.8 b Pseudocaranx georgianus 3 9 3.6 c
Dicotylichthys punctulatus 1 1 0.9 b Pseudocoris yamashiroi 1 1 0.1 b
Dinolestes lewini 3 395 201.6 c Rhabdosargus sarba 6 41 10.3 b
Elagatis bipinnulata 1 5 3.25 c Scorpaena cardinalis 5 9 1.7 c
Enoplosus armatus 15 65 7.2 b Scorpis lineolata 18 8538 978.2 p
Epinephelus daemelii 1 2 3.1 c Seriola hippos 2 18 34.0 c
Epinephelus undul atostriatus 1 3 0.7 c Seriola lalandi 3 35 79.2 c
Eubalichthys bucephalus 1 1 0.4 b Seriolarivoliana 1 4 2.8 c
Eubalichthys mosaicus 1 1 0.1 b Suezichthys arquatus 1 2 0.1 b
Fistularia commersonii 2 2 0.1 c Trachichthys australis 1 1 0.1 c
Fistularia petimba 1 1 0.1 c Trachinops taeniatus 17 1181 6.7 p
Glaucosoma scapulare 2 29 16.2 c Trachurus novaezelandiae 2 24 2.6 c
Heter odontus portusjacksoni 1 1 10.1 c Carangoides chrysophrys 1 2 1.7 c
Hypoplectrodes annulatus 1 1 0.2 c Unidentified labrid spp. 1 1 0.1 b
Hypopl ectrodes maccullochi 20 148 3.8 c Upeneichthys lineatus 4 4 1.0 b
Lotella rhacina 9 13 2.8 c
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Table 3. Number of species, abundance and biorkgs®ef(all fishes, and proportions of fishes infelient trophic categories recorded on transecidarthe
CGCMR and at external reference sites (indicatedrbgsterisk in the site column). Contributionsrophic groups are percentage of total fish biomass

Site Depth  fish No. of Total biomass % Herbivore % Planktivore % Benthic % Higher
(m) species individuals  (kg) carnivore carnivore
1CG 27 9 49 304.9 1.40 0.00 1.83 96.77
1CG 31 21 215 51.8 2.26 10.38 6.41 80.94
2CG 28 12 611 53.4 2.36 87.44 8.86 1.34
2CG 29 6 291 33.9 2.94 83.32 13.74 0.00
2CG 36 23 460 114.8 0.63 16.78 16.63 65.97
3CG 26 21 722 223.9 3.04 17.67 63.67 15.62
3CG 27 26 1043 582.0 1.78 11.52 4.56 82.14
4CG* 29 10 10733 1088.3 0.15 95.67 0.31 3.86
4CG* 29.5 16 3977 562.7 0.09 55.03 0.23 44.65
5CG* 42 14 60 4.4 6.77 3.30 34.08 55.86
6CG* 29 12 5884 596.4 0.58 91.96 0.35 7.11
6CG* 295 16 12063 1024.1 0.12 99.18 0.28 0.43
7CG* 35 18 541 39.0 1.14 15.95 24.19 58.72
8CG 25 13 269 29.5 36.08 31.32 18.36 14.24
8CG 26 16 352 257.9 0.73 6.07 1.11 92.09
8CG 32 13 53 7.6 6.31 291 71.48 19.30
8CG 36 10 148 13.4 8.92 21.33 62.95 6.80
9CG 26 13 297 19.9 14.54 38.31 33.60 13.55
9CG 27 19 88 50.5 5.48 0.12 9.44 84.97
10CG 30 18 616 487.5 0.18 9.36 12.26 78.20
10CG 31 15 659 55.7 0.85 65.03 8.60 25.53
10CG 36.5 20 814 890.2 0.11 0.83 1.30 97.76
11CG 29 16 138 16.6 19.07 41.16 31.21 8.55
11CG 33 20 168 30.6 7.05 26.51 56.39 10.05
X 500 m2 15.7 1677.1 272.4 5.1 34.6 20.1 40.2
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Table 4. Mean number of species, abundance andabm(kg) of fish per transect recorded at
sites inside the CGCMR (CG) and at external refezeasites (Ref), with fishes categorised by
major trophic groups (b: benthic carnivore, c: leigbarnivore, h: herbivore, p: planktivore).

Fish trophic Species Abundance Biomass

group CG Ref CG Ref CG Ref

b 6.7 5.2 58 (14.9%) 11.8 (0.2%) 18.8 (10.5%) 3.4 (0.6%)

c 47 4.3 78.6(20.2%) 17.5(0.3%) 138.1 (77.2%) 60.9 (11.0%)
h 1.8 15 15.8(4.1%) 11 (0.2%) 2.9 (1.6%) 1.2 (0.2%)

p 3 3.3 236 (60.8%) 5502 (99.3%) 19.2(10.7%) 486.9 (88.2%)

Univariate analyses revealed very few significaiffiecences in important fish community
metrics between transects (Table 5). Only totdi Aabundance was different between the
CGCMR transects and those surveyed outside thevegswith the external transects
averaging more than 40 times the fish abundance @@CMR transects. As mentioned
above, this result should be interpreted with cautilue to the uneven sample sizes, but
without losing sight of the extraordinarily highmbers of fish at the reference sites surveyed.
Significant differences in fish abundance and bissn&ere also detected with depth, with
transects at the intermediate depths of 29 to 3taving greater abundance and biomass than
the deeper and shallower transects surveyed. Hifierp was also largely driven by the high

fish abundances on the reference site transettisidepth range (Fig 2).

Table 5. Results of ANCOVAs of important fish commity metrics with location (sites
inside the CGCMR or external reference sites) asndependent factor and depth as a
continuous covariate. Degrees of freedom for thiestors and error are 1, 1 and 21,

respectively.

Variable Location Depth Error
MS F P MS F P MS
Number of species 22.3 0.929 0.346 12.8 0.534 0.473 24.0
Abundance (total) 24.08 17.961 <0.001 7.37 5.495 0.029 1.34
Biomass (total) 8.60 3.758 0.066 10.79 4.71 0.042 2.29
Biomass (>40cm TL) 13.5 0.603 0.446 4.27 0.191 0.667 22.4
Biomass (exploited) 0.57 0.061 0.808 1.67 0.176 0.679 9.48
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Figure 2. Variation in the species richness, abnoelaand biomass of the fish community
censused on transects at different depths, insideCGCMR (black fill) and at external
reference sites (grey fill). Data have been binngéalfive depth categories, with sample sizes
of 4,4,3,3 and 4 transects for CGCMR, respectivaty] 4 and 2 for external reference sites,
which only had transects in the 29-30 m and > 38atagories. Y-axes represent mean values

(+SE) per transect (500nNote that the Y-axis for total fish abundancerisa log-scale.

Fish community size structure

The size spectra analysis provided average slopeés4® (+0.66 SE) and -9.43 (x2.02 SE)
for sites inside the CGCMR and external refereiites,srespectively (Fig. 3). Corresponding
mid-point heights were 2.11 (x0.30 SE) and 2.445&05E). These results are in agreement

with the univariate and trophic structure resultsyggesting an overall greater
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abundance/biomass at reference sites, but thaisthisde up by smaller individuals, largely

the planktivores.

10

[e0)
1

log,(total fish abundance+1)
/

-0.4 -0.2 0.0 0.2 0.4

size class

Figure 3. Size spectra for sites inside the CGCMRck fill, solid line) and for external
reference sites (grey fill, dashed line), basedsitea means. Size classes are re-scaled,
transformed sizes; see text for calculations of¢hand fish abundances. Note that sample

sizes are uneven and are 7 and 4, respectively.

Exploited species

Numerous exploited species were recorded on tresgetche CGCMR (Table 6). Most of
these species were either not recorded or werededon lower abundances on transects at
external reference sites, although comparisonsavoeeimore robust with more survey effort.
The most notable of the exploited species presanthe CGCMR were: mulloway
(Argyrosomus japonicus), teraglin (Atractoscion aequidens), samson fish Seriola hippos),
yellowtail kingfish Geriola lalandi) and highfin amberjacksriola rivoliana), which are not
usually common or abundant on inshore reefs, buie wkarly attracted to the large scale

structure of the Cod Grounds pinnacles. These apegiere all either only recorded or
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recorded in greatest abundance at the main pirm#8leéG) or Steve's Bommie (10CG),
another pinnacle in close proximity). The only ei@d species that is not commonly seen on
inshore reefs and was here recorded only at refersites was pearl perctsléucosoma
scapulare). This species is also often associated with gilesaand reef areas arising from
deeper water (McKay, 1997), and has been overhaods/ commercial fishing along the
NSW coast.

Plate 1. Examples of exploited species recordedunveys of the CGCMR and nearby

reference sites.

