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Abstract

Seafloor habitats on continental shelf mary.n< .re inc 2asingly being the subject of worldwide
conservation efforts to protect them from human acti® aes uve (0 their biological and
economic value. Quantitative data on the epibenthic tax- whi- , ¢ tributes to the
biodiversity value of these continental shelf margins is vital for * .e ef’ . ‘tiveness of these
efforts, especially at the spatial resolution required to effectively 1. anage these ecosystems.
We quantified the diversity of morphotype classes on an outcropping reef system
characteristic of the continental shelf margin in the Flinders Commonwealth Marine Reserve,
southeastern Australia. The system is uniquely characterized by long linear outcropping ledge
features in sedimentary bedrock that differ markedly from the surrounding low-profile, sand-
inundated reefs. We characterize a reef system harboring rich morphotype classes, with a
total of 55 morphotype classes identified from the still images captured by an autonomous

underwater vehicle. The morphotype class Cnidaria/Bryzoa/Hydroid matrix dominated the
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assemblages recorded. Both a and 3 diversity declined sharply with distance from nearest
outcropping reef ledge feature. Patterns of the morphotype classes were characterized by (1)
morphotype turnover at scales of 5 to 10’s m from nearest outcropping reef ledge feature, (2)
30 % of morphotype classes were recorded only once (i.e. singletons), and (3) generally low
levels of abundance (proportion cover) of the component morphotype class. This suggests
that the assemblages in this region contain a considerable number of locally rare morphotype
classes. This study highlights the particular importance of outcropping reef ledge features in
this region, as they provide a refuge against sediment scouring and inundation common on
the low profile reef that c* ... terizes this region. As outcropping reef features, they represent
a small fraction of ¢ crall . ~=f' .bitat yet contain much of the epibenthic faunal diversity.
This study has relevance to cc .serve fon planning for continental shelf habitats, as protecting
a single, or few, areas of reef 1. .ike' ' L accurately represent the geomorphic diversity of
cross-shelf habitats and the morphot, ~e .iver .. that is associated with these features.
Equally, when designing monitoring prog:..m" .nese Jatially-discrete, but biologically rich
outcropping reef ledge features should be consiucied - . dis..nc. components in stratified

sampling designs.

Keywords: Bryozoa, Cnidaria, Continental shelf margin, Flinuers ~ ummonwealth Marine

Reserve, Hydroid, Marine Protected Area, Porifera, Species diversity
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Introduction

Shallow-water sessile invertebrate communities within diving depth (i.e. 0 - 30 m) have been
widely studied with numerous papers examining their biology, ecology and distribution (e.g.
Costa et al. 2009; Roberts et al. 2002; van Hooidonk et al. 2014). In addition, there has been a
large research focus on cold-water corals in depth greater than 300 m (e.g. Althaus et al. 2009;
Mohn et al. 2014; Tittensor et al. 2009; Waller et al. 2011).Recent video surveys reveal that
epibenthic organisms found on the continental shelf beyond diving depth may be locally
abundant and potentially represent a key ecological feature associated with rocky bottom
structure along the mic*  iter cc tinental shelf margins (Bo et al. 2012; Cerrano et al. 2010).
However, there is limited published data available, at sufficient spatial and biological
resolution to describe the cor positir 1 and distribution of these mid-outer shelf biological

assemblages.

The role of epibenthic organisms, especiai.y ¢ sile ii vertebrate species, within the benthic
ecosystem has been highlighted by previous stuuies. F .« examp.e, cold-water corals promote
habitat heterogeneity by increasing the physical comple* .y 0f ... acosystem at these greater
depths (Baillon et al. 2012; Buhl-Mortensen et al. 2010). The pr- .aler : of suspension
feeders in these communities are important in the transfer of ener, # and biomass from the
pelagic to the benthic by recycling particulate organic matter (POM) sinking from the upper
photosynthetic regions (de Goeij et al. 2013; Gili and Coma 1998). More recently, de Goeij et
al. 2013 suggest the role of sponges may be even more important than previously estimated,
transferring both POM and dissolved organic matter (DOM) from pelagic to benthic systems
where sponges form significant components of the faunal assemblage. Accordingly,

epibenthic organisms such as porifera (sponges), antipatharians (black corals) and gorgonians
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(sea fans) are of crucial importance to the functioning of the sublittoral temperate

assemblages occurring on hard, dimly-lit substrata (Gori et al. 2014; Ribes et al. 2003).

Despite the documented importance of shallow-water epibenthic communities, comparatively
few studies in Australia have investigated the spatial variation in these potentially
ecologically important assemblages along the outer continental shelf margins (but see
McEnnulty et al. 2011; Williams et al. 2010). This trend is undoubtedly linked to the
limitations associated with sampling in the outer continental shelf environments (Richardson
and Poloczanska 2008), where accessibility and time constraints often impede rigorous fine-
scale quantitative samr’ g (Pou e et al. 2014). Previous studies focusing on shallow- (i.e.
<30 m) and deep-water (i.e. >200 m) ecosystems provide important insights into spatial
patterns of epibenthic asseml ages i* coastal and deep-water environments. For example,
recent work has examined the effec ; 0. vase o> Losure and seafloor structure on the
distribution of shallow-water invertebrates Aill ~ =!. 2014b). How these factors influence the
spatial patterns of epibenthic organisms inF .0 ting r .ter ~ontinental shelf margins remains

largely unknown.

The recent establishment of a network of Commonwealth Marir Res”  ‘es (CMRS) in shelf-
to abyssal waters within Australia’s EEZ (Department of Environ. ‘ent 2015) has driven
increased studies of these outer continental self-margins and the habitats and assemblages
they support, both for inventory of assets within CMRs and for establishing monitoring
programs to track their effectiveness against management plans. On the shelf, such studies
typically include using multibeam sonar mapping to define habitat characteristics prior to the
biological survey phase (e.g. Lucieer 2013) as biological assemblages respond to physical
characteristics of the benthic substrata in a predictable manner (Bax and Williams 2001; Hill

et al. 2014b; lerodiaconou et al. 2011; Post 2008; Williams et al. 2010; Williams and Bax
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2001). As mapping programs have expanded, the results reveal regionally differing patterns
in the geomorphology of rocky reef systems in shelf waters, that may, in turn, structure
variation in the associated biota at multiple spatial scales (e.g. Monk et al. 2011; Williams et
al. 2010; Zhi et al. 2014). It follows then, that biological inventory and monitoring programs
would ideally be structured to account for such spatial variation, allowing for the importance

of these structural controls to be properly defined.

