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ABSTRACT

Our understanding of the benthic communities on arctic seamounts and descriptions of such communities in
habitat classification systems are limited. In recent years, Schulz Bank (73°52'N 7°30'E), a seamount on the
Arctic Mid-Ocean Ridge (AMOR), has become well studied but the work has primarily focused on an arctic
sponge ground at the summit. This has compounded a general assumption that the most biologically interesting
community is on the summit alone. With the potential threat of deep-sea mining on nearby sites on AMOR, it is
crucial to form a baseline understanding of the benthic megafaunal communities not only on the summit, but on
the slopes and base of the seamount as well. Using video footage collected by a remotely operated vehicle in 2017
and 2018 to survey the seamount from 2700 to 580 m depth, several distinct megafauna communities on Schulz
Bank were identified. Specifically, five biotopes, two of which were dominated by large structure-forming
sponges, appeared to follow a depth gradient and change with the type of substrata present. The sponge-
dominated communities on the summit and lower slope had the highest average community densities and
number of morphotaxa per image compared to the upper slope and seamount base communities. Most notably,
sponge-dominated bedrock walls on the lower slopes challenge the assumption that the summit is the most dense
and diverse community on Schulz Bank. The results from this study lay the foundation for future research and
conservation efforts of arctic sponge grounds by looking beyond the seamount summit to bring a full view of
enigmatic sponge dominated ecosystems.

1. Introduction

structurally-complex megabenthic communities (e.g., cold-water coral
reefs, coral gardens, or sponge grounds) on their slopes and summits

Seamounts are elevated geomorphological features (e.g., mountains,
volcanoes, knolls, hills) that make up approximately 20% of the seafloor
(Clark et al., 2010, 2021; Costello et al., 2020; Yesson et al., 2011). Their
topographic complexity, large depth gradient (hundreds to thousands of
meters above the seafloor), diverse substrata, and influence on the local
hydrodynamic regime can promote the formation of rich and

(Baco, 2007; Clark et al., 2021; Ramiro-Sanchez et al., 2019; Rogers
et al., 2007; Samadi et al., 2007). These communities are frequently
classified as Vulnerable Marine Ecosystems (VMEs) because of their
uniqueness or rarity, long-living and slow-growing nature, structural
complexity, functional significance, and susceptibility to anthropogenic
disturbances (FAO, 2009; Samadi et al., 2007; Watling and Auster,
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2021). Seamount communities can have high variation in species rich-
ness and composition and are often correlated with abiotic conditions (e.
g., water mass structure, substrata, food availability, etc.) (Bridges et al.,
2021; Clark et al., 2010; Goode et al., 2021; Victorero et al., 2018).
While research on seamounts has occurred in all oceans, few have
focused on those in arctic regions (Clark et al., 2021).

Recent research on arctic seamounts has concentrated primarily on
Schulz Bank (73°52'N 7°30'E), a pristine seamount on the Arctic Mid-
Ocean Ridge (AMOR) accommodating a diverse and dense arctic
sponge ground at the summit (Busch et al., 2020; Hanz et al., 2021,
2022; Meyer et al., 2019; Morrison et al., 2020; Roberts et al., 2018).
Previous studies of Schulz Bank described the dominant taxa in the
summit sponge ground (Meyer et al., 2019; Morrison et al., 2020) and
explored the trends in sponge density with increasing water depth to
about 1300 m (Roberts et al., 2018). The summit is covered by a dense
spicule mat and inhabited by large structure-forming sponges, soft
corals, anemones, ascidians, small crustaceans, echinoderms, and
demersal fish — some of which use this sponge ground as a nursery area
(see Meyer et al., 2019). Many of the large sponge species found on
Schulz Bank have also been classified as indicator species of arctic
sponge VMEs, based on the ICES VME indicator lists (ICES, 2020), such
as hexactinellids (genera Asconema, Trichasterina, Schaudinnia, and
Scyphidium), large demosponges (Geodia hentscheli Cardenas, Rapp,
Schander & Tendal, 2010; Geodia parva Hansen, 1885; and Stelletta
rhaphidiophora Hentschel, 1929), and smaller demosponges (genera
Craniella and Thenea), and for slope communities — Lissodendoryx (Lis-
sodendoryx) complicata (Hansen, 1885) (Cardenas et al., 2013; ICES,
2020; Klitgaard and Tendal, 2004; Maldonado et al., 2016; Mayer and
Piepenburg, 1996; Murillo et al., 2018). However, the megafaunal
communities along the slopes and base of Schulz Bank have yet to be
described, and the extent of the summit sponge ground and associated
megafauna is still unknown.

Commercially relevant species, such as the Greenland Halibut
(Reinhardtius hippoglossoides (Walbaum, 1792)), inhabit the summit and
to the best of our knowledge, this seamount has been subjected to
limited direct anthropogenic disturbances in the past (Bowering and
Nedreaas, 2000; Meyer et al., 2019; Morrison et al., 2020). According to
the Global Fishing Watch, from 2012 to 2022 Schulz Bank has had
relatively limited bottom fishing efforts on the seamount itself, however
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the immediate area surrounding the seamount has been targeted pre-
viously (see globalfishingwatch.org/map/). The majority of the
increased bottom fishing efforts near Schulz Bank occurs south of the
seamount and AMOR (between 71°43'N 2°17’E to 72°8'N 9°59E hori-
zontally and 73°8'N 7°39'E to 72°8'N 7°28'E vertically).

