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Abstract

The southern Australian continental slope is engraved by a series of submarine canyons.
Approximately 80 km east of Albany city, the Bremer Marine Park covers an area that
includes a system of canyons, the Bremer Canyon System (BCS). Between January and
February 2020 it was explored, for the first time, during the oceanographic cruise
“FK200126” lead by the Schmidt Ocean Institute, the Institute of Marine Sciences and
the Institute of Polar Science of the Italian National Research Council (CNR-ISMAR,
CNR-ISP) scientific team, during the RV Falkor expedition. The BCS is known to host
a rich biodiversity, thanks to its geomorphology, current circulation and nutrient flow.
Studies on biodiversity in this area documented the presence of a diversified community
of cold-water corals (CWC) and a rich associated fauna encompassing different
taxonomic components. Among these, Echinodermata represents an important
component.

Echinodermata is a cosmopolitan and worldwide-spread Phylum, populating both soft
and hard bottoms from shallow waters to the deep sea. However, information regarding
the variables influencing the distribution of specimens within the Phylum
Echinodermata in deep-sea environments is scarce in the literature. The aim of this thesis
is to provide the first assessment of the factors influencing the distribution, the
taxonomic diversity and abundance of Echinodermata in the Bremer Canyon System.
Three ROV (Remote Operated Vehicle) dives were selected from a set of videos
collected during the RV Falkor exploration of the BCS, performed between January and
February 2020 by Schmidt Ocean Institute, the Institute of Marine Sciences and the
Institute of Polar Science of the Italian National Research Council (CNR-ISMAR, CNR-
ISP), and analyzed for taxonomical identification.

A total of 1252+1.76 organisms belonging to 62 different taxa have been individuated
in the transects, within the classes Crinoidea, Ophiuroidea, and Echinoidea. The depth
of dives and the concentration of dissolved oxygen in water were tested to explore the
contribution of environmental conditions to the distribution of the identified specimens
of Echinodermata. No statistically significant relations were observed, confirming the

cosmopolitan nature of this Phylum.



A strong correlation between the Echinodermata richness and Cnidaria richness was,
however, obtained, with the highest values of both abundance and taxonomic richness
of echinoderms documented in sites of occurrence of black corals, scleractinians and
octocorals.

The results suggest that biotic factors may play a major role in influencing the
distribution of echinoderms in the BCS, with some specimens, especially crinoids,
ophiuroids and echinoids, potentially benefiting from the presence of some Cnidaria’s
order, in terms of refuge availability, as well as food supply and suitable substrate

provided.



1. Introduction

1.1 Deep-water submarine canyons as biodiversity hotspots

Submarine canyons are common geomorphic features that could be found on the margin
of many ocean-facing countries. They were firstly described by marine geologists for
their role as conduits for sediment export from continental shelf to the deep sea over
geologic timescales (Puig et al., 2014; Fernandez-Arcaya et al., 2017).

These geological formations are also known to influence oceanographic processes such
as sediment and nutrient transport and currents flow.

Such a role is related to the their complex geomorphology: steep walls, heterogeneous
seafloor, from rocky outcrops to soft sediment (Latras et al., 2007; Mc Clain et al., 2010;
Huang et al., 2014) and a complex sea-bottom morphology (Porter-Smith et al., 2012;
Fernandez-Arcaya et al., 2017).

The peculiar and complex oceanographic conditions related to submarine canyons
increase primary productivity and particulate concentrations (Skliris et al., 2006; Amaro
etal., 2016), making canyons hotspots of biodiversity and biomass (Bouchet et al., 2018;
Bergain et al., 2018; Salgado Kent et al., 2021).

Numerous studies demonstrated the presence of rich benthic communities populating
submarine canyons, including highly diverse megafauna (De Leo et al., 2010; Currie &
Soroki, 2014, Davies et al.,2014).

Benthic richness arguably depends on multiple factors (Schlacher et al.,2007, Mc Clain
& Barry, 2010), primarily suitable physical-chemical conditions and substrates, and
food (Bett et al. 2001, Ruhl & Smith 2004, Mc Clain & Barry, 2010).

However, the information about the biodiversity characterizing submarine canyons is
constantly growing due to the advent of new technologies, for example remotely
operated vehicles (ROV) (Mc Clain & Barry, 2010).



1.1.1 Cold-water Corals as habitat formers

Among the benthic habitats that populate submarine canyons are Cold-water corals (Van
Rooij et al. 2010°; Huvenne et al. 2011; Robert et al., 2015). Roberts et al., 2006,
provides a clear definition: “Cold-water corals (CWCs) are azooxanthellate, lacking
symbiotic algae, filter-feeders, from the anthozoan orders Scleractinia (stony corals),
Octocorallia (soft corals), Anthipatharia (black corals) and the hydrozoan family
Stylasteridae (hydrocorals)”.

Cold-water corals can build carbonate reef-like structures in the deep-water seabed,
modifying the seafloor topography, water currents flow, nutrient and carbon cycling
(White et al. 2012). In this way, they could serve as habitat to a rich associated fauna,
supporting the food chain, promoting species interaction and providing refuges (Roberts
et al.,2006; Cairns, 2007; Wagner et al.,2011; Morris et al., 2013, Henry & Roberts,
2017). The study of these species started whit the development of underwater
technologies, such as ROV, that allowed to investigate deep-sea environments (Freiwald
et al.,2004; Robert et al.,2015). Most of the information about these taxa are limited to
Mediterranean and Atlantic regions, to date (Angeletti et al., 2014; Cordes et al., 2017;
Taviani et al., 2017).

1.2 Deep-water Echinodermata

A group of organisms that can be easily observed in correspondence of the CWCs
habitats is within the Phylum Echinodermata. It is a cosmopolitan highly-diversified
Phylum of invertebrates that are morphologically characterized by a pentaradiated
symmetry during the adult stage. There are five classes belonging to this Phylum:
Crinoidea, Asteroidea, Ophiuroidea, Holothuroidea and Echinoidea (Arnone et al.,
2015).

Echinoderms may take advantage from the complex architecture of CWCs habitats,
which offer both sheltered cavities often containing organic rich sediments, and high
water flows with little sedimentation on the outer parts of CWCs colonies (Roberts et
al., 2009; Henry et al., 2017). A proof of this interaction is bioerosion traces left by
Echinoidea and Asteroidea on the CWCs skeleton (Krieger & Wing, 2002; Stevenson
& Rocha, 2016). The Phylum Echinodermata encompasses, however, extremely diverse

organisms with different preferences. Holothuroidea and Crinoidea are widely present
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in most of deep-water environments, but they seem to prefer substrates composed of
coral rubble and mobile sediments (Smith & Stockley, 2005).