In 2012, a shelf region of the shelf region of the Flinders Commonwealth Marine Reserve, off
north-eastern Tasmania, Australia, was surveyed using multibeam sonar and an autonomous
underwater vehicle (A! ), whi " collected precisely geo-located imagery of the seabed and
associated biota, respectively. This survey revealed that the entire cross-shelf region was
characterized by intermittent »utcror ., of slightly dipping sedimentary rock types that formed
distinct outcropping reef features at :ro =2a Jedr” ig planes. The outcropping reef features, up
to 2 m in height, were often undercut forme™ g s ! caves and ledges, and extended along the
shelf for distances of 100s m to 1 km scale” « =twer . su” cessive step-features the reef was
flat, smooth, usually sand-inundated and biological’, depa' .erate, thus providing a distinct
contrast with the outcropping reef features themselves, wh* .1 were :haracterized by rich
epibenthic assemblages. The objective of our study was to gencrate . detailed
characterization of the biological variation associated with these outcropping reef features, a

distinct geomorphic features in this region.

Methods

Study site

The study site was situated in the multiple use zone (IUCN V1) of the Flinders

Commonwealth Marine Reserve (CMR; 40°37°S, 148°46° E), which was established in 2007
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and lies approximately 25 km offshore of the north-eastern coast of Tasmania, Australia
(Figure 1). Within the multiple use zone of the CMR activities that impact on benthic habitats
are prohibited (e.g., demersal trawling and scallop dredging). The study site covered ~ 26
km? of the CMR, and contained shelf, canyon head and slope features. This region was
selected as it is considered a region of high biodiversity and productivity within the east

Tasmania subtropical convergence zone (Schlacher et al. 2007).

The seafloor on the shelf was formed of soft sediment with isolated patches of low profile
reef that are likely formed on sedimentary rock (likely sandstone) that preferentially erodes
along bedding planes t~ arm lo 9, linear reef outcropping features of 1 - 2 m in height
(Figure 2). The reef in this area was dominated by predominantly sessile invertebrates
including hydrozoans, bryoz: ans, as idians and sponges, which are thought to be typical of

the broader region of eastern Tasmi 1ia Ai.drev 2999; James 2014; Nichol et al. 2009).

Data acquisition

Multibeam sonar data

Bathymetry data were acquired using hull-mounted Kongsberg ™ .v30 .- multibeam sonar
(MBS) on the 22 m research vessel “Challenger”. The data were 1 2ged using Kongsberg
acquisition software and post-processed using Caris HIPS and SIPS software to remove
artefacts. The final bathymetric output was processed at 3 m horizontal resolution and

subsequently used for AUV mission planning and delineating outcropping reef ledge features.

Autonomous underwater vehicle imagery
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Seabed imagery was collected with a modified Seabed class AUV, the AUV Sirius. The AUV
is described in Williams et al. (2012). Briefly, the AUV is equipped with stereo camera pair
and strobes, and its’ location calculated using a Doppler Velocity Log including a compass
with integrated roll and pitch sensors, and Ultra Short Baseline Acoustic Positioning System
(USBL) (for more details see Williams et al. 2012). Seabed images were collected with a
synchronized pair of high-sensitivity 12 bit, 1.4 megapixel cameras (AVT Prosilica GC1380

and GC1380C; one monochrome and one color).

The start location of each of the 24 one km length AUV transects was determined using a
probabilistic and spatia’ - balar, =d survey design called Generalized Random Tessellation
Stratified (GRTS). The GRTS sampling approach is a flexible strategy that can accommodate
multiple survey objectives ar | provi es unbiased estimates of habitats and taxa in the regions
surveyed (Stevens and Olsen 2004) Tt in 2nt of the GRTS approach was to provide
quantitative estimates of the abundance (ir .ur ¢ » proportion cover) of key biodiversity
components of seabed fauna within a defins . rea, i* thic case an outer shelf reef system. As
we were primarily interested in reef habitat within ** .s regir ., the inclusion probability of
transects was heavily biased towards transects that containe . nard- Jbstratum identified from

the classification of MBS data collected in this region (Lawrei..e et .. 2015).

Each AUV transect was pre-programmed so that the AUV tracked the seabed at an altitude of
2 m at a cruising speed of 0.5 ms™ resulting in an approximate width of the field of view of
1.5 - 2.5 m per image. All surveys were conducted during daylight hours over three days in

June 2013. AUV dives covered reef in depth ranges from ¢ 60-90 m.

Data manipulation
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To delineate the outcropping reef ledge features a bathymetric slope raster was calculated
from the MBS data using Spatial Analyst in ArcMap 10. An arbitrary threshold of 1.5,
chosen visually based on a bathymetric hillshade of the area, was applied to the slope raster
to define the extent and location of the outcropping reef ledge features (Online Resource 1).
The Euclidean distance from these outcropping reef ledge features was calculated using
Spatial Analyst in ArcMap 10. The Euclidean distance from nearest reef ledge feature was
binned into the following classes: 0m, 1—5m, 5—10m, 10 — 20 m, 20 — 40 m, 40 — 80 m,
and > 80 m (Figure 2; Online Resource 1). Binning was done for ease of interpretation of

biodiversity trends, and is .e\ after referred to as “distance category”.

One hundred and five images from the AUV transects were randomly selected for each
distance category. Visual ins, ection ,f all selected AUV images was undertaken to ensure no
overlap between subsequent images ocu 'rr.d. T' .5 was done to remove any possible double
counting of organisms as consecutive AUY imar - ~an contain overlap resulting in the same
organism occurring in consecutive images .r 1ges 7 sio” 2d to the O m distance category

were manually vetted to ensure they contained at le st 90 ¢ «xposed reef.