Schulz Bank is, however, located in proximity to a number of hy-
drothermal vent fields containing seafloor massive sulphide deposits
along the ridge (see Fig. 1) (Pedersen et al., 2010a, 2010b; Pedersen and
Bjerkgard, 2016). As such, the area has attracted commercial and sci-
entific interest in light of its deep-sea mining potential, and much of
AMOR falls within the Norwegian bottom area exclusive economic zone
(EEZ) (Oljedirektoratet, 2021; Pedersen et al., 2021). In recent years, the
Norwegian Petroleum Directorate (NPD) was tasked by the Norwegian
Government to identify areas with mineral deposits (e.g., seafloor
massive sulphide deposits and manganese crusts) on AMOR. During
these operations, NPD has been focusing on known active and inactive
hydrothermal sites (e.g., Loki’s Castle, Mohn’s Treasure, and Zgir) and
expanding their mapping to other unexplored seamounts and vent sites
(Pedersen et al., 2010a, 2010b, 2021; Pedersen and Bjerkgard, 2016).
Norway will likely be opening for mining exploration in the coming
years (estimated to be as early as 2023), even though there is still limited
information regarding the AMOR benthic communities and their po-
tential vulnerability to deep-sea mining (Oljedirektoratet, 2021). While
there has been an increased effort to overcome knowledge gaps of
benthic and microbial communities on AMOR (Eilertsen et al., 2018,
2020; Jaeschke et al., 2012; Kongsrud et al., 2017; Pedersen et al.,
2010a; Ramirez-Llodra et al., 2020; Schander et al., 2010), the baseline
understanding of hydrothermal and seamount communities on AMOR is
still limited. Furthermore, the potential effect of deep-sea mining is still
not well-understood, and possible impacts (e.g., sediment plumes) may
not be restricted to the targeted areas (Boschen et al., 2013; Miller et al.,
2018). It is suspected, however, that the outcomes would be similar to or
greater than those caused by bottom trawling (Clark et al., 2010).

Deep-sea habitat studies often place greater emphasis on biologically
interesting regions (i.e., regions with specific benthic or topographic
features that tend to contain certain species or communities) over
exploring areas that may lack the species or communities of direct in-
terest. For seamounts, these areas tend to be summits and upper slopes,
as they often host diverse and charismatic communities (typically VMEs)

Fig. 1. Bathymetric map of Schulz Bank with
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with key taxa of interest (e.g., cold-water coral reefs, coral gardens, or
sponge grounds) due to the local hydrodynamics (Baco, 2007; Bridges
et al., 2021; Clark et al., 2010; Perez et al., 2018; Ramos et al., 2016;
Rogers, 2018). However, by only focusing on regions of assumed bio-
logical interest, it can be easy to overlook nearby communities that may
have significant importance, ecologically or through connectivity, or be
susceptible to anthropogenic disturbances targeting nearby locations,
which may be the case with deep-sea mining (Miller et al., 2018). For
example, a barite field hosting dense siboglinid tube worm (Sclerolinum
contortum Smirnov, 2000) and microbial communities was discovered
outside the main venting field at Loki’s Castle (Pedersen et al., 2010a;
Steen et al., 2016), a hydrothermal vent field just east of Schulz Bank on
AMOR. These communities have been found to be biologically unique
and more diverse than the actual vent field communities, further high-
lighting the need to expand the point of view when surveying the
deep-sea. Without a representative baseline understanding of the com-
munities in (and near) areas of interest, establishing the true impact of
anthropogenic disturbances on benthic communities becomes
challenging.

Describing and classifying biotopes or the associated morphotaxa
community within a specific habitat (Costello, 2009; Costello et al.,
2020) is a necessary precursor for high quality habitat mapping and the
design of effective management plans (Davies et al., 2015). Biotopes are
generally defined as the dominant species as well as the physical envi-
ronment (e.g., depth range, dominant substratum) (Buhl-Mortensen
et al., 2020; Costello, 2009). To date, arctic sponge ground biotopes lack
clear classification in many habitat classification systems, such as the
European Nature Information System (EUNIS), likely due to the lack of
knowledge and research on these communities. In addition, EUNIS
classifications that incorporate seamounts are also limited to the summit
and upper slopes (EUNIS, 2019), which completely excludes commu-
nities on the lower slopes and seamount base. As such, accurate habitat
maps at the resolution needed for the conservation and distribution
modeling of arctic sponge grounds are not yet available but urgently
needed. In this study, we extend the view of Schulz Bank by asking
“which megafaunal biotopes, including the arctic sponge ground
biotope at the summit, does Schulz Bank support?”

The primary objectives of this study are to: 1) identify and classify
the main benthic megafaunal biotopes on Schulz Bank together with
their respective depth ranges and dominant substrata; 2) investigate the
trends within and across biotopes; and 3) describe the community
structure within each biotope further identifying the characterising
megafauna. This study describes the overall Schulz Bank benthic
megafaunal communities from the base to the summit and identifies
communities that have been previously overlooked on Schulz Bank. The
results from this study lay the foundations for exploring drivers of
community structure and distribution in the future. In addition, it forms
a baseline against which any potential future changes can be assessed in
light of climate change, deep-sea mining, and other anthropogenic
impacts.

2. Methods
2.1. Site description

Schulz Bank is a seamount on AMOR, located at the transitional point
of the Mohn Ridge into the Knipovich Ridge (Fig. 1). It has a large depth
gradient, from 580 m at the summit to more than 2700 m at the base.
The seamount is influenced by three water masses: the warmer and more
saline Norwegian Atlantic Water above the seamount, and the colder
and fresher Norwegian Arctic Intermediate Water, influencing the
summit and upper slopes, and Norwegian Deep Water on the slopes and
base (Hopkins, 1991; Jeansson et al., 2017; Roberts et al., 2018). The
summit of Schulz Bank is subjected to internal waves (Hanz et al., 2021;
Roberts et al., 2018), where the average current speed at the summit is
0.14 m s~ ! with daily fluctuations of ~0.40 m s~! and can reach up to
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0.72 m s~ ! in the winter (Hanz et al., 2021). Further description of the
Schulz Bank short and long-term oceanographic setting can be found in
Roberts et al. (2018) and Hanz et al. (2021).

2.2. Collection process

High-resolution video footage of Schulz Bank was collected by the
remotely operated vehicle (ROV), Zgir6000 (Kystdesign AS, Hauge-
sund, Norway), during the SponGES project cruises on the R.V. G.O. Sars
in the summers of 2017 and 2018. Zgir6000 is a work-class ROV spe-
cifically equipped for scientific surveys, with a depth rating of 6000 m
Agir6000 navigates using high performance subsea inertial navigation
system, where it is equipped with a Linkquest Doppler Velocity log and
an iXBlue PHINS 6000 Gyro and Compass. It is mounted with two
Imenco Spinner II Shark Wide Angle 3G HD-SDI cameras with a zoom
capacity of 30x and a resolution of 1080p at 60fps. In the water, the
angle of view of the cameras are 72° diagonally and 65° horizontally.
One camera is positioned towards the top of the ROV, and the other is
positioned directly above the lasers at the center of the ROV. Due to the
positioning relative to the lasers and the fact that the center camera was
more consistently downward facing (whereas the top camera was used
primarily for navigation), the center camera was selected for annotation.
The distance between the laser pointers was set to 16 cm for all dives.
The dives chosen for this study were dedicated transect dives (as
opposed to dives that focused on biological sampling, gear deployment,
or had mixed purposes), resulting in a total of 6 ROV dives being an-
notated (Table 1).