Crinoids, suspension feeders, take direct advantages from the presence of CWC, as they
modify local hydrodynamics food particles transport nearby the reef (Henry et al.,
2013a).

Ophiuroids, instead, display a wide range of feeding strategies, such as suspension-
feeding, deposit-feeding, scavenging and predation. They are often found on the
branches of hard corals belonging to Scleractinia order and soft corals like Alcyonacea
(Miyamoto et al., 2017). For example basket stars use corals as supports to better catch
plankton with their multi-branched arms, while several species in the Family Ophiuridae
hide between corals branches and directly pray on their polyps (Stéhr et al., 2012).
Also, Asteroidea and Echinoidea are frequently observed in CWC habitats. These
Classes include a variety of omnivorous and carnivorous species that prey on coral
biofilm (Van Oevelenet al. 2009) or directly feed on live corals and coral skeletons.
Echinoids have been documented to use CWC interior base or skeleton as a refuge, in
presence of predators such as fish and decapods (Stevenson et al., 2014).

Knowledge about the nature of these associations is, however still scarce, with little
evidence about the relationships between deep-water corals and echinoderms in the
literature (Mortensen 2001, Roberts et al., 2006).

1.2.1 Echinodermata in the South-Western Australian submarine canyons
Australian mainland is surrounded by 713 submarine canyons, with the greatest number
in the southern margin, because of its narrow and steep continental shelf (Heap & Harris,
2008). These submarine canyons are very ancient, maybe originated during the
Mesozoic rifting of Southern Australia from the Indo-Antarctic (Heap et al., 2008;
Huang et al., 2014) and differ from the other worldwide submarine canyons because
they aren’t directly connected to the landward (Trotter et al., 2021).

Due to their morphology and local currents, such as the northern limb of the Southern
Ocean circulation system (Sarmiento et al., 2004; Pattiaratchi 2007), SW Australian
submarine canyons are associated with periodic upwelling phenomena which contribute

to the ecological functioning and integrity of this area (Pattiaratchi 2007; Taviani et al.,



2023). These narrow-spaced canyons, allow high amounts of organic matter to reach the
abyssal plain, sustaining a high biodiversity (Richardson et al. 2005; Hill et al., 2005).

Data about the distribution and diversity of Echinodermata in SW Australian canyons
are spare. Currie & Sorokin, 2014 found that Echinoderms were the most wide-
distributed Phylum in two different Australia’s southern continental margin submarine
canyons. More was discovered by Trotter et al., 2019 during the first deep-sea ROV
exploration in the Perth Canyon that occurred in 2015 and the Falkor expedition cruise

performed in 2020 in the Bremer canyon systems, Perth Canyon and Mount Gabi.

1.3 Aim of the study

The aim of the study is to explore the distribution and the biodiversity, in terms of
taxonomic richness and abundance, of Echinodermata in the Bremer Canyon system
(BCS) by analyzing a set of ROV videos collected at different depths. The thesis also
investigates patterns in the distribution of echinoderms considering both abiotic factors,
such as depth, dissolved oxygen and substrate types, and biotic factors, for instance, the

presence of other taxa.



2. Materials and method

2.1 Study area: Bremer Canyon System (BCS)

The Bremer Canyon region is located in the center of the inshore Southwest Integrated
Marine and Coastal Regionalization of Australia province (IMCRA) (Meeuwig&
Turner, 2017), situated 80 km east of Albany city.

This region covers an area of over 4380 km?, whose seabed is engraved and deeply
incised from the upper slope by a series of submarine canyons. Among these is the
Bremer Canyon System (BCS) within the Bremer Marine Park.

A series of ROV dives have been conducted in and around the four main submarine
canyons into which this system is divided: Bremer canyon, Hood canyon, near the mouth
of the Henry and Knob canyons (Exton et al., 2005; Trotter et al., 2022), oriented
roughly perpendicular to the continental margin and directly facing the Southern Ocean
(Fig.1).

Specifically, the three ROV dives considered in the thesis were recorded in
correspondence of the Bremer and Hood canyons.

The first has five main V-shaped branches extending from 140 m to 380 m deep in the
shelf break and joining each other at about 2200 m into the flat and U-shaped Bremer
channel. This main channel runs obliquely in a southwest direction to the continental
shelf, instead, the orientation of the canyon branches runs from southwest to the
southeast (Trotter et al., 2022). The canyon slope angle is maximum inside the canyon
mouth, about 60°, with the flanks on the west side becoming steep walls.

The head of the Hood canyon has numerous inlets which converge in a5 km wide central
channel that is around 2500 m deep and runs perpendicular to the Australian continent.
The Hood Canyon deeply incises the continental slope and its wide mouth extends from
500 m to 600 m deep, for about 40 km. At this point, there is an abrupt increase in
seafloor grade, from around 10° up to 65°, and then progressively decreases towards the
South (Trotter et al., 2022).
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Fig.1. Study area overview, showing the location of the Bremer Canyon Systems. The map was realised with
ArcMap 10.7 (© ESRI).



2.2 Data collection

2.2.1 ROV data collection: fauna and seawater data

From 26th January 2020 to 26th February 2020, the R/V Falkor of the non-profit
foundation the Schmidt Ocean Institute explored the BCS’s deep-water habitats during
the oceanographic cruise “FK200126” lead by the National Research Council Institute
of Marine Environmental Research (CNR-ISMAR), National Research Council Institute
of Polar Sciences (CNR-ISP) located in Bologna and the University of Western
Australia (UWA).

The survey has been conducted through the use of SuBastian, the Schmidt Ocean
Institute’s ROV, with the aim to collect samples and collected data during 17 dives for
post-cruise geochemical and faunal analysis, especially about CWC habitats and CWC
species distribution.

SuBastian is a robotic vehicle capable of diving to 4500 meters, designed and built
specifically for ocean science off of Research Vessel Falkor. The ROV is outfitted with
a suite of sensors and specialized equipment to support scientific data and sample
collection, as well as interactive research, experimentation, and technology
development.

During this expedition, the ROV was equipped with HD and 4K UHD cameras, which
allowed to collect high-resolution visual recording of the seabed’s benthic fauna, along
the transect routes.