The proportion cover of the taxon in the selected AUV images v .s ob . ‘ned by scoring 25
random points superimposed on the image in TransectMeasure (S aGIS). For each
superimposed point the underlying taxon was identified to morphotype level using the
Collaborative and Annotation Tools for Analysis of Marine Imagery (CATAMI)
classification scheme (Althaus et al. 2015). CATAMI is a standardized national classification
scheme that bridges the gap between habitat or biotope classifications and taxonomic
classifications. It is a flexible, hierarchical classification that combines coarse-level taxonomy
with morphology to allow for limitations in identifying biological taxa in marine imagery. It

is important to note that by using CATAMI the classes identified in this study may reflect
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multiple morphometrically similar species or considerable morphological variation within a
single species, and reflects an ongoing limitation in identifying taxa in marine imagery.
Despite this inherent limitation, using broader morphological groups to calculate richness and
other community metrics is known to correlate well with actual species richness and diversity

in sessile invertebrates elsewhere (e.g., sponges Bell and Barnes 2001).

From the assemblage data, three measures of a diversity were calculated for each image,
species richness (hereafter morphotype richness), Shannon diversity H index and Shannon’s
equitability (evenness). Mornhotype richness and Shannon diversity H were calculated using
the DIVERSE sub-rou*” = in Pk 'MER v6 statistical software (Clarke and Gorley 2006).
Shannon’s equitability (evenness) was calculated manually in MS Excel. The different
measures of a diversity were 1sed a< hey provide complimentary metrics to capture
biodiversity patterns. In addition, tv o . ~asares ¢ B diversity were also calculated using
Jaccard and Sorensen indices. The latter w . inc! iad as it places more emphasis on the
shared species present rather than the unsh~ ¢ sper’.s tFat is captured by the former

(Anderson et al. 2008).

Statistical analyses

Multivariate analyses were performed using the PRIMER v6 and PERMANOVA add-on
package (Anderson et al. 2008; Clarke and Gorley 2006). A Bray—Curtis similarity matrix,
based on proportion cover data, was used for multivariate analyses. A dummy variable of one
was added to reduce the effect of sparse data (some images contained no biological
morphotype classes) on the similarity measure (Clarke and Warwick 2001). No further data
transformation was required after visual inspection of Shepard diagrams. Cluster analysis and

non-metric multi-dimensional scaling (nMDS) were used to visualize the patterns in
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morphotype assemblages across distance categories. Distances among centroids were

calculated for the assemblage nMDS to aid in interpretation of the graph.

The PERMANOVA routine, and associated pairwise comparisons, were used to compare the
variation in morphotype proportion cover and composition across distance categories. The
single-factor PERMANOVA with distance category as a fixed effect, and associated pairwise
comparisons, were run with 9999 unrestricted permutations of the raw data. Using the Bray-
Curtis similarity matrix, a distance-based test for homogeneity of multivariate dispersions
(PERMDISP) routine was ritn to assess the dispersion assumption for PERMANOVA, with

no strong dispersion di” ‘rences Yetween distance categories being detected.

The major morphotype classe (espc 'sible for within and between the distance categories
similarity were determined usn._ ... S nn. *ity percentages routine (SIMPER; Clarke and
Warwick 2001). This method exami, ~s e ¢~ . ibution of individual classes to Bray—Curtis
similarity. Several key morphotype classe. id- .ified )y SIMPER were superimposed on the
nMDS ordination using the bubble plots to visuany d¢ .iCt ..ieit proportion cover and

distribution. Twenty percent similarity was overlaid on * .0S * ..°

Univariate analyses exploring the variation in o diversity (i.e. 10ear .norphotype richness,
Shannon’s diversity H and evenness) between distance categories based on the Kruskal-
Wallis non-parametric procedure, and pairwise comparisons using Nemenyi-test with Chi-
squared approximation within PMCMR package in R version 3.0.3 (R Core Development
Team 2014). Following Anderson et al. (2008), PERMDISP, based on Jaccard and Sorensen

similarities, was used to assess differences in 3 diversity between distance categories.

Results

10
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Fifty-five epibenthic morphotype classes (based on CATAMI classification) were recorded;
they all had low proportion cover (Figure 3; Online Resource 2). The
Bryozoan/Cnidaria/Hydroid matrix was the most dominant class across most distance
categories (Figure 3; Online Resource 2). Encrusting sponges were the next most dominant
class (Figure 3; Online Resource 2). Other morphotype classes recorded included
representatives of sessile and mobile organisms from Ascidiacea, Bryozoa, Cnidaria,
Echinodermata, Osteichthyes, Elasmobranchii, Mollusca, Phaeophyta, Polychaeta, Poriferia

Rhodophyta, and Sipuncula worms (Online Resource 2).

The PERMANOVA re*  aled si. nificant differences in morphotype assemblages between
distance categories (pseudo-Fg -~ = 31.26, p < 0.001; Figure 3). The nMDS ordination model
(Figure 4a) confirmed that th re wac 1 gradient in morphotype assemblages as distance
categories increased. The smallest [ ray “u.tis ™ ailarity values were recorded at distance
categories closer to the outcropping reef fr .ures ~dicating greater heterogeneity in
morphotype classes on and around the outr o, oino :ef '2dges (Figure 4a; Figure 5). The 20 %
similarity contour on the nMDS indicated that the r. urphot e assemblages were grouped in
three distinct clusters: (1) assemblages on or near the outcr yping :ef ledge features (i.e. 0 m,
1-5m), (2) assemblages affiliated with fringing low profile reef re sons (5 - 10 m, 10 - 20
m), and (3) assemblages affiliated with sand inundated reef to full sand habitat that were
greater than > 20 m from outcropping reef ledge features (i.e. distance categories 20 - 40 m,
40 - 80 m, > 80 m). This was supported by the pairwise analysis which revealed a significant

difference (p < 0.05) between all non-adjacent distance categories.

The SIMPER analyses indicated that the difference in morphotype assemblage structure was
influenced by proportion cover gradients in six morphotype classes (SIMPER, cut-off 70 %;

Table 2). A strong proportion cover gradient in the morphotype class

11
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Bryozoan/Cnidaria/Hydroid matrix was the primary driver in the dissimilarities in between

all distance categories, with proportion cover steadily decreasing with distance from
outcropping reef ledge features (Table 2; Figure 4b). Proportion cover gradients in the
morphotype class “Erect branching sponges and encrusting sponges” also contributed to the
dissimilarities between distance classes with exception to between 20 - 40 m and 40 - 80 m,

40 - 80 mand >80 m, and 20 - 40 m and > 80 m (Table 2; Figure 4c, d). The presence of
infaunal bioturbation (Figure 4e), morphotype classes “massive sponges” and “soft bryozoans”
additionally contributed to the dissimilarity between some distance categories but to a lesser

extent (Table 2).