Seriola lalandi Glaucosoma scapulare Seriolarivoliana

Table 6. Frequency (number of transects — F), nadmdance (N), mean biomass (B) and
mean biomass of large individuals (> 40 cm TL) (Bp4f commercially or recreationally
exploited fish species recorded on transects inGRECMR (abbreviated to CG) and at
external reference sites (Ref). Mean abundances@amnss all transects, but mean biomass

values relate to only sites where the species e@wded; biomass estimates are in kg.

Species F N B B>40

CG Ref CG Ref CG Ref CG Ref
Acanthopagrus australis 2.3 0 2.20
Achoerodus viridis 0.7 0.1 4.30 1.42 4.88 1.42
Argyrosomus japonicus 2.2 0 586.34 586.34
Atractoscion aequidens 31.7 O 276.46 59.47
Cheilodactylus fuscus 3 31.2 14 16.68 1.18 2.99
Chrysophrys auratus 2 4.2 0.3 275 0.22 3.67

219 O 67.19
0.3 0 3.26

Dinolestes lewini
Elagatis bipinulata

PNFRPWONOOWNPPOORPWRERPRPEPRPOO
QOO OOFrROFRPNANOONMNPMOORO

Glaucosoma scapulare 0 41 8.10

Nemadactylus douglasi 3.6 2.7 3.30 2.92 1.78
Orectolobus halei 0.3 0.4 202.46 97.59 202.46 97.59
Orectolobus maculatus 0.1 0.1 99.67 42.05 99.67 42.05
Pseudocaranx georgianus 0.5 0 1.21

Rhabdosargus sarba 1.9 1 1.88 0.89

Seriola hippos 1 0 17.00 15.33

Seriola lalandi 1.9 0 26.40 25.01
Seriolarivoliana 0.2 0 2.82 1.19

Trachurus novaezelandiae 1.3 0 1.29

Carangoides chrysophrys 0.1 0 1.74

19



Baseline Biodiversity Survey, Cod Grounds NSW

Rare species

Two species that are considered rare in NSW wearded on transects in the CGCMR: grey
nurse sharksQarcharias taurus), which are listed as ‘critically endangered’ unttee EPBC
Act and protected around Australia, and black deminephelus daemelii), which have been
totally protected in NSW waters since 1983, andligted as ‘Vulnerable’ under the NSW
Fisheries Management Act and by Pogonagkal. (2002) in their threat assessment of
Australian fishes.

Three grey nurse sharks, estimated at ~2 m (x ®ichehls) and 2.5 m, were recorded on a
transect at the Cod Grounds pinnacles site (8C@]), an additional 15 individuals were

observed at this site outside of the 5 m-wide likitk, in the area known as the shark gutter.
Two other individuals were recorded (one individe@.5 m) on a transect at one of the
external reference sites — “Z-3" (4CG), which istjover 2 km from the CGCMR boundary

(and therefore over 3 km from the main pinnaclagl] another observed off-transect at the
SE Lumps site (11CG), within the CGMR. Two blacld cestimated at 50 cm each were
recorded at the SW flats site (3CG), which is ~8b@rom the main Cod Grounds pinnacles

and within reserve boundaries.

A pipehorse,Solegnathus dunckeri (Plate 2) was also observed during the surveyfs, of
transect at 7CG. Few data are available for thégisg, which it is usually known from by-
catch of the Queensland East Coast Otter TrawleFyshiaken from depths between 75 and
140 m (Kuiter 2009). Anecdotal evidence indicates this species has been observed in the
area previously, which is significant considerihgttthe entire area is considerably shallower
than its known depth range.

Plate 2. Rare species recorded in surveys of theMI&and nearby reference sites

Solegnathus dunckeri. Photo: Simon Talbot © Carchariastaurus. Photo: Andrew Green
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3.2MOBILE MACROINVERTEBRATE AND CRYPTIC FISH SURVEYS

A total of 35 mobile macroinvertebrate species wereorded, with 29 of these found on
transects inside the CGCMR. The most abundant epegiere the spiny sea urchin
(Centrostephanus rodgersii), orange feather staiCénolia trichoptera) and eastern slate-
pencil urchin Phyllacanthus parvispinus), and the most frequently recordés, trichoptera,
the mollusc Astralium tentoriformis and C. rodgersi (see Table 7). The mobile
macoinvertebrate community was overwhelmingly dated by echinoderms (Table 8), with
eitherC. rodgersi or P. parvispinus the dominant species at the majority of sites.

Table 7. Total abundance and frequency of occuerehenobile macroinvertebrates recorded
on 24 transects (18 inside the CGCMR and six areat reference sites) at 11 sites (7 inside
the CGCMR and four at external reference sitegyesenting 2,400 frof reef.

Species Transects Abundance
Crustaceans

Pagurus sinuatus 1 3

unidentified hermit crab 6 9

Echinoderms

Astrosierra amblyconus 3 3
Cenolia glebosus 1 1
Cenalia trichoptera 19 803
Centrostephanus rodgersii 13 3511
Conocladus australis 2 2
Echinaster colemani 2 5
Echinostrephus sp. 2 2
Fromia polypora 9 15
Ophidiaster confertus 2 2
Pentagonaster dubeni 9 15
Petricia vernicina 3 3
Phyllacanthus parvispinus 13 715
Plectaster decanus 8 10
Prionocidaris callista 12 175
Pseudoboletia indiana 1 1
Temnopleurus toreumaticus 1 1
Tripneustes gratilla 4 4
unidentified crinoid 1 1 1
unidentified crinoid 2 2 37
Molluscs
Astralium tentoriformis 16 183
Chromodoris splendida 1 1
Cymbiola magnifica 1 1
Dicathais orbita 1 1
Glossodoris atromarginata 1 1
Hypselodoris bennetti 1 1
Hypselodoris bertschi 1 1
Muricid sp. 1 1 2
Neodoris chrysoderma 3 3
Pteraeolidia ianthina 5 13
Ranella australasia 1 3
Saginopterum ornatum 3 3
Sassia parkinsonia 2 6
unidentified nudibranch 2 2
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Table 8. Species richness and total abundance bflenmacroinvertebrates by taxonomic
group on transects inside the CGCMR and at exteefi@alence sites.

Site Depth  Species  Abundance Urchins  Other Crustaceans  Molluscs
(m) echinoderms
1CG 27 3 341 318 0 1 22
1CG 31 3 70 69 1 0 0
2CG 28 7 325 290 17 3 15
2CG 29 2 266 265 1 0 0
2CG 36 5 39 26 11 0 2
3CG 26 4 354 330 1 0 23
3CG 27 6 322 283 17 0 22
4CG 29 8 199 106 90 0 3
4CG 29.5 9 211 65 133 0 13
5CG 42 4 12 7 1 3 1
6CG 29 10 272 208 54 0 10
6CG 29.5 14 472 245 179 2 46
7CG 35 9 79 46 19 1 13
8CG 25 8 424 409 4 1 10
8CG 26 6 404 378 14 0 12
8CG 32 9 29 18 8 0 3
8CG 36 4 44 30 12 0 2
9CG 26 6 690 481 198 0 11
9CG 27 6 458 377 79 0 2
10CG 30 5 140 133 6 0 1
10CG 31 10 136 108 20 1 7
10CG 36.5 4 38 22 16 0 0
11CG 29 5 164 150 13 0 1
11CG 33 6 50 45 3 0 2
x 100m2  30.4 6.4 230.8 183.7 374 0.5 9.2

Numerous differences between transects were idehtiin mobile macorinvertebrate
univariate metrics (Table 9). There were signifibaress species, lower total mobile
invertebrate abundance and gred&tentrostephanus rodgersii abundance on transects inside
the CGCMR (Fig. 4). This is likely related to difémces in the depth of transects surveyed
between CGCMR sites and reference sites. Regardiedecation, mobile invertebrate
abundance, urchin abundance &hdodgersii abundance all decreased with increasing depth.
Centrostephanus rodgersii numbers were clearly largely responsible for tlgmificance of
these patterns, being restricted to shallower $#84 m) inside the CGCMR. No transects
shallower than 29 m were surveyed outside the CGCaMid noC. rodgersii were recorded

on any transects at external reference sites.
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Table 9. Results of ANCOVAs of important mobile m@nvertebrate community metrics
with location (sites inside the CGCMR or exterrgfierence sites) as an independent factor
and depth as a continuous covariate. Degrees edfidra for these factors and error are 1, 1

and 21 respectively.

