I f FAAESNR Sa 2
YUOKAO AYIlI ISNE
KR KON yE t | NJ
bSdé2NJ)

Nicholas Perkins, Jacquomo Monk, Neville Barrett

Ly
0 S
{ 2

=\




Contents

LISt OF TADIES ... 5
LIST OFf FIQUIES. ...ttt e ettt et e e e e e e e e e e e e e e e s e bbb n e e e e e eeeeeeas 6
ACKNOWIEAGEMENTS ...ttt e e e e e e e et et e e e e e e e eee ettt e e e e e e e e e e aaeaeaaaeees 11
EXECULIVE SUMIMIGIE ... teieee e e e e e e e ettt s e s e e e e e e e eaeeeeeeeesee e b e e b e e e s eaaaeeeeeesesssssnssrrennnes 12
R 1 (0T [0 o 1T TP PPPPPPPPPON 16
P 1= {3 To Lo £ OO PP PPPPP PPN 19
P2 N @ 1= V= PSP P PP PP TPPPPP 19
A | = T o o1 o 19
P T (o o] 11T NSRRI 19
2.3.1 Initial baseling SCOMNG..........cooviiiiiiee e 19
2.3.2  Additional and targeted SCOMMNG.......uuuurriiiiiiieaiiiieee e e e e e e e e 20
2.4 DaAtA ANAIYSIS. .. oot a e e e e e e e eaeaarreenanes 20
24.1 Description of sites and biological communities present..........ccccooovvvvviiereeennnd 20
2.4.2  Comparison of variability of individual morphospecies across the time series to date
21
2.4.3  Analysis of temporal trends for dominant morphoSpecies...........cccccvvvveieeneenn. 22
2.4.4  POWET ANAIYSIS.......iiiiiieiieiiiee et ee ettt e e e e e e e 25
2.45 Analyss of targeted scoring data........cooooovvviiiiiii i 27
2.4.6  Comparison of Scoring approaches.............uvvviiiiiieereee e 27
3 REBSUIS ettt e e e e e e e e e e aanr e 28
3.1 Description of marine parks, sites, and biological communities present.................. 29
3.1.1 HUON MAINE PAK ......coiiiiiiiiiiiii e e e e 29
3.1.2 Freycinet Marine Park............ooooiiiice e 38
3.1.3  Flinders Marine Park............coooiiiiiiiiiei e 45
3.1.4  Beagle Marine Park ..........uuii it 63
3.2  Varabilityin coveracrosshe time series:Populationvariability.................ccccvvvivieeenen. 67
3.3 Multivariate analysis Of trenNd..............oouviiiiiiiiiee e 69
3.4  Analysis of temporal trends for dominant morphospecies..............ccccvvvvvccceieeennnn. 71
K St R AN ¢ o o] (=TT ol =T 1 €] =SSP 71
3.4.2  ArbOresCentOrange..........oooiiiiiiiiiiiiii e 74
3.4.3  ArborescentOrangeThin..........ooiiiiiiiiiiieee e 7
3.4.4  AscidianColonialPUurple.........uuciiiieiie e 80
345 BrambleCoral..........uvviiiiiiii e 82
3.4.6 BranchingGrayFiNne@REPENTLIKE ..........uvviiiiiiiiiiiee e 85
3.4.7 BryozoaSOft(IMEIrGEA). .. .uueiiieiiiiieeeei it e e e e 88



3.4.8 BryozoaStumpPyHAID..........ouiiiiiiiiiieeee e 92
3.4.9  CdcareousENCrustingREAAIGAE. ........oovv ittt 95
3.4.10 CoralOrangeSolitary(CaryophyllidiKe)..........cuuiiiieiiiiiiii e 97
G0 5 A O Vo L= 0 K] o T 1 1 100
3412 CUPY IO ...ttt e e e e e e e e e e 103
3.4.13  ENCrusingBeigeOSCUIA..........cooiiiiiiiiiiiiiee e 106
3.4.14 ENCrustingBeigeSmMOOLN..........uuiiiiiiiiiieieie et 110
3.4.15 ENCrUStINGBIACK.........uei i 114
3.4.16  ENCIUSHINGBIUG.......ooeeeeeeeeee e e e e e e e e e s 118
3.4.17 ENCUStNGLIGNIOIaNgE......coiiiiiiiiiiiiiiee e 121
3.4.18  ENCIUSHNOOIANGE. ....cci ittt eee ettt e e e e e e e e e r e e e e e e e e e e e e e e 124
3.4.19  ENCrustingPUIPIELUMPDY ....ccoiiiii ettt e e e e 128
3.4.20  ENCIUSHNGNNITE. .. .coiii e e e e e e 132
3.4.21  ENCrustingWhit€ LUMIPY........uuviiiiiiiiiiee s e e e e e et s e e e e e e e e e e e e e e eeeennnnns 135
3.4.22  ENcrusting@lloWSmMOOtN..........ccoiiiiiiiiiii e 138
3.4.23  EPIZOANTNUSP .. .uttitiiiiiiiiiie ettt e e e e e e e e e e aaee s 141
B.4.24  FANPINK ... s 144
G B4 ST € o] (o o] g F= T o= To 148
3.4.26  HydrOoidWRITE........oiiiiiiiiee et e e 151
3.4.27  LUMPYWRILE. ...t 155
3.4.28 MasSIVEBIUESNAPEIESS......cuuuiieeieeeei e 158
3.4.29  MaASSIVEPUIPIE. ..ot e e e e e e e e e e e e e e e e 161
3.4.30 NonCalcareouEncrustingRedAIgae. ...........oevvviviiiiiiiiiieie e 164
3.4.31  PAIMAEGTEY .. .uuiiieiiiiiieee ettt e e e e e e e e e e et aaaaaaaaaa s 166
3.4.32  PUIMPEIMASSIVE. ....euiiiiiiiiiiieee ettt e e e e e e e e e e e e e e e aaeens 169
B 1 T = (=T 0 1= 1@ ] = o o 172
Y S B =T o =Y a1 = | [0 175
3.4.35  SIMPIEBEIGELUMPY....ccoiiiiiiii e 179
3.4.36 SimpleBeigeLumpyShapeless..........coooiiiiiiiiiiieiee e 182
3.4.37  UNStalKEOACIINOIOS. ... .uuiiiiiiiieii e e e e e e e ees 186
3.5 Summary of significant linear trends for dominant morphospecies.............ccccee..... 189
3.6 POWET ANAIYSIS ...ciiiiiiiiiiiiiiieii s e e e e e e e e e e e e e e e aaaaaaaees 191
3.6.1  Power to detect a 50% decCling IN COVEL.........cccviiiiiiiiiiriii e 191
3.6.2 Power to detect change over a longer time frame.............ccooeiiiciiiiiin . 194
3.6.3 Power to detect different levels of change.........ccccoooviiie i, 198
T A - o 1= (=0 [R=Tolo ] ] o IS 199



3.7.1 Flinders Western BOUNAALY..........cccuuiiiiiiiiieeeeiiee e 199

372 W2 S Q8. MS ST e 206

3.8  Comparison of SCOrnNg approaches..........coovviiiii i e e 211
3.8.1 Flinders Western BOUNG@LY.......cocovieiiiiiii et e et eee e e e e eeananns 211
382 W2 S Q8. MS ST s 212

I B [T ol U 3] o] o TP PO PPPPPPRR 213
4.1  Variability in cover of dominant MoOrphOSPECIES............oovecviiiiimiriiieiiieeeeee e 213
4.2  Linear trends in the cover of important MorphoSpPecCIes.......ccoovvvvveiiiiieeeiiin e eeeeenns 214
0 T @ o To To 13 1 o [T [Tox= 1 (o] PSR 215
4.4  Scoing approaches and Monitoring deSIGN..........ccovuviiiiiiimmeiiiiiiiiieeee e e e 217
RECOMMENUALIONS. ...ttt e e e e e e r e e e e eeeeeeas 220
Appendix A: Table of all AUV sites in the SE Marine Parks Network............ccccooeeeiiiiiiinnns 222
Appendix B: Example images from SIEES.........coivviiii i e e 224
HUON Maring Park SIt L.......ccoouiiiiiiiiiiiiiee e 224
HUON MArNg PArk SITE 2.......uuuiiiiiiiiiiiie ettt e e e e e e as 226

T ST O I TR 2 T 228
Freycinet Maring Park SIit€.2.........ccouuiiii it e e 230
FIINAEIS NOMNWEST. .....ccciiiiiiiiii e 232
Flinders Outer PatCh REET ... 234
Flinders Western BOUNUALY...........coouiiiiiiiieeieee et e e e e e e 235
Flinders Shallow GridS............uuuiiiiiiiiiii et 236
Flinders Canyon Grds NOIN..........cooo i e 239
Beade Mid Shelf 3...... e e e e e e 241
Appendix C: Potential indicators for the SE Marine Parks Network............ccccvvvveeeeiviiiinennnn. 243



List of Tables

Table ElSummary of sites that formed part of the project, including descriptions of habitat and

fauna and scoring completed. Details of all AUV sites across the SE Network are given in Appendix A.
...................................................................................................... Error! Bookmark not defined.
Table2.4.1List of 37 morphospecies for which analysis of temporal trends within each marine park
were conducted. All species included had at least 0.5% cover within a site in a survey pgoadaB

soft were merged for analysis. Details of the marine parks and number of sites where the
morphospecies was found to be present are provided. Example images of each morphospecies is
Provided iN SECHON 3.4.......ooiiiiiiieee e e e e e e e e e e e e e s 23
Table3.2.1Results of the population variability (PV) analysis. PV values were calculated from model
based estimates of cover each year within each marine park. The overall PV value (All AMPS) is the
average of the PV value across each marine park it occurs. Mgrpties have been ordered from
lowest to highest variability based on the overall PV value.............cccccooiiiiieeiieieiiieeeeiiies 67
Table3.5.1Summary of significantiear trends found for the dominant 37 morphospecies

modelled. Green shading indicates a significant positive linear trend, red a significant negative linear
trend. Unshaded cells indicate no linear trend was detected. Percentages in shaded cells are the
magnitude of the linear change expressed as the change in odds of presence per year. Shading in
depth cell indicates whether significant association with depth were detected i.e. red = negative,
associated with shallower depths, green = positive associatttddeeper depths..................... 189
Table3.7.1Summary of targeted scoring at Flinders Western Boundary...........ccccccccvvvvuennnn. 199

Table3.7.2{ dzYYI N® 2F GF NBSGSR...AO02NAY.3....L.0..W2.50206 wSSTo



List of Figures

Figure3.1.10verview map of Huon Marine Park. Details of mepeated transects not included in
this study are given iN APPENAIX.A.......vuuiiiiiiiiieiis e e e e e e e e e e e e e e e e e aseesrrreraaaaas 29
Figure3.1.2Site level map of Huon Marine Park Site. L............ccccveiiiiimieiiiiiiiic e 30

Figue 3.1.3Top 30 morphospecies scored at Huon Marine Park Site 1. Substrate categories, mobile

species and biological matrix categories were excluded..............cccooiiiiiiiiiiiiic e, 32
Figure3.1.4Species accumulation curve for Huon Marine Park site L...........cccoooiiiiiniinnnnnee. 33
Figure3.1.5Site level map of Huon Marine Park Site.2..........cccooviiiiiiiiiieiiie e 34

Figure3.1.6 Top 30 morphospecies scored at Huon Marine Park Site 2. Substrate categories, mobile
species and biological matrix categories were excluded...........ccccoovvviiiiiiiiiiiiieeeiiii, 36
Figure3.1.7Species accumulation curve for Huon Marine Park site .2.............ccccceeeevveeennnnnnn. 37
Figure3.1.80verview map of Freycinet Marine Park. Details of-repeated transects not included

in this study are given iN APPENIX. A ..ot e e e e e e e e e 38

Figure3.1.9{ A (S €t S&St YI.L1.2F.W2808. . .WwSSE D, 39

Figure3.1.10¢ 2 LJ on Y2 NI1LIK2aLISOASa a02NBR |4 w2SQa wSSTo

biological matrix categories Were eXCIUAEM...........cocuiiiiiiiiiieeeiee e 40

Figure3.1.11{ LISOA Sa | O0O0dzYdz | G A.2y...0dzNB.S... F2.NI.W2.S.048 wSSTo

Figure3.1.12Site level map of Freycinet Marine Park Site.2............uvveeiiiiiiieeiiiiiieeeeiieiiiians 42
Figure3.1.13Top 30 morphospecies scored at Freycinet Marine Park Site 2. Substrate categories,
mobile species and biological matrix @gories were excluded................ooovviiiiieeeiiieeeeeeeeeeeen 43
Figure3.1.14Species accumulation curve for Freycinet Marine Park site.2..........cccceeeevereenn.. 44
Figure3.1.150verview map of Flinders Marine Park. Details of-repeated transects not included

in this study are given iN APPENAIX. A ... e e e 45

Figure3.1.16Site level map of Flinders NOMhWEST.............oooiiiiiiiiiieiieecceee e 46