Physical specimens were opportunistically collected during the ROV
dives to confirm some fauna identities. The collected fauna were iden-
tified by some of the authors (Rapp, Xavier, and Ribeiro) during and post
cruise. Physical specimens were preserved in 99% ethanol and added to
the collections of the University of Bergen, Norway.

2.3. Image annotation

Images were extracted from the videos using VLC Media Player at
approximately 1-min intervals to reduce the possibility of spatial over-
lap between images. The distances between images were checked in
ArcGIS Desktop 10.6 (ESRI, 2017) to ensure spatial separation by at least
1 m. This resulted in 3 images being dropped from analysis due to them
having a separation less than 1 m to corresponding images. Images were
initially cropped in R studio (version 4.0.2; package: magick, version
2.6.0 (Ooms, 2021)) to reduce distortion around the image edges.

Image annotation took place in the online image and video annota-
tion software BIIGLE 2.0 (Langenkamper et al., 2017). From the cropped
images, image area was calculated automatically based on setting the
laser separation to 16 cm and extracting the image metadata within
BIIGLE 2.0. Images retained for annotation fulfilled the following
criteria: 1) both laser points were visible; 2) cropped image area ranged
between 1.5 and 6 m%; 3) images were of good quality (e.g., downward
facing, not blurry or dimly exposed, not obstructed by sediment or ROV
equipment); and 4) taken only during periods of transit and not while
collecting or inspecting fauna.

Each image was initially given a substratum category visually
determined by the most dominant substratum present within the image
and based on the Wentworth (1922) substrata categories: bedrock,
cobble, pebble, soft sediment, as well as mixed sediment and spicule
mat. Mixed sediment was classified as a substratum that contained soft
sediment covered in rod-like biogenic material (that was not spicule
mat) (see supplementary materials S1).

All annotations were checked to confirm that identifications were
correct and consistent between the ROV dives due to possible differences
in image quality (e.g., lighting, camera angle, resolution, etc.) between
years and localities using the Label Review Grid Overview (Largo)
evaluation tool in BIIGLE 2.0. Largo evaluation puts all annotations with
a particular label in a grid to examine if the annotations are
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morphologically consistent or if outliers are present (Langenkamper
et al., 2017), in which case they can be changed to a different label or
removed all-together if they are not part of the label set.

2.4. Fauna identification

All individuals larger than 1 cm were counted in each image, which
is common in many visual-based surveys (Durden et al., 2016). Fauna
were identified to the lowest taxonomic level possible and given their
own unique identification number. Fauna from the video footage that
had uncertain identifications were checked by the co-authors (Meyer,
Rapp, Xavier, Ribeiro, Glenner, and Birkely) and other experts (see ac-
knowledgements), although in many cases the specimens were not able
to be identified to species level. Specimens that could not be identified to
species or genus level, were assigned to higher taxonomic ranks or
morphotaxa and combined with open nomenclature signs as proposed
by Horton et al. (2021) (e.g., Ophiuroidea indet. 60, White Encrusting
Sponge 133, Ascidia obliqua Alder, 1863 inc. 19, etc.). Due to the diffi-
culty of separating two of the larger demosponge species without
examining physical specimens, Geodia parva and Stelletta rhaphidiophora
were classified as Geodia parva/Stelletta rhaphidiophora 211 in the
identification process. Similarly, three large rossellid glass sponges
present in the sponge ground were grouped into one class — Schaudinnia
rosea (Fristedt, 1887)/Trichasterina borealis Schulze, 1900/Scyphidium
septentrionale Schulze, 1900 213 (referred to as Hexactinellida spp. in
Meyer et al., 2019 and Morrison et al., 2020). Encrusting or branching
organisms were particularly difficult to count, therefore their abundance
was expressed as number of encrusting groups, clusters, or clumps rather
than individuals (e.g., Lissodendoryx (Lissodendoryx) complicata 114,
Hexadella dedritifera Topsent, 1913 110, Isidella sp. indet. 39, etc.).

2.5. Statistical analysis

2.5.1. Data preparation

The abundance data was converted to density (ind. m~2) for each
image. To ensure that the analyses focused primarily on the reliably
sampled morphotaxa and were not heavily influenced by rare morpho-
taxa, morphotaxa that had a density lower than 0.01% of the total
megafaunal density were removed from the analyses. This resulted in all
fish and many mobile taxa being dropped from the analyses. Seven
additional images were dropped from the analysis due to the complete
lack of fauna in those images after rare taxa were excluded. In total, 600
images were included in the analysis and covered an area of 1891.5 m?.

2.5.2. Community analyses

All multivariate statistics were conducted in PRIMER-E version 7
(Clarke and Gorley, 2015). To account for the presence of a few highly
abundant taxa (e.g., ascidians, actiniarians, ophiuroids, etc.), the raw
density data was square-root transformed (Field et al., 1982). The type
of transformation used was determined while exploring the data with
shade plots (supplementary materials S2) (Clarke and Gorley, 2015).

A Bray-Curtis similarity matrix was applied to the transformed
dataset to summarize and compare the overall similarity between the
images (Field et al., 1982), giving more weight to highly abundant
morphotaxa than to the rarer ones. A linkage tree cluster analysis was
conducted to identify the main biotope types on the seamount and
incorporated dominant substratum and 100 m depth intervals to help
distinguish the clusters (Clarke and Gorley, 2015). Converting depth to
100 m depth intervals was chosen to ensure images had comparable
depth ranges. The divisions of the y axis were displayed at the split
quality (B%) level to examine the magnitude of the differences within
the cluster dendrogram, where the lower the B% the more similar the
images are to one another within that cluster (Clarke and Gorley, 2015).

However, due to the arbitrary fitting of cluster dendrograms (Field
et al., 1982), a non-metric Multi-Dimensional Scaling (nMDS) ordina-
tion plot was generated to visualize how close the images within the
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biotopes were clustering, i.e., how similar the images were within that
biotope. This was done to confirm the trends observed in the linkage tree
dendrogram (Field et al., 1982). The dominant substratum was super-
imposed on the nMDS to visualize the main substratum transitions
within and between the biotopes. To ensure the dataset was consistent
between 2017 and 2018, the megafauna density and number of mor-
photaxa from each dive as well the nMDS with the dive numbers
superimposed on the ordination plot was used to compare the commu-
nities between dives (supplementary materials S3).