Variable Location Depth Error
MS F P MS F P MS

Number of species 68.158  13.027  0.002 16.628 3.178 0.089 5.232

Abundance (total) 0.886 6.098 0.022 22.332 153.712 <0.001 0.145

Abundance (urchins) 0.013 0.072 0.791 24.303 129.213 <0.001 0.188
AbundanceC. rodgersi) 34.749 13.971  0.001 59.917 24.09 <0.001  2.487
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Figure 4. Variation in the species richness andhdance of the mobile macroinvertebrate
community censused, and abundance of all urchidsjast Centrostephanus rodgersii on
transects at different depths, inside the CGCMRdffill) and at external reference sites
(grey fill). Data have been binned into five depttegories, with sample sizes of 4, 4, 3, 3
and 4 transects for CGCMR, respectively, and 42afad external reference sites, which only
had transects in the 29-30 m and > 33 m categodfiexes represent mean values (+SE) per
transect (100 A).

23



Baseline Biodiversity Survey, Cod Grounds NSW

Cryptic fishes

Thirteen species of cryptic fish were recorded glahe 1 m blocks surveyed for
macroinverebtrates and cryptic fishes. These lgrgehsisted of species typical of inshore
reef habitat in the area, with the half-banded perrh Hypoplectrodes maccullochi) the
most frequently recorded (18 of 24 transects) andtrabundant (average 6.4 individuals per
transect on which it was recorded) cryptic fish cepe, followed by the red rock cod,
(Scorpaena cardinalis) (12 transects, 1.25 individuals). One each ofwhemer-water species
blotched hawkfish (Cirrhitichthys aprinus), common lionfish PRterois wvolitans) and

variegated lizardfishSynodus variegatus) were also recorded.

3.3SESSILE BIOTA

Forty-eight taxa or cover categories were iderdifie photo-quadrats inside the CGCMR and
at external reference sites. These taxa/categaniétheir frequency of occurrence and mean
cover values are provided in Table 10. Little orfallose macroalgal cover was evident at
any sites, with exposed crustose coralline algaeAjCdominating overall cover (overall
average 57% cover and recorded on all 24 transdgli®wed by a fine sediment/turf matrix
(11%).

No significant differences were detected in the bemof sessile invertebrate and algal
taxa/categories, % cover of CCA, bare rock or dvesessile invertebrates (e.g. sponges,
ascidians, corals and anemones) between transgutyed inside and outside the CGCMR
(Table 11). All of these metrics, with the exceptiof sessile invertebrate cover, differed

significantly with depth.

Significantly greater cover of CCA and bare rocksvitaund in shallower sites surveyed and
less taxa/groups of sessile organisms (Fig. 5)sd@lebaracteristics all relate to urchin barrens
habitat, and are in agreement with results of tlubile macroinvertebrate surveys, which

showed higher densities d@@entrostephanus rodgersii (the main barrens-forming urchin

species) on shallower transects. Transects in $802m depth category appeared to have
intermediate values of these metrics. It was appavhilst undertaking surveys that this was
typically the lower depth range of the extent ofhim barrens. Even though overall sessile
invertebrate cover did not change significantiyhwdepth, the composition of taxa present did
differ, as well as the diversity of taxa (as indézhby the significant effect of depth on the
number of taxa/groups recorded). Multivariate asedy (below) clearly depict this

compositional change.
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Table 5. Sessile community taxa/groups, frequencynper of transects - F) and average percentager gar transect, taken from photo-quadrats on 24
transects (18 inside the CGCMR and six at extamfarence sites) at 11 sites (Seven inside the CB@Nd four at external reference sites), reprasgnti
> 60 nf of reef.

Taxon Order F CGCMR  Ref Taxon Order F CGCMR _ Ref
Macroalgae Other encrusting invertebrates
Codium sp. Chlorophyta 7 0.02 0.28 cont.
Dictyotalean sp. Heterokontophyta 2 0.17 0.00
Lobophora variegata Heterokontophyta 10 0.38 0.15 Unidentified encrusting ascidians Aplousobranchia/ 8 0.19 0.15
Unidentified foliose red algae Rhodophyta 13 0.69 0.37 Stolidobranchia
Peyssonnelia novaehollandae Rhodophyta 15 0.72 0.89 Soft erect bryozoans Cheilostomata 9 0.14 0.09
Encrusting  Peyssonnelia spp. Seginoporella sp. Cheilostomata 4 0.03 0.43
/Hildenbrandia spp. Rhodophyta 20 1.25 2.90 Triphyllozoon sp. Cheilostomata 7 0.04 0.22
Crustose coralline algae Rhodophyta 24 60.04 47.79 | Echinoclathria leporina Porifera 8 0.19 0.09
Corallines (branched) Rhodophyta 11 0.45 1.41 Holopsamma laminaefavosa Porifera 2 0.00 0.06

Sponge (cup) Porifera 6 0.06 0.40
Corals and other cnidarians Sponge (encrusting) Porifera 20 1.98 5.08
Drifa spp. Alcyonacea 7 0.05 452 Sponge (erect branching) Porifera 8 0.19 0.40
White-branched Alcyonacean Alcyonacea 8 0.29 0.12 Sponge (erect simple) Porifera 20 1.52 2.96
Unidentified Alcyonaceans Alcyonacea 2 0.02 0.03 Sponge (plate) Porifera 6 0.24 0.19
Mopsea sp. Alcyonacea 8 0.79 0.31 Sponge sp.1 Porifera 2 0.02 0.00
Other gorgonians Alcyonacea 4 0.05 0.06 Sponge sp.2 Porifera 9 0.06 0.34
Sohaerokodisis australis Alcyonacea 3 0.10 0.28 Sponge sp.3 Porifera 5 0.12 1.00
Unidentified sea whips Alcyonacea 2 0.02 0.00 Tethya spp. Porifera 6 0.02 0.25
Balanophyllia bairdiana Scleractina 6 0.05 0.09 Hydroidea sp. Hydroida 9 0.18 0.43
Plate coral Scleractina 5 0.10 0.03 Barnacles Sessilia 21 3.40 0.71
Culicia sp. Scleractina 15 4.87 0.06 Serpulid worms Polychaeta 9 0.07 0.46
Anemones Actiniaria 3 0.01 0.06
Zoanthids Zoanthinaria 19 1.34 241

Bare substrate categories
Other encrusting invertebrates Pebble 6 0.07 0.00
Botrylloides sp. Stolidobranchia 7 0.07 0.30 Rock 19 1.34 0.34
Cnemidocarpa pedata Stolidobranchia 7 0.03 0.16 Sand 23 8.65 4.80
Pyura spinifera Stolidobranchia 9 0.05 1.15 Sediment/turf matrix 19 8.81 17.15
Didemnid spp. Aplousobranchia 3 0.04 0.00 Shell fragments 14 0.76 0.49
Unidentified ascidians Aplousobranchia/ 16 0.35 0.58

Stolidobranchia
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Table 11. Results of ANCOVAs of sessile communitgtmies with location (sites inside the
CGCMR or external reference sites) as an indepeni@detor and depth as a continuous

covariate. Degrees of freedom for these factorsearat are 1, 1 and 21 respectively.

Variable Location Depth Error
MS F P MS F P MS

Number of taxa/groups  117.045 2.506 0.128 697.169 14.929 0.001 46.698
% crustose coralline algae0.001 0.005 0.945 1.288 10.698 0.004 0.120
% bare rock 1911 1.497 0.235 5.868 4.597 0.044 1.277
% sessile invertebrate 0.743 1.797 0.194 0.064 0.155 0.697 0.413
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Figure 5. Variation in the number of taxa/biotiogps, and the percentage cover of crustose
coralline algae, bare rock and combine sessilerielbeates (e.g. sponges, ascidians, corals
and anemones) recorded in photoquadrats of thdesessanmunity on transects at different
depths, inside the CGCMR (black fill) and at extrreference sites (grey fill). Data have
been binned into five depth categories, with sangtes of 4, 4, 3, 3 and 4 transects for
CGCMR, respectively, and 4 and 2 for external egiee sites, which only had transects in
the 29-30 m and > 33 m categories. Y-axes repraseah values (+SE) per transect (~ 2.5

).
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3.4COMMUNITY TYPES

Fish community

The fish community loosely fell into two groups wansects, with Principal Coordinates
Analysis (PCO) revealing that deeper transects9>n2depth) both inside and outside the
CGCMR were characterised by more white @arma microlepis), half-banded sea perch
(Hypolectrodes maccullochi) and eastern hulafis(irrachinops taeniatus), while shallower
transects<£29 m) were characterised by the presence of b{@aamthopagrus australis) and
eastern talmgChelmonops truncatus) inside the CGCMR and high abundances of silver
sweep(Scorpis lineolata) and madaAtypichthys strigatus) on transects outside the reserve
(Fig 6). The latter two highly abundant species eappresponsible for all the external

reference transects lying to the same side ofvleerhajor groupings in the plot, with low

PCO axis 2 values.
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Figure 6. PCO plot and vector diagram of fish comityudata from transects surveyed inside
the Cod Grounds Commonwealth Marine Reserve (CGCMT)at external reference sites

(Ref) at different depths.