The vehicle descended rapidly to a pre-determined depth and covered the transect from
deeper to shallower areas searching for suitable habitats.

Squidle+ and Sealog software were used to register samples and observation’s data from
the bottom-depth.

During its surveys, SuBastian collected also seawater data, with a 12 L Niskin bottle
mounted on a Rosette system provided with a Seabird SBE 911plus CTD and Wet Labs
ECO-FLNTU which allowed to collect information about temperature, salinity, and

dissolved oxygen. See FK200126 cruise report for further details (Trotter et al., 2021).
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Fig.2. The Bremer Canyon System with the location of the selected ROV dives. The map has been realised with
ArcMap 10.7 (© ESRI).

2.2.2 Geophysical data

High-resolution bathymetric data, which encompassed an area of more than 11,000 km?
(Trotter et al., 2022), have been obtained using Falkor’s multibeam sonar systems
Kongsberg EM 302 and 710 and processed both onboard and post-cruise using Qimera
software, by CNR-ISMAR scientific staff.

An interactive process of selecting and rejecting sounding, furthermore, a detection
function which automatically rejected outliers, have been used to “cleaned” the data
using the Swath Editor.

Finally, a Digital Terrain Model (DTM) was generated at 30 m resolution for each
canyon, and one, at the higher resolution for the ROV dive areas. The models were
exported in ASCII files and analyzed using ArcGIS 10.5 (© ESRI).
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2.3 Data processing

2.3.1 Video analysis

Three videos (S0314, S0317, S0322) were selected from the entire dataset for the
taxonomic analysis, with a special focus on Echinodermata. The videos had a duration
that varied from 7 to 10 hours. Adelie Video 3, a software developed to visualize, handle,
and enhance images, videos and data recorded during underwater vehicle dives, was
used to georeference the videos using their navigation files, which were smoothed
through Adelie GIS software developed for ArcGIS. A frame every 10 seconds were
extracted from the videos, obtaining about 8,000 images (Tab. 1).

The frames were analyzed by counting and identifying Echinodermata specimens at the
lowest possible taxonomic rank, starting from the moment in which the ROV reached
the bottom. Corals and other associated fauna were also identified and reported as
presence-absence. Images have been matched with the corresponding high-definition
video to improve the efficiency of recognition when needed.

A large dataset reporting the abundances and taxonomic diversity of Echinodermata and
presence-absence of other benthic fauna (Annelida, Arthropoda, Chordata, Cnidaria,

Mollusca and Porifera) has been obtained.

Tab 1. Metadata of the three dives considered in the study

DIVE DIVE START END POSITION START END BOTTOM LENGTH TOTAL
LOCATION POSITION Lat - Long DEPTH DEPTH TIME (m) FRAME
Lat - Long (ddeg) (m) (m)
(ddeg)
S0314 Hood Canyon | -34.67 - 119.76 -34.67 - 119.76 1401.42 664.64 07:23:43 1685.54 2798
S0317 Hood Canyon -34.71 - 119.67 -34.71 - 119.67 1094.97 756.46 05:38:30 1412.49 1958
S0322 Bremer Canyon | -34.63 - 119.97 -34.62 - 119.97 1089.70 632.70 08:51:05 2105.98 3212
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2.3.2 Statistical analysis

In order to compare ROV videos with different lengths and frames numbers, species
accumulation curves, which show the increase in the new species observed as a function
of sampling effort (Uglad et al., 2003), were used to randomly sub-samples the videos
transect and generated three sub-transect for each dive. The analysis was performed in
R Studio software (Team R Core, 2020) using the function “specaccum” (method
“random”, 1000 permutations, version 2.5-7) of the package vegan. The number of
frames needed to document the 70% of the noted taxa were extracted, 809 for Dive
S0314, 547 for Dive S0317 and 322 for Dive S0322, and used to sub-sample the videos.
The taxonomic richness was calculated as the average number of benthic taxa in each
ROV track. Ecological index, such as Shannon’s index, which estimates the diversity of
species within a community (Shannon, 1948).

Significant differences in the abundances of echinoderms, and Crinoidea, Ophiuroidea
and Echinoidea among the three sites were tested using Analysis of Variance (ANOVA)
or Kruskall-Wallis in R Studio software using package “vegan”. The same technique
was used to test for differences in the abundances in presence and absence of Cnidaria,
specifically, Antipatharia, Scleractinaria and Octocorallia. The Normal distribution and
variance’s homogeneity assumptions for the ANOVA test have been checked using
Levene’s test (package car) and Shapiro-Wilk test (package stats).

If significant differences between groups were obtained, pairwise comparisons were
performed using Tukey Honestly Significant Difference (package ‘“stats” with
Bonferroni p-value adjustment method).

When the ANOVA assumptions have been not fulfilled, Kruskal-Wallis test and Dunn's
test (package “dunn.test” with Bonferroni p-value adjustment method) were used.
Also, a correlation test between Echinodermata richness and Cnidaria richness was

conducted, using “cor.test()”” function on R Studio Software.
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3. Results

3.1 Abiotic variables
No significant differences in the depth of the dives were detected by Kruskall-Wallis
test. The two dives collected in the Hood Canyon, S0314 and S0317, showed
respectively an average depth of 983.7£1.2 m and 934.8+1.7 m, while S0322, recorded
in Bremer Canyon, had an average depth of 896.7+1.7m (Fig.3.A). Differences in the
dissolved oxygen were detected (p<0,05), with S0314 and S0317 showing similar
values, respectively 227.6+0.1 pmol/L and 227.4+0.1 pumol/L, while S0322 has a lower
level of 190.5+0.1 pumol/L(Fig.3.B).

All the dives imaged similar situations in terms of substrate, constituted mainly by four
typologies according to the predominant component: soft, soft+hard, hard+soft and
hard. The hard substrate was the typology observed the most and was colonized by the
highest Echinodermata richness (p<0.05), presenting also the highest abundance of
individuals belonging to this Phylum (p<0.05; Fig.3.C,D).
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Fig.3. Boxplot showing the differences of the abiotic variable, considered in the study, between the three dives:
depth (A), dissolved oxygen (B) substrate (C;D).
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3.2 Biodiversity of BCS benthic communities
A total of 189 taxa were observed during the taxonomy analysis of the extracted frames,

the communities were different, composed of Echinodermata, Cnidaria, Mollusca,
Porifera, Arthropoda, Brachiopoda and Annelida. Despite the main habitat builders were
represented by CWC, individuals of Acesta excavata were found in association with
CWC, forming aggregation on hard substrates (Fig.4a. C).