The three o diversity metrics found similar trends. Morphotype richness varied between most
distance categories and range | from , to 11 organisms in the images (Figure 5a; Table 1a).
Shannon-Wiener's H’ varied betwe: 10.'3 .nd 7 38 (excluding 257 images with no biological
morphotype classes recorded), while the e* _.nne< ‘saried between 0.30 and 1.05. The
Kruskal-Wallis procedure, and associated M _r ‘enyi- zst * airwise comparison, indicated that
morphospecies richness decreased significantly wit’. incre? .ng distance category (Figure 5a).
Shannon-Wiener's H’ and evenness both also decreased sir .«fican! y over increasing distance

category but plateaued from 20 - 40 m category (Figure 5a; Taule 7", c).

Beta diversity was relatively low and varied between 25 to 46 and 18 to 36 for the Jaccard
and Sorensen measures, respectively (Figure 5b). These low measures of diversity, and the
differences between them, are reflective of the fact that thirty percent of morphotype classes
were observed only once (i.e. singletons). The PERMDISP routine found that 8 diversity
varied significantly between most distance categories (Figure 5b). However, for the
assessment of unshared classes, represented by Jaccard measure, non-significant differences

were found between O m and 20 —40 m, 1-5mand 10 —20 m, and 5— 10 m and 10 — 20 m.

12
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Similarly, for the assessment of shared classes, the Sorensen measure, non-significant
differences were found between O mand 20—-40m,1-5mand5-10m,1-5mand 10 -

20m, and 5—-10 m and 10 — 20 m.
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Discussion

Assemblage patterns and the importance of outcropping reef ledge features

The morphotype assemblages associated with the outcropping reef ledge features and
adjacent sediment-inundated reefs in the Flinders CMR were characterized by six
morphotype classes including; a Bryozoa/Cnidaria/Hydroid matrix, branching erect sponges,
encrusting sponges, massive sponges, soft bryozoans and the presence of infaunal
bioturbation. The dominance of the Bryozoa/Cnidaria/Hydroid matrix class is noteworthy in
providing contrasts with » _v. ‘us published studies along Australia’s continental shelf
margin which sugge .that “e - .ibenthic assemblages in similar depth ranges are often
dominated by sponges (e.g. F’ .mon. =t al. 2012; Schlacher et al. 2007). This difference is
potentially a result of the reduc. * .vav en rgy along the Flinders CMR study area in
comparison to the predominantly hiy -2 2rg» v ast-facing locations of previously
highlighted studies. On such high-energy vJac » dept s well below 60 - 70 m (i.e. the depths
sampled in this study) may be too disturbed by swvell - .da01., anu associated sediment
scouring, for delicate morphotype classes (such as Bryo~ .a/C" ... “ia/Hydroid matrix class) to
colonize successfully. However, along the more sheltered leewe: . sid” f eastern Tasmania,
such as the Flinders CMR area, high-energy oceanic swells are m. ~h rarer, and seabed shear
stress reduced relative to the high-energy west coast (Harris and Hughes 2012), possibly
allowing these more fragile communities to thrive at depths up into the photic zone. This
concept is supported by Bell and Barnes (2000) who suggest that fragile morphotype classes
(such as Bryozoa/Cnidaria/Hydroid matrix and branching sponges) can only form in low
swell energy environments. Although sediment scour and burial are recognized as important,

little is known about the spatial extent and frequency on outer-shelf habitats (Harris and

14



301

302

303

304

305

306

307

308

309

310

311

312

313

314

315

316

317

318

319

320

321

322

323

324

325

Hughes 2012).Quantifying the natural spatial and temporal variability of these disturbances

warrants further investigation (such as on-going monitoring at various temporal scales).

Our study also demonstrated that outcropping reef ledge features can strongly influence the
patterns of proportion cover of epibenthic morphotype assemblages. The spatial pattern
detected in the morphotype assemblage represents an assemblage ‘halo’ effect, or cline,
around the outcropping reef ledge features and characterizes an ecologically important “high-
point” (biologically and structurally) in the transition from outcropping to sediment-
inundated reef habitats, as well as the importance of a spatially-controlled region of higher
substrate complexity. T signn -ant difference in the assemblage composition among
distance categories (PERMANOV A pairwise comparisons) indicated that the turnover of
morphotype classes occurs ai relativ .y small spatial scales on these reef systems (i.e. 5 — 10
m’s). Similar assemblage halos aro' 1d »ei nab' .is have been noted in previous studies that
examined the presence of reef on small-be .ed e ~enthic taxa (e.g. Langlois et al. 2006) and
demersal fishes (e.g. Schultz et al. 2012) ir' a iting * € < 'rrounding soft-sediments. While
our study differs in the fact that we have recorded g cdomi .ntlv sessile morphotype taxa,
which require hard substratum to attach themselves, the m~ .ile na' re of soft sediments
inundating these reef systems allows physical characteristics o. suk .rata to vary over small
spatial scales (Paiva 2001) and time periods of days to weeks in relation to variations in wave
and tide energy (Grant et al. 1997). It has been suggested that such factors lead to spatial
variability at the scale of tens of meters (reviewed in Fraschetti et al. 2005), which is at the
scale that we detected greatest changes in assemblage compositions (i.e. 5 - 10 m s). Sand
inundation and sediment scour appear to be an important factor explaining spatial gradients
and patchiness in epibenthic biota throughout the flat reef systems located on continental
shelf throughout the Flinders CMR. However, the outcropping reef ledge features may

provide a refuge against such disturbances, allowing the more fragile morphotype classes to

15



326  colonize. It is the distance from these outcropping reef ledge features that provides the

327  greatest spatial differentiation in our study.