Mobile macr oi nvertebrate community
The three urchin speciesCentrostephanus rodgersii, Phyllacanthus parvispinus and

Prionocidaris callista, were prominent in separating transects based enirthertebrate
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community data, which appeared to fall into twoaclgroups and one more loose grouping
(Fig. 7). The shallower of the transects surveyeZb(m) were dominated b§. rodgersii
with few, if any, P. parvispinus or P. callista. Transects between 29 and 32 m were
dominated byP. parvispinus and had the greatest diversity of other mobileecitebrate
species, and transects below 32 m were dominateld. logllista and had very few other
mobile invertebrates recorded. The most other spegith high correlations to the first PCO

axis were associated with tReparvispinus-dominated middle depth range.

40
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.§ 20 A o Prionocidaris callista
8 Centrostephanus rodgersii
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5 ® e Fromia polypora
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320 A Chromodoris splendida
= hd Hypselodoris bennetti
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O 40+ ° CGCMR <29 m Phyllacanthus parvispinus
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004 : : : : : |
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PCO1 (48.1% of total variation)

Figure 7. PCO plot and vector diagram of mobile mimwertebrate community data from
transects surveyed inside the Cod Grounds Commdiihwdarine Reserve (CGCMR) and at

external reference sites (Ref) at different depths.

Sessile community

Sessile communities in the CGCMR and nearby reteresites also clearly separated into
distinct groups (Fig 8); transects that were char&gsed by ‘urchin barrens’, with fewer
sessile taxa present and dominated by crustosdliceralgae, and those that were
characterised by a diverse assemblage of sesgédebrates such as sponges, ascidians, soft
corals and occasional hard corals. Plates 3 aritbw $ypical photo-quadrats taken in these

two sessile community types.
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Figure 8. PCO plot and vector diagram of sessilmmanity data from transects surveyed
inside the Cod Grounds Commonwealth Marine Res@@&CMR) and at external reference

sites (Ref) at different depths.

Plate 3. Examples of benthic photo-quadrats ofhrdarrens’ habitat that was typical of

transects shallower than 29 m in the CGCMR.

Plate 4. Examples of benthic photo-quadrats ofrdeveessile invertebrates typical of deeper

transects inside the CGCMR and at external refersites.
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Overall reef assemblage and community types

When data from all surveyed components of the asseEmblage were combined together,
three distinct community types were evident (Fig Be first included only transects that
were surveyed in 29 m depth or shallower, and tlyreorresponded to the groups identified
as an ‘urchin barren’ community in both analysise$sile and mobile macroinvertebrate data
separately. This ‘urchin barren’ community is tygliof the vast majority of inshore reef areas

along the entire NSW coast.

The other grouping that was consistent in the s#paMDS plots above and was
characterised by slightly more diverse sessile cavel very few if anyCentrostephanus
rodgersii, actually split into two clear groupings in thivesall analysis. One of these
included only transects surveyed in depths grahter (or equal to in one case) 31 m, both
inside the CGCMR and at external reference sithis gommunity type consisted of a more
diverse sessile community (and larger patches rd saer the reef), and the presence of the
urchin Prionocidaris callista, and more abundant half-banded sea pektypdplectrodes
maccullochi). The other community type included transects eyed in the narrow depth
range between those of the other groupings (29335nd was characterised by the abundant
Phyllacanthus parvispinus, stalked ascidians (sea tulipfyura spinifera) and mado

(Atypichthys strigatus).
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Figure 9. PCO plot and vector diagram of overathownity data from transects surveyed
inside the Cod Grounds Commonwealth Marine Res@@&CMR) and at external reference

sites (Ref) at different depths. Based on combistahdardised and log(x+1) transformed
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fish, macroinvertebrate and sessile cover datqpdel have been drawn around transects that

fall into the three community types mentioned ie téxt.

Clearly, depth greatly influenced the nature of biic communities in the CGCMR and at
external reference sites. As is evident from th©Rbts above (Fig 9), changes in flora and
fauna with depth were not gradual, and for somepmmants there were clear demarcations at
particular depths. Each one of the community tyjgesitified in the overall analysis was
dominated by a different species of sea urchin,adiferent type of sessile cover. Figure 10

summarises the most prominent changes in the dweraimunities with depth.
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Figure 10. Variation in the reef assemblage witptdeFrom top to bottom, plots display
overall average (+ SE) values per transect in itambrfishes, mobile macroinvertebrates,
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4. DISCUSSION

The baseline survey of reef biota in the CGCMR amchearby external reference sites

revealed the following key features of local floaald faunal communities:

» Domination by cool temperate species

» Distinctly different community types at differergégths surveyed

» Little or no macroalgal cover, and encrusting algaeé sessile invertebrates
* Very high biomass of fishes present

» High abundance of exploited species, particulatyge pelagic fishes

» Presence of some rare and threatened specieglimglwmerous grey nurse sharks

Perhaps the most obvious feature of the reef contiasiin the CGCMR was that strikingly
different community types existed at different deptThe community types represented one
that is typical of inshore reef habitat in NSW (axhin barren state) and two others that are
generally found in depths beyond those at whiclp karsists. The depth range over which
the community types changed was very narrow, resgulin fairly sharp ecotones. Such
distinct changes, and patterns in the species anddance of urchins recorded, clearly
indicate the importance of urchins in driving thesenmunity types. Urchins are known to
often be dominant grazers in reef communities agtl hbundance of the spiny sea urchin
(Centrostephanus rodgersii), is well known to cause “barrens” along the NSWéast, where
macroalgal cover is overgrazed, which then has ftoweffects on species in the system
(Andrew and Underwood, 1989; Andrew and O'Neil, 2adng, 2008).

The sessile communities in areas where the urcliihglacanthus parvispinus and
Prionocidaris callista dominated were far more diverse than the barestasa coralline-
dominated areas whef& rodgersii was abundant, although the effect of urchin sgecan
not be separated from the effect of their abundamseC. rodgersii abundance was
comparatively much higher. No urchin barrens webseoved on transects at external
reference sites, but this is likely to be due te #hortage of reef shallower than 30 m

available to survey outside but near the CGCMR.

Fish biomass averaged 272.4 kg per transect aalids® sites surveyed, with some transects
possessing estimated fish biomass in excess ohrietolrhese figures are very high when

compared to Lord Howe Island inshore reefs, forng¥a, which averaged ~ 50 kg per

33



Baseline Biodiversity Survey, Cod Grounds NSW

transect in surveys undertaken in summer 2008 (Eetgal., 2006; Edgaket al., in press)
using the same methods as the CGCMR baseline surepgrted here. Massive numbers of
planktivorous fishes such as maduaypichthys strigatus) and silver sweepstorpis lineolata)
and reasonable numbers of larger-bodied higherivaaes such as wobbegong sharks
(Orectolobus spp.) and mulloway Argyrosomus japonicus) were responsible for the
extraordinarily high fish biomass observed. Itilely that both the structure of the reef
habitat surveyed (which represented those patchesed that rose the furthest from the
bottom in the offshore environment), and perhapnesxceanographic effects related to this
(e.g. possibly upwelling of nutrient rich watersuéiing in higher local plankton availability),

are responsible for the high fish biomass present.

Another important feature of the reef communities/eyed was the presence of rare species.
A relatively high abundance of grey nurse shafBarc¢harias taurus) was observed at the
main Cod Grounds pinnacles (site 8CG). These plasadearly represent an important
aggregation site for this species. Although it idedy distributed, only 19 recent aggregation
sites are known on the east coast of Australiai(®ei et al., 2004), and the regularity of
occupation of these has been reported to be relatlow. From extensive monitoring of
known aggregation sites along the NSW coast, Owtay. (2003) found no sharks present
on 64% of surveys. The Cod Ground pinnacles wasobraly two sites where sharks were
observed on every occasion. Although the pinnatiesnselves appear to be the key
aggregation site, the sharks also use the broadar as evidenced by sightings of single
individuals (one on transect and another off-trat)s&t a nearby smaller pinnacle within the

reserve and at an external reference site.

Other observations of rare species were the bladk(Epinephelus daemelii) and the deep-
water pipehorseSolegnathus dunckeri. Only two black cod were recorded or seen durimgg t
baseline surveys, despite the area being namedthitespecies, and which was reportedly
previously common in the area (Pogonoakal., 2002). Continued monitoring through the
long-term will establish whether this species resjsoto the protection of the area around the
pinnacles by increasing in abundance. Greater g@ffert, particularly in deeper areas of the
reserve and nearby reefs, is required to determimrether the observation &f dunckeri was

an unusual occurrence, or whether this region semts an unusual area where it occurs
shallower than throughout the rest of its rangeeddlotal evidence by members of the Port

Macquarie Underwater Research Group (PURG) sugtiestthe latter may well be possible.