Figure3.1.17Top 30 morphospecies scored at Flinders Northwest. Substrate categories, mobile

species and biological matrix categories were excluded...........ccccoovviiiiviriiiiiieeeiiiienn 48
Figure3.1.18Species accumulation curve for Flinders Northwest...............oviiiceeniiineeeeeeen, 49
Figure3.1.19Site level map of Flinders Outer PatCreRe.............cooeiiiiiiiiiiiiii 50

Figure3.1.20Top 30 morphospecies scored at Flinders Outer Patch Reef. Substrate categories,

mobile species and biologicalatnix categories were excluded.............ccccevvviiiiceeiiiee e, 51
Figure3.1.21Species accumulation curve for Flinders Outer Patch Reef...................oeeens 52
Figure3.1.22Site level map of Flinders Western Boundary..........ccccccieeiiieveeeiinieeeeeeiien e 83

Figure3.1.23Top 30 morphospecies scored at Flinders Western Boundary. Substrate categories,

mobile species and biological matrix categgrivere excluded............cccoevvvvviiiiiiiie e, 55
Figure3.1.24Species accumulation curve for Flinders Western Boundary...............ccovvvvuen.... 55
Figure3.1.25Site level map of Flinders Shallow GridS............cccooeeieieeiieeeeiicee e 56

Figure3.1.26Top 30 morphospecies scored at Flinders Shallow Grids. Substrate categories, mobile

species and biological matrix categorieSr&eXcluded..........cccoeeveeeiiiiiiiiiiicc e, 57
Figure3.1.27Species accumulation curve for Flinders Shallow Grids..........cccccccvviiiiiiiiinnnns 58
Figure3.1.28Site level map of Flinders Canyon Grids Narth............ccccooii, 59

Figure3.1.29Top 30 morphospecies scored at Flinders Canon Grids North. Substrate categories,
mobile species and biological matrix categories were excluded................viiiiieeiiiieeeeennnnnnn) 61
Figure3.1.30Species accumulation curve for Flinders Canyon Grids North..............ccccoeoee. 62
Figure3.1.310verview map of Beagle Marine Park. Details of-repeated transects not included

in this study are given iN APPENTIX. A ..o e e e e e e e e 63
Figure3.1.32Site level map of Beagle MBhelf 3. 64
Figure3.1.33Top 30 morphospecies scored at Beagle Mid Shelf 3. Substrate daggoobile
species and biological matrix categories were excluded...........ccccevvvviiivieiiiiiieeeeiiin 65

Figure3.1.34Species accumulation curve for Beagle 18hklf 3............ccooovviiieeiiiid 66



Figure3.3.1Multi-dimensional scaling (MDS) plot for all sites across all years surveyed. Only sessile

MOrphospecies Were INCIUAEA.............ooo e 69
Figure3.4.1Site level trends in the raw data for Arborescent Grey sponges...........cccccevvvvnnee. 71
Figure3.4.2Site level trends in the raw data for Arborest Orange SpoNges............ccccvvvvveeenee. 74
Figure3.4.3Site level trends in the raw data for Arborescent Orange Thin sponges............... 7
Figure3.4.4Site level trends in the raw data for AseidiColonial Purple............ccccciviveennnn. 80
Figure3.4.5Site level trends in the raw data for Bramble Coral (A. kareni like)...................... 82

Figure3.4.6Site level trends in the raw data for Branching Gray Fine Repent like spanges..85

Figure3.4.7 Site level trends in the raw data for Bryozoa Soft (merged)...........cccoeeeeeeeiienninnns 88
Figure3.4.8Site level trends in the raw data for Bryozoa Stumpy Hatd.............ccoooviiiiiinnnnnd 92
Figure3.4.9Site level trends in the raw data for Calcareous Encrusting Red Algae............... 95

Figure3.4.10Site level trends in the raw data for Coral Orange Solitary (Caryophyllia like)... 97

Figure3.4.11Site level trendsn the raw data for Cup Red Smooth sponges.............ccccvvveeeee. 100
Figure3.4.12Site level trends in the raw data for Cup Yellow sponges...........ccccccvvvvvneennnn. 103
Figure3.4.13Site level trends in the raw data for Encrusting Beige Oscula sponges............ 106
Figure3.4.14Site level trends in the raw data for Encrusting Beige Smooth spanges........... 110
Figure3.4.15Site level trends in the raw data for Encrusting Black sponges...........cccccuun..... 114
Figure3.4.16Site level trends in the raw data for Encrusting Blue sponges...........cccccvvveen. 118
Figure3.4.17Site level trends in the raw data for Encrusting Light Orange spanges............. 121
Figure3.4.18Site level trends in the vadata for Encrusting Orange Sponges...........ccccvvvvnnee. 124
Figure3.4.19Site level trends in the raw data for Encrusting Purple Lumpy sponges........... 128
Figure3.4.20Site level trends in the raw data for Encrusting White sponges....................... 132
Figure3.4.21Site level trends in the raw data for Encrusting White Lumpy sponges............ 135
Figure3.4.22Site level trends in the raw data for Encrusting Yellow Smooth sponges......... 138
Figure3.4.23Site level trends in the raw data for Epizoanthus.Sp...........ccovvvviiiiiieeiiiiii e, 141
Figure3.4.24Site level trends in the raw data for Fan Pink sponges..........ccccevvvvvvvvcceeieenennn. 144



Figure3.4.25Site level trends in the raw data for Gorgan Red...............cccccvviiiiiiieeiiiiiieneenn, 148

Figure3.4.26Site level trends in the raw data for Hydroid White..............cccccooiiiiiiiiinnnnnne, 151
Figure3.4.27Site level trends in the raw data for Lumpy White sponges...........cccceeeeveeeeenn.. 155
Figure3.4.28Site level trends in the raw data for Massive Blue Shapeless sponges............ 158
Figure3.4.29Site level trends in the raw data for Massive Purple sponges............ccccvvveeeeee. 161
Figure3.4.30Site level trends in the raw data for N@ualcareos Encrusting Red Algae.......... 164
Figure3.4.31Site level trends in the raw data for Palmate Grey SpONges..........ccceevvvvveriennne 166
Figure3.4.32Site level trends in the raw data for Purple Massigenges..........cccccceevviveeeeeeeen. 169
Figure3.4.33Site level trends in the raw data for Repent Orange SPonges............ccoeeeeeeenn. 172
Figure3.4.34Site level trends in the raw data for Repent Yellow sponges..............cccvvveeeee. 175
Figure3.4.35Site level trends in the raw data for Simple Beige Lumpy SpPonges.................. 179

Figure3.4.36 Site level trends in the raw data for Simple Beige Lumpy Shapeless spongesl82
Figure3.4.37 Site level trends in the raw datarfnstalked Crinoids............ccccvvviirieiieennennnnn. 186
Figure3.6.1Power to detect a simulated 50% decline in the Arborescent Grey sponge
morphospecies. The dashed line is at 80% POWEL.......cccoeeiieeeeeie e e e e e e 191
Figure3.6.2Power to detect a simulated 50% decline in the Arborescent Orange sponge
morphospecies. The dashed line is at 80% POWEL..........ccuuuiiiieiiieiii e e eeaee 192
Figure3.6.3Power to detect a simulated 50% decline in all structure forming morphospecies. The
dashed liNE IS At BOYD POWE....... . e e e ee e e et ettt e e e e e e e e e e eeeeeeeaseseeennsnaaeeeeaeeens 193

Figue 3.6.4Power to detect a simulated 75% decline over 30 years in the Red Cup Smooth
morphospecies in Flinders Marine Park. The dashed line is at 80% power. CG = Canyon Grids North,
NW = Northwest, OP = Outer Patch Reef, WB = Western Boundary, SGw Ghdko.............. 195
Figure3.6.5Power to detect a simulated 75% decline over 30 years in the Bramble Coral
morphospecies in Flinders Marine Park. The dashed line is at 80% power. CG = Canyon Grids North,

NW = Northwest, OP = Outer Patch Reef, WB = Western Boundary, SG = Shallow.Grids.197



Figure3.7.1Map showing changes in count of Bramble Coral at Flinders Western Boundary using

targeted SCoring in €ach year SURMBEL. ... 200
Figure3.7.2Map showing changes in count of Cup Red Smooth at Flinders Western Boundary using
targeted SCOriNg iN €aCh YBEUIVEYEU. .........ouiiiiiieiiiiee et 202
Figure3.7.3Map showing changes in count of Cup Red Smooth Bleached at Flinders Western

Boundary using targeted scoring in each year SUrveyed.........ccccccveeeeieeieeeeeieeieeeeeeeeeivvenennnns 204
Figure3.7.4al LJ aK2gAy3d OKIy3aSa Ay O2dzyd 2F al aaigdS t dz\
SCOrNG iN €aCHh YEAr SUINVEYE........ccviii e e e e e e e e e e aeaaas 207
Figure3.7.5al LJ aK2gAy 3 OKIy3ISa Ay O2dzyd 2F . €1 O1 [/ 2NIf
CACK YBAN SUIVEYEU. ... .ttt e et e e r e e e e e e e e e e e e e e e s aaaan 209
Figure3.8.1Comparison of the ability of different scoring approaches to detect a simulated 50%

decline in Cup Red Smooth and Bramble Coral at Flinders Western Boundary. Dashed line is at 80%

Figure3.8.2Comparison of the ability of different scoring approaches to detect a simulated 50%

RSOtAYS Ay al 88A0S tdNLX S {LRy3ISa FyR ..f20201 / 2 NI

10



Acknowledgements

The authors would like to thank all the agencies that have been involved in the ongoing support of
the Autonomous Underwater Vehicle (AUV) monitoring program including the Integrated Marine
Observing System (IMO8)e National Environmental Science Program (NESP) and Parks Australia.
Data was sourced from IM@&ichis enabled by the National Collaborative Research Infrastructure
Strategy (NCRIS). It is operated by a consortium of institutions as an unincorporated joint venture, with
the University of Tasmania as Lead Ag#&ie are grateful for the support of the Rar Australia

management team of Cath Samson, Emily Harris and Hilary Schofield who gave valuable input as the
project progressed and feedback on the content of the final report. Many of the AUV deployments
and some of the baseline scoring used in this grbjvere supported by the Marine Biodiversity Hub
0KNRdzAK Fdzy RAy3a FTNRBY (KS ! dzZAGNIfALY D2@SNYYSyidQa
The NESP Marine Biodiversity Hub partners include the University of Tasmania; CSIRO, Geoscience
Australia, Ausalian Institute of Marine Science, Museum Victoria, Charles Darwin University, The
University of Western Australia, Integrated Marine Observing System, NSW Office of Environment
and Heritage, and NSW Department of Primary Industries. We would also Bo&nowledge the

tireless effort of the team of scorers who contributed to acquiring the necessary data to complete

this report: Phoebe Gallagher, Kate Fraser, German Soler, Shravan Ram Baskaran, Lisa Miller and
Justin Hulls. We also thank Justin Hullshis help in producing the highuality maps in the report.

11



Executive summary

This report provides the first insights into the distribution and changes through tirdeay shelf

(40¢ 200 metre) seafloor habitats, biological communities, and speci@sigtralianMarine Park

across thesoutheastMarine ParkdNetwork (the SE Netwdt). Repeat photographic surveys of the
seafloor at sites within Huon, Freycinet, Flinders and Beagle Marine Parks using the Integrated
Marine Observing System (IMOS) Autonomous Underwater Vehicle (AUV) facility were conducted
between 2009 and 2018Data fom this imagery was used to bukdowledge of where different
species occur and how their abundances have changed over the survey period. This knowledge is
important for ongoing monitoring of these ecosystems, as to be able to distinguish changes that ma
be because of protecting these ecosystems, or driven by perturbations such as warming events,
there must first be an understanding of natural variability. Knowledge of the distribution of
important species and how they vary through time is also key ipithg researchers and managers
decide on appropriate indicators and the design of the ongoing monitoring program to ensure that
resources are directed to their best use.

During this project a subset &D0 imagedor each repeated surveyithin eachmarine park site was
scored by labelling morphospecies (species that were distinct in terms of shape and colour)
occurring in the imagery using a point scoring approach. Random points placed within images were
labelled, and the percent cover (a measure bfiadance) of each morphospecies over the survey
area was calculatedcross the scored imageBhisinformation allowed the imagery to be turned

into quantitative data about each morphospecies and how li@idchanged at each year surveyed
This data was #n used to model the trends that had occurred for morphospecies within each
marine parkand across the entir8E Mtwork and to explore the variability over the time series.
Also,the effect of scoring a larger subset of 200 images with point scoringuaradternative

methodof scoring all individualfer targeted morphospecies was explored at a small subset of sites.
A summary of the sites included in this project, a brief description of the site and the scoring
completedis presented in Tablé.