After the biotopes were identified, species rarefaction curves were
generated on the untransformed density data to assess the morphotaxa
richness within the biotopes. While this type of analysis rarely reaches
the asymptote for megafaunal assemblages, species rarefaction curves
may be used to compare the differences in species richness within
communities (Gotelli and Colwell, 2001).

A Similarity Percentage (SIMPER) analyses was conducted to
investigate the community structure within each biotope and identify
the main taxa contributing most to the similarity within and between the
biotopes. Morphotaxa that were consistently driving the most similarity
within and between the biotopes were considered characterising mor-
photaxa (Clarke and Gorley, 2015; Mayer and Piepenburg, 1996). This is
determined by the (dis)similarity and standard deviation ratio (sim/sd),
where the larger the ratio within and between the biotopes, the more
consistent the morphotaxa are contributing to the distinctions of the
biotopes (Clarke and Gorley, 2015; Clarke et al., 2001). For the purpose
of this study, we set the sim/sd threshold for characterising morphotaxa
within and between biotopes to be > 1.5 (Clarke and Warwick, 2001).

3. Results
3.1. Megafaunal trends on the Schulz Bank

A total of 138 173 individuals were recorded and assigned to 126
morphotaxa (see supplementary materials S4 for complete morphotaxa
list), though only a total of 95 morphotaxa with 138 044 individuals
were included in the statistical analyses after removal of the rare mor-
photaxa. Porifera was the dominant phylum in both total density and
total number of morphotaxa present, comprising 56.7% of the total
density and 51.6% of the total morphotaxa observed. Chordates were
the second most dense group (23.4%), but the least rich in morphotaxa
(4.2%). Echinoderms made up 10.7% of the total density and 12.6% of
the total morphotaxa present. Cnidarians constituted 8.7% of the total
density and 18.9% of morphotaxa richness. Both arthropods and mol-
luscs had low density (0.4% and 0.2%, respectively) and morphotaxa
richness (both at 6.3%).

3.2. Identification of communities on the Schulz Bank

The linkage tree analysis identified five main clusters (clusters C, K,
S, X, and AB) (Fig. 2), where the clusters most closely aligned with re-
gions on the seamount (Summit, Upper Slope, Lower Slope, and Base).

The linkage tree was initially split into two main clusters (clusters B
and R) at 89.9%, where the splitting was most influenced by depth
(above or below 1500 m; R = 0.7, sig = 0.0001). The splitting between
clusters on the summit and upper slope (clusters C and K) at 54.8% was
most influenced by depth interval (above or below 1100 m; R = 0.92, sig
= 0.0001). Continuing with the clusters on the summit, another split
(clusters D and J) occurred at 29.1% and was also most influenced by
depth (above or below 1000 m; R = 0.88, sig = 0.0001). The following
splits were primarily influenced by substratum type, where cluster E was
predominately influenced by spicule mat. In the clusters on the upper
slopes, the third (cluster L) and fourth (clusters M and Q) split was
influenced by substratum type (bedrock or not bedrock, spicule mat or
not spicule mat, respectively). The main splitting between the clusters
on the lower slope and base (clusters S and W) at 78.5% were due to
substratum type, where the lower slope clusters (cluster S) was most
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influenced by bedrock. The following splits in the lower slope were due
to depth intervals. In the clusters on the base, there was a split (clusters X
and AB) at 65.9% due to depth (above or below 2000 m; R = 0.55, sig =
0.0001). On cluster X, the initial splitting was due to substratum type
(spicule mat or not spicule mat), followed by depth intervals. On cluster
AB, the splits were most influenced by depth intervals.

Non-metric Multi-Dimensional Scaling (nMDS) ordination plots
showed that the five clusters identified by the linkage tree analysis were
generally well separated in the ordination space, where the images
within the clusters C and S were grouping most closely together (Fig. 3).
However, there was some of overlap in the ordination plot between
clusters X and AB, and X and S. Similar to what was observed in the
linkage tree analysis, there was a split between the shallower clusters
(clusters C and K) and the deeper ones (clusters S, X, and AB).

Superimposing the dominant substrata on the ordination plot
showed consistency in the dominant substratum within the biotopes. For
cluster C (Summit), spicule mat was the dominating substratum and was

present in 92% of samples in this biotope, with patches of soft sediment
(4%), bedrock (3%), and mixed sediment (1%). Cluster K (Upper Slope)
was mainly dominated by mixed substratum (60%), followed by spicule
mat (15%), cobble (11%), bedrock (11%), soft sediment (2%), and
pebble (1%). Cluster S (Lower Slope) was dominated by bedrock
(100%). Cluster X (Base) was primarily covered in mixed sediment
(53%), followed by soft sediment (42%) spicule mat (4%), and cobble
(1%). Cluster AB (Base) was primarily dominated by soft sediment
(87%), followed by mixed sediment (8%), pebble (3%), and cobble
(1%).

3.3. Community and diversity trends

Cluster C occurred on a continuous spicule mat from ~579 to 1100 m
(Fig. 4). It had the second highest average community density (120.88
+ 3.20 ind. m 2 (mean + st. error)). The species rarefaction curve
approached the asymptote at 75 morphotaxa, which was the highest
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Fig. 3. Non-metric Multi-Dimensional Scaling (nMDS) ordination plots of the square-root transformed images on the Schulz Bank. A) Clusters identified in the
linkage tree analysis (Fig. 2), where color and shape indicates the region the clusters are in: Summit (teal circles), Upper Slope (yellow squares), Lower Slope (red
diamonds), and Base (blue triangles, open and filled). B) Dominant substratum superimposed over the datapoints in the ordination space.

number of morphotaxa present out of all biotopes. The images in this
cluster had an average number of morphotaxa per image of 23.22 +
0.28.