Whilst the CGCMR baseline survey represented tis¢ $tep in recording the reef biota in a

consistent and quantitative manner, there were sbmigations that are important to
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recognise. Due to timing and logistical reasons,sitrvey was limited to 24 transects and 11
sites. Although this is a substantial effort gitbat survey time per dive is effectively less
than half of that available in water <18 m deepyaduld be ideal to survey a greater number
of sites than what was possible, particularly tgssiocated outside the CGCMR. The limited
number of surveys at sites outside the reserveeliangflected the lack of reef available
nearby in depths of less than 30 m (and surveyaditeg open circuit SCUBA), but also the
need to prioritise data collection within the resegiven the limited time available. The
currently low number of external reference sitesdienaomparisons of surveys inside and
outside the reserve difficult, and surveying simhabitat in appropriate depths (which will
require travel further from the CGCMR boundariesntivas undertaken as part of the current
surveys) should be one of the priorities of futsmeveys, particularly in the coming years (see
recommendations below). Much of the reef within @@CMR boundaries that lies shallower
than 30 m (and thus possible to survey using stdnolen circuit SCUBA) was surveyed,
but only seven transects were surveyed in the antisk areas of reef deeper than 30 m that
occur within the reserve. Clearly more survey efioalso desirable in these areas, but would
require the use of closed circuit (rebreather)yas used for the deeper transects undertaken

for this baseline survey.

The use of closed circuit units was necessaryarcthrrent baseline surveys (and will always
be necessary to survey the deeper parts of the GGamdl nearby reefs), but may result in
particular biases in the data collected, as contperesurveys in shallower parts where open
circuit SCUBA was used. The major differences elgetavould be in the number, and in
some cases species, of fish recorded as a redhié ¢éick of disturbance by bubbles created
by divers on open circuit. This bias is unlikely bave influenced the conclusions of
community types varying with depth, however, asvduld have no bearing on mobile
macroinvertebrate or sessile communities recorded the greatest depth-related differences
occurred in these taxonomic groups. The bias @ @atdikely to affect interpretation of future
monitoring data, as it should remain consistentinme due to the limitations imposed by

depth on bottom times.

4.1MARINE PARK ZONING

The CGCMR boundary currently encompasses the Hutkeoreef habitat within the larger
area around the main Cod Grounds pinnacles and, madably, the pinnacles themselves.
The pinnacles clearly support a reef assemblagdshmt typical of many other reefs along

the coast, attracting large numbers of exploitddgie species and a substantial aggregation

35



Baseline Biodiversity Survey, Cod Grounds NSW

of grey nurse sharks. Although the community typsesved in the majority of the reef area
within the reserve that is less than 30 m closebembles that typical of inshore reefs along
the NSW coast, these areas still contained a grbatmass of fishes than is present even at
Lord Howe Island reefs. Because of the large bientdsexploited species, including large
wobbegong sharks and the pelagic carangids @mola lalandi and S rivoliana), the
reserve boundaries protect valuable marine ressuhz# are becoming increasingly rare in

other parts of the Australian coast.

However, there are other sites of high conservatimne outside the reserve boundaries.
Observations at external reference sites surveyed &ilometres to the south of the reserve
boundary included extraordinarily high biomass ahdndance of fishes and a rare pipehorse,
Solegnathus dunckeri. Although the observation of a single deep-watgelporse is not
necessarily sufficient evidence on which to bageekpansion of current reserve boundaries,
pipehorses have been previously sighted in the @l#zough unconfirmed as this species).
Combined with the other values (e.g. diverse sessimmunities, the use of the broader area
by grey nurse sharks, value of an expanded buffiee around the pinnacle), further surveys
and exploration of adjacent reef areas are clemalyanted, with the potential for expanding
reserve boundaries. In particular, the extensivaef sxea to the immediate south of the
CGCMR should be investigated.

Most of the statistically significant differences univariate metrics that were observed
between transects within the CGCMR boundaries atefmal reference sites can reasonably
be attributed to biases in the habitat type sumdefye. the lack of available sites with a
similar depth range outside the reserve), as digcligbove. Indeed, differences between sites
that can be attributed to its protection would betexpected within such a short time frame
since declaration (Edgaet al., in press) and only pre-existing differences isemsblages
might be evident. However, if only transects suegkyin the same depth ranges were
considered in comparisons (i.e. only transects 9.3@ and >33 m), then the external
reference sites had a greater diversity and cdvsessile invertebrates, greater diversity and

abundance of mobile invertebrates, and a much haendance and biomass of total fishes.

Additional information on the deeper patches of (280 m) inside and outside the CGCMR
would be valuable and assist in determining whe#imeicrease in the size of the CGCMR
would add substantially to the community types espnted and the overall conservation
value of the reserve. Due to logistic and safepsoas, this would most likely need to be
undertaken using closed-circuit (rebreather) systemremotely-operated cameras, video or

ROV (remotely operated underwater vehicle).
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4 2THREATS

Continued illegal fishing is likely to be the majhrreat to the reef assemblage in the CGCMR.
Due to its position (~7 km offshore) and relativeigall size (and hence difficulty in knowing
whether a boat is fishing within the reserve unlebserved from a close vantage), this
reserve is very hard to police. Two boats were asebottom fishing within the reserve
boundaries, and one large yacht seen trolling tirotlhe reserve during four and a half
survey days in and near the reserve. Numerous fatgag sinkers were also observed on the
bottom within the reserve, many appearing to bidyfagcent, with little growth or corrosion.
Clearly, given the small size of this reserve, amlgelatively small amount of illegal fishing
would have major consequences with respect to exgoaf faunal and floral populations.
Expanded boundaries would provide a greater bufminst fishing-induced impacts and
reduce the likelihood that the CGCMR becomes aepaprk’.

Fishing is known to have substantial and far reaglinpacts on reef communities, with the
removal of large predatory fishes and invertebratesing flow on effects on reef
communities (Paulyet al., 1998; Shears and Babcock, 2002; Myers and Wafa5). In
NSW, removal of large predators of urchins, forregbe blue groperAchoerodus viridis)

and pink snappeiChrysophrys auratus), may cause increasing abundances of urchinsespeci
which in turn can affect densities of algae anceitebrates. Although the CGMCR surveys
revealed a high biomass of higher carnivores, iveligt few snapper and blue groper were
recorded, particularly in comparison to what mightexpected at inshore areas of the NSW
coast. If low densities of such predators are edlad past (and present) fishing pressure, then
protection of the CGCMR has the potential overltimg-term to promote recovery of diverse
sessile communities in the shallow parts of themesthat are currently urchin barrens. In
fact, it is even possible that recovery of theseasrmay result in the addition of a new
community type if larger foliose macroalgae are=abl grow in these areas. However, if low
densities of these predatory species is the resfultatural processes and local habitat
characteristics, which is possible #rviridis, but unlikely forC. auratus (which represented
the greatest commercial catch in the area befarku@ion of the CGCMR), then protection

of the area may not result a habitat change fraomeba.

Climate change represents an unknown threat t€&EMR. Very few species with warmer-
water affinities were observed during the basebnevey, suggesting that the warm East

Australian Current may have less impact on thellaocea than on other parts of the NSW
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coast, even those further south and closer insiamby. continued monitoring will be able to
establish patterns in the habitation, establishraedtabundance of warmer water species or
the abundance or continued presence of cooler wpties. Whilst climate change may not
currently pose a greater threat than fishing, it lptential to substantially alter the

community types through the long term.

Pollution does not appear to be a major threatitBephoto-quadrats revealed no evidence
of filamentous/opportunist algae or other pollutiaasociated taxa. Due to the distance
offshore (~7 km) and depth of the reef, pollutiow &atchment runoff effects are unlikely to
cause substantial or lasting impacts on the CGCItiRacts of temporary light reduction that
may occur during extreme runoff events are unlikedybe great because the benthic
community largely consisted of non-photosynthetigat with coral and macroalgal cover
fairly minimal. Species and individuals presenthe CGCMR generally appear well adapted

to low light levels.

No introduced taxa were recorded during the survad therefore this potential threat does
not appear to pose a major risk to local reef conitims. Early detection of any introduced

species establishing in the reserve should belessith regular monitoring.

5. RECOMMENDATIONS

Now that a valuable baseline has been establishkedecommend continued monitoring of
the CGCMR to allow assessment of changes in reefmamities, including any changes

associated with climate change as well as recoyawgn impacts of fishing. Future

monitoring ideally should be undertaken using taee methods, with resurvey of transects
at the same geo-referenced sites and depths, amsiratlar time of year to minimise seasonal
effects in long-term population trends. Monitorisigould occur at intervals of one to three
years initially until patterns associated with reexy from fishing stabilise, then perhaps at

five-yearly intervals subsequently.