Overall communities were found to be stable over the survey period; however, several individual
morphospecies were found to have undergone significant cha@gerall increases in the cover of
soft bryozoans were found, particularly at Huon and Freycinet MdPemi.Declines in gorgonian

red corals were also found, particularly within Freycinet and Flinders Marine Parks. However, it is
currently unclear whether these or other trends detected are due to natural cycling in abundances
or part of longerterm trajecbories. It is recommended that morphospecies which have been found
to have trends at this stage of monitoring be evaluated as new data is collected.

The targeted scoring conducted for two morphospecies at two selected sites provided further

insights into tke dynamics of these ecosystemusd allowed a comparison of scoring approaches

Scoring of the cuped smooth morphospecies at the Flinders Western Boung#teshowed that

there was a significant increase in the number of bleached individuals betweegt®ftgand 2017.

Thiso £ S OKAy3 F2tft26SR | aAIYAFAOLIY(H aYFENAYS KSIi(g
that the bleaching of these and potentiyabther sponges may provide an indicator of warming

events Comparison of the different scoring appotees at the two targeted scoring sites using 100

and 200 images showed that the full count approach far outperformed the point count approach in

the ability to detect change.
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Simulationbased pwer analyses, which test the ability of different samplingiges and

approaches taletecttrends, were conducted for a range of morphospecies under different future
scenarios of change. It was found that for more abundant morphospecies (> 0.5% cover) changes of
fifty percent could be detected at the site level. Waenorphospecies occurred acrassveralsites,

marine parklevel changes could be detected for less abundant species by combining the data across
multiple sites. This indicates that widespread morphospecies are likely to prove to be better
indicators. Inorporating estimates of the variability seen in the time series to date into longer term
simulatedtrajectorieshighlighted that morphospecies with highghortterm variability were likely

to take a lot longer to detect changes in than those that weratregly stable. Also, simulations

showed that while sampling every year would allow change to be detected in less time, less frequent
revisits were still capable of detecting change.

Key recommendations from this project include:

1 Alist of suggeste8E Nawork-wide andmarine park-level indicators based on the
knowledge gained through this project

1 Thatshortterm trends found for morphospecies in this project be investigated with future
monitoring data to confirm whether significant trends continuethe longterm

1 That the targeted scoring approach trialled in this project be adopted as the preferred
method for individual morphospecies indicators due to the improvements in the ability to
detect change for minimal additional extra scoring time

1 Futther exploration of the correlation between observed changes and environmental data
such as warming events be investigatedrder to better understandrivers of change and
indicators that are suitable to track those changes

i Effortis made to score ctently unscored sites to establish the spatial extand
abundanceof morphospecieso aid in assessing their suitability as indicators

1 The modelling and simulation approaches outlined in this report be continued and updated
with new monitoring datdo test whether currently identified trends continue and to adapt

monitoring designsand

1 Consideratiorand identificationof reference sites be made for future monitoring effotts
allow comparison of management actions in marine parks wittside areas
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Table EX, Summary of sites that formed part of the project, including descriptions of habitat and
scoring completed. Details of all AUV sites across the SE Network are given in Appendix A

Marine | Site Name Depth | Habitat When Scoring Fauna description
Park (m) surveyed | completed
Huon Huon Marine | 45-71 Extensive twilight 2009, 100 Diverse invertebrate
Park site 1 rocky reef; sufficient | 2010, 2014 images communities, including
light to support algal with point | sponges, bryozoans,
communities count gorgonians and colonial
scoring anenomes; Extensive
each year | encrusting coralline
algae; Southern rock
lobster common in
imagery
Huon Huon Marine | 45-71 Extensive twilight 2009, 100 Diverse invertebrate
Park site 1 rocky reef; sufficient | 2010, 2014 images communities, including
light to support algal with point | sponges, bryozoans,
communities count gorgonians and colonial
scoring anenomes; Extensive
each year | encrustng coralline
algae; Southern rock
lobster common in
imagery
Huon Huon Marine | 47-72 Extensive twilight 2009, 200 Diverse invertebrte
Park site 2 rocky reef; sufficient | 2010, 2014 images communities, including
light to support algal with sponges, bryozoans,
communities point- gorgonians and colonial
count anenomes; Extensive
scoring encrusting coralline
each year | algae; Southern rock
lobster common in
imagery
Freycinet| Freycinet MP | 93-100 | Sand dominated 2010, 100 Sand dominated region
Site 2 below the photic 2012, images with invertebrate fauna
zone (dark), with low| 2014, 2016| with point | attached to patchy areas
relief structure count of hard substrate
typically covered scoring including underlying
with a veneer of sanc each year. | shell beds; dominad
by bryozoa/sponge
mixed communities.
Flinders | Flinders North | 41-45 Sand dominated 2013, 2017| 100 High biodiversity site
West twilight reef with images with a wice variety of
patchy areas of hard with point | sessile invertebrates
substrate and low count including gorgonians,
relief features scoring soft corals, sponges and
each year. | bryozoans; large

Mopsella gorgonian
species likely to be of
high conservation value
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Marine | Site Name Depth | Habitat When Scoring Faunadescription
Park (m) surveyed | completed
Flinders | Flinders Outer | 75-94 Sand dominated 2011, 100 Diverse inveebrate
Patch Reef twilight reef with 2013, 2017| images community including
patchy areas of hard with point | cup sponges, erect
substrate and count branching sponges,
prominent ledge scoring encrusting sponges,
features which are each year. | gorgonians, ascidians
often sand inundated and bryozoans
Flinders | Flinders 112-18 | Dark reef with flat 2011, 100 Invertebrate fauna
Canyon Grids sandy areas 2013, 2017 images includes a diverse range
North punctuated with high with point | of sponge species, hard
relief rocky walls and count and soft bryozoans and
boulders scoring soft corals.
each year.
Hinders | Flinders 62-78 Sand dominated 2011,2013, 100 Invertebrate fauna
Shallow Grids twilight reef with 2017 images includes a diverse range
areas of hard with point | of sponge species,
substrate including count gorgonians, hydroids
underlying shell beds scoring and sea whips.
each year.
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Introduction

Thelnstitute for Marine and Antarctic StudiedAS andthe Integrated Marine Observing System
(IMOS have been undertakinghotographicsurveys of benthic (seabed) marine biota and habitats
in the Southeast SB Marine Regiorover the past 12 yeanssing an Autonomous Underwater
Vehicle (AUV)These surveys incporatesites insidanarine parkof the SENetwork; including
Beagle, Flinder, Freycinet, Huon and Tasman Fractig@ine Park as part of a wider program
monitoring changes in coastal and shelf seabed ecosystEhesAUVs used taconductrepeat
photographidransectbased surveys idepths beyond SCUBA limitsnd h many instaces the
imagery produced by these surveys has enalihedfirstinitial quantitative description of the flora
and fauna of deep coastal/shelf habitatsthese areasRepeat surveys haveow been conducted
acrossmanymarine parksites providing the oppdunity to develop an initiahnalysisand
understandingpf the extent that biological assemblagasd individual specieshange in these
systems over the sampling period to ddtg to ten years)Currentlythere islittle understanding
regardingthe extent of natural variabilitacross deeper reef systemsthre SEMarine Region
information that is critical to identifying changes associated with {texgh pressures and protection
andinterpreting observed changes the context of natural year to year variatiamd helping
identify suitable indicators for change across these systems.

An understanding of variability is crucial for letggm monitoring programs that aim to detect
changeas variability that is not dut the trend of intereswill make detecting that change more
difficult. For monitoring programs that span multiple sites through time, such as the current AUV
program, variability can come frogeveralsources, which at a minimum include:

(i) between de differences (e.g. some sites have higher abundances than others or more suitable
habitat)

(i) trends through time that are the focus of the monitoring program (e.g. a declispeoies
abundance due to climate change recovery due to protection

(i) inter-annual or othershort-term fluctuations that are not due to the trend of interest (e.g.
recruitment variability or other natural fluctuationsften referred to as natural variabilityand

(iv) residual variance that may come through other sesrsuch as sampling err(irarsen et al.
2001, Urquhart 2012, Perkins et al. 2017)

For even the bestlesigned monitoring program#,sources of variability that are not due to the

trend of interest are large, detting change may be impractical or take a very long time at best.
deeper reef systemon which thissidy is focused] y2 6f SRAS 2F dayl GdzNF £ ¢ 2 NJ
change is often lacking. Such changes could be due to factors such as the life history parameters of
individual species such as growth and fecundity, variability in recruitment events, and the cycles on
whichdisturbance events such as storms occur and rates of recovery from such disturbances.
Typically, the only component that will be under the control of management decisions will be
choices that affect residual variance, such as those around levels of sgntpkrrevisit plan in

terms of which sites to visit and how often, and the choice of appropriate indicators for change.
Therefore, gaining an understanding of variabidibd how it mayaffect monitoring outcomess key

in the early stages adstablishingmonitoringprogramsas it can help direct resources and make
decisionssuch as the choice of indicators that will affect longer term outcomes.
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Selecting appropriate indicatopgovides a challenging task for deeper water ecosystems where
knowledge of badie variability and likely levels of response to pressures of interest is typically
lacking(Hayes et al. 2015)deally, hdicators should be characteristic of a region or habitat being
monitored, respond predictably to a presswkinterest, have lowaturalvariabilityand be

sufficiently abundant that sampling variability introduces minimal additional ndi®ss 1990, Niemi
andMcDonald2004) ! & GKS {9 YINRYS NBIARdgewayR00V,Oldér20l t &
et al. 2018) the impacts of warming or marine heatwave evefsise Oliver et al. 2018Yye of

particular concern. Also, coupled with largealetemperaturechange is the potential for more
frequent and/or intense storm events under global climate charigeeporting on the effectivenass

of protection, potential recovery from previous fishing pressures such as the impacts of trawling or
potting on benthic habitats and species is another trend that is likely to be important to track. For
some pressurepotential indicators may be more appent. For example, trawling is likely to have an
impact on all structure forming species, and thus these may be expected to recover when this
pressure is removed. However, growth rates are likely to differ for different species leading to
different ratesof recovery. Indicators for the impacts of warming may be more difficult to predict,
but evidence from elsewhere in the world shows that temperat¢ocoral specieand some
spongesnay be particularly susceptible to warming events, with mass mortalitiked to warming

in the Mediterranean(Garrabou et al. 2009However, finpacts of warming events may be difficult

to predict as different species are likely to have different tolerances to waramigdifferent life

history traits linked to different rates of recovery.

Tracking trends in the abundance of key species is at the core of an effective monitoring program
(Noss 1990)Individual species are likely to respond to pressures in a more predictable manner
based on their inherent biological traits. For example, growth rates or responses to temperature
changes are likely to be more consistent for a species, introducingdésswhen tracking trends

through time than if multiple species are grouped. For marine imagery, identifying to the species
level is often unachievable as identifying features may not be discernible from imagery alone. This is
particularly the case for ingeery scored from deeper waters, where there is likely to be species that
are currently not described. For this reason, all biota in this project were scored to the
GY2NLIK2a8LISOASa¢ tSPSts 6KAOK Aa GKS FAaySad Gl Ezy
individual taxa are discerned through morphological characteristics. Morphospecies level scoring is
nested within theCollaborative and Automated Tools for Analysis of Marine Imagery (CATAMI)
classification schem@lthaus et al. 2015)This allows for the potential to group morphospecies into
lower resolution categories that may provide alternative indicators for amgaononitoring.This

project providesthe first quantitative description of the distribution and abundance of these
morphospecies within and betweanarine parksinformation that is important for how they may

be used as indicators.

Power analysis is a kagse to an effective monitoring progras it allows a determination afe
level ofsampling effortrequired todetect changeslue to management actions guerturbations of
interest. Such an assessment can help managers decide where to best direct essowhuding the
sampling effort necessary in terms of within site sampling, the number of sites and the temporal
revisit plan.These various scenarios have a complex interplay, mmdlation-based approaches are
preferred for power analysesf monitoring programsas they allow different components of
variance to be examined in isolation or combinatadang with different scenarios of possible
change(e.g. Perkins et al.0d7, Perkins et al. 2018, Andersen et al. 208prmation gained from
earlier surveys about baseline rates of changes can also be incorporated into such simulations. Such
analyses therefore allow the tradoffs between different sampling designs to be assessed and
determinewhether changes are likely to be detected for various indicators.
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The vast amount of imagery collected by Albes been demonstrated to beapable of detecting
ecologically important gnds in benthic communitie®.g. Perkins et al. 202Qd)owever, methods
are still being developed and the cdstnefits ofthe variousmeans of allocatingampling effort
through space and time stileeds further assessmercoring of imagery is currently carried out by
human annotators, with random points on an image being classified into different morphospecies to
build up a percentage covéan index olabundancéof each morphospecies across the surveyed
area. This process time-consumingand oftena bottleneck in turning collected imagery into
useable information. Typically, only a small percentage (approximat®0#%) of imagersscored

for eachsite and survey period&scoring of additional imagery provigleore information, thereby
increasing the statistical power to detect changes through time. It is important to understand the
implications of additional scoring on the ability to detect changehés caraid in thedirection of
future efforts. Furthermore, alternative scoring approaches may provide a way to achieve higher
statistical power to detect changes. For example, scoring ettital counts or the presence or
absence of a smaller subgatidentified key morphospecies across all images may allow detection
of changes with higher power and less overall scoring time than a point scoring approach.