Dive S0314 presented the largest number of taxa (34.7£6.3), similar to S0322 with
33.75£10.8 taxa on average, while S0317 reported a statistically significant lower value
taxonomic richness (23.6+2.5 taxa), as confirmed by Kruskal-Wallis statistical test
(p<0.05) and Dunn test (Fig.5a.A).

Echinoderms were a major component in the explored communities. Crinoidea,
Ophiuroidea and Echinoidea were the most observed Classes in all three ROV tracks.
Holothuroidea and asteroids were also observed, being common on soft substrate
(Fig.4a.A; fig.4b.A).

Crinoids have been found in both solitary or forming groups, often in presence of other
taxa (e.g., Cnidaria), both in Bremer Canyon with 1220.3+£40.1 individuals in a depth
range from 700m to 930m and in the Hood Canyon with 229+72.5 individuals between
653m and 1280m (Fig.4c.E).

Groups of ophiuroids have been found clinging on cnidarians, especially on Antipatharia
and Octocorallia (e.g., Corallium, Paragorgiidae), in all the dives within the depth range
654-1338m. About 226.3+24.2 ophiuroids have been counted in the Bremer Canyon,
while 73£13.3 were in the Hood Canyon (Fig.4a. C,D; Fig4c. C,E).

Also, echinoids were common, with the highest value of about 27+£4.5 individuals in
S0322, while 26+3.6 individuals were in S0314 and only 5£1.7 in S0317. Often, they
were leaned on the hard bottom or stuck on Antipatharia’s branches (Fig.4b. D; Fig.4c.
B).

Of interest, was the presence of the echinoids Dermechinus horridus in Dive S0314 and
Dive S0322, found on hard bottom or on Antipatharia’s branches where individuals

seem to form a kind of aggregation (Fig.4a. E; Fig.4b. D; Fig.4c. B,E).
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Holothuroids and asteroids were less abundant, rarely found on hard substrate, they
seemed to prefer the soft one, except the sea star Brisingidae family, found clinging in
group on Antipatharia branches in Dive S0314 (Fig4a. E; Fig.4b. D).

Quantitatively, echinoderms were equally abundant and presented a similar taxonomic
richness in the three analysed dives. The largest abundance was found in the shallowest
Dive S0322, about 1489.6+38.7 individuals, while 515+32.3 individuals in Dive S0317
and 160+15.4 have been recorded in the deeper Dive S0314 (Fig.5.C). Identified
specimens appertained to 62 taxa, among which were crinoids, ophiuroids, echinoids,
holothurians and asteroids. The taxa were differently distributed in the dives: S0314 and
S3017 presented 9.6 +0.62 taxa, while 13.5+£1.20 taxa were identified in S0322
(Fig.5.B). The differences in abundance and taxonomic richness of echinoderms among
the dives were not statistically significant according to the Kruskal-Wallis test.
Significant differences (p<0.05) were observed in the Shannon’s index for the
echinoderms, with the highest value resulted in 1.78+0.18 for dive S0314, 1.53£0.11 in
S0322 and 0.93+0.04 in dive S0317 (Fig.5.D).

3.3 Association between echinoderms and cnidarians
During the frames analysis, echinoderms were often observed in association with

cnidarians in the three dives.

About 76 taxa of cnidarians have been identified in all three explored dives, comprising
antipatharias, scleractinians and octocorals: 39£3.6 taxa in dive S0322, 30.6+2.5 taxa in
S0317 and 30+3.6 taxa in S0314 (Fig.6a.A). Cnidarians often formed forests (Arnone et
al., 2015) characterized by the presence of abundant Echinodermata (Fig.4a.F).
Ophiuroids and crinoids often were found colonizing living and dead colonies of
Solenosmillia variables and aggregating in correspondence of individuals of the genres
Narella and Desmophyllum (Fig.4a.C).

Even when not forming forests, solitary individuals of Antipatharia on rocky bottom,
for instance, Leiopathes and Sticopathes, were colonized by a large number of different
taxa such as the echinoids Dermechinus horridus, sea stars in the family Brisingidae,
numerous small ophiuroids, basket stars and different species of crinoids (Fig.4.a.E;
Fig.4.c.E).
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Following the previous observations, a correlation test was made and it confirmed a
strong correlation between Cnidaria taxonomic richness and Echinodermata taxonomic
richness, with a Pearson correlation coefficient of r=0.94 (p<0.05)(Fig.6a.B). This
correlation may be due to the presence of some Cnidaria Orders such as Antipatharia,
Scleractinia and Octocorallia, as echinoderms were observed more often with them. To
do a detailed exploration, Kruskal-Wallis tests between absence-presence of these
Cnidarian Orders and Echinodermata abundance or taxonomic richness were conducted.
Echinoderms individuals resulted significantly more abundant where Antipatharia,
Scleractinia and Octotocorallia were present along the tracks (p<0.05), as well as they
seemed to have a greater influence on echinoids taxonomic richness (p<0.05)(Fig.6b.).
As Crinoidea, Ophiuroidea and Echinoidea were the Echinodermata Classes observed
forming associations with these three Cnidaria orders, other statistical tests were
conducted.

Sites with the occurrence of antipatharians reported significantly higher abundances for
Crinoidea and Echinoidea (p<0.05)(Fig.6¢c.A,E) and significantly higher taxonomic
richness for all three considered echinoderms Classes (p<0.05)(Fig.6¢.B,D,F).

The presence of coral specimens belonging to order Scleractinia favoured higher values
of abundance and richness of Echinoidea, and a higher taxonomic richness of
Ophiuroidea, as reported by Kruskal-Wallis (p<0.05)(Fig.6d. D,E,F).