328  There are some limitations to our study that should be noted. We have only investigated the
329 influence of outcropping reef ledge features on the structuring of the observed morphotype
330 assemblages at a single site, albeit over a large area. While it is clear that the presence of
331 these hard outcropping reef features is a key driver in the structuring of these assemblages,
332 previous research suggests that other environmental variables could be important. For

333  example, Huang et al. (2011) found that mean bottom-water temperature, nitrate

334  concentrations and der” were 1 Yportant variables in defining the distribution of sponge
335 assemblages. Similarly, Bryan and Metaxas (2007) found that combinations of depth,

336  temperature, slope, current, & 'd chlc ophyll a concentrations were important predictors in
337  determining suitable habitat for dee -w ‘ei gorr nian corals. Furthermore, factors such as
338  recruitment and mortality (Keough and Dr /nes ” -22), larval distribution (Grantham et al.
339  2003), and currents (Cudaback et al. 2005) 4. infl* ace the distribution of these

340 assemblages, and could be considered, if data were .vailab’ , for interpreting biodiversity

341  trends observed in our study.

342  Conceptual diagram for outcropping reef ledge features

343 In light of our findings, we propose a conceptual diagram to describe the morphotype

344  assemblages typical of the cross shelf reefs in this region (as indicated by more extensive

345  unpublished surveying within the Flinders CMR). Shallow dipping rocks of sedimentary

346  origin outcrop across the shelf and are preferentially eroded at bedding planes, producing an
347  elongated sawtooth profile (Figure 6). The near vertical structures (ca 1 - 3 m in height) at the
348  eroded bedding planes (outcropping reef features) can be linear and extend for many

349  hundreds of meters where reef is exposed from the surrounding sediments (Figure 2). The
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steep surfaces and nearby boulders that are related to them are generally sediment free and
covered with abundant, diverse and highly structured morphotype classes. At distances of as
little as 5 m from this, on the low profile expanse of bedrock between consecutive steps,
sediment inundation begins, restricting the ability of sessile morphotype classes to attach and

be supported as they grow.

The importance of these outcropping reef features becomes apparent when compared to the
continuous boulder fields commonly found further inshore on the continental shelf. These
boulder field habitats are mare homogenous at intermediate scales, with biota responding

generally at fine-scale * ‘ocal p ysical variables such as boulder aspect (Hill et al. 2014b).

Management implications

From a management perspective it ", in Yoi.art *, consider the difficulties of sampling such
spatially-discrete, yet biological important _utcrr ~ing reef ledge features. In many respects
these outcropping reef ledge features are ar a( q0us s a *“ver flowing through a desert,
containing greater richness and diversity than the ac,acent * at reef and sediment habitats.
Sampling regimes and monitoring programs that do not ac” .unt fo such features through
appropriately matched stratified sampling designs risk missing an 1 .derstanding of the key
structural controls on the distribution and abundance of many species that utilize this habitat

preferentially.

Our data contained a relatively high prevalence of singletons (~ 30 %) and relatively low
proportion cover. This is interesting because, despite scoring the imagery to the morphotype
level, the percentage of singletons recorded is similar to but slightly less than that recorded in
previous studies that have identified taxa to a lower taxonomic resolution (e.g., genus, species

levels). For example, studies in north-eastern Australia and Western Australia have found that
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48 — 60 % of Porifera species were restricted to samples from a single site within reef
complexes (Fromont et al. 2006; Hooper and Kennedy 2002). Similar observations have been
noted from survey regions in tropical north-western Australia (Przeslawski et al. 2014;
Schonberg and Fromont 2012), where data from benthic surveys show that only a few
epibenthic taxa (mostly Porifera) are ubiquitous (Heyward et al. 2010). Additionally, research
in the shelf-break to continental slope canyon systems to the north and west of the Flinders
CMR site have also noted similar patterns (albeit in deeper habitats > 120 m), with 76 % of
Porifera species being restricted to a single site (Schlacher et al. 2007). This suggests that this
low site-occupancy and p~ .a1. ‘ally high levels of rarity (at scales of 10-100 s m) by
epibenthic organism may . =~ 2 ommon feature of Australian continental shelf margins, and
one that needs to be factored ’ 0 bic liversity monitoring planning. Such species are unlikely
to be suitable candidates for bic . crsi v 1. Onitoring and spatial planning. However,
additional survey effort (using existi. 7 nev .y collected datasets) is required to disentangle
whether these rare species are in fact quite vi~ 1y di¢ ributed but under sampled, or indeed,
simply rare and patchy (Monk 2014). This is an nnpo” unt ..iffe.ence and determines the
extent of conservation significance of the habitat feature (nat ..~ort this diversity, and the
scale at which such habitats need to be protected to capture and - .stai* nis diversity. In the
current study, for example, repeated replicate sampling along line * transects at increasing
distances away from the outcropping reef features may be useful to help clarify the pattern of
taxa turnover observed in the current study, determine the influence of disturbance on
physical and biological regimes in epibenthic communities, and refine the spatial extent of
reef influence on adjacent environments. Such information would complement spatially-
balanced sampling approaches (Hill et al. 2014a), which could also be weighted to towards
such spatial discrete features, and substantially improve our ability to plan future monitoring

and biological inventory programs.
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Conclusion

Our study demonstrated that reef features (such as outcrops and ledges) can strongly
influence the patterns in proportion cover and composition of seafloor morphotype classes.
The spatial pattern detected in the morphotype assemblage represented an assemblage halo
effect around the outcropping reef ledge features. By creating ‘reef islands’ within reef
patches, these features may represent an ecologically important high-point in the transition
from exposed to sediment-inundated reef habitats. Even at our coarse morphotype taxonomic
resolution, classes appear to be spatially-sparse with one third of morphotype classes being
observed once. Monite' g of tt. se spatially-discrete outcropping reef ledge features, that
host the vast amount of emergent macro-faunal biodiversity in this region, will be important
to evaluate the future success of this ZMR. Additionally, if similar reef structures are found
to be a common feature of cross-sh: ft. hiwts a* iational and global scales, future studies
will need to account for these spatially-dis .ete, * -« hiologically rich, features in subsequent

biodiversity inventory and monitoring.
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Figure captions

Figure 1. Location of the outcropping reef features mapped by multibeam sonar and
photographically sampled by autonomous underwater vehicle in the Flinders Commonwealth
Marine Reserve. Black circles indicate locations of individuals images selected for

interrogation. Zoom box (A) provides an example of the outcropping linear reef features.

Figure 2. Southwest-ward facing 3D representation of the reef features mapped by
multibeam sonar and photographically sampled by autonomous underwater vehicle in the
Flinders Commonwealth * 4 e Reserve. Color gradient indicates the distance categories
used in assemblage = .alys. > Jm) M (1-5m),(5-10 m),8 (10 - 20 m), (20 - 40 m),

40-80m)and (>80m’

Figure 3. Ranked mean proportion ov ~ (. amir~nce) per image (x S.E.) for morphotype

classes contributing > 90% of the proportic . cov~ within each distance category.