This project aimsvereto:
(i) conduct thenecessangcoring(annotation)of imagery requiredd examine changes through time

(ii) analysethe time-series of imagenyproviding a description of the biota in eaotarine parkand
the magnitude ofany changes that have occurred over the survey peraod

(iif) make recommendations for the ongoing niwring of the benthic communities in the SE
Network, including the selection of appropriate indicators and the likely sampling and survey effort
required irto the futureto be able to detect biologically meaningful change.

Project outputs
Keyproject outputs are:

1 Areview of the knowledge gained to date about the extent of habitats and key flora and
fauna within survey sites at eaamarine park

1 An analysis of temporal changes for key species, commuaitiésassociated metrics across
the survey time period within eaamarine park

1 Power analysis of potential indicators for ongoing monitoring of eaakine parkand
recommendations regarding the sampling intensity and survey frequency likely to be
requiredto inform the AustralianMarine Park Monitoring, Evaluation, Reporting and
Improvement MER) system

1 Provision of public outreach material including imagery of key biota in eeehne parkand
anarticle for theAustralianMarine Park Science Atlas

18



1 Methods
1.1 Overview

This project provides an overview of the tirgeries of surveys utilising the IMOS AUV facility in the

SE Network undertaken to datalentifiesimportant morphospecies and assemblages within each
marine parkand provides statistical anajses of the resultant timseries of datawhile some

historical annotation (i.e. scoring) of imagery existed, a significant amount of additional scoring was
undertaken to ensure sufficient data was available to conduct analyses of changes throughteme.
projectfollowed procedures outlined in the standard operating protocol (SOP) for monitoring with
AUVs developed by the National Environment and Science Program (NESP) Marine Biodiversity Hub.
This includd the annotation of all imagery within the onlirfgquidle+ platform which provides open
access to all data collected during the project.

1.2 Mapping

Maps were produced usim@GIS software to visualise the location of AUV deploym@rdssects)
within eachmarine park through time.Wherestatistical analyses revealed significant trends in the
cover of morphospecies ethiled mapswere also produceghowingchanges in cover through time.
Detailed site level maps were also produced for sitedmorphospeciesvhere targeted scoring
(see belav) was conducted.

1.3 Scoring

A single AUV deployment typically collects 5Qa@O000 images at a site. Many of these images will
overlap, but even subsetting to newverlapping images (e.g. every fifth image) typically results in
1000¢ 2000 scorable image®epending on the amount of hard substrate at a site, a subset of 100
images will typically result in less than 20% of potentially scorable images being annotated. To test
the impact of the level of scoring on results three annotation approaches were a@u1) initial
baseline scoring(2) additional scoring(3) targeted scoring

1.3.1Initial baseline scoring

For initialbaseline scoring of each sjt was decided thathe focusshouldbe on obtaining a

minimum of 100 randomly selected imagdsit contain reefacrossall transects at each location
where repeat data is availablenages were selected randomly, and images that were completely
soft sediment were skipped until the target of 100 images was reached. Any image that contained
reef or biota assoated with hard substrate was includdgachscored imagavasannotated with 25
random pointsin the online Squidle + annotation softwarEhisdecisionwas based on previous

work (see Perkins et a2016)that suggested this level of scoring is likely to be the minimum
required to quantify the less rare biota with reasonable precision.
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1.3.2Additional and targetedscoring

Totest the impact ofadditional point scoring, single sé& Flinders Freycinet and Huollarine
Parlswere annotated with an additional 100 images with Z:mdompointsfor each survey year
across the timeseries creating a total of 200 images for each year at these sites

To test the impact of targeted scag, ¥ 2 NJ | adzoaSid 2F a1 Seédwodf2 NLIK2 & LISO
these sites, detailed scoring across all fomerlapping images (i.e. subset to every fifth image) was
undertaken. Upon discussion with Parks Australia, it was detidedhe sites for additioal scoring

andtargeted scoringvere:

1 FlindersMarine ParkWestern Boundargite due to high diversitgnd potential change
noted in condition of cup sponges atlte observediecline inthe bramblecoral(likely to be
Asperaxis karehbver the time segs.Detailed scoringnvolved the count of all red cup
sponges and the tagging of cup sponges that exhibit > 50% bleaching, and the counting of all
bramble corakolonies within images.

1 FreycinetMarine ParkwW2 &eefsite due to high diversity and preus research conducted
at this site.Target species for detailed scoring are large black octocanalsnassive purple
sponges.

1 HuonMarine ParkHuon site2 to provide a southern example site that is shallower and
contains a mixture of invertebrate and algal spec{@sly point scoring of an additional 100
images at each time point was conducted here.

The time taken to complete these taskas alsaecorded © that a costbenefit analysis auld be
conducted and the various tradgffs with the different approachesompared.

1.4 Data analysis
1.4.1Description of sites and biological communities present

A combination of examination of the raw percent cover data multivariate analysis was used to

provide a general quantitative description of th®ebitats andflora and faunawithin eachmarine

parksite, identification of key dominannorphaospeciesand anymorphospecieshat are likely to be

of high conservation valu®&atural values definition used by Parks Australia are used to describe the
KFoAdlFdas oKSNB alGoAfAIKG NBESFaé NBFSNI G2 NBSTa
ANBIFGfe NBRAzZOSR 00SG6SSYy on | yR 71 wthe/meSopHoiER & Rl NJ
zone (typically 7@ 200m).

As a general descriptiodetails of the top 30 morphospecies scored at eachaigeprovided, along

with species accumulation curves foreach gite. A 2 f 2 3A Ol t  Yetlgi NAEé OF 1532 NA ¢
bryozoa/cnidaria/spongenatrix) were excluded from this description as they were typically

dominant and made it difficult to plot other morphospecies on the same scale. Instead the percent

cover of biological matrix categories at each site are provided in the written description

Species accumulation curves plot the number of species recorded against the number of images
scored andvere calculated across thentire time-seriesof point scoring datat each site.

Therefore, at sites where additional point scoring was conducteditiatal images were available

to produce the curveslThese curves show how well the level of scoring is capturing the biodiversity
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(in terms of species richness) at each site. Ideally these curves should show an asymptote, with
curves still climbing indating further effort is required to adequately describe a site.

A multivariate analysis using PRIMER v6 software was conducted to allow the comparison of
assemblages within and betweemarine parkver time. A multivariatenulti-dimensional scaling
(MDS) plot was produced to allow visualisation of how assemblages within sites through time
grouped togetheiin multivariate spaceSimilarity percentage (SIMPER) analysis was used to
examine the characteristic morphospecies fach site and how they compare across sites.

1.4.2Comparison of variability oindividual morphospecies across
the time series to date

To compare the variability observed in the cover of morphospecies seen to date a measure called
population variability § ¢pwas usedd ¢developed byHeath (2006provides a method of

examining variability in population abundance over time that allows comparisons among

populaions experiencing different dynamics. Alternate measures such as the coefficient of variation

(CV = mean/standard deviation) measure departures from the mean abundance in the time series,

thereby making the assumption of a nornf@aussianflistribution n abundance over time.

However, biological populati@often undergo extreme fluctuations and rare events, in which case

the mean will not reflect abundance in any givenyea2 y (G KS 20 KSNJ KFyR R2SayQ
assumptionand has been demonstrated twe more robust to norGaussian behaviour and to also

be more appropriate for quantifying variability in short time sefideath 2006)

0 ais calculated by consideriral pairwise comparisons), between sampling events in a time
series:
£t pA

C

Then, for each pairwise comparison in time stépandd the difference functiorO ¢ is
calculated

6
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In this way the abundances at every time step are compared, yielding a distribution of proportional
differencesO a . Finally, the average is taken over the time series to yield PV:

- . BOa
0 ® =
6

0 avalues are between zero, indicating complete stability and approach 1 as differences in
population sizes through time approach infiniAs0 cuses proportions, the values are independent
of the mean (i.e. average abundance/cover) and allow compari$warbility across
morphospecies with different covers.

0 awas calculated foa subset omorphospecies within eadmarine park Modelbased estimates
of cover (see section below) were used rather than estimates from the raw data as these estimates
take into account sampling across depth and in space (i.e. spatial correlation) which is particularly
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important where sampling covered different spatial extents (e.g. in HMarine Parl. One

thousand joint posterior sample draws for the fixed effects ofititercept (mean), year and depth
coefficient estimates were taken from the model outputs, and the average cover calculated for each
year sampled was then used for thevalues for calculating wPosterior samples from a Bayesian
model (see below) allw the exploration of the range of possildstimated coefficienvalues

1.4.3Analysis of temporal trends fodominant morphospecies
Multivariate analysis of trend

To test for any significant overall changes in assemblages withime parkover the survey

period, a permutational multivariate analysis of variance (PERMANOVA) test in PRIMER v6 software

gl a O2yRdzOGSR® C2NJ KA anaring/park(/AViP)wergcorBitle@d. 2 N&E 2 F @& S
PERMANOWAas used to comparthe groupings of AMP and year to teshether the centroids for

each year/AMP combination are equivalent. Significance was determined at the p = 0.05 level.

Modelbased estimates of trend

Prior work has highlighted that most species scored in AUV imagery ar@.eamgot recorded very
often). Tracking trends in the cover of morphospecies that are rare is problematic as considerable
noise is introduced in quantifying the cover within any given survey period. Previous research has
suggested that morphospecies wittD:5% cover are likely to provide higher power for detecting
meaningful biological changés.g. Perkins et al. 2016, Monk et al. 2QI)ereforefor this project
analysis of temporal trends in individual morphospecies was focussed on more dominant
morphospecies, with sitéevel cover of at lea€).5%for at least one yeadluring the survey periad

This resulted in ahortlist of 37 morphospeciegTable2.4.1). For analysis, all soft bryozoans were
merged as preliminary analysis highlighted similar site level trends and Wesrsometimes

difficulty inidentifying different colour morphs due to lighting.
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Tablel.4.1 List of37 morphospecies for which analysis of temporal trends within eaetine park
were conducted. All species included had at |84 cover within a site in a survey period. Bryozoa
soft were merged for analysiBetails of themarineparksand number of sites where the
morphospecies was found to be present are provilsdmple imags of each morphospecies is
provided in section 3.4.

Morphospecies

Marine Parls where presen{number of sites present)

Arborescent Grey Sponge

Huon(2), Freycine(1), Flinderq4)

Arborescent Orange Sponge

Huon(2), Freycine(1), Flinderq5)

Arborescent Orange Thin Sponge

Huon (2), Freycinet (1), Flinders (5)

Ascidian Colonial Purple

Freycinet (1)

Bramble Coral

Freycinet(1), Flinderq5)

Branching Gray Fine Repent Like

Huon (2), Freycinet (1), Flinders (3)

Bryozoa Soft (athorphospecies merged)

Huon(2), Freycine(2), Flinderq5), Beagl€1)

Bryozoa Stumpy Hard

Freycinet(1), Flinderg4)

Calcareous Encrusting Red Algae

Huon(2)

Coral Orange Solitary (Caryophyllia like)

Freycinet(1), Flinderg4)

Cup Red Smooth

Huon(2), Freycine(1), Flinderg4)

Cup Yellow

Huon (2), Freycinet (1), Flinders (5)

Encrusting Beige Oscula

Huon (2), Freycinet (2), Flinders (5), Beagle (1)

Encrusting Beige Smooth

Huon (2), Freycinet (2), Flinders (5), Beagle (1)

Encrusting Black

Huon (2), Freycinet (2), Flinders (5)

Encrusting Blue

Huon (2), Freycinet (2), Flinders (3)

Encrusting Light Orange

Huon (2), Freycinet (1), Flinders (5)

Encrusting Orange

Huon (2), Freycinet (2), Flinders (5)

Encrusting Purple Lumpy

Huon (1), Freycinet (1), Flinders (4), Beagle (1)

Encrusting White

Huon (2), Freycinet (2), Flinders (5), Beagle (1)

Encrusting Yellow Smooth

Huon (2), Freycinet (2), Flinders (5)

Epizoanthus sp.