Similar results were also obtained for Octocorals, whose presence supported
significantly higher values of abundance and richness of Ophiuroidea and Echinoidea,

and a higher taxonomic richness of Crinoidea (p<0.05)(Fig.6e.)
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Fig.4a. Rocky substrate of Dive S0314 (A), ophiuroids(Op) on a dead coral with Stichopates(Sp),
Stylasteridae(St), Actinaria(Ac) and a little Hyalospongiae(Hy)(B), aggregation of Narella(Na), Solenosmillia
variabilis(So), ophiuroids(Op), the clam Acesta excavata(Ae) and some cup coral(cp), some Hyalospongiae (Hy)
and Euplectella (Eu)(C), Antipatharia (An) colonized by little ophiuroids(Op), crinoids(Cr) and basket
stars(bs)(D), a Leiopathes colonized by Brisingidae(Br) and Dermechinus horridus(De)(E), Bremer Canyon
System community, with Paragorgidae(Pr), crinoids(Cr), Actinaria(Ac) and Liponema(Li)(F).
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4b. Rocky substrate of DiveS0317 (A), ophiuroids(Op) on Narella(Na) and Solenosmillia variabilis(So), an orange
Leiopathes(Le), an individual cup coral(cp) and Brachiuroidea(Br)(B), ophiuroids individuals(op), little
Stylasteridae(St) and Actinaria(Ac)(C), a big Brisingidae(Br) on a dead coral with ophiuroids(Op), crinodis(Cr),
echinoids(Ec), Dermechinus horridus(De) and a basket star(bs), a snail belonging to Fusitrion genera(Fs)(D), a
closer imagine of a cup coral Desmophyllum(De) and a crinoids(Cr), with a little Stylasteridae(St)(F).
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Fig.4c. Rocky wall colonized by Stylasteridae(St), Zoantaria(Zo), a red Aantomasthus(An), little basket star(bs)
and holothuroid(Ho)(A), an aggregation of crinoids(Cr), the clam Acesta excavate(Ae), ophiuroids(Op),
echinoids(Ec) and Dermechinus horridus(De) on a Paragorgidae individual (Pa)(B), an ophiuroid(Op) hidden
between a Paragorgidae(Pa) branches, on the substrate crinoids(Cr) and Stylasteridae(St)(C), Antipatharia(An)
with some ophiuroids(Op) on it (D), a big Antipatharia(An), colonised by ophiuroids(Op), crinoids(Cr),
Dermechinus horridus(De), a big pink Actinaria (Ac), in the middle, smaller crinoids (Cr) on the rocky wall with

cup corap(cp)(E).
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4. Discussion

The Bremer Canyon System, located in correspondence of a marine protected area
(Marine Bremer Park), is known to represent a biodiversity hotspot. Its canyons, with
their steep and narrow walls, receive organic material from the near productive lands
(Richardson et al. 2005) and contribute to creating suitable conditions for an incredibly
rich and differentiated fauna (Trotter et al. 2022). Among them, Cold-Water Corals
(CWC) are the conspicuous inhabitant of this deep-sea environment, playing a key role
as habitat-former and providing different ecosystem services, such as carbon sink, food
resources, and refuge (Fabri et al., 2017; Van de Beld et al., 2017). The peculiar currents
and water masses in the BCS generate conditions suitable for the presence of CWC
(Woo & Pattiaratchi 2008; Duran et al., 2020), with dissolved oxygen exceeding the
minimum level required for the survival of CWC species even in the deepest sections of
the explored canyons (Addamo et al., 2016).

Among the megafauna associated with CWC ecosystems, Echinodermata received
comparatively less attention with a scarce number of studies reporting quantitative
information on this Phylum. The analysis of about 8,000 frames extracted from high-
resolution video allowed to provide the first quantitative assessment of the distribution
and richness of echinoderms in the BCS.

It is well known that Echinoderms can easily adapt and occupied a wide range of
environmental conditions (Stohr et al., 2012; Mecho et al., 2019), from the shallowest
depth of tide pools to the deepest depth of the abyss, without preferences (Mecho et al.,
2014; Mironov et al., 2018). Previous studies have shown that they can colonize
substrate exposed to a different amount of dissolved oxygen, from very low
concentration to higher, when water is renewed by local currents (Chiang & Quifiones
2007; Cariete et al., 2012).

The analysis of ROV videos confirmed the cosmopolitan nature of the Phylum, being
present in a wide depth range, varied from 200 m to 2000 m, of the Hood Canyon and
Bremer Canyon. Indeed, abundance and richness of Echinodermata resulted as not being
influenced by the depth, used also as a proxy of variation of depth-related variables
(such as temperature, nutrients), and dissolved oxygen. Despite a set of different abiotic

variables that may influence the distribution of benthic fauna, the results here reported
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suggesting that the distribution of Echinodermata in the BCS might not be significantly
influenced by physical-chemical conditions.

Contrarily, the typology of substrate seems to play a major role in shaping
Echinodermata distribution in the BCS, with crinoids, ophiuroids and echinoids often
occupied hard substrates (McClain et al., 2010).

Furthermore, the co-occurrence with cnidarians suggests that abundance and richness of
echinoderms might be favoured by the presence of corals. The rocky steep walls of the
canyons host various Orders of Cnidarian, specially Antipatharia, Scleractinia and
Octocorallia, on which it was common to find echinoderms, where they seemed to find
a shelter, food source, or a good substrate to live. For instance, branches of individuals
of Primnoidea and Paragorgidae branches were observed highly colonized by
echinoderms. Corals belonging to the Caliptrophora genre often have been found
forming spectacular forests, inhabited by a rich and abundant Echinodermata
community, especially ophiuroids like basket stars and different species of crinoids.
Along the flatter margin of the head of the Hood Canyon, black corals hosted basket
stars, big Brisingidae individuals, little brittle stars, crinoids and Cidaridae sea urchins.
Antipatharians, Acesta excavata, actinians and stylasterids have been found on the steep
wall of the Bremer canyon forming aggregations with hundreds of crinoids, brittle stars
and echinoids.

A species that has raised particular attention was Dermechinus horridus, which has been
observed both numerous aligned on the hard and flat bottom of Hood Canyon and sparse
grabbed on Antipatharia’s branches. Despite the scarce literature on cactus urchins,
however, prevents to understand the exact reason for this aggregative behaviour, this
species might use corals as support to better reach the water column or as a source of
organic particles during grazing (Rowden et al., 2010).

In the sheltered areas of the BCS, patches of Octocorals (e.g., Narella and Corallium)
with Solenosmillia variabilis not only were observed in association with glass sponges,
solitary corals in the Genus Desmophyllum, zoanthids, brachiopods and bivalves, but
also provided refuge for crinoids and brittle stars.