Figure 4. Non-metric multidimensional scaling v.uins .un. for .norphotype assemblages
between distance categories. Hashed lines indicate 20 % .mi!* =+ A) Centroids of the total
assemblage for each distance category: 1) 0m (A),2)1-5m (¥ 5,3 -10m (m),4) 10 -20
m (4), 5) 20 - 40 m (o), 6) 40 - 80 m (x) and 7) > 80 m (+). B-E) nportant morphotype
classes identified in SIMPER analysis: bubble size indicates relative mean proportion cover
(i.e. larger bubble = higher proportion cover). Example images of the morphotype classes are

given in right column.

Figure 5. Mean variation (+ S.E.) in o and 3 diversity measures across distance categories. a)

a diversity. b) B diversity.
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Figure 6. Conceptual diagram of the typical cross-shelf reef systems contained within the

Flinders Commonwealth Marine Reserve. Outcropping reef features with complex and highly

structured morphotype classes adjacent to, and on features, with sand inundation (grey

shading) covering reef between ledge features, limiting growth of associated taxa.

29



641

642
643
644
645

646

Tables

Table 1. P-values from pairwise comparison of the morphotype assemblage relationship with
distance categories using Nemenyi-test with Chi-squared approximation for (a) morphotype

richness, (b) Shannon-Wiener's H’, and (c) evenness. Grey shaded cells indicate non-

significant differences.

5-10m 10-20m 20-40m 40-80m

20-40m 0.00
40-80m <0.001 <0.001 <0.001 <0.001

>80m  <0.001 <0. . <0001 <0.001
b)

1-5m
5-10m

10-20m 095

20-40m <0.001 0001 <0 J1 0.02
40-80m <0.001 <0.001 ~uv.00 '0.001 0.02
>80m <0.001 <0.001 <0101 <C~".L <0.001 0.20

20-40m <0.001 0.001 <0.001 0.02
40-80m <0.001 <0.001 <0.001 <0.001 O0°¢
>80m <0.001 <0.001 <0.001 <0.001 <0rJl .02
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Table 2. Contribution, in percentage (%), of the groups obtained from the proportion cover data of the morphotype classes, which contribute to
dissimilarities (cut-off 70 %) between distance categories. Percent contributions are presented in parentheses. Grey shading represents those

pairs of distance categories that did not contain significantly different morphotype compositions.

0Om 1-5m 5-10m 10-20m 20-40m 40-80m >80m

0Om Bryozoa/Cnidaria
/Hydroid matrix
(57.08 %)
Encrusting
sponges
(30.24 %)

1-5m Bryozoa/Cnidaria Bryozoa/Cnidaria
/Hydroid matrix ~ /Hydroid matrix

(37.11 %) (64.64 %)
Encrusting Encrusting
sponges sponges
(20.57 %) (14.53 %)
Branching erect

sponges

(12.49 %)

5-10m Bryozoa/Cnidaria Bryozoa/Cnidaria Bryozoa/Cnidaria
/Hydroid matrix ~ /Hydroid matrix ~ /Hydroid matrix

(38.07 %) (37.40 %) (70.92 %)
Encrusting Branching erect
sponges sponges
(22.12 %) (14.23 %)
Branching erect Encrusting
sponges sponges
(10.12 %) (13.00 %)
Soft Bryozoa
(5.66 %)
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10-20m Bryozoa/Cnidaria Bryozoa/Cnidaria
/Hydroid matrix ~ /Hydroid matrix

Bryozoa/Cnidaria
/Hydroid matrix

(39.32 %) (38.74 %) (76.62%)
Encrusting Branching erect
sponges sponges
(23.03 %) (14.50 %)
Branching erect ~ Encrusting
sponges (9.99 %) sponges

(13.28 %)

Soft Bryozoa .

(5.60 %)

20-40m  Bryozoa/Cnidaria Bryozoa/Cnidaria Bryozoa/Cnidaria Bryozoa/Cnidaria Bryozoa/Cnidaria

/Hydroid matrix ~ /Hydroid matrix /' .ydro 1 matrix ~ /Hydroid matrix ~ /Hydroid matrix
(41.27 %) (40.97 %) 41.33 ")) (43.21 %) (79.62 %)
Encrusting Branchingerect b.°7 aIn e ot Branching erect
sponges sponges spong( » sponges
(24.01 %) (12.48 %) (12.28 A (11.76 %)
Branching erect  Encrusting Encrusting ~faunal
sponges (9.43 %) sponges sponges (8.2- %"  bio Irbation

(12.88 %) Infaunal 9 29)

Soft Bryozoa bioturbation =NCr oth

(4.97 %) (6.5 %) sy .nges (.34 %)

Massive sponges
(3.79 %)
40-80m Bryozoa/Cnidaria Bryozoa/Cnidaria Bryozoa/Cnidaria Bryozoa/Cnid~ .a b Bryozoa/Cnidaria

/Hydroid matrix ~ /Hydroid matrix

/Hydroid matrix

/Hydroid ma.ix /Hydroid matrix

(42.45 %) (42.59 %) (43.44 %) (45.33 %) (82.30 %)
Encrusting Branching erect ~ Branching erect Branching erect
sponges sponges sponges sponges
(24.66 %) (14.69 %) (12.51 %) (12.08 %)
Branching erect ~ Encrusting Encrusting Infaunal
sponges (9.37 %) sponges sponges (7.72 %)  bioturbation
(13.06 %) Infaunal (9.04 %)
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bioturbation Encrusting

(5.28 %) sponges (7.87 %)
Massive sponges

(3.82 %)

>80m

Bryozoa/Cnidaria
/Hydroid matrix
(43.35 %)
Encrusting
sponges

(25.05 %)
Branching erect
sponges (8.76 %)

Bryozoa/Cnidaria
/Hydroid matrix
(43.23 %)
Branching erect
sponges

(14.13 %)
Encrusting
sponges

(13.25 %)

Bryozoa/Cnidaria
/Hydroid matrix
(43.92 %)
Branching erect
.nonges

(1. 56 %)