We also recommend that additional sites be incatpgdrin the monitoring program the next
time the CGCMR reefs are surveyed. Analyses wolgdrly benefit from additional external
reference sites, and more importantly, referenies svith a similar depth range to sites that
were surveyed within the boundaries of the marasenve. This deficiency arose from the
difficulty in finding suitable reef with appropriatdepth within close proximity to the

CGCMR. Additional external reference sites showdddentified further afield as necessary,
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with promising locations being Mermaid reefs to #wuth and perhaps some of the more
inshore patches of reef between Laurieton and Matquarie. At least six transects (but
preferably more) should be surveyed in depths bmtw25 and 29 m in these areas.
Additional sites could also usefully be added wittie CGCMR in depths > 30 m if skilled

personnel and appropriate resources are availahéeaddition of these new sites outside the
reserve and deeper transects inside the reservpraiide much greater power for detecting

change inside the reserve relative to outside.

We also propose that an additional method be addetthe survey protocol to provide
complimentary data for monitoring the grey nursarkhaggregation. This would only be
required at the Cod Grounds pinnacles site (8C@)iawolve a timed swim around the main
pinnacles to count and sex any grey nurse shamsept. Fifteen minutes dive time is

sufficient to undertake this in a safe and repdatatanner.

A set of univariate indicators is proposed hereestablish the presence and magnitude of
future change in the CGCMR reef communities. Thieskicators and current values are
shown in Table 12. As the number of sites is nmidaindicators should be calculated for
each transect so that variation between sites apthsl can be considered in analysis of
changes in their values with time. Whilst the magphé of change in each of these indicators
will become evident over time, it must be noted tieasonably large variation may occur in
some of these in any one year due to the oceaticenand local characteristics of the reef.
For example, whilst exploited fish abundance anoimaiss are key indicators of fishing
impacts and changes associated with fishing, thglennature of schools of exploited pelagic
fishes means that large changes can occur overdseof minutes. Consequently, long time
scales will be required to identify real changeahiese indicators. Conversely, the abundance
of Centrostephanus rodgersii and % cover of CCA are less likely to vary at sadarge scale,

with only relatively small changes in these throtigie interpretable as important change.
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Table 12. Proposed indicators for continued momitgpof the CGCMR. Values are totals per transextept % crustose coralline algal cover (%CCA),

which is mean cover per transect, and Size Spés8aparameters, which were based on data frotraalects at each site.

SITE Depth  Abundance of Biomass of exploited Threatened C. taurus E. daemelii Fish species C. rodgersii % CCA SS Slope SS intercept
exploited fishes fishes (kg) species

1CG 27 9 296.67 9 318 82.52 -3.045 1.158

1CG 31 29 42.94 21 52 47.50

2CG 28 1 0.21 12 290 78.07 -7.483 2.2315

2CG 29 0 0.00 6 265 80.79

2CG 36 54 68.29 23 48.38

3CG 26 447 174.93 21 329 87.80 -8.123 3.752

3CG 27 414 495.30 1 2 26 282 82.81

4CG 29 1 42.05 10 60.66 -11.528 3.173

4CG 295 10 157.68 1 1 16 58.64

5CG 42 2 0.58 14 51.18 -3.552 0.793

6CG 29 2 42.49 12 37.36 -12.597 3.113

6CG 29.5 8 3.32 16 42.78

7CG 35 49 26.47 18 36.14 -10.036 2.694

8CG 25 7 4.09 13 406 83.61 -5.356 1.572

8CG 26 36 48.57 1 3 16 377 64.20

8CG 32 4 2.15 13 17.24

8CG 36 1 1.49 10 40.40

9CG 26 6 1.67 13 479 70.00 -7.292 1.791

9CG 27 10 43.86 19 373 85.58

10CG 30 216 438.68 18 116 42.51 -6.775 2.194

10CG 31 20 12.34 15 84 40.00

10CG 36.5 622 870.91 20 26.71

11CG 29 6 133 16 140 62.74 -7.347 2.076

11CG 33 12 8.84 20 39.82
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Appendix 1. Data from fish surveys pg 1: transects insideG&EMR.

SITE
Depth of Transect

1CG
27

1CG
31

2CG 2CG
28 29

2CG
36

3CG 3CG 8CG 8CG
26 27 25 26

8CG
32

8CG 9CG 9CG 10CG
36 26 27 30

10CG 10CG
31 36.5

11CG
29

11CG
33

Acanthopagrus australis
Acanthistius ocellatus
Achoerodus viridis
Anoplocapros inermis
Argyrosomus japonicus
Atractoscion aequidens
Atypichthys strigatus
Aulopus purpurissatus
Bodianus frenchii
Caesioperca lepidoptera
Carcharias taurus
Centroberyx affinis
Chaetodon guentheri
Cheilodactylus fuscus
Cheilodactylus vestitus
Chelmonops truncatus
Chromis hypsilepis
Chrysophrys auratus
Coris dorsomacula

Coris picta
Dicotylichthys punctulatus
Dinolestes lewini
Elagatis bipinnulata
Enoplosus armatus
Epinephelus daemelii
Epinephelus undulatostriatus
Eubalichthys bucephalus
Eubalichthys mosaicus
Fistularia commersonii
Fistularia petimba
Glaucosoma scapulare
Heterodontus portusjacksoni

5

20

219 200

11 1

150
24

13

20 4

294 34 1 3

120 231 150 85

2

6 5
1
2

105

205

30 140 10

40
570
443

12

63 50

20

30 4

33

12
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Appendix 1. Data from fish surveys pg 2: transects insideGE&MR.

SITE 1CG 1CG 2CG 2CG 2CG 3CG 3CG 8CG 8CG 8CG 8CG 9CG 9CG 10CG 10CG 10CG 11CG 11CG
Depth of Transect 27 31 28 29 36 26 27 25 26 32 36 26 27 30 31 36.5 29 33

Hypoplectrodes annulatus
Hypoplectrodes maccullochi 2 5 6 5 2 2 6 3 18 4 12 7 11 5 23
Lotella rhacina
Mecaenichthys immaculatus 3 2 4
Meuschenia freycineti 3 1 1 1

Meuschenia scaber 5 3 5 2 3
Meuschenia trachylepis 1

Nelusetta ayraudi
Nemadactylus douglasi 2 55 1 3
Notolabrus gymnogenis 1 2
Ophthalmolepis lineolata 1 4 6 8 1 14 2 4 8 4
Orectolobus halei 1 1 1 2
Orectolobus maculatus 1

Paracaesio xanthura 100
Parma microlepis 1 8 10 3 12 1 9 6
Parma unifasciata 28 13 12 10 14 18 13 24 27 8 15
Parupeneus spilurus 8 1 20 6 1 14 1 1 1 9 5
Pempheris affinis 1 2
Pempheris compressa
Plagiotremus tapeinosoma 1 1

Prionurus maculatus 2

Prionurus microlepidotus 1 7 1 1
Pseudocaranx georgianus 1 2 6

Pseudocoris yamashiroi 1

Rhabdosargus sarba 4 20 8 1 1
Scorpaena cardinalis 1 3 1 1
Scorpis lineolata 102 220 40 151 21 335 145 18 10 53 50 37 38
Seriola hippos 5 13

Seriola lalandi 8 1 26

Seriola rivoliana 4

Suezichthys arquatus 2
Trachichthys australis 1
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Appendix 1. Data from fish surveys pg 3: transects insideGEMR.

SITE
Depth of Transect

2CG 2CG 2CG 3CG 3CG 8CG 8CG 8CG 8CG 9CG 9CG

28 29 36 26 27 25 26 32 36 26 27

Trachinops taeniatus
Trachurus novaezelandiae
Carangoides chrysophrys
Unidentified Labrid spp.
Upeneichthys lineatus

130 40 5 60 50 25 70 68 6
20
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Appendix 1. Data from fish surveys pg 4: transects at extaefalence sites.