A statistically strong correlation between Echinodermata and Cnidaria richness was

found, confirming the contribution of cnidarians to create suitable conditions for
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echinoderms’ lives. Especially, the presence of coral specimens belonging to the Order
Antipatharia (e.g. Leiopathes and Sticopathes) favoured higher values of abundance and
taxonomic richness of Crinoidea and Echinoidea and taxonomic richness of
Ophiuroidea, although they have often been observed in large numbers hidden between
black corals branches (Stéhr et al., 2012; Ingrassia et al., 2016).

Despite Crinoidea abundance doesn’t benefit from Octocorallia, their presence resulted
as having a great influence on both abundance and taxonomic richness of Ophiuroidea
and Echinoidea, also Crinoidea taxonomic richness reach and higher value in presence
of this cnidarians. While Scleractinia’s presence supported significant higher values of
abundance and richness of Echinoidea and a higher taxonomic richness of Ophiuroidea.
The results obtained, not only confirmed how CWC in the Bremer Canyon System are
biodiversity hotspots, but also, about echinoderms, influencing their abundance and
taxonomic richness.

Although the results of the thesis support the hypothesis that biotic factors may influence
the abundance and richness of Echinodermata in the BCS, it must be acknowledged that
visual analysis is not devoid of limitations that may affect the results. Abundance and
taxonomic richness of echinoderms might be underestimated due to the behaviour of
specimens, often hiding among sessile fauna. The quality of the images can also affect
the quality of the identification.

Also, holothuroids and asteroids were poorly recorded in the analysed videos. However,
individuals of these Classes are known to populate soft substrates that were scarcely
imaged during the dives since the aim of the expedition was to explore CWC
communities (Trotter et al., 2022). Echinoderms may, then, be abundant also on soft
substrates in the BCS.

The present study, however, represents the first quantitative assessment of
Echinodermata distribution in the BCS, providing baseline information for more in-
depth future studies. To increase the knowledge on the deep-sea echinoderms populating
the BCS, it would be necessary to integrate observations with the analysis of physical

samples for more precise identification of echinoderms species.
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5. Conclusion

The Bremer Canyon System host a great variety of species. Echinodermata, represents
a consistent component of the associated fauna of BCS’s Cold Water Coral ecosystem.
The knowledge about the role and distribution patterns in deep-water habitats of this
Phylum is still scarce.

The present study provides, for the first time, general and preliminary observations
about the Echinodermata community of the Bremer Canyon System, especially in terms
of abundance and taxonomic identification. A total of 6505 Echinodermata were
counted in the BCS during the frames observations, divided into 62 different taxa,
belonging to Crinoidea, Ophiuroidea, Echinoidea, Holothuroidea and Asteroidea
Classes. Individuals, were counted and classified at the lowest possible taxonomic rank.
The analysis of ROV videos confirmed the cosmopolitan nature of the Phylum, indeed,
abundance and richness of Echinodermata resulted as not being influenced by the
abiotic variables considered: depth and dissolved oxygen. Contrarily, the typology of
substrate seems to play a major role in shaping distribution of crinoids, ophiuroids and
echinoids which preferred to occupy hard substrates, like the canyon’s steep walls and
corals.

Furthermore, the presence of cnidarians, especially species belonging to orders
Antipatharia, Scleractinia and Octocorallia, suggests that abundance and richness of
echinoderms might be favoured. They play a key role in providing food, shelter and a
good substrate. For example, Antipatharia, significantly contributed to higher
abundances and richness for Crinoidea and Echinoidea and significantly higher
taxonomic richness for Ophiuroidea. As well as, the taxonomic richness of the three
Classes and Ophiuroidea and Echinoidea abundance are positively influenced by
Octocorallia’s presence.

This study represents a starting point to improve information about the distribution of
Echinodermata in the Bremer Canyon Systems, ultimately providing further supporting
information on the biodiversity associated with CWC ecosystems that may be included

in the management and conservation of natural heritage of the Bremer Marine Park.
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7. Supplementary information

Tab.S1. Taxa identified during the frames analysis, showing the lowest rank possible division form all the

individuals.

Phylum Class Order Family Genus Species N°
Echinodermata Asteroidea Sp.1 1
Echinodermata Asteroidea Sp.2 2
Echinodermata Asteroidea Sp.3 7
Echinodermata Asteroidea Sp.4 1
Echinodermata Asteroidea Sp.5 1
Echinodermata Asteroidea Brisingida Brisingidae Sp.1 11
Echinodermata Asteroidea Forcipulatida Sp.1 1
Echinodermata Asteroidea Velatida Pterasteridae Pteraster Pteraster militaris 1
Echinodermata Asteroidea Valvatida Solasteridae Solastrer Sp.1 12
Echinodermata Asteroidea Spinulosidae Sp.1 10
Echinodermata Asteroidea Spinulosidae Sp.2 1
Echinodermata Asteroidea Valvatida Sp.1 8
Echinodermata Asteroidea Valvatida Sp.2 3
Echinodermata Asteroidea Valvatida Sp.3 4
Echinodermata Asteroidea Valvatida Sp.4 2
Echinodermata Echinoidea Cidaroidea Cidaridae Sp.1 30
Echinodermata Echinoidea Cidaroidea Cidaridae Sp.2 9
Echinodermata Echinoidea Cidaroidea Cidaridae Sp.3 5
Echinodermata Echinoidea Camarodonta Echinidae Dermechinus Dermechinus horridus 363
Echinodermata Echinoidea Echinothuroidea Echinoturidae Sp.1 68
Echinodermata Echinoidea Echinothuroidea Echinoturidae Sp.2 5
Echinodermata Echinoidea Echinothuroidea Echinoturidae Sp.3 12
Echinodermata Echinoidea Sp.1 1
Echinodermata Crinoidea Sp.1 2713
Echinodermata Crinoidea Sp.2 121
Echinodermata Crinoidea Sp.3 160
Echinodermata Crinoidea Sp.4 1348
Echinodermata Crinoidea Sp.5 7
Echinodermata Crinoidea Sp.6 59
Echinodermata Crinoidea Sp.7 15
Echinodermata Crinoidea Sp.8 538
Echinodermata Crinoidea Sp.9 21
Echinodermata Crinoidea Isocrinida Sp.1 3
Echinodermata Crinoidea Isocrinida Sp.2 7
Echinodermata Crinoidea Isocrinida Sp.3 13
Echinodermata Ophiuroidea Phrynophiurida Euryalina Sp.1 22
Echinodermata Opbhiuroidea Phrynophiurida Euryalina Sp.2 1
Echinodermata Ophiuroidea Phrynophiurida Euryalina Sp.3 1
Echinodermata Holothuroidea Sp.1 37
Echinodermata Holothuroidea Sp.2 15
Echinodermata Holothuroidea Sp.3 2
Echinodermata Holothuroidea Sp.4 2
Echinodermata Holothuroidea Sp.5 4
Echinodermata Holothuroidea Sp.6 1
Echinodermata Holothuroidea Sp.7 1
Echinodermata Holothuroidea Sp.8 1
Echinodermata Holothuroidea Sp.8 7
Echinodermata Holothuroidea Elasipodida Elpidiidae Scotoplanes Sp.1 35
Echinodermata Holothuroidea Aspidochirotida Stichopodidae Sp.1 2
Echinodermata Ophiuroidea Ophiacanthida Ophicanthidae Ophioplinthaca Sp.1 20
Echinodermata Ophiuroidea Sp.1 245
Echinodermata Ophiuroidea Sp.2 365
Echinodermata Ophiuroidea Sp.3 49
Echinodermata Opbhiuroidea Sp.4 8
Echinodermata Ophiuroidea Sp.5 515
Echinodermata Ophiuroidea Sp.6 30
Echinodermata Ophiuroidea Sp.7 182
Echinodermata Ophiuroidea Sp.8 4
Echinodermata Ophiuroidea Sp.9 2
Echinodermata Ophiuroidea Sp.10 4
Echinodermata Opbhiuroidea Sp.11 20
Echinodermata Opbhiuroidea Sp.12 1