Huon (2), Freycinet (1), Flinders (1)

Fan Pink

Huon (2) Freycinet (1), Flinders (5), Beagle (1)

Gorgonian Red

Huon (2), Freycinet (1), Flinders (4)

Hydroid White

Huon (1), Freycinet (2), Flinders (4), Beagle (1)
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Lumpy White Huon (2), Freycinet (1), Flinders (4), Beagle (1)
Massive Blue Shapeless Huon (2), Freycinet (1), Flinders (4)

Massive Purple Huon (2), Freycinet (1), Flinders (3), Beagle (1)
Non-Calcareous Encrusting Red Algae Huon (2)

Palmate Grey Huon (2), Freycinet (1), Flinders (4)

Purple Massive Huon (1), Freycinet (1flinders (3)

Repent Orange Huon (2), Freycinet (1), Flinders (5)

Repent Yellow Huon (2), Freycinet (2), Flinders (5), Beagle (1)
Simple Beige Lumpy Huon (2), Freycinet (1), Flinders (3), Beagle (1)
Simple Beige Lumpy Shapeless Huon (1) Freycinet (1), Flinders (5), Beagle (1)
Unstalked Crinoids Huon (1), Freycinet (1), Flinders (1), Beagle (1)

Previous research has shown that statistical modelling of AUV imagery needs to account for the fact
that data collectedas image$rom repeat tansects across time and space are unlikely to be
independent(Perkins et al. 2018, Perkins et al. 2020djerefore, models that can account for the
spatial and temporal correlation when assessing changes acrosshioutdideallybe used

otherwise conclusions drawn and confidennghose conclusions may be erroneous

The approach taken here follows that outlinedRarkins et al. (2020avith an adaption to binomial
data. The models use each image collected in time andespa the basis for analysis, while
accounting for the correlation in space and time between images these analyses all point
scoring data was used, that is thmtial baselingpoint scoring as well as the additional point scoring
where it was condued (but excluded the targeted scoring)

To assess temporal changes in 8¥emorphospeciesemporal change was assessed through two
model specifications: (i) Linear trends across the entirBl&iwork (i.e. allmarine parks), treating
eachmarine parkas arandom factor in the model; and (ii) Linear trends within eawrinepark,
treating sites within the park as a random factor. By treatimayine parks andsites as random
factors, the variation betweemnmarine parks andsites is accounted for whikdlowing the estimation
of the overall treml. Depth was included as a covariateall modelsas it is known to be an
important driver for many marine speciesll models assumed a binomial distribution for the data,
that is, images representset ofBerroulli trials (the number of points) where successes are denoted
by points falling on the morphospecies of interest. Therefore, results are on thadidg scale, with
coefficients estimating changes in the fodds of presencelo estimate the magnitude @i effect
the formula A @  p z p Tt ean be used to calculate the percentage change in odtis for

the "@h covariate.

¢tKS Y2RSt 2dzildzi AyOf dzRSa +y SadAYFGS F2N GKS
the meanestimate indicating the idection of theestimatedtrend. Similarly, an estimate of the

depth coefficient is providedNote that theyeartrend estimated is a linear trend over the survey

period. Nonlinear trends, such as a low initial cover, a large increase in the middle &nw@nd

then low cover in the last survegr viceversa)may result in an overall nesignificant linear trend.
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Nonlinear trends can be modelled but require more than the three time points that are currently
available.

Themodel is Bayesianyhich requires specification of prior distributions for each paramefiene
same priors used iRerkins et al. (2020ayere used.The output of a Bayesian model provides
posterior distributions for each paneeter based orthe prior distribution conditioned by the
empirical data Strong evidence of a trend is only giverptmameterestimates that do not include
zero in the estimate®5% credible interval of thposterior distribution. The further a distributh is
away from zero (either positive or negative), the stronger the evidence for a tRosterior
estimates are given for the fixed effects of the intercept (the overall mean), the linear year effect
and the depth effectTo highlight where strong evidee for a positive or negative trerekists,
those estimatesare highlighted i fEGHCHEICOSINGNCaRIEng 2 d green for a positivéinear
trend. Where the year effect is not highlighted there is no evidence floo\gerall ormarine park
trend inthe data collected to date.

1.4.4Power analysis

Power analysis is important for monitoring programs to ensure that sampling designs provide
sufficient information to detect changes when they happen. For monitoring programs such as the
AUV monitoringprogram the sampling design includes choices aro{bdvithin image sampling
effort (the number of points used or the alternative scoring approa@within site sampling effort
(how many images scoredB) the number of sites, an#) the revisit pan to sites through timeThe
baseline or background variability of the abundance of an indicator will add further noise to the
trend that the monitoring program is aiming to detect. Additionally, biologically meaningful trends
are often uncertain withouthe knowledge of the natural cycles that an indicators abundance goes
through. There is therefore a complex interplay between many factors that will affect the power to
detect change, and it is impossible to test the interplay between all different cortibivsaof these
factors.

The power analyses conducted in this report are aimed to illussateralplausible scenarios of
change, and to test the ability of realistic sampling efforts to detect these changes. A simulation
approach is taken, where informah gathered from the scored data is used as the basis to project
forward trends in the abundance of some example morphospecies. Sampling designs are then
simulated to mimic potential sampling efforts and the resultant data is analysed in the same way as
is done with the empirical data. When masiynulations are run (e.g. 1000) then the proportion of
simulations where the trend is detected can be used as a measure of statistical power. Typically,
high statistical power is considered to be achieved at 80% avgignificance (alpha) level of 0.05.
That iswhenthe probability of making a type Il errdn this case accepting that a null hypothesis of
no change is true, is less than 20%. Thereflore, simulation framework this equates to the
proportion (ideally > 80%) of simulations where a simulated significant change is detected.

The scenarios tested were:

1. A 50% decline in cover from the last survey to the next survey, simulating for example
removal following a storm event, for:
a. Arborescent Grey sponges
b. Arborescent Orange sponges
c. The cover of all structure forming morphospecies includiregt sponges, cup
sponges and corals
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2. A75% decline over 30 years, simulating a gradual chronic decline within FIMdegrse
Parkfor:
a. Red Cup Smooth sponges
b. Bramble Coris
3. Testing of between a 50% and 5% (in 5% increments) decline in cover of all structure forming
species within Flinders Marine Park for all structure forming morphospecies in order to test
what level of change could be detected with 80% power

For scenarid.,, power was tested using both 100 and 200 images each yealel-based estimates

of cover from the final year of survey at each site were used as the basis for simufatezmdom
selection of images was selected along the transect line at eaclegitesenting a subsequent

survey Prediction of the probability of presence wiaen madeusing the spatial modelt each

randomly selected image location. The probability of presence was then adjusted by 50% to
represent the new probability under a scenadbdecline. 25 random binomial draws were then

taken using this adjusted probability of presence, representing the use of 25 random points and thus
simulating the binomial variabilitgf point sampling. Models were then refit using the last survey

and thesimulated following survey, including a year effect. For each simulation it was tested
whether the change was detected. A total of 100 simulations was used, and the proportion of times
that a significant effect was detected was used as a measure of pteetels were fit for each site

and also anarine-park-level model where data from all sites within eatlrine parkwas used to

test whether a trend could be detected across all sites.

For scenario an estimate of the temporal variability seen in the timeries to date was

incorporated into the simulationNonspatial generalised linear mixed models were used to do this.
This was done as a larger number of simulations was required which would have made the
computational demands of using the spatial modatfeasible. An estimate of temporal variance

was made by modelling the time series of data at each site within Flildarsie Parkand setting
8SIFENJFa | NrXryR2Y STFFSOld ¢KAA YI1Sa GKS aadzyLIia
could beexpected to be seen into the future. Once again, the last survey year at each site was used
as a starting point. A random draw of the temporal variance was taken with a mean zero and
standard deviation equal to the square root of the temporal variances iais added (or

subtracted) from the binomial probability, which was then adjusted by the simulated change. The
simulated change was a linear 75% decline over 30 years, which equates to approximately 2.6% per
year, with a 50% decline reached at year 2 itiages with 25 points were simulated in each year.
Using FlinderMarine Parlallowed the model to be fit for each site and across all sites. &iso,

power to detect the change was tested through time with a revisit schedule of every year, every 3
years and every 5 yeanglodels were fit at each simulated tirrgep, and whether a linear trend in

time was detected was tested at each time, with th@portion of simulations at each time where

an effect was found quantifying power. This time 1000 simulations were used as tkspadal

model made this feasible.

For scenario 3 200 images were used at each site within Flinders Marine Park-lddedd|

edimates of cover from the final year of survey at each site were used as the basis for simulation. A
random selection of images was selected along the transect line at each site representing a
subsequent survey. Prediction of the probability of presences thian made using the spatial model

at each randomly selected image location. The probability of presence was then adjusted under a
number of scenarios between 50% and 5% in 5% increments to represent the new probability under
differing scenarios of deckn 25 random binomial draws were then taken using this adjusted
probability of presence, representing the use of 25 random points and thus simulating the binomial
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variability of point sampling. Models were then refit using the last survey and the simulated
following survey, including a year effect. For each simulation it was tested whether the change was
detected. A total of 100 simulations was used, and the proportion of times that a significant effect
was detected was used as a measure of power. Modetg Wefor each site and also a maripark-

level model where data from all sites within Flinders Marine Park was used to test whether a trend
could be detected across all sites for the given level of change.

1.4.5Analysis of targeted scoring data

For the tar@ted scoring datga spatictemporal model similar to that used for the point count data

was employed. However, as the data from targeted scoring was count data (i.e. a counting of all

individuals within each image), a Poisson regression was used radreathinomial regression.

Once again, a significant linear trend in abundance over the survey period was assessed through the
LI2AGSNA2N) RAAGNROdzGAZ2Y 2F GKS FTAESR a@SIFENE STFSC

1.4.6Comparison of scoring approaches

At each of the targeted scoring sites datdlected through a point count approach with 200 images,
and a total count of all individuatdlowed for a comparison of different scoring approaches. To
compare these different approach@sterms of sampling effort, the targeted scoring data was
reducedto the same number of images (i.e. 200 images). Where possible, the exact same images
were used. However, as the targeted scoring images were a subset of every fifth image, and the
point scoring images were a random selection, a perfect match could wayalbe made. In these
instances the nearest image was used instead.

To compare the different approaches a simulatimesed power analysis was again conducteat.

each of the 2 morphospecies at each of the targeted scoring sites a 50% decline in cever wa
simulated as described above. 100 simulations were used to assess the power to detect the decline
in cover. As the time taken to score using the different approaches was recorded, a comparison of
what might be achieved in a comparable amount of time ala® made.
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2 Results

Results of analyses for eagtarine park are outlined below. First, maps of the AUV survey work
conducted to date in eacinarine park are providedalong with the scoring conducteatlring the
project. Ageneral description of each site providedincluding habitat and biological community
descriptionsand species accumulation curveshis is followed bynultivariate analysis of community
change through time and amnalysisf the trends indominant mophospeciesvithin the time series
within eachmarine park. Finally, the results of power analyses and the targeted scoring are
presented.
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2.1 Description ofmarine parks sites and biological
communities present
2.1.1HuonMarine Park

Huon Marine Park

Huon Marine Park outside il
Huon Marine Park site 2 # Huon Marine Park site 1
AMP: Multiple Use Zone
(IUCN VI)
AUV Transects
Other Transect

— Repeated Transect

0 8 16 km

Figure2.1.1 Overview map of Huon Marine Paibetails of nosrepeated transects not included in
this study are given in Appendix A.
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2.1.1.1HuonMarine Parlsite 1
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Figure2.1.2 Site level map of Huon Marine Park site 1

Description of habitat

HuonMarine Parlsite 1 isa twilight rocky reef45-71 m)with sufficient light to support algal
communities. It iglominated by medium to high profile rkag reef interspersed with smaller sand
patches. Large rock outcrops > 2m in height are present along with complex boulder HEfuitat.

initial survey (2009) extends to greater depths (approximately 80 m), while subsequent surveys are

focussed on the shalweer portion of the site (4560 m).
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Description of biological community

This site is relatively shallow54 70 m) and thuanuch ofthe reef receives sufficient light to

support algal communities. Both calcareous and-gaftareous encrusting red alga form dominant
components of the ecosystem along with soft bryozoans, small red gorgoniarcédosial

anemonesand a wide variety asponge morphospeciggigure 31.3). Encrusting white sponge was

very common throughout the survey period and was often seen as small flecks among the biological
matrix. The physical height of many of the morphospecies was low compared to that seenrin othe
marine parksThe mean cover of the biological matrix (bryozoa/cnidaria/sponge matrix) category at
this site wasan average 057% over theéime-series of data collected at this sitexample images

from Huon Marine Park site 1 are contained in Appeiilix

Multivariate SIMPER analysis revealed that characteristic morphospecies foéuime Parlsite 1
included encrusting algae, encrusting white sponge, red gorgonian, cup red smooth, palmate grey,
laminar grey fungi and fan peach thiggonges
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Huon Marine Park site 1: 30 most common morphospecies
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Figure2.1.3 Top 30 morphospecies scored at Hiterine Park Site 1. Substrate categoyie®bile

speciesand biological matrix categories were excluded.
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Figure2.1.4 Species accumulation curve for Huon Marine Park site 1.