SITE 4CG 4CG 5CG 6CG 6CG 7CG SITE 4CG 4CG 5CG 6CG 6CG 7CG
Depth of Transect 29 29.5 42 29 29.5 35 Depth of Transect 29 29.5 42 29 29.5 35
Acanthopagrus australis Hypoplectrodes annulatus 1

Acanthistius ocellatus Hypoplectrodes maccullochi 1 14 2

Achoerodus viridis Lotella rhacina 2 2

Anoplocapros inermis Mecaenichthys immaculatus 7

Argyrosomus japonicus Meuschenia freycineti

Atractoscion aequidens Meuschenia scaber 2 2

Atypichthys strigatus 4400 9580 Meuschenia trachylepis

Aulopus purpurissatus 1 Nelusetta ayraudi

Bodianus frenchii Nemadactylus douglasi 6 1

Caesioperca lepidoptera Notolabrus gymnogenis 2 3 1 2 1
Carcharias taurus Ophthalmolepis lineolata 2 1 1 3

Centroberyx affinis Orectolobus halei 2 1

Chaetodon guentheri Orectolobus maculatus 1

Cheilodactylus fuscus 1 Paracaesio xanthura

Cheilodactylus vestitus Parma microlepis 1

Chelmonops truncatus Parma unifasciata 10 6 21

Chromis hypsilepis 52 Parupeneus spilurus

Chrysophrys auratus 1 Pempheris affinis

Coris dorsomacula Pempheris compressa 260

Coris picta Plagiotremus tapeinosoma

Dicotylichthys punctulatus 1 Prionurus maculatus

Dinolestes lewini Prionurus microlepidotus

Elagatis bipinnulata Pseudocaranx georgianus

Enoplosus armatus 1 Pseudocoris yamashiroi

Epinephelus daemelii Rhabdosargus sarba

Epinephelus undulatostriatus Scorpaena cardinalis 3

Eubalichthys bucephalus Scorpis lineolata 2500 1140 1400

Eubalichthys mosaicus
Fistularia commersonii
Fistularia petimba
Glaucosoma scapulare
Heterodontus portusjacksoni

Seriola hippos
Seriola lalandi
Seriola rivoliana
Suezichthys arquatus
Trachichthys australis
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Appendix 1. Data from fish surveys pg 5: transects at exteaiarence sites.

SITE 4CG 4CG 5CG 6CG 6CG 7CG
Depth of Transect 29 29.5 42 29 29.5 35
Trachinops taeniatus 23 50 210 315

Trachurus novaezelandiae
Carangoides chrysophrys
Unidentified Labrid spp.
Upeneichthys lineatus 1
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Appendix 2. Data from mobile macroinvertebrate surveys pgahndgects inside the CGCMR.

SITE 1CG 1CG 2CG 2CG 2CG 3CG 3CG 8CG 8CG 8CG 8CG 9CG 9CG 10CG 10CG 10CG 11CG 11CG
Depth of transect 27 31 28 29 36 26 27 25 26 32 36 26 27 30 31 36.5 29 33

Astralium tentoriformis 22 15 23 17 7 12 10 2 1 7 2
Astrosierra amblyconus 1 1 1

Cenolia glebosus 1

Cenolia trichoptera 14 10 15 4 12 1 12 195 75 6 16 14 11 2
Centrostephanus rodgersii 318 52 290 265 329 282 406 377 479 373 116 84 140
Chromodoris splendida 1

Conocladus australis 1 1

Cymbiola magnifica 1

Dicathais orbita 1

Echinaster colemani 1 4

Echinostrephus sp. 1
Fromia polypora 1 2 1 2
Glossodoris atromarginata
Hypselodoris bennetti 1
Hypselodoris bertschi
Muricid sp. 1
Neodoris chrysoderma 1

Ophidiaster confertus 1

Pagurus sinuatus 3

Pentagonaster dubeni 1 2 3 3 1
Petricia vernicina 1

Phyllacanthus parvispinus 17 1 18 2 4 16 20 10 11
Plectaster decanus 1 1 1 1 1

Prionocidaris callista 26 30 1 3 22 33
Pseudoboletia indiana 1

Pteraeolidia ianthina 1 1

Ranella australasia 3

Saginopterum ornatum 1

Sassia parkinsonia 1 5

Temnopleurus toreumaticus 1

Tripneustes gratilla 1 1 1 1

Unidentified crinoid 1
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Appendix 2. Data from mobile macroinvertebrate surveys pgahdects inside the CGCMR.

SITE 1CG 1CG 2CG 2CG 2CG 3CG 3CG 8CG 8CG 8CG 8CG 9CG 9CG 10CG 10CG 10CG 11CG 11CG
Depth of transect 27 31 28 29 36 26 27 25 26 32 36 26 27 30 31 36.5 29 33
Unidentified crinoid 2

Unidentified hermit crab 1 1 1

Unidentified nudibranch
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SITE 4CG 4CG 5CG 6CG 6CG 7CG SITE 4CG 4CG 5CG 6CG 6CG 7CG
Depth of transect 29 29.5 42 29 295 35 Depth of transect 29 29.5 42 29 295 35
Astralium tentoriformis 3 12 7 33 10 Unidentified crinoid 1 1
Astrosierra amblyconus Unidentified crinoid 2 12 25

Cenolia glebosus Unidentified hermit crab 3 2 1
Cenolia trichoptera 74 130 25 172 15 Unidentified nudibranch 1 1
Centrostephanus rodgersii

Chromodoris splendida

Conocladus australis

Cymbiola magnifica

Dicathais orbita

Echinaster colemani

Echinostrephus sp. 1

Fromia polypora 1 1 1 3 3

Glossodoris atromarginata 1

Hypselodoris bennetti

Hypselodoris bertschi 1

Muricid sp. 1 2

Neodoris chrysoderma 1 1

Ophidiaster confertus 1

Pagurus sinuatus

Pentagonaster dubeni 2 1 1 1

Petricia vernicina 1 1

Phyllacanthus parvispinus 102 63 207 244

Plectaster decanus 1 1 3

Prionocidaris callista 4 1 7 1 1 46

Pseudoboletia indiana

Pteraeolidia ianthina 1 9 1

Ranella australasia

Saginopterum ornatum 1 1

Sassia parkinsonia
Temnopleurus toreumaticus
Tripneustes gratilla

51



Baseline Biodiversity Survey, Cod Grounds NSW

Appendix 3. Data from sessile cover photo-quadrats pg 1s&ets inside the CGCMR.

SITE 1CG 1CG 2CG 2CG 2CG 3CG 3CG 8CG 8CG 8CG 8CG 9CG 9CG 10CG 10CG 10CG 11CG 11CG
Depth of transect 27 31 28 29 36 27 26 25 32 26 36 26 27 30 31 36.5 29 33
Anemones 0.00 0.00 0.00 0.00 0.09 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ballanophyllia bairdiana 0.00 0.00 0.00 0.26 0.09 0.00 0.00 0.00 0.18 0.00 0.37 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Barnacles 5.45 3.52 5.20 4.21 0.46 6.65 5.44 4.24 0.00 6.03 0.18 6.47 2.19 2.23 1.87 0.36 5.60 1.08
Botrylloides sp. 0.00 0.09 0.00 0.00 0.00 0.00 0.00 0.00 0.36 0.00 0.00 0.00 0.00 0.00 0.75 0.00 0.00 0.00
Cnemidocarpa pedata 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.18 0.00 0.00 0.00 0.00 0.00 0.19 0.18 0.00 0.00
Codium sp. 0.00 0.00 0.00 0.00 0.09 0.00 0.00 0.00 0.18 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Corallines (branched) 0.00 0.93 0.00 0.00 1.11 0.00 0.00 0.00 2.54 0.00 0.55 0.00 0.00 0.61 0.00 0.00 0.00 2.34
Crustose coralline algae 8252 4750 78.07 80.79 4838 8281 8780 8361 17.24 6420 4040 70.00 8558 4251 40.00 26.71 6274 39.82
Culicia sp. 2.26 0.19 7.06 3.68 0.28 2.22 2.25 2.39 0.00 26.46 0.00 17.06 0.18 11.74 10.84 0.00 0.97 0.00
Didemnid spp. 0.00 0.46 0.00 0.00 0.09 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.18
Drifa spp. 0.00 0.28 0.00 0.00 0.55 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Echinoclathria leporina 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.36 0.00 0.73 0.00 0.00 0.00 0.19 1.26 0.77 0.18
Encrusting Peyssonnelia spp.