Cnidaria Anthozoa Scleractinia Dendrophylliidae Balanophyllia Sp.1

Chnidaria Anthozoa Scleractinia Caryophyllidae Sp.1

Cnidaria Anthozoa Scleractinia Caryophyllidae Desmophyllum Sp.1
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Cnidaria Anthozoa Scleractinia Caryophyllidae Desmophyllum Sp.2
Chnidaria Anthozoa Scleractinia Caryophyllidae Solenosmilia Solenosmilia variabilis
Chnidaria Anthozoa Antipatharia Sp.1
Chnidaria Anthozoa Antipatharia Sp.2
Chnidaria Anthozoa Antipatharia Sp.3
Cnidaria Anthozoa Antipatharia Sp.4
Chnidaria Anthozoa Antipatharia Sp.5
Chnidaria Anthozoa Antipatharia Leiopathidae Leiopathes Sp.1
Cnidaria Anthozoa Antipatharia Leiopathidae Leiopathes Sp.2
Chnidaria Anthozoa Antipatharia Schizopathidae Stauropathes Sp.1
Cnidaria Anthozoa Antipatharia Schizopathidae Stauropathes Sp.2
Chnidaria Anthozoa Antipatharia Antipathidae Stichopathes Sp.1
Cnidaria Anthozoa Antipatharia Antipathidae Stichopathes Sp.2
Cnidaria Anthozoa Alcyonacea Sp.1
Chnidaria Anthozoa Alcyonacea Sp.2
Cnidaria Anthozoa Alcyonacea Sp.3
Chnidaria Anthozoa Alcyonacea Sp.4
Cnidaria Anthozoa Alcyonacea Sp.5
Chnidaria Anthozoa Alcyonacea Alcyoniidae Anthomastus Sp.1
Chnidaria Anthozoa Alcyonacea Chrysogorgiidae Iridogorgia Sp.1
Cnidaria Anthozoa Alcyonacea Isididae Sp.1
Chnidaria Anthozoa Alcyonacea Isididae Sp.2
Chnidaria Anthozoa Alcyonacea Isididae Sp.3
Chnidaria Anthozoa Alcyonacea Chrysogorgiidae Metallogorgia Sp.1
Cnidaria Anthozoa Alcyonacea Chrysogorgiidae Metallogorgia Sp.2
Cnidaria Anthozoa Alcyonacea Primnoidae Narella Sp.1
Chnidaria Anthozoa Alcyonacea Primnoidae Narella Sp.2
Cnidaria Anthozoa Alcyonacea Primnoidae Narella Sp.3
Chnidaria Anthozoa Alcyonacea Primnoidae Narella Sp.4
Cnidaria Anthozoa Alcyonacea Primnoidae Narella Sp.5
Cnidaria Anthozoa Alcyonacea Primnoidae Narella Sp.6
Chnidaria Anthozoa Alcyonacea Paragorgiidae Sp.1
Cnidaria Anthozoa Alcyonacea Paragorgiidae Sp.2
Cnidaria Anthozoa Alcyonacea Plexauridae Sp.1
Cnidaria Anthozoa Scleralcyonacea Primnoidae Calyptrophora Sp.1
Cnidaria Anthozoa Scleralcyonacea Primnoidae Calyptrophora Sp.2
Cnidaria Anthozoa Scleralcyonacea Primnoidae Calyptrophora Sp.3
Cnidaria Anthozoa Scleralcyonacea Coralliidae Corallium Sp.1
Cnidaria Anthozoa Scleralcyonacea Coralliidae Corallium Sp.2
Chnidaria Anthozoa Scleralcyonacea Coralliidae Corallium Sp.3
Cnidaria Anthozoa Scleralcyonacea Coralliidae Corallium Sp.4
Chnidaria Anthozoa Scleralcyonacea Coralliidae Corallium Sp.5
Chnidaria Anthozoa Scleralcyonacea Coralliidae Corallium Sp.6
Cnidaria Anthozoa Scleralcyonacea Coralliidae Corallium Sp.7
Cnidaria Anthozoa Actinaria Sp.1
Cnidaria Anthozoa Actinaria Sp.2
Chnidaria Anthozoa Actinaria Sp.3
Cnidaria Anthozoa Actinaria Sp.4
Cnidaria Anthozoa Actinaria Sp.5
Chnidaria Anthozoa Actinaria Sp.6
Cnidaria Anthozoa Actinaria Sp.7
Chnidaria Anthozoa Actinaria Sp.8
Cnidaria Anthozoa Actinaria Sp.9
Cnidaria Anthozoa Actinaria Sp.10
Cnidaria Anthozoa Actinaria Sp.11
Cnidaria Anthozoa Actinaria Liponematidae Liponema Sp.1
Cnidaria Anthozoa Actinaria Liponematidae Liponema Sp.2
Cnidaria Anthozoa Zoantharia Sp.1
Cnidaria Anthozoa Zoantharia Sp.2
Chnidaria Anthozoa Zoantharia Sp.3
Cnidaria Anthozoa Zoantharia Sp.4
Cnidaria Anthozoa Anthoathecata Stylasteridae Sp.1
Cnidaria Anthozoa Anthoathecata Stylasteridae Sp.2
Chnidaria Anthozoa Anthoathecata Stylasteridae Sp.3
Cnidaria Anthozoa Anthoathecata Stylasteridae Sp.4
Cnidaria Anthozoa Anthoathecata Stylasteridae Sp.5
Chnidaria Anthozoa Pennatulacea Anthoptilidae Anthoptilum Sp.1
Cnidaria Anthozoa Pennatulacea Anthoptilidae Anthoptilum Sp.2
Chnidaria Anthozoa Pennatulacea Sp.1
Cnidaria Anthozoa Pennatulacea Sp.2
Chnidaria Ceriantharia Spirularia Cerianthidae Cerianthus Sp.1
Chnidaria Hydrozoa Sp.1
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Cnidaria Hydrozoa Sp.2
Anellida Polychaeta Echiuroidea Bonelliidae Bonellia Sp.1
Anellida Polychaeta Sp.1
Porifera Sp.1
Poeiferia Sp.2
Porifera Sp.3
Poirifera Sp.4
Porifera Sp.5
Porifera Exhactinellida Lyssacinosida Euplectellidae Euplectella Sp.1
Porifera Hyalospongiae Sp.1
Porifera Hyalospongiae Sp.2
Porifera Hyalospongiae Sp.3
Porifera Hyalospongiae Sp.4
Porifera Demospongiae Suberitida Stylocordylidae Stylocordila Sp.1
Mollusca Bivalvia Limida Limidae Acesta Acesta excavata
Mollusca Gastropoda Littorinimorpha Cymatiidae Fusitriton Sp.1
Mollusca Gastropoda Nudibranchia Doridoidei Sp.1
Arthropoda Malacostraca Decapoda Aristidae Sp.1
Arthropoda Malacostraca Decapoda Aristidae Sp.2
Arthropoda Malacostraca Decapoda Sp.1
Arthropoda Malacostraca Decapoda Sp.2
Arthropoda Malacostraca Decapoda Munididae Sp.1
Arthropoda Malacostraca Decapoda Munididae Sp.2
Arthropoda Malacostraca Decapoda Paguroidea Sp.3
Arthropoda Malacostraca Decapoda Paguroidea Sp.4
Arthropoda Malacostraca Decapoda Palinuridae Sp.5
Arthropoda Malacostraca Decapoda Parthenipidae Sp.6
Arthropoda Pycnogonida Sp.1
Arthropoda Pycnogonida Sp.2
Arthropoda Maxillopoda Pedunculata Smilium Sp.1
Brachiopoda Sp.1
Chordata Ascidiacea Sp.1
Chordata Ascidiacea Sp.2
Chordata Ascidiacea Sp.3
Chordata Ascidiacea Phlebobranchia Sp.1
Chordata Actinopterygii Sp.1
Chordata Actinopterygii Sp.2
Chordata Actinopterygii Sp.3
Chordata Actinopterygii Sp.4
Chordata Actinopterygii Sp.5
Chordata Actinopterygii Sp.6
Chordata Actinopterygii Anguilliformes Sp.1
Chordata Actinopterygii Anguilliformes Sp.2
Chordata Actinopterygii Godiformes Sp.1
Chordata Actinopterygii Godiformes Sp.2
Chordata Actinopterygii Godiformes Sp.3
Chordata Actinopterygii Scorpaeniformes Sp.1
Chordata Actinopterygii Scorpaeniformes Sp.2
Chordata Actinopterygii Baryciformes Sp.1
Chordata Actinopterygii Chimaeriformes Sp.1
Chordata Actinopterygii Rajiformes Sp.1
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Tab.S2. Statistical analysis results.