Cluster K occurred from ~1100 to 1485 m depth and was found
primarily on mixed sediment with patches of hard substratum and
spicule mat. This cluster had the second lowest average community
density compared to the other communities (12.95 + 0.80 ind. m32).
The total number of morphotaxa throughout this cluster was second
highest compared to the other clusters (71 morphotaxa), although the
species rarefaction curve did not reach the asymptote. The suggests
either the sampling efforts did not fully represent all the morphotaxa in
this cluster and could have a higher number of morphotaxa overall, even
though the average number of morphotaxa per image is lower than
adjacent zones (7.15 + 0.45). Therefore, this cluster may act as a tran-
sitional zone that incorporates the distinct summit taxa (but in lower
densities).

The lower slope community (cluster S) formed predominately on
bedrock walls from ~1655 to 2400 m. There was a spike in density that
was comparable to what was observed in cluster C, where the average
community density was 161.95 + 8.15 ind. m 2, the highest average
density of the five clusters. It had the lowest number of morphotaxa
present (37 morphotaxa), although the species rarefaction curve did not
fully reach the asymptote. There was an average number morphotaxa
per image being 19.37 + 0.38.

Cluster X occurred primarily on both mixed and soft sedimented
areas from ~1555 to 1980 m. This community had the lowest average
community density at 10.09 =+ 2.11 ind. m~2. It had 43 morphotaxa
identified by the species rarefaction curve, although the curve did not
reach the asymptote. The average number of morphotaxa observed per
image was 5.68 + 0.58.

The final cluster, cluster AB, occurred from 2000 to 2775 m on soft
sediment. This cluster had an average community density of 19.01 +
1.78 ind. m~2. The species rarefaction curve approached an asymptote
at 41 morphotaxa. This cluster had the lowest average morphotaxa per
image of 3.76 + 0.27.

3.4. Community description

Cluster C was mainly dominated by sponges (Fig. 5), which made up
56.8% of the total morphotaxa density (126.14 ind. m~2). Ascidians
were the second most dense group, contributing to 29.6% of the total
morphotaxa density, followed by cnidarians (10.5%). Echinoderms
(2.8%), arthropods (0.2%), and molluscs (0.1%) were the least dense
phyla. In this community, large structure-forming sponges (namely
Schaudinnia rosea/Trichasterina borealis/Scyphidium septentrionale 213;
Asconema foliatum (Fristedt, 1887) 135; Geodia parva/Stelletta

rhaphidiophora 211; Geodia hentscheli 105) were distributed throughout
the area with an average density (+st. error) of 9.15 + 0.65 ind. m 2
(min-max: 0.47-65.27 ind. m~2), with smaller demosponges, ascidians,
and cnidarians settled between the large sponges. The branching
sponge, Lissodendoryx (Lissodendoryx) complicata 114 was densely
aggregated throughout the area, with an average clumping density of
17.84 + 0.79 clumps m 2 (min-max: 0.25-80.29 clumps m2). It was
not uncommon to observe Gersemia rubiformis (Ehrenberg, 1834) inc. 36
settled directly on the large demosponges or Actinostolidae indet. 24 on
top of Ascidia obliqua inc. 19. Asteroids (Tylaster willei Danielssen and
Koren, 1881 49) regularly appeared to feed on
G. parva/S. rhaphidiophora 211, and in some cases
S. rosea/T. borealis/S. septentrionale 213. Hexadella dedritifera 110 was
frequently observed growing on G. parva/S. rhaphidiophora 211. Isidella
sp. indet. 39 was only observed in this community and found in patches
from ~845 to 1035 m depth (average clumping density: 3.16 + 0.91
clumps m 2 (min-max: 0.85-10.73 clumps m~2). While not included in
the analyses, there was a high density of Amblyraja hyperborea (Collett,
1879) egg cases (average density: 0.31 + 0.04 ind. m~2; min-max:
0.05-0.91 ind. m~2) from ~580 to 760 m depth, which was not seen
elsewhere on the seamount.

Cluster K had a high density of echinoderms (66.7% of the total
morphotaxa density (12.94 ind. m’z), followed by porifera (15.4%),
ascidians (7.4%), cnidarians (6.6%), arthropods (2.4%), and molluscs
(1.5%) (Fig. 6). The same structure-forming sponges observed in cluster
C were present in this biotope in patchy occurrences, with an average
density 0.86 + 0.11 ind. m~2 (min-max: 0.19-2.68 ind. m2). Ophiur-
oidea indet. 60 was densely aggregated throughout cluster K (average
density: 7.92 + 0.77 ind. m’z; min-max: 0.19-33.10 ind. m2). The
crinoid, Poliometra prolixa (Sladen, 1881) 56 (average density: 0.57 +
0.13 ind. m~% min - max: 0.23-1.76 ind. m~2), was commonly posi-
tioned on the rim of the oscula of S. rosea/T. borealis/S. septentrionale
213. The scalpellid, Catherinum striolatum (Sars G.O., 1877) 08, was
occasionally seen on hard substrata in the deeper region of this cluster
(average density: 0.80 + 0.12 ind. m~2 (min-max: 0.23-2.76 ind. m~2).
Neohela sp. indet. 18 burrows were observed on occasion in this region,
though visible individuals were rarely detected (average density: 0.46
+ 0.07 ind. m_z; min-max: 0.25-0.65 ind. m~2).

Cluster S primarily comprised of dense aggregations of sponges on
the bedrock walls (Fig. 7a), making up 83.9% of the total morphotaxa
density (153.05 ind. m~2). Echinoderms were the second densest group
(12.9%), followed by ascidians (2.5%), arthropods (0.4%) cnidarians
(0.2%), and molluscs (0.02%). The large structure-forming sponges
(Aphrocallistidae inc. 144, G. parva/S. rhaphidiophora 211, G. hentscheli
105, and Axinellidae indet. 95) had an average density of 35.62 + 2.35
ind. m2 (min-max: 1.87-68.31 ind. m2). Like in cluster C on the
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summit, Lissodendoryx (Lissodendoryx) complicata inc. 115 was also
observed here in dense patches (average clumping density:10.63 + 0.93
clumps m~2 min-max: 1.80-25.15 clumps m~2). Poliometra prolixa 56,
was often settled directly on G. parva/S. rhaphidiophora 211, Axinellidae
indet. 95, or the bedrock walls (average density: 21.65 + 3.11 ind. m2;
min-max: 1.71-125.54 ind. m~2). The decapod, Bythocaris leucopis G. O.
Sars, 1879 216, was also commonly seen directly on the large
structure-forming sponges.