Er rusting
sponaes (7.59 %)
I .aunc'

ioturb on
(7 1)

Massi* 2's, N as
(4.00 9\

Bryozoa/Cnidaria
/Hydroid matrix
(45.39 %)
Branching erect
sponges

(10.89 %)
Infaunal
bioturbation
(9.31 %)
Encrusting
sponges (7.83 %)

Bryozoa/Cnidaria
/Hydroid matrix
(47.28 %)
Infaunal
bioturbation
(16.83 %)
Branching erect
sponges (9.53 %)

Bryozoa/Cnidaria
/

Hydroid matrix
(78.99 %)
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651  Fig 1.
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658 Fig4

a) Assemblage 2D Stress: 0

c) Bryozoa/
Cnidaria/
Hydroid
Matrix

c) Branching
erect
sponges

d) Encrusting

sponges ‘. [ ]

2D Stress: 0.1

e) Infaunal 2D Stress: 0.1
bioturbation
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Figure 1. Distance categories from outcropping reef ledge features ar. . pos™..on of the selected images
from autonomous underwater vehicle used in the analysis of biodiversity trends in the Flinders Marine

Reserve.
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Table 1. Mean proportion cover for the morphotype and substrata classes observed in selected images from autonomous underwater vehicle

surveys for each distance from nearest outcropping reef feature category.

Distance Category

Morphotype class Om 1-5m 5-10 m 10-20 m 20-40 m 40-80 m >80 m

Mean Standard Mean Standard Mean Standard Mean Standard Mean Standard Mean Standard Mean Standard

Error Error Error Error Error Error Error

Ascidians stalked 0.00 0.00 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
(colonial)
Ascidians unstalked 0.00 0.00 0.01 ».01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ascidians unstalked 0.21 0.06 0.09 0.3 0.05 0.03 0.01 0.01 0.01 0.01 0.01 0.01 0.00 0.00
(colonial)
Ascidians unstalked 0.19 0.05 0.05 0.02 0..1 0.04 0.04 0.02 0.00 0.00 0.00 0.00 0.01 0.01
(solitary)
Biota (unknown) 0.00 0.00 0.00 0.00 ~.J0 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.00 0.00
Bioturbation 0.00 0.00 0.09 0.09 0 4 nr2 0.06 0.02 0.19 0.07 0.11 0.05  0.09 0.03
Bryozoa/cnidarian/hydr 5.51 0.48 3.92 0.37 2.5 il 2.14 0.24 1.19 0.20 1.01 0.21 0.83 0.26
oid matrix
Bryozoa hard 0.00 0.00 0.00 0.00 0.00 ~.00 0.00 0.00 0.01 0.01 0.02 0.02 0.00 0.00
(branching)
Bryozoa hard 0.04 0.03 0.04 0.02 0.02 0.0z 2.01 0.01 0.04 0.03 0.01 0.01 0.00 0.00
(fenestrate)
Bryozoa soft 0.63 0.10 0.49 0.09 0.28 0.08 0.1 1.05 0.03 0.02 0.01 0.01 0.03 0.02
Bryozoa soft 0.01 0.01 0.09 0.04 0.02 0.02 0.0¢ ~.0R 0.03 0.02 0.06 0.03 0.03 0.02
(foliaceous)
Cnidaria colonial 0.03 0.02 0.01 0.01 0.02 0.01 0.00 .00 0.00 0.00 0.00 0.00 0.00 0.00
anemones zoanthids
Cnidaria corals black 0.00 0.00 0.04 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
octocorals (2D fan)
Cnidaria corals black 0.06 0.03 0.10 0.04 0.19 0.04 0.07 0.03 0.01 0.01 0.01 0.01 0.00 0.00

octocorals (2D fern
frond)
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Cnidaria corals black
octocorals (massive soft
corals)

Cnidaria corals black
octocorals (whip)

Cnidaria corals black
octocorals (3D fleshy
arborescent)

Cnidaria corals black
octocorals (3D non-
fleshy arborescent)

Cnidaria corals black
octocorals (3D non-
fleshy- bottle brush)

Cnidaria corals black
octocorals (3D non-
fleshy- bushy)

Cnidaria corals black
octocorals (2D fern
frond- complex)

Cnidaria stony corals
(solitary)

Cnidaria stony corals
(solitary attached)

Cnidaria hydrocorals
(branching)

Cnidaria true anemones
(other anemones)

Cnidaria tube anemones
Cnidaria hydroids
Cnidaria true anemones

0.00

0.01

0.17

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00
0.17
0.01

0.00

0.01

0.05

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00
0.06
0.01

0.00

0.06

0.13

0.04

0.00

0.00

0.00

0.01

0.01

0.01

0.00

0.00
0.13
0.00

0.00

0.02

0.04

0.02

0.u.

0.00

0.00

0.01

0.01

0.01

0.00

0.00
0.05
0.00

0.00

0.15

0.14

0.01

0.02

~J0

0.00

0.01

0.00

0.00

0.00

0.00
0.07
0.00

0.00

0.04

0.05

0.01

0.02

0.00

0.r

0.01

0.00

0.00

0.00

0.00
0.03
0.00

0.00

0.03

0.10

0.02

0.00

0.00

0.00

0.00

C.J1

0.00

0.00

0.00
0.01
0.00

0.00

0.02

0.03

0.01

0.00

0.00

0.00

0.00

v 01

0.00

0.00
0.01
0.00

0.00

0.01

0.06

0.01

0.00

0.00

0.02

0.00

0.01

0.00

0.00

0.00
0.03
0.00

0.00

0.01

0.04

0.01

0.00

0.00

0.01

0.00

0.01

0.00

0.00

0.00
0.02
0.00

0.01

0.00

0.02

0.00

0.00

0.01

0.00

0.00

0.03

0.00

0.00

0.00
0.01
0.00

0.01

0.00

0.02

0.00

0.00

0.01

0.00

0.00

0.03

0.00

0.00

0.00
0.01
0.00

0.00

0.02

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.01
0.01

0.00
0.00
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0.00

0.01

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.01

0.01
0.00
0.00



Echinoderms feather
stars (unstalked
crinoids)
Echinoderms sea
urchins (irregular
urchins)

Fishes bony fishes

Fishes elasmobranchs
(rays/skates)

Macroalgae encrusting
(red)

Macroalgae encrusting
(red calcareous)