/Hildenbrandia spp. 2.26 1.94 1.12 1.05 3.88 0.00 0.00 0.55 1.09 0.00 1.83 0.00 0.55 0.81 3.18 2.35 0.97 0.90
Dictyotalean sp. 0.00 1.39 0.00 0.00 0.00 0.00 0.00 0.00 1.63 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Holopsamma laminaefavosa 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Hydroidea sp. 0.00 0.09 0.00 0.00 0.55 0.00 0.00 0.00 0.36 0.00 0.37 0.00 0.00 0.00 0.93 0.90 0.00 0.00
Lobophora variegata 0.00 3.24 0.19 0.00 0.18 0.00 0.00 0.00 1.63 0.00 0.55 0.00 0.00 0.20 0.00 0.00 0.39 0.54
Mopsea sp. 0.00 1.39 0.00 0.00 1.29 0.00 0.00 0.00 3.45 0.00 0.55 0.00 0.00 0.00 0.19 5.60 0.00 1.80
Other gorgonians 0.00 0.19 0.00 0.00 0.46 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.18 0.00 0.00
Pebbles 0.00 0.09 0.00 0.00 0.18 0.18 0.00 0.18 0.00 0.00 0.00 0.00 0.36 0.00 0.00 0.00 0.00 0.18
Peyssonnelia novaehollandae 0.00 0.65 0.19 0.00 2.31 0.00 0.00 0.00 1.27 0.00 1.83 0.00 0.00 0.61 0.75 2.35 0.00 3.06
Plate coral 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.91 0.00 0.55 0.00 0.00 0.00 0.00 0.18 0.00 0.18
Pyura spinifera 0.00 0.00 0.00 0.00 0.09 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.37 0.18 0.00 0.18
Rock 4.32 0.74 0.00 0.00 0.74 0.37 1.13 2.21 0.18 1.95 0.00 1.76 3.65 1.82 0.93 0.36 3.67 0.36
Sand 2.44 17.78 0.93 0.00 11.82 3.88 2.81 3.68 33.03 0.58 20.48 1.57 4.93 0.20 0.75 25.99 463 20.18
Sediment/turf matrix 0.00 10.83 4.65 7.89 11.45 0.00 0.00 0.00 18.15 0.00 21.39 0.98 0.36 1235 26.36 16.43 15.64 12.07
Serpulid worms 0.00 0.00 0.00 0.00 0.09 0.00 0.00 0.00 0.18 0.00 0.00 0.00 0.00 0.00 0.00 0.72 0.00 0.18
Shell fragments 0.00 1.67 0.00 0.00 3.23 0.00 0.56 0.37 2.72 0.00 0.00 0.20 1.82 0.00 0.00 0.36 1.74 1.08
Soft erect bryozoans 0.00 1.02 0.00 0.00 0.09 0.00 0.00 0.00 0.36 0.00 0.18 0.00 0.00 0.00 0.19 0.54 0.00 0.18
Sphaerokodisis australis 0.00 0.00 0.00 0.00 0.55 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.26 0.00 0.00
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Appendix 3. Data from sessile cover photo-quadrats pg 2s&ets inside the CGCMR.

SITE 1CG 1CG 2CG 2CG 2CG 3CG 3CG 8CG 8CG 8CG 8CG 9CG 9CG 10CG 10CG 10CG 11CG 11CG
Depth of transect 27 31 28 29 36 27 26 25 32 26 36 26 27 30 31 36.5 29 33
Sponge (cup) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.18 0.00 0.00 0.00 0.00 0.36 0.00 0.54
Sponge (encrusting) 0.38 2.22 1.49 2.11 1.94 0.18 0.00 0.00 3.81 0.39 2.93 0.00 0.00 10.93 2.80 2.35 1.16 2.88
Sponge (erect branching) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.73 0.00 0.18 0.00 0.00 0.00 0.00 1.62 0.00 0.90
Sponge (erect simple) 0.38 2.04 0.93 0.00 1.85 0.18 0.00 0.00 1.45 0.00 2.38 1.57 0.18 6.28 5.23 2.53 0.58 1.80
Sponge (plate) 0.00 0.00 0.00 0.00 1.75 0.00 0.00 0.00 0.00 0.00 0.18 0.00 0.00 0.00 0.00 1.99 0.00 0.36
Sponge sp.1 (frilly yellow erect

sponge) 0.00 0.19 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.18
Sponge sp.2 (grey erect

sponge) 0.00 0.00 0.00 0.00 0.37 0.18 0.00 0.00 0.18 0.00 0.18 0.00 0.00 0.00 0.00 0.18 0.00 0.00
Sponge sp.3 (encrusting

iridescent blue sponge) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.54 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.62
Steginoporella sp. 0.00 0.19 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.36
Tethya spp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.19 0.18
Triphyllozoon sp. 0.00 0.00 0.00 0.00 0.09 0.00 0.00 0.00 0.18 0.00 0.00 0.00 0.00 0.00 0.00 0.36 0.00 0.00
Unidentified alcyonaceans 0.00 0.37 0.00 0.00 0.55 0.00 0.00 0.00 0.91 0.00 1.65 0.00 0.00 0.00 0.00 1.81 0.00 0.36
Unidentified ascidians 0.00 0.00 0.19 0.00 1.29 0.00 0.00 0.37 0.36 0.00 0.37 0.00 0.18 0.00 0.93 0.36 0.77 1.44
Unidentified encrusting

ascidians 0.00 0.19 0.00 0.00 0.55 1.66 0.00 0.00 0.00 0.00 0.18 0.00 0.00 0.00 0.00 0.72 0.00 0.18
Unidentified foliose red algae 0.00 0.46 0.00 0.00 3.42 0.00 0.00 0.00 4.72 0.00 1.46 0.00 0.00 1.21 0.00 0.90 0.00 0.18
Unidentified sea whips 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.18 0.00 0.18
Unidentified zoanthids 0.00 0.37 0.00 0.00 0.09 1.66 0.00 2.39 1.09 0.39 0.37 0.39 0.00 8.50 3.55 0.72 0.19 4.32
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Appendix 3. Data from sessile cover photo-quadrats pg 3: é@asat external reference sites.

SITE 4CG 4CG 5CG 6CG 6CG 7CG SITE 4CG 4CG 5CG 6CG 6CG 7CG

Depth of transect 29.5 29 42 29.5 29 35 Depth of transect 29.5 29 42 295 29 35

Anemones 0.00 0.00 0.18 0.19 0.00 0.00 Shell fragments 092 073 109 019 0.00 0.00

Ballanophyllia bairdiana 0.00 0.00 0.00 0.00 0.18 0.37 Soft erect bryozoans 0.37 0.00 0.18 0.00 0.00 0.00

Barnacles 2.94 0.36 0.00 0.76 0.18 0.00 Sphaerokodisis australis 0.00 000 000 0.00 0.00 1.69

Botrylloides sp. 0.37 0.00 0.00 0.19 1.08 0.19 Sponge (cup) 0.18 0.00 036 0.00 0.00 1.87

Cnemidocarpa pedata 0.18 0.00 0.00 0.38 0.18 0.19 Sponge (encrusting) 386 692 182 722 542 524

Codium sp. 0.37 0.00 0.18 0.38 0.54 0.19 Sponge (erect branching) 037 036 000 0.00 1.08 0.56

Corallines (branched) 0.74 0.36 0.00 2.47 451 0.37 Sponge (erect simple) 202 128 109 418 397 524

Crustose coralline algae 58.64 60.66 51.18 42.78 37.36 36.14 Sponge (plate) 0.00 000 000 0.00 0.18 0.9
Sponge sp.1 (frilly yellow erect

Culicia sp. 0.37 0.00 0.00 0.00 0.00 0.00 sponge) 0.00 0.00 000 0.00 0.00 0.00
Sponge sp.2 (grey erect

Didemnid spp. 0.00 0.00 0.00 0.00 0.00 0.00 sponge) 0.18 0.00 0.18 0,57 0.00 112
Sponge sp.3 (encrusting

Drifa spp. 5.70 6.38 0.00 8.37 6.14 0.56 iridescent blue sponge) 0.00 0.00 000 038 542 0.19

Echinoclathria leporina 0.18 0.00 0.00 0.00 0.36 0.00 Steginoporella sp. 221 000 000 0.00 0.00 0.37

Encrusting Peyssonnelia spp.

/Hildenbrandia spp. 1.65 1.64 820 114  3.07 1.69 Tethya spp. 0.18 0.00 000 038 054 0.37

Dictyotalean sp. 0.00 0.00 0.00 0.00 0.00 0.00 Triphyllozoon sp. 0.18 000 036 0.00 0.18 0.56

Holopsamma laminaefavosa 0.00 0.00 0.00 0.19 0.18 0.00 Unidentified Alcyonaceans 0.00 000 036 0.00 0.18 0.37

Hydroidea sp. 0.00 0.00 0.55 0.57 1.44 0.00 Unidentified ascidians 0.18 036 073 057 1.08 0.56
Unidentified encrusting

Lobophora variegata 0.55 0.36 0.00 0.00 0.00 0.00 ascidians 0.37 055 000 0.00 0.00 0.00

Mopsea sp. 0.00 0.00 0.00 0.00 0.00 1.87 Unidentified foliose red algae 092 018 036 019 036 0.19

Other gorgonians 0.00 0.00 0.00 0.00 0.00 0.37 Unidentified sea whips 0.00 0.00 000 0.00 0.00 0.00

Pebbles 0.00 0.00 0.00 0.00 0.00 0.00 Unidentified zoanthids 3.8 200 018 513 289 0.37

Peyssonnelia

novaehollandae 0.92 0.18 1.46 0.95 0.54 131

Plate coral. 0.00 0.00 0.18 0.00 0.00 0.00

Pyura spinifera 0.55 0.91 0.00 3.42 1.44 0.56

Rock 0.55 0.18 0.18 1.14  0.00 0.00

Sand 221 3.46 13.30 1.33 2.17 6.37

Sediment/turf matrix 7.72 1239 17.85 16.54 18.41 29.96

Serpulid worms 0.55 0.73 0.00 0.38 0.90 0.19
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