Cluster X (Fig. 7b and c) was a relatively sparse group. Here, porifera
was the dominating group (67.8% of the total morphotaxa density (9.13

ind. m’z)), followed by echinoderms (16.5%), arthropods (7.6%), cni-
darians (6.6%), ascidians (1.6%), and molluscs (0.6%). Patches of the
same structure-forming sponges found in Cluster S were occasionally
observed on mixed sediment (average individual density: 9.25 + 2.21
ind. m~2; min-max: 0.30-33.85 ind. m~2). Neohela sp. indet. 18 burrows
were frequently observed here, with a few Neohela individuals visible in
the video footage (average individual density: 0.95 + 0.10 ind. m~2;
min-max: 0.23-2.53 ind. m’z). The stalked crinoid, Bathycrinus car-
penterii (Danielssen and Koren, 1877) 55, was found intermittently in
this region (average individual density: 0.95 + 0.10 ind. m~% min-max:
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0.23-2.53 ind. m™?).

Cluster AB (Fig. 7d) was most dominated by echinoderms, making up
83.6% of the total morphotaxa density (19.30 ind. m_z), followed by
porifera (11.3%), cnidarians (4.1%), arthropods (0.8%), molluscs
(0.03%), and ascidians (0.02%). Bathycrinus carpenterii 55 dominated
the soft bottom regions, with an average density of 16.34 + 1.48 ind.
m~?2 (min-max: 0.43-129.23 ind. m~2). Large structure-forming sponges
were infrequently observed (average density: 1.48 + 0.32 ind. m~2;
min-max: 0.23-11.92 ind. m~2), and generally only occurred on the
occasional available hard substratum. The hydrozoan, Crossota sp. indet.
43, was regularly noted in the water column above the benthos.

3.5. Characteristic taxa

The SIMPER analysis revealed that faunal similarity of the clusters
varied (Table 2). On the summit, cluster C had an average within-group
similarity of 55.78%. The characterising morphotaxa identified in this
cluster were large glass sponges, demosponges, ascidians, and cnidar-
ians. These morphotaxa also consistently contributed most to the simi-
larity within cluster C and dissimilarity between the other clusters.
Cluster C was least similar to cluster AB (average similarity = 0.40%).

On the upper slope, cluster K had an average within-group similarity
of 35.38%. Here, Ophiuroidea indet. 60 consistently contributed most to
the similarity within the cluster and dissimilarity between the other
clusters. The community structure in cluster K was least similar to
cluster AB (average similarity = 1.40%).

Table 1

Cluster S had the highest within-group similarity (70.83%)
compared to the other clusters. Sponges, crinoids, and an ascidian were
identified as the top characterising morphotaxa for this cluster and
consistently contributed most to the similarity within and dissimilarity
between the clusters (Table 2). The community structure in cluster S was
least similar to cluster K (average similarity = 6.39%).

Cluster X had the lowest within-group similarity (19.38%), and no
characterizing taxa were clearly identified in this cluster due to all the
morphotaxa having a sim/sd or diss/sd lower than 1.5 in the SIMPER
analysis. However, the morphotaxa that had the highest sim/sd was
Neohela sp. indet. 18 (within-group sim/SD = 0.58, contribution
percent = 35.18%). Cluster X was least similar to cluster C (average
similarity = 2.20%).

Cluster AB had an average within-group similarity of 41.37%.
Bathycrinus carpenterii 55 was identified as the characterizing morpho-
taxa of this cluster and contributed most to the similarity and dissimi-
larity within and between the clusters.

4. Discussion

This study describes the multiple megabenthic biotopes present on
the Schulz Bank, from base to summit. We described the community
composition, identified biotopes and approximate depth ranges, domi-
nant substrata, and characterising morphotaxa, and explored trends in
biotope species richness. Three of the biotopes identified in the present
study were characterised by VME indicator taxa (ICES, 2020), although

The metadata of the ROV Zgir6000 video transects and the selected images. Transect start and end positions were obtained from the respective dive logs and
approximate transect length were measured in ESRI ArcGIS Desktop 10.6 (ESRI, 2017).

Dive-year Transect start (lat., long.) Transect end (lat., long.) Transect length (m) Image depth (m) range No. of images Image area (m?)
ROV 12-2017 73.7904, 6.8545 73.7705, 6.9737 4335 2775-2172 141 382.39
ROV 14-2017 73.8296, 7.5595 73.8311, 7.5617 4824 586-579 73 380.66
ROV 19-2017 73.7709, 6.9726 73.7695, 7.010 1175 2072-1669 111 295.70
ROV 12-2018 73.8380, 7.6052 73.8360, 7.5852 787 817-682 61 213.02
ROV 17-2018 73.7869, 7.5069 73.8011, 7.5037 2130 1485-687 182 518.75
ROV 22-2018 73.7709, 6.9985 73.7856, 7.1334 4623 1769-1557 32 103.97
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all biotopes contained at least one VME indicator taxa. This study es-
tablishes a baseline understanding of the communities on the Schulz
Bank, which may share characteristics with other megabenthic com-
munities on the Arctic Mid-Ocean Ridge.

ata

doryx)

4.1. Arctic biotopes

d

4.1.1. Arctic sponge grounds on biogenic substratum

In general, similar types of sponge grounds to those observed on the
Schulz Bank summit have been reported throughout the Arctic, from
north of Spitzbergen in the Central Arctic Ocean to the East Greenland
Shelf and in Davis Strait and the Canadian Arctic (Burton, 1934; Klit-
gaard and Tendal, 2004; Mayer and Piepenburg, 1996; Morganti et al.,
2022; Murillo et al., 2018; Unger Moreno et al., 2021). While seamount
studies in the Arctic are limited (Clark et al., 2021), the Vesteris Bank
(73°30'N 9°10'W) communities contain many of the same taxa and
community patterns observed on Schulz Bank (Henrich et al., 1992;
Unger Moreno et al., 2021). Vesteris Bank (also referred to as Vester-
isbanken Seamount or Vesteris Seamount), is an underwater volcano
located in the central Greenland Sea off the eastern coast of Greenland
and about 400 km west of Mohn Ridge on AMOR (Cherkis et al., 1994;
Henrich et al., 1992; Mertz and Renne, 1995; Unger Moreno et al.,
2021). Like Schulz Bank, Vesteris Bank has a large depth gradient,
although with a shallower summit at ~133 m depth and the base at
~3100 m. Based on reports from Henrich et al. (1992) and Unger
Moreno et al. (2021), the summit of the seamount is covered in a spicule
mat with large sponges (Geodia, Stelletta, and Schaudinnia), ascidians,

doryx (Li:

wplicata 114 (10.43%), Craniella infrequens 100 (6.92%), Hexadella dedritifera 110 (8.87%), Off-White