Macroalgae erect coarse
branching (brown-
detached)

Macroalgae erect fine
branching (red)

Molluscs (gastropods)

Sponges crusts
(creeping ramose)
Sponges crusts
(encrusting)
Sponges erect forms
(branching)
Sponges erect forms
(laminar)

Sponges erect forms
(palmate)

Sponges erect forms
(simple)

Sponges erect forms
(stalked)

Sponges hollow forms

0.00

0.00

0.01
0.00

0.00

0.00

0.01

0.00

0.00
0.11

2.89

1.02

0.03

0.00

0.03

0.01

0.01

0.00

0.00

0.01
0.00

0.00

0.00

0.01

0.00

0.00
0.04

0.28

0.14

0.02

0.00

0.03

0.01

0.01

0.00

0.00

0.03
0.00

0.00

0.00

0.00

0.00

0.00
0.02

1.26

1.41

0.10

0.01

0.01

0.00

0.01

0.00

0.00

0.02
0.00

L0

0.00

0.00

0.00
0.01

0.17

0.21

0.04

0.01

0.01

0.00

0.01

0.02

0.00

0.01
0.00

0.00

0.01

0.u)

0.00
0.07

0.70

0.74

0.05

0.00

0.02

0.00

0.00

0.01

0.00

0.01
0.00

0.00

0.01

0.00

n.re

0.r
.03

0.15

0.11

0.02

0.00

0.01

0.00

0.00

0.00

0.03

0.02
0.00

0.01

0.06

0.00

0.00

0.01
0.04

0.50

(.06

0.05

0.00

0.05

0.00

0.00

0.00

0.02

0.01
0.00

0.01

0.06

0.00

0.00

0.01
0.03

0.10

v 10

v.00

0.02

0.00

0.00

0.00

0.00

0.01
0.00

0.00

0.00

0.00

0.00

0.00
0.00

0.15

0.28

0.02

0.00

0.02

0.00

0.00

0.00

0.00

0.01
0.00

0.00

0.00

0.00

0.00

0.00
0.00

0.04

0.08

0.01

0.00

0.01

0.00

0.00

0.00

0.00

0.00
0.00

0.00

0.00

0.00

0.00

0.00
0.04

0.05

0.27

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00
0.00

0.00

0.00

0.00

0.00

0.00
0.02

0.02

0.08

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.01
0.01

0.00

0.00

0.00

0.00

0.00
0.06

0.01

0.07

0.00

0.00

0.00

0.00

0.00

45

0.00

0.00

0.01
0.01

0.00

0.00

0.00

0.00

0.00
0.04

0.01

0.03

0.00

0.00

0.00

0.00

0.00



(barrels)

Sponges hollow forms
(cups and alikes)

Sponges hollow forms
(cup/goblet)

Sponges hollow forms
(incomplete cup curled
fan)

Sponges hollow forms
(tabular)

Sponges hollow forms
(tubes and chimneys)
Sponges massive forms
Sponges massive forms
(balls)

Sponges massive forms
(simple)

Worms (polychaetes
tube worms)

Substrata class
Substrate
unconsolidated soft
(biologenic)
Substrate
unconsolidated soft
(coquina shellhash)
Substrate
unconsolidated soft
(screwshells)
Substrate
unconsolidated soft
(gravel 2-10mm)
Substrate
unconsolidated soft
(pebble/gravel 10-

0.01

0.06

0.01

0.02

0.04

0.33
0.04

0.01

0.01

5.70

0.00

0.01

0.00

0.00

0.01

0.04

0.01

0.01

0.02

0.07
0.02

0.01

0.01

0.72

0.00

0.01

0.00

0.00

0.05

0.03

0.02

0.02

0.11

0.43
0.03

0.16

0.00

1.00

0.02

0.00

0.00

0.07

0.03

0.02

0.02

0.01

+.05

0.00
0.02

0.05

0.00

0.35

0.01

0.00

0.00

0.04

0.01

0.06

0.02

0.00

0.09

0.24
U3

TJ7

0.1

0.37

0.12

0.00

0.08

0.03

0.01

0.03

0.02

0.00

0.03

0.06
0.02

0.04

£.0

L 15

0.10

0.00

0.04

0.02

0.02

0.05

0.01

0.00

0.03

0.10
0.01

0.14

0.00

0.00

0.00

0.06

0.01

0.03

0.01

0.00

0.02

0.03
0.01

0.05

0.00

0.00

N.04

r.J0

0.00

0.03

0.00

0.00

0.00

0.00

0.04

0.03
0.00

0.11

0.00

0.00

0.09

0.00

0.00

0.07

0.00

0.00

0.00

0.00

0.02

0.02
0.00

0.03

0.00

0.00

0.03

0.00

0.00

0.03

0.00

0.00

0.00

0.00

0.01

0.00
0.00

0.14

0.02

0.00

0.05

0.00

0.00

0.02

0.00

0.00

0.00

0.00

0.01

0.00
0.00

0.07

0.02

0.00

0.02

0.00

0.00

0.02

0.00

0.04

0.02

0.00

0.00

0.00
0.01

0.08

0.00

0.00

0.04

0.00

0.00

0.04
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0.00

0.04

0.02

0.00

0.00

0.00
0.01

0.04

0.00

0.00

0.02

0.00

0.00

0.02



64mm)

Substrate
unconsolidated soft
(coarse sand with shell
fragments)

Substrate
unconsolidated soft
(sand/mud 2 mm no
shell fragments)
Substrate
unconsolidated soft
(mud/silt 64 um)
Substrate consolidated
hard (cobbles)

Substrate consolidated
hard (rock)

7.61

0.00

0.01

0.00

0.00

0.80

0.00

0.01

0.00

0.00

14.85

0.07

0.00

0.00

0.00

0.78

0.05

.00

0.00

0.00

18.53

0.00

0.01

w1

~.J0

0.62

0.00

0.01

0.01

0.00

20.43

0.00

0.00

0.01

0.00

0.42

0.00

0.00

0.01

0.00

22.53

0.00

0.00

0.02

0.00

0.31

0.00

0.00

0.01

0.00

23.07

0.00

0.00

0.00

0.02

0.32

0.00

0.00

0.00

0.02

23.59

0.00

0.00

0.02

0.00

0.37

0.00

0.00

0.01

0.00
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