The species accumulation cur¢Eigure3.14) reveals that the 300 images scored across time have
captured a significant proportion of the species richness at this site. However, the curve is still
climbing suggesting that there may be more than 200 morpkoigs in total at this site.
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2.1.1.2HuonMarine Parlsite 2
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Figure2.1.5 Site level m of Huon Marine Park site 2.

Description of habitat

HuonMarine Parlsite 2 is a twilight rocky re€fi7 - 72 m)with sufficient light to support algal
communities. Kbitatis similar to site 1, and is also dominated by medium to high profile rocky reef
interspersed with smaller sand patches. Large rock outcrops > 2nmghttage present along with
complex boulder habitafThe initial survey (2009) extends to greater depths (approximately 80 m),
while subsequent surveys are focussed on the shallower portion of the site5(1m).
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Description of biological community

The biological community at Hudarine Parksite 2 is similar to that found at site 1. This site is also
relatively shallow (4% 70 m) and contains significant cover of encrusting algal spdgggh

calcareous and noenalcareous encrusting red alga fodaminant components of the ecosystem
along with soft bryozoans, small red gorgonian fans, and a wide variety of sponge morphospecies
(Figure3.16). Encrusting white sponge was very common throughout the survey peratihad

higher overall cover compageo site 1.The physical height of many of the morphospecies was low
compared to that seen in othanarine parks. The mean cover of the biological matrix
(bryozoa/cnidaria/sponge matrix) category at this site \aasaverage ob3%over the timeseries of
data collected at this sit&example images from Huon Marine Park site 2 are contained in Appendix
B.

Multivariate SIMPER analysis revealed that characteristic morphospecies foMéuime Parlsite 2
were the same as for site 1, amttluded encrustinglgae, encrusting white sponge, red gorgonian,
cup red smooth, palmate grey, laminar grey fungi and fan peach $pickges
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Huon Marine Park site 2: 30 most common morphospecies
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Figure2.1.6 Top 30 morphospecies scored at Huon Marine Park Site 2. Substrate categohss

speciesand biological matrix categories were excluded.
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Figure2.1.7 Species accumulatiarurve for Huon Marine Park site 2.

The species accumulation curve reveals that the 600 images scored across time have captured a
significant proportion of the species higcess at this site, with the curve beginning to asymptote and
a total of around 20@norphospecies being observéligure3.1.7). Given the similar species
composition to site 1, it appears 768D0 images may capture most morphospecies within Huon
Marine Park
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2.1.2FreycinetMarine Park
Freycinet Marine Park

Freycinet Marine Park offshore ‘H

® Joe's Reef

( g
: AMP

AMP: Multiple Use Zone ‘
(IUCN VI) ”

|

AMP: Marine National Park Zone

Freycinet Marine Park site 1 (IUCN I1)
Freycinet Marine Park Sand
Freycinet Marine Park Patch Reef
Freycinet Marine Park site 2
AUV Transects
Other Transect
AMP: Recreational Use Zone —— Repeated Transect
(IUCN IV) '
, 0 8 16 km

Figure2.1.8 Overview map of Freycinet Marine RaDetails of norrepeated transects not included
in this study are given in Appendix A.
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Description of habitat

W2 Rexds a high reliegranitereef surrounded by sandy substrate lying approximately 10 km
offshore.lt is twilightdark shelf ree{59-83 m) lying in depths at the limits of the photic zone, so

little to no algal species are presefeveral étinct outcropsiising almost 2 metres from the
surrounding seafloor are interspersed with lower relief areas that contain sandy substrate and mixed
habitats with boulders, cobbles and lower relief reef that is oftenecett with a veneer of sand.

Description of biologicabmmunity

w2SQa wSST Oz2yilAya | KinawingRargbSiandnastiiréom 2cfalsA Yy S NI S 6
hydroids and a large variety of sponges form predominant space occipigtge3.1.10). Many of

the structure forming species are larger at thite, as the site is deeper and less likely to experience
disturbance through storm event¥he mean cover of the biological matrix
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Percent cover

3
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0

(bryozoa/cnidaria/sponge matrix) category at this site \masaverage 082%over the timeseries of

data collected athis site

Large tredlike black corals are a rare but distinctive biological feature of this site. Black corals tend

to be longlived are of high conservation value atthiss@ieE | YLIX S A Yl 354
contained in AppendiB.
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Estimated number of morphospecies
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The species accumulation curve reveals that the-B00 images scored across time have captured a
significant proportion of the species richness at this site, with the curve beginning to asymptote and
a total ofin excess of 300 morphospecies being obselffgure3.1.11). This large number of
morphospecies recorded at this site reveal it is of high conservation importance from a biodiversity
perspective.
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2.1.2.2FreycineMarine Parlsite 2
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Figure2.1.12 Site level map of Freycinet Marine Park site 2.

Description of habitat

FreycinetMarine Parlsite 2is a dark shelf reef lying below the photic zone-{9® m).It is a low

relief sand dominated site with almost no hard substrate evident in the imagery collected to date.
Sessile fauna evident in imagery are likely to be attached to shells or othersecal of biogenic
rubble or may be attached to hard substrate that is covered by a veneer of sand.

Description of biological community

There is lowoverallcover of individual morphospeciegth the dominant fauna being encrusting
spongesbryozoans, ascidians and sea périgiure3.1.13). The mean cover of the biological matrix
(bryozoa/cnidaria/sponge matrix) category at this site \wasaverage 0R0%over the timeseries of
data collected at this sitdexample images from Freycinet MaiRark site 2 are contained in
AppendixB.
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Freycinet Marine Park site 2: 30 most common morphospecies
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Figure2.1.13Top 30 morphospecies scored at Freycinet Marine Park Site 2. Substrate categories

mobile specieand biological matrix categories were excluded.
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Figure2.1.14 Species accumuilan curve for Freycinet Marine Park site 2.

The species accumulation curve reveals that th@-800 images scored across time have captured a
significant proportion of the species richness at this @figure3.1.14). However, the curve is still
climbing suggesting that there may be more than 80 morphospecies in total at this site. This site had
the lowest number of recorded morphospecies across all the sites scored.
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2.1.3FlindersMarine Park
Flinders Marine Park
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Figure2.1.15Overview map of Flinders Marine Pdbetails of norrepeated transects not included
in this study are given in Appendix A.

45



Depth (m)
40

.45

J & - L | : | |— 2013 — 2017

FigureZ.l.GSite level map of Flinders Northwest.

Description of habitat

Flinders Northwest is a mixed habitatilight rocky reef(41-45 m)shelf site dominated by low relief
(< 1m) rocky reeledge featuresand sand habitats. Reef features are often covered in a veneer of
sand, while sand substrate is often rippled. This indicates a dynamic envirnoment that may be

frequently subject to currents or storm events.
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Description of biological community

This isa very high diversity site, indicated by the high species richness seen in the species
accumulation curvéFigure 18pand the low dominance of any single morphospecies. Many different
sponge forms are present as well as a variety of cnidarians and hydFagase3.1.17). The mean
cover of the biological matrix (bryozoa/cnidaria/sponge matrix) category at this sitamvagerage

of 18%over the timeseries of data collected at this sitexample images from Flinders Northwest
are contained in Appendi

SIMPER analysis revealed that cup red smooth, encrusting purple lumpy, and soft bryozoa are
characteristic species for this site.

This site contains large gorgonian fans (Mopsella sp. like) which are likely to be of high conservation
value{ AYAEf NI & (2 GdKS o6fl O1 O2NYrfa i w2S8SQa NBST:
(Capnella like) were also noted in low abundance at this site and may be of conservatioasvalue

this morphospecies was not observed at other sites irdelis Marine Park or across the SE

Networks
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Flinders Northwest: 30 most common morphospecies
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Figure2.1.17 Top 30 morphospecies scored at Flinders Northwest. Substrate categuooiate

speciesand biological matrix categories were excluded.
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Figure2.1.18 Species accumulation curve for Flinders Northwest.

The species accumulation curve reveals that the 200 images scored across time have not captured
the species richness #iis site, with the curve still climbing at 200 morphospe¢gure3.1.18).

This large number of morphospecies recorded in only two years of survey work at this site reveal it is
likely of high conservation importance from a biodiversity perspective.
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3.1.3.2Flinders Outer Patch Reef

Flinders Outer Patch Reef
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Figure2.1.19 Site level map of Flinders Outer Patch Reef.

Description of habitat

Flinders Outer Patch Reef is a mixed hahdttk shelf ree{75 - 94 m) shelf site dominated by sand
with roundedrocky outcropping features of low to medium relief ¢ 2 m). Reef features are often
covered in a veneer of sand as are lower relief amgddsard substrate
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Description of biological community

This sitas similar to other sites within Flinders that show high diversity invertebrate communities
associated with rocky ledge features. These features have a range of cnidarian, bryozoparayed s
morphospeciegFigure3.120). The mean cover of the biological matrix (bryozoa/cnidaria/sponge
matrix) category at this site was) average oi6%over the timeseries of data collected at this site
Example images from Flinders Outer Patch Reef are contained in Apgendix

SIMPER analysis revealed that hard and soft bryozoans, repent yellow sponges, cup yellow sponges,
bramble coral and sea whips are characteristic morphospecies for this site.

Flinders Outer Patch Reef. 30 most common morphospecies
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Figure 2.1.20 Top 30 morphospecies scored at Flinders Outer Patch Reef. Substrate categories
mobile specieand biological matrix categories were excluded.
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Figure2.1.21 Species accumulation curve for Flinders Outer Patch Reef.

The species accumulation curve reveals that the 300 images scored across time have captured a
significant proportion of the species richnesdtis site(Figure3.121). However, the curve is still
climbing suggesting that there may be more than 200 morphospecies in total at this site.
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3.1.3.3Flinders Western Boundary

2011 —— 2017
— 2013

Figure2.1.22 Site level map of Flinders Western Boundary.

Description of habitat

Flinders Western Boundary is a mixed habitgtight rocky reef(43-52 m) shelf site dominated by
low relief (< 1m) rocky reef features and sand habifatactuated by edges where there are drop
offs of :2 m height Soft substrate areas typically contain shell fragments and biogehlde. Reef
ledges are often covered mveneer of sand.
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Percent cover

Description of biological community

This site also displays a high diversity in sessile invertebrates including bryozoans, cnidarians and
spongeqFigure3.123). A relatively high cover of cup sponges, especially the cup red simooot
morphospecies is a feature of this sifdhe mean cover of the biological matrix
(bryozoa/cnidaria/sponge matrix) category at this site \wasaverage o87%over the timeseries of
data collected at this sitdexample images from Flinders Western Bougdae contained in
AppendixB.

SIMPER analysis revealed that a variety of sponges including cup red smooth, arborescent grey,
encrusting purple lumpy, fan pink and tubes beigegmate along with bramble coral are
characteristic for this site.

Flinders Western Boundary: 30 most common morphospecies
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Morphospecies

Cup Red Smooth -
Arborescent Grey -
Bryozoa Soft (merged) -
Encrusting Purple Lumpy -
Arborescent Orange -
Purple Massive -

Bramble Asperaxis Kareni-
Massive Purple -

Fan Pink -

Repent Yellow -

Tubes Beige Prostrate -
Encrusting Orange -
Massive White Shapeless -
Fan Peach -

Simple Orange Globes -
Cup Stalked Purple -
Branching Orange Lumpy -
Repent Orange -

Irregular Sand Sponge Yellow -
Encrusting Blue -
Branching Brown Thin -
Repent Purple -

Branching Black Fingers -
Encrusting Brown -
Encrusting Black Thick -
Arborescent Orange Thin -
Repent Complex Brown -
Massive Shapeless -

Cup Black Smooth -
Branching Beige Spindles -
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Estimated number of morphospecies

100 150 200 250

50

Figure2.1.23Top 30 morphospecies scored at Flinders Western Boundary. Substrate categories,
mobile species and biological matrix categories were excluded.
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Figure2.1.24 Species accumulation curve for Flinders Western Boundary.

The species accumulation curve reveals that the-BO0 images scored across time have captured a
significant proportion of the species richness at this siti#h) the curve beginning to asymptote and

a total of in excess of 250 morphospecies being obsefivigglire3.124). This large number of
morphospecies recorded at this site reveal it is of high conservation importance from a biodiversity
perspective.
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3.1.3.4Flinders Shallow Grid
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Figure2.1.25 Site level map of #Iindeﬁshallow Grids.