Depth | Oxygen | Substrate | Substrate | Richness | Echinodermata | Echinodermata Shannon
(Ab) R) (Tot) (Ab) (R)
ANOVA - - - - - - - 0.00102"
Turkey HSD - - - - - - - #317
Kruscall-Wallis - - - - -
Dunn-Test - #322 +hard +hard - - - -
Echinodermata | Echinodermata | Echinodermata Echinodermata Echinodermata | Echinodermata
(Ab)- (R)- (Ab)- (R)- (R)- (Ab)-
Antipatharia Antipatharia Sclaractinaria Scleractimaria Octocorallia Octocorallia
ANOVA - - - - - -
Turkey HSD - - - - - -
Kruscall-Wallis 0.0337" 0.005035™" 0.04749™ 0.03042™ 0.0001167 ™ 0.002784™"
Dunn-Test 0.0133 0.0025 0.0237 0.0152 0.00006 0.0014
Crinoidea Crinoidea Ophiuroidea Ophiuroidea Echinoidea Echinoidea
(Ab)- (R)- (Ab)- (R)- (R)- (Ab)-
Antipatharia Antipatharia Antipatharia Antipatharia Antipatharia Antipatharia
ANOVA - - - - - -
Turkey HSD - - - - - -
Kruscall-Wallis 0.006635" 0.01016" - 0.04905" 3.18e-06 " 26e-06"
Dunn-Test 0.0033 0.0051 - 0.0245 0 0
Crinoidea Crinoidea Ophiuroidea Echinoidea Echinoidea Ophiuroidea
(Ab)- (R)- (Ab)- (Ab)- (R)- (R)-
Octocorallia Octocorallia Octocorallia Octocorallia Octocorallia Octocorallia
ANOVA - - - - - -
Turkey HSD - - - - - -
Kruscall-Wallis - 0.004666™ 0.0500 0.0002114 ™" 0.0001818™" 0.003655™
Dunn-Test - 0.0023 0.0001 0.0001 0.0018
Crinoidea Crinoidea Ophiuroidea Echinoidea Echinoidea Ophiuroidea
(Ab)- (R)- (Ab)- (Ab)- (R)- (R)-
Scleractinia Scleractinia Scleractinia Scleractinia Scleractinia Scleractinia
ANOVA - - - - - -
Turkey HSD - - - - - -
Kruscall-Wallis - - - 0.0009134 ™" 0.0001128™" 0.04509*
Dunn-Test - - - 0.0005 0.0000 0.0225
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