Encrusting Sponge 164* (5.80%), Off-White Encrusting Sponge 154* (5.18%), Ascidia obliqua inc. 19 (11.91%), Ciona intestinalis f.

inc. 115 (7.27%), Aphrocallistidae sp. inc. 144 (4.06%), Hymedesmiidae inc. 151 (7.90%), Gray Encrusting Sponge 167* (3.46%), Off-
White Sponge 174 (4.04%), Small Globular Demosponge 101 (2.82%), Small Globular Demosponge 124* (2.79%), Small Globular

Demosponge 125 (3.91%), Small Globular Demosponge 155 (3.13%), Transparent Encrusting Sponge 169* (3.80%), White
Demosponge 212 (12.42%), White Encrusting Sponge 132 (3.15%), White Encrusting Sponge 163 (8.89%), Poliometra prolixa 56

Schaudinnia rosea/Trichasterina borealis/Scyphidium septentrionale 213 (4.12%), Rossellidae indet. 139 (4.61%), Lissodendoryx

Geodia parva/Stelletta rhaphidiophora 211 (7.71%), Geodia hentscheli 105 (9.50%), Li

Characterising morphotaxa within the biotope (with percent contribution)

Overview of the depth range, dominant substratum, and characterising morphotaxa with their percent contribution in the clusters identified by the linkage tree analysis (Fig. 2). Vulnerable Marine Ecosystem (VME)
indicator taxa are bolded (ICES, 2020). Characterising morphotaxa are taxa that were determined to consistently contribute most to the similarity (sim/sd > 1.5) within groups and between groups in the SIMPER analyses.
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the summit, though further investigation is needed.

These geodiid-dominated walls of Schulz Bank resemble similar
communities observed around Mohn’s Treasure (73°44'N 7°27'E), an
inactive sulphide mound on AMOR just south of the Schulz Bank
(Ramirez-Llodra et al., 2020), and on the Z£gir Ridge System (Brix et al.,
2022), arift valley with a canyon-like structure extending from 700 m to
3800 m depth. On Mohn'’s Treasure, the bedrock walls were dominated
by similar sponges (with a density of 22.4 ind. m~2), crinoids and
decapods to those observed on Schulz Bank (Ramirez-Llodra et al.,
2020). On Agir Ridge, geodiid-dominated communities covered the
steeply sloping area of the ridge, where consolidated sediment layers
were present (Brix et al., 2022). It is interesting to note that the main
structure-forming demosponge taxa found on the lower slopes of Schulz
Bank, Mohn’s Treasure, and Agir Ridge are the same that form the
summit sponge grounds found on seamounts in the Central Arctic Ocean
(Morganti et al., 2022). While the Schulz Bank geodiid-dominated
communities formed primarily on the bedrock walls, there were
patches of geodiid-dominated communities on the more gently sloping
lower regions that resembled the communities described by Morganti
et al. (2022).

Previous studies assumed that the summit sponge ground was the
most dense and diverse community on Schulz Bank (Hanz et al., 2021;
Meyer et al., 2019; Morrison et al., 2020; Roberts et al., 2018). However,
the geodiid-dominated walls on the lower slope challenge this assump-
tion. Rock walls, vertical cliffs, and steeper regions on seamounts are
often overlooked or inaccessible in seamount studies (Bridges et al.,
2021; Clark et al., 2010; Morganti et al., 2022; Sanchez et al., 2008),
which could lead to missing important communities in the deep-sea.

4.1.3. Ophiuroid beds on mixed sediment

Below 1265 m on the Schulz Bank, communities transitioned to
dense ophiuroid beds on mixed sediment, with the presence of the
scalpellid, Catherinum striolatum, on the occasional rocky outcrops or
drop stones. These ophiuroid beds are common on arctic shelves and
slopes (Piepenburg and Schmid, 1996; Sswat et al., 2015), and in some
locations ophiuroid densities can reach >100 ind. m~2 (Piepenburg,
2005). Catherinum striolatum is considered an arctic abyssal species that
occurs in temperatures and depths below 0 °C and 1500 m (Buhl-Mor-
tensen and Hassel, 2021; Nilsson-Cantell, 1978), and in the present
study, the scalpellid was found from ~1100 to 2000 m depth and in
negative temperatures (Roberts et al., 2018).

4.1.4. Stalked crinoid fields on soft bottom

Schulz Bank base communities were similar to a deep-water rocky
reef community in the Eastern Fram Strait and base communities on
Vesteris Bank and Mohn’s Treasure (Henrich et al., 1992; Meyer et al.,
2014; Ramirez-Llodra et al., 2020), where Bathycrinus carpenterii
dominated these base soft bottom regions. Similar to Ramirez-Llodra
et al. (2020), the low biodiversity indices were likely a result of the
dominance of a single species (i.e., B. carpenterii). Dense stalked crinoid
fields have been previously noted to occur around the bathyal zones of
seamounts (Rogacheva et al., 2013; Samadi et al., 2007), from depths of
460-3800 m in the Arctic Ocean (Rogacheva et al., 2013).

4.1.5. Neohela communities on mixed sediment

While the amphipod Neohela was not determined to be a character-
ising taxon in the SIMPER analyses, there were high densities of Neohela
burrows present throughout mixed sediment or soft bottom regions of
the upper slopes to the base, most notably in cluster X. Neohela monstrosa
(Boeck, 1861) has been documented to co-occur with the sea pen
Umbellula encrinus (Linnaeus, 1758) in highly localized patches (10-35
ind. m~?) from depths of 700-1000 m (Buhl-Mortensen et al., 2016,
2020). Umbellula was not documented in the videos used for this study;
however, the sea pen was observed by Morrison et al. (2020) on the
western slopes of Schulz Bank (average depth 1464 m) and in video
footage collected on the eastern slopes with high densities of Neohela

11

Deep-Sea Research Part I 191 (2023) 103920

burrows present (pers. obs). Because burrow counts were not included in
the present study, the true densities of Neohela on the Schulz Bank
remain uncertain.