Description of habitat

The Flinders Shallow Grids site is a mixed habitifight-dark shelf reef62 ¢ 78 m) dominated by
sand habitats punctuated by rocky reef edges where there are-dftspof 1-:2 m heightand hard
substrate is exposedRock substrate areas around the edges typically covred in a sand veneer.
Note that an AUV transect was deployed in an incorrect locati@®iri.
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Description of biological community

The Flinders Shallow Grids site is sand dominated with sessile invertebrates restricted to smaller
areas of hard substrate. Hard and soft bryozoans, sea whips, gorgonians and a variety of sponge
morphospecies predominatg-igure3.126). The mean cover of the biological matrix
(bryozodcnidaria/sponge matrix) category at this site was average 08%over the timeseries of
data collected at this sitdexample images from Flinders Shallow Grids are contained in Apndix

SIMPER analysis revealed that soft and hard bryozoa, repémvysbonges, sea whips and irregular
sand sponge yellow were characteristic morphospecies at this site.

Flinders Shallow Grids: 30 most common morphospecies
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Figure2.1.26 Top 30 morphospecies scored at Flinders Shallow Grids. Substrate categories, mobile
spedes and biological matrix categories were excluded.
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Figure2.1.27 Species accumulation curve for Flinders Shallow Grids.

The species accumulation curve reveals that theiB@yes scored across time have not yet
captured all the species richness at this site with the curve still not reaching an asymptote at 140
morphospeciegFigure3.127).
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3.1.3.5Flinders Canyon Grids North
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Figure2.1.28 Site level map of Flinders Canyon Grids North.

Description of habitat

The Flinders Canyon Grids North site is a mixed habitat degpkrshelf{112 - 181 m) site with oft
substratehabitats punctuated bgteepdrop-off areas Drop-off aeas often have exposed hard
substrate. Areas with large boulders and exposed rocky outcrops are also paeskobntain higher
diversity of invertebrate faunaSoftsubstrateoften contains biogenic rubble such @sad pieces of
hard bryozoan donies.
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Description of biological community

This is a deep canydread site (112181 m) and thus is dominated by sessile invertebrates with no
algal species. Encrusting sponges are dominant features as well as a variety of hard and soft
bryozoans, aft corals and octocorald-igure3.129). The mean cover of the biological matrix
(bryozoa/cnidaria/sponge matrix) category at this site \wasaverage oB0%over the timeseries of
data collected at this sitdexample images from Flinders Canyon GrioidH\are contained in
AppendixB.

SIMPER analysis revealed that hard bryozoa, encrusting white, light orange and yellow smooth
sponges, repent yellow and orange sponges and massive white holey sponges were characteristic at
this site.

Soft corals (Capnellike) were noted on the upper canyon slopes and magtiggh conservation
valueas the morphospecies observed here was not observed at other sites in Flinders Marine Park
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Figure2.1.29 Top 30 morphospecies scored at Flinders Canon Grids North. Substrate categories,

mobile species and biological matrix categories were excluded.
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Figure2.1.30 Species accumulation curve for Flinders Canyon Grids North.

The species accumulation curve reveals that the 300 images scored across time have captured a
significant proportion of the species richness at this @figure3.1.30). However, the curve is still
climbing suggesting that there may be up to 200 morphospecies in total at this site.
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2.1.4BeagleMarine Park

Beagle Marine Park

@

Beagle Mid Shelf 8

Beagle Mid Shelf 10

AMP
Beagle Mid Shelf 12
Beagle Mid Shelf 4 -+ Beagle Mid Shelf 11
Beagle Mid Shelf 13 %%Beagle Mid Shelf 3
Beagie Ikl She(l Beagle Mid Shelf 14
Beagle Mid Shelf 16
AMP: Multiple Use Zone Beagle Mid Shelf 17
(IUCN VI)
~ AUV Transects
0 8 16 km Other Transect
} } | — Repeated Transect

Figure2.1.31 Overview map of Beagle Marine Paliletails of norrepeated transects not included in
this study are given in Appendix A.
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3.1.4.1Beagle Mid Shelf 3

B 2017 — 2018

Figure2.1.32 Site level map of Beagle M&helf 3.

Description of habitat

The Beagle Mid Shelf 3 site is a mixed halbitdlight reef (5565 m) shelf site with soft substrate
habitatand a low relief (< 1 m) outcropping hard substrate featittard substrate is often covered
with a veneer of sand, whileoft substrate areas often contain biogenic rubble and shell fragments
andunderlying screwshell and shellhash beds
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Description of biological community

The Beagle Mi&helf 3contains a mix of hard and soft bryozoa, hydroids, ascidians and a vdriety o
different sponge morphospecigBigure3.1.33). The mean cover of the biological matrix
(bryozoa/cnidaria/sponge matrix) category at this site \masaverage o8%over the timeseries of
data collected at this sitdexample images from Beagle Mid Shelf 3 are contained in AppBndix

SIMPER analysis revealed that characteristic species were soft bryozoa, hydroid white, encrusting
beige oscula and the hard bryozoa (Celleporaria like).

Rarer, but potentially importantgecies from a conservation perspectiag they may be more
susceptible to disturbance such as warming evémtfude large gorgonian (Mopsella like) fans, soft
corals (Capnella like) and bramble coral (Acabaria sp).

Beagle Mid Shelf 3: 30 most common morphospecies
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Figure2.1.33 Top 30 morphospecies scored at Beagle Mid Shelf 3. Substrate categories, mobile
species and biological matrix categories were excluded.
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Figure2.1.34 Species accumulation curve for Beagle-8ireklf 3.

The species accumulation curve reveals thatalmeost300 images scored across time have not yet
captured all the species richness at this site with the curve still not reaching an asymptote at 100
morphospeciegFigure3.1.34).
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2.2 Variability in coveracrossthe time series:Population
variability

Table2.2.1 Results of the population variability (PV) analysis. PV values were calculated from model
based estimates of cover each year within ea@rine park The overall PV value (All AMPS) is the
average of the PV value across eatdrine parkit occurs. Morphosgcies have been ordered from

lowest to highest variability based on the overall PV value.

Morphospecies Huon Freycinet | Flinders | Beagle | All AMPs
Non-Calcareous Encrusting Red Algae 0.084 - - - 0.084
Calcareous Encrusting Red Algae 0.151 - - - 0.151
Cup Red Smootfsponge) 0.168 0.266 0.08 - 0.171
Cup Yellowsponge) 0.188 0.175 0.219 - 0.194
Encrusting Light Orandsponge) 0.209 0.252 0.125 - 0.195
Arborescent Greysponge) 0.331 0.203 0.086 - 0.206
Massive Purplé¢sponge) 0.149 0.2 0.308 - 0.219
Repent Orangésponge) 0.355 0.222 0.12 - 0.232
Coral Orange Solitary (Caryophyllia like) - 0.176 0.317 - 0.247
Encrusting Yellow Smootsponge) 0.17 0.475 0.136 - 0.26
Arborescent Orangésponge) 0.531 0.154 0.161 - 0.282
Encrustingdrange(sponge) 0.126 0.182 0.417 0.428 0.289
Bryozoa Stumpy Hard - 0.436 0.171 - 0.304
Massive Blue Shapele&ponge) 0.233 0.451 0.249 - 0.311
Encrusting Whitgsponge) 0.246 0.608 0.109 - 0.321
Palmate Greysponge) 0.19 0.449 0.324 - 0.321
Encrusting Beige Smoofkponge) 0.217 0.515 0.182 0.42 0.333
Unstalked Crinoids 0.444 0.192 0.404 - 0.347
Arborescent Orange Th{sponge) 0.292 0.2 0.559 - 0.35
Encrusting Purple Lumggponge) 0.371 0.28 0.159 0.59 0.35
Bryozoa Soft (merged) 0.473 0.533 0.2 0.236 0.361
Lumpy Whitg(sponge) 0.341 0.43 0.318 - 0.363
Fan PinKsponge) 0.247 0.344 0.212 0.679 0.37
Hydroid White 0.508 0.253 0.319 0.462 0.385
Encrusting Beige Osculgponge) 0.388 0.579 0.262 0.319 0.387
Simple Beige Lumggponge) 0.4 0.468 0.289 0.466 0.406
Simple Beige Lumpy Shapeléssonge) 0.47 0.626 0.14 0.466 0.425
Bramble Coral - 0.44 0.418 - 0.429
Encrusting Bluésponge) 0.207 0.873 0.263 - 0.448
Encrusting Blacfsponge) 0.584 0.578 0.173 0.591 0.482
Purple Massivésponge) 0.796 0.438 0.249 - 0.494
Branching Gray Fine Repent L{gponge) 0.484 0.577 0.435 - 0.499
Repent YellovWsponge) 0.566 0.451 0.324 0.678 0.505
Encrusting White Lumpigponge) 0.491 0.703 0.351 - 0.515
Gorgonian Red 0.203 0.692 0.784 - 0.56
Epizoanthus sp 0.575 0.729 0.637 - 0.647
Ascidian Colonial Purple - 0.656 - - 0.656
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The PV analysis allowed a direct comparison of the variability in cover of each morphospecies in the
time-series to date (Tablg). There were sometimes considerable differences in PV values for a
single morphospecies between differemiarine parksfor exanple the Cup Red Smooth

morphospecies had a low PV value for Flindéesine Parkand a much higher value for Freycinet
Marine Park These differences are likely in part to be due to sampling error, as despite using model
based estimates, where abundanca® low there will be considerable variability in estimates.

The lowest variability morphospecies were the encrusting red algal morphospecies aMduioe

Park However, as these morphospecies only occurred inroagne park, overall PV values are not
influenced by PV values elsewhere as they are for most other morphospecies. Both cup sponge
morphospecies (Cup Red Smooth and Cup Yellow) had low overall variability over the time series.
Arborescent Grey, Massive Purple and Encrusting Light Orange sadsgésd relatively low PV
values.

Higher variability morphospecies included Ascidian Colonial Purple, Epizoaptharsd Gorgonian

WSR® ! 30ARALY [/ 2f2YyAlFf tdzNLX S A& Iy SyONHzZAGAY3 |
have variable cover through time, the PV value may also reflect sampling variability as it was noted

to have high cover across a smalimber of images and therefore whether those images were

sampled in a given year would affect within year estimak@s. Epizoanthus sp. and Gorgonian Red,

higher PV values were related to significant trends detected in their coveri(seg’ | t @ A Ardl 2 F G SY
GNBYR& F2NJ R2YAY !l yibelohp NLIK2 A LISOAS&ae aSOuAzy
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2.3 Multivariate analysis of trend

Multivariate multtdimensional scaling (MDS) showed that sites witharine parks and across time
were relatively simila(Figure3.3.1). The Beagl#id-Shelf 3 site and Freycinet site 2 were distinctly
different to all other sites. Freycinet site 2 is low relief and sand dominated, with a relatively low
diversity of invertebratesThe Beagle Mi&helf 3 site is also sand dominated but contaisederad
morphospecies not located in any of the other sites. The Hdarine Parksites 1 and 2 were quite
similar in terms of morphospecies composition and grouped distinctly from other sites due to
characteristic morphospecies not found at other sites. Inipatar, the presence of significant cover
of encrusting coralline and other encrusting red algae distinguished Nlaoime Parkfrom the

other marine parks There was an overlap between the Flindetarine Parki A 6 Sa | yR W2 SQa
with manysessile invaebrate morphospecies shared across these sites. In particular, red smooth
and yellow cup sponges, arborescent orange and grey spongesamgdifferent encrusting

sponge morphospecies were found across these sites.

AUV time series all sites

MDS plot for sessile morphospecies

Standardise Samples by Total
Transform: Square root

Resemblance: S17 Bray Curtis similarity

FWBETB 13 2D Stress: 0.12 AMP
JY HE!_H H1 10 Beagle
FNWESS_ 1 H2 g H1_09 w Flinders
v Hz‘ i e Freycinet
’ 4 Huon
FSG_11
Y FOP_FOP_17
¥ ¥ pe 13 FR2Ffg-10
e v;,v
v FR2_12

B3 18

B3 17

Figure2.3.1 Multi-dimensional scaling (MDS) plot for all sites across all years surveyed. Only sessile
morphospecies were included.
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PERMANOVA analysis found that there were no significant shifts in community structure across the
survey yearsvithin eachmarine ark PERMANOVA could not be conducted for Belsiglene Parlas
there were only 2 survey years and thus insufficient degrees of freedom for the test.

2.3.1.1PERMANOVA results: Hiarine Park

Factors
Name Abbrev. Type Levels
Year Ye Fixed 3
PERMANOVA table of results

Unique
Source df SS MS Pseudo-F P(perm) perms
Ye 2 1580.5 790.24 1.8569 0.116 15

Res 3 1276.7 425.56
Total 5 2857.2

2.3.1.2PERMANOVA results: FreycMatine Park

Factors
Name Abbrev. Type Levels
Year Ye Fixed 5
PERMANOVA table of results

Unique
Source df SS MS Pseudo-F P(perm) perms
Ye 4 7803.9 1951 0.73904 0.477 15
Res 1 2639.9 2639.9
Total 5 10444

2.3.1.3PERMANOVA results: Flinddesine Park

Factors
Name Abbrev. Type Levels
Year Ye Fixed 3
PERMANOVA table of results

Unique
Source df SS MS Pseudo-F P(perm) perms
Ye 2 2249 11245 0.69987 0.86 995

Res 11 17674 1606.7
Total 13 19923
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2.4 Analysis of temporal trends fodominant

morphospecies
2.4.1ArborescentGrey

Arborescent Grey

Huon_AMP_site1

Freycinet_ AMP2

Western_Boundary

T

Outer_Patch_Reef

1

Canyon_Grids_North

2009 2010 2011 2012 2013 2014 2016 2017 2018 2009 2010 2011 2012 2013 2014 2016 2017 2018

Year

Huon_AMP_site2

Joes_Reef

}’””’{\i

Northwest

I\I

Shallow_Grids

- —F— %

Beagle_Mid_Shelf_3

AMP

Beagle
— Flinders
— Freycinet

Huon

Figure2.4.1 Site level trends in the raw data for Arborescent Grey sponges.
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2.4.1.1Modelbasedestimatesof trend
AllMarineParls

Fixed effects:
mean sd 0.025quant 0.5quant 0.975quant mode kid

intercept  -7.317 0.250 -7.811 -7.317 -6.829 -7.315 0
year -0.138 0.083 -0.301 -0.138 0.024 -0.137 0
depth -2.015 0.185 -2.387 -2.012 -1.662 -2.006 0
Randomeffects:

Name Model
AMPIID model
i SPDE2model

Model hyperparameters:
mean sd 0.025quant 0.5quant 0.975quant mode

Precision for AMP 6.393 3.424 2.101 5.635 15.14 4.382
Range for i 18.606 5.216 10.726 17.797 31.02 16.280
Stdev for i 1.450 0.125 1.207 1.450 1.70 1.457
GroupRho for i 0.714 0.084 0.534 0.718 0.86 0.728

HuonMarinePark

Fixed effects:

mean sd 0.025quant  0.5quant  0.975quant mode kid
intercept -6.236 0.170 -6.577 - 6.234 -5.909 -6.229 0
year 0.350 0.131 0.092 0.350 0.606 0.351 0
depth -0.372 0.176 -0.729 - 0.368 -0.037 -0.360 0

Random effects:
Name Model
site  IID model

3

i SPDE2 model

Model hyperparameters:

mean sd 0.025quant 0.5quant  0.975quant
mode
Precision for site 18887.906 19072.222 1316.075 13234.053 69827.997 362
1.128
Range for i 47.351 21.970 18.376 42.820 102.581
5.208
Stdev for i 0.972 0.197 0.622 0.961 1.393
0.944
GroupRho for i 0.846 0.064 0.689 0.857 0.938
0.879

FreycineMarine Park

Fixed effects:

mean sd 0.025quant  0.5quant 0.975quant mode kid
intercept -6.348 0.793 -7.910 - 6.347 -4.795 -6.345 0
year -0.031 0.077 -0.183 -0.031 0.121 -0.030 0

Random effects:
Name Model
site  IID model
i SPDE2 model

Model hyperparameters:
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mean sd 0.025quant 0.5quant 0.975quant mode

Precision for site 0.401 0.344 0.065 0.305 1.309 0.169
Range for i 12.042 2.693 7.562 11.774 18.096 11.265
Stdev for i 1.268 0.150 0.998 1.260 1.586 1.244
GroupRho for i 0.700 0.120 0.415 0.719 0.878 0.757

FlinderdVarine Park

Fixed effects:

mean sd 0.025quant  0.5quant 0.975quant mode kid
intercept -6.670 0.430 -7.541 -6.661 -5.852 -6.643 0
year -0.039 0.078 -0.192 -0.038 0.114 -0.038 0
depth -1.981 0.600 - 3.263 -1.944 -0.903 -1.868 0

Random effects:
Name Model
site  IID model

i SPDE2 model
Model hyperparameters:
mean sd 0.025quant 0.5quant 0.975quant mode
Precision for site 1.750 1.304 0.314 1.421 5148 0.837
Range for i 12.080 2.682 7.621 11.810 18.109 11.295
Stdev for i 1.268 0.151 0.995 1.260 1586 1.246
GroupRho for i 0.696 0.119 0.422 0.711 0.881 0.744

Nooveralltrend wasfound for arborescenigreyspongesacrossall marineparks A postive trend
wasdetectedin arborescentgreyspongecoverin HuonMarine Park while for all other parksno
significantlineartrend wasdetected. Themeanestimatedtrend at HuonMarine Parkequatesto a
42%increasen the oddsof presenceper yearoverthe surveyperiod. Also,an overallnegative
coefficientestimatefor depth indicatesthat arborescentgreyspongedend to occupyshallower
depthsacrosshosethat were surveyed.
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Figure2.4.2 Site level trends in the raw data for Arborescent Orange sponges.
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2.4.2.1Modelbasedestimatesof trend
AllMarineParls

Fixed effects:
mean sd 0.025quant 0.5quant 0.975quant mode kid

intercept -7.415 0.312 -8.028 -7.414 -6.805 -7.413 0
year 0.010 0.092 -0.171 0.010 0.190 0.010 0
depth -1.308 0.171 -1.659 -1.303 -0.986 -1.293 0
Randomeffects:
Name  Model
AMPIID model
i SPDE2model

Model hyperparameters:
mean sd 0.025quant 0.5quant 0.975quant mode

Precision for AMP 3.245 1.812 0.913 2.871 7.781 2.146
Range for i 13.356 2.759 8.649 13.126 19.438 12.697
Stdev for i 1.623 0.190 1.279 1.614 2.023 1.597
GroupRho for i 0.801 0.058 0.660 0.812 0.885 0.833
HuonMarinePark
Fixed effects:
mean sd 0.025quant 0.5quant 0.975quant mode kid

intercept -7.513 0.261 - 8.060 - 7.501 -7.032 -7.477 0
year 0.714 0.227 0.281 0.710 1.171  0.701 0
depth 0.161 0.241 -0.323 0.165 0.625 0.171 0

Random effects:
Name Model
site  IID model
i SPDE2 model

Model hyperparameters:

mean sd 0.025quant 0.5quant  0.975quant
mode
Precision for site 18470.886 18078.065 1253.984 13148.802 66466.723 342
7.080

Range for i 50.917 48.855 13.790 35.953 177.252 2
1.860

Stdev for i 0.275 0.209 0.013 0.223 0.735
0.028

GroupRho for i 0.865 0.047 0.760 0.870 0.941
0.881

Freyiet Marine Park

Fixed effects:

mean sd 0.025quant 0.5quant 0.975quant mode kid
intercept -7.558 0.284 -8.154 - 7.545 -7.036 -7.518 0
year -0.035 0.165 -0.357 -0.035 0.289 -0.036 0
depth -1.591 0.272 -2.156 -1.580 -1.087 -1.559 0

Random effects:
Name Model
site  IID model
i SPDE2 model

Model hyperparameters:
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mean sd 0.025quant 0.5quant  0.975quant
mode

Precision for site 19605.717 20191.821 1406.712 13601.274 73347.406 385
1.076

Range for i 22.377 9.997 9.172 20.305 47.484 1
6.868

Stdev for i 1.182 0.237 0.769 1.165 1.696
1.136

GroupRho for i 0.843 0.066 0.682 0.854 0.938
0.876

FlinderdVarine Park

Fixed effects:

mean sd 0.025quant  0.5quant 0.975quant mode kid
intercept -6.683 0.161 -7.017 -6.677 -6.383 -6.664 0
year -0.131 0.099 -0.326 -0.131 0.061 -0.130 0
depth -1.507 0.234 -1.994 - 1.497 -1.076 -1.477 0

Random effects:
Name Model
site  IID model

i SPDE2 model

Model hyperparameters:

mean sd 0.025quant 0.5quant  0.975quant
mode
Precision for site 18881.743 18451.774 1290.21 13455.965 67702.540 353
3.997
Range for i 12.850 2.769 8.38 12.512 19.217 1
1.842
Stdev for i 1.591 0.198 1.23 1.580 2.011
1.562
GroupRho for i 0.808 0.082 0.61 0.821 0.928
0.848

Nooveralltrend wasfound for arborescenirangespongesacrossall marine parks A positivetrend
wasdetectedin arborescentorangespongecoverin HuonMarine Park while for all other parksno
significantlineartrend wasdetected. Themeanestimatedtrend at HuonMarine Parkequatesto a
104%increasen the oddsof presenceper yearoverthe surveyperiod. Also,an overallnegative

coefficientestimatefor depth indicatesthat arborescentorangespongesend to occupyshallower
depthsacrosghosethat were surveyed.
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Figure2.4.3 Site level trends in the raw data for Arborescent Orange Thin sponges.
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2.4.3.1Modelbasedestimatesof trend
AllMarineParls

Fixed effects:
mean sd 0.025quant 0.5quant 0.975quant mode kid

intercept  -7.975 0.315 - 8.600 -7.973 -7.364 -7.968 0
depth -0.297 0.299 -0.892 -0.293 0.282 -0.287 0
Randomeffects:
Name  Model
AMPIID model
i SPDE2model
Model hyperparameters:
mean sd 0.025quant  0.5quant 0.975quant mode
Precision for AMP16615.07 16593.546 1165.866 11719.316 61097.433 3206.181
Range for i 508.17 186.800 240.055 475.894 961.384 418.298
Stdev for i 1.59 0.235 1.182 1.568 2.103 1.527
GroupRho for i 0.82 0.062 0.678 0.828 0.919 0.843

HuonMarinePark

Fixed effects:

mean sd 0.025quant 0.5quant 0.975quant mode kid
intercept -9.211 0.418 - 10.090 -9.190 -8.448 -9.149 0
year -0.162 0.401 -1.010 -0.140 0.567 -0.097 0
depth 0.226 0.339 - 0.459 0.233 0.874 0.246 0

Random effects:
Name Model
site  IID model
i SPDE2 model

Model hyperparameters:

mean sd 0.025quant 0.5quant  0.975quant
mode
Precision for site 19401.255 19468.742 1352.189 13636.396 71184.667 369
9.004

Range for i 48.592 24.126 19.549 42.751 111.087 3
4.020

Stdev for i 1.828 0.401 1.145 1.795 2.712
1.733

GroupRho for i 0.845 0.066 0.682 0.856 0.939
0.879

FreycineMarine Park

Fixed effects:

mean sd 0.025quant  0.5quant 0.975quant mode kid
intercept -7.045 0.228 -7.521 - 7.036 -6.623 -7.017 0
year 0.151 0.161 -0.162 0.150 0.471 0.147 0
depth -1.117 0.226 -1.584 -1.109 -0.695 -1.094 0

Random effects:
Name Model
site  IID model
i SPDE2 model

Model hyperparameters:
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mean sd 0.025quant 0.5quant  0.975quant
mode

Precision for site 19028.968 19116.433 1314.885 13365.410 70060.750 360
3.837

Range for i 70.135 104.931 10.030 39.728 315.902 1
9.561

Stdev for i 0.842 0.257 0.412 0.821 1.403
0.776

GroupRho for i 0.839 0.068 0.676 0.851 0.937
0.873

FlinderdVarinePark

Fixed effects:

mean sd 0.025quant  0.5quant 0.975quant mode kid
-7.151 0.173 - 7.505 - 7.147 -6.824 -7.138 0

depth -0.184 0.176 - 0.543 - 0.180 0.149 -0.171 0

intercept

Random effects:
Name Model
site IID model
i SPDE2 model

Model hyperparameters:

mean sd 0.025quant 0.5quant  0.975quant
mode

Precision for site 19472.154 19371.979 1321.501 13741.164 71085.597 361
4.246

Range for i 38.724 22.939 11.911 33.134 98.306 2
4,727

Stdev for i 1.049 0.215 0.671 1.036 1.513
1.013

GroupRho for i 0.835 0.071 0.661 0.848 0.936
0.872

Anovernall lineardeclinewasfound for arborescenbrangethin spongesacrossall marineparks
eguatingto anoverall42%declineper year. A negativetrend wasalsofound for FlindersMarine
Park equatingto a 50%decreasédn the oddsof presenceper yearoverthe surveyperiod.No
significantoveralldepth relationshipwasfound.
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2.4.4AscidianColonialPurple

Figure2.4.4 Site level trends in the raw data for Ascidian Colonial Purple.
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