4.2. Biotope classification

The present study revealed different biotopes residing on Schulz
Bank; however, none of the biotopes observed fits within the current
EUNIS classification scheme. The current EUNIS classifications for
geodiid-dominated sponge grounds are broad and group all geodiid
sponge grounds occurring in the Atlantic and Arctic together into two
classifications (Parry et al., 2015; JNCC, 2015; EUNIS 2019) with the
current description that they both are boreal osturs. The only difference
made in the two classifications is whether they occur on coarse (EUNIS
code: ME3241) or mixed sediment (EUNIS code: ME4221) in the upper
bathyal zone (EUNIS, 2019). While this is due to the limited information
on sponge grounds as a whole, the generalized classifications for
geodiid-dominated grounds contrasts to the classification(s) made for
communities of the glass sponge, Pheronema carpenteri (Thomson,
1869). Pheronema carpenteri form dense sponge grounds (up to 1.53 ind.
m~2) on muddy seafloor from approximately 650-1550 m depth along
the Mid-Atlantic Ridge (Howell et al., 2016; Maldonado et al., 2016;
Rice et al., 1990; Ross and Howell, 2013). Previously, all P. carpenteri
grounds were classified as one habitat type known as “Facies with
Pheronema grayi" (EUNIS code: A6.621) (Davies and Moss, 2004).
However, the P. carpenteri classifications have expanded in recent years
to form three separate classifications. These are based on the commu-
nities occurring on lower bathyal mud in the Atlantic (EUNIS code:
MF6221), upper bathyal mud in the Atlantic (EUNIS code: MF6231), or
Mediterranean (EUNIS code: ME6514) (JNCC, 2015; EUNIS, 2019),
where the associated taxa differ with depth.

To make up the current knowledge gap, the present study proposes at
least four distinct biotopes on the Schulz Bank, where the full proposed
EUNIS biotope descriptions can be seen in the supplementary materials
(S5). In summary, the first biotope is the summit sponge ground domi-
nated by rossellid sponges and large demosponges with associated filter-
and suspension-feeding taxa and fish located on a dense spicule mat.
This biotope would most likely have a broad community classification of
“Sponge aggregation on Arctic upper bathyal biogenic habitat”. The
second biotope is the geodiid and crinoid dominated bedrock walls with
associated sponges and decapods and would be classified as “Sponge
aggregation on Arctic lower bathyal rock”. Alternatively, the dense
crinoid communities on the sponges resemble the “Sparse communities
on Arctic upper bathyal rock” (EUNIS code: ME111) (JNCC, 2015;
EUNIS, 2019), and could be included as a separate biotope overlapping
the sponge ground biotope. The third biotope is the dense ophiuroid
beds on mixed or coarse sediment and most closely resembles “Sparse
communities on Atlantic lower bathyal mixed sediment” (EUNIS code:
MF421) (JNCC, 2015; EUNIS, 2019), however adjustments would be
needed as it is found in the Arctic and in the upper bathyal zone. The
fourth main biotope is the stalked crinoid fields on lower bathyal or
abyssal muddy sediment, which does not fit within any EUNIS classifi-
cations to date (JNCC, 2015; EUNIS, 2019). In addition to the four
distinct biotopes, an additional possible biotope was noted — the Neohela
communities with Umbellula sp. — which most closely resembles the
“Seapens and burrowing megafauna on Atlantic Upper bathyal mud”
(EUNIS code: ME622) (JNCC, 2015; EUNIS, 2019).

4.3. Drivers of community patterns

While the drivers of community patterns were not examined in this
study, it is likely that environmental variables are influencing the
biotope distribution based on the trends observed with depth and
changes in substrata. Depth itself is not a driver of community patterns
and acts as proxy for other parameters (e.g., water mass structure, sea-
floor characteristics, etc.) (McArthur et al., 2010). Therefore, examining
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abiotic variables (other than depth and/or latitude and longitude) is
needed in order to identify the drivers of species distribution and com-
munity structure.

Water mass characteristics have long been hypothesized to be
driving sponge ground distribution (Klitgaard and Tendal, 2004), and
the different sponge fauna are thought to occur around specific water
masses. Several studies have found arctic sponge ground indicator spe-
cies to be influenced by or broadly associated with water mass properties
(e.g., temperature and salinity) of Arctic Intermediate Water or deeper
arctic origin water masses (Buhl-Mortensen et al., 2020; Burgos et al.,
2020; Murillo et al., 2018; Roberts et al., 2021). Similar findings were
observed for other biotopes found in the Arctic (Buhl-Mortensen et al.,
2020). While the reason for their association is unclear, it has been
suggested that the sponges tolerate a range of water mass properties and
variability to benefit from physical and biogeochemical mechanisms
linked to water mass structure (e.g., enhanced currents, food supply,
larval dispersal, etc.) (Buhl-Mortensen et al., 2020; Roberts et al., 2021).

The near-bottom current speed and internal wave activity are also
suspected to influence the distribution of sponge grounds (Davison et al.,
2019; Hanz et al., 2021; Klitgaard and Tendal, 2004; Roberts et al.,
2018). Studies have documented the presence of internal waves with
elevated currents at the summit (Hanz et al., 2021; Roberts et al., 2018),
where the internal waves are thought to enhance food supply for the
sponges. The steep bedrock walls on the lower slopes also likely have
locally enhanced currents which then leads to increased food supply,
low sedimentation, and high incidence of hard substrata (Clark et al.,
2010; Davies et al., 2009; Meyer et al., 2014, 2020). In addition,
increased habitat heterogeneity (through biogenic structures and sub-
stratum) can cause accelerated currents or give access to elevated po-
sitions within the benthic boundary layer that can be advantageous to
filter-feeding taxa (Buhl-Mortensen et al., 2012; Clark et al., 2010;
Riisgdrd, 2015), resulting in high faunal diversity. Areas with slow
bottom currents, such as the soft-sedimented base, may have high
sedimentation rates that allow for organic matter to settle on the sea-
floor, possibly acting as an important food source for B. carpenterii
(Meyer et al., 2014). All these factors could explain the distribution of
biotopes and community trends observed; however, investigation of the
abiotic drivers is needed in future studies as this was beyond to scope of
the current study.

4.4. Limitations

It is likely that the data underrepresents the megabenthic community
structure either in terms of density or species richness, as is common
with studies that only use video or image annotation to describe com-
munities (Durden et al., 2016; Meyer et al., 2019; Sanchez et al., 2009;
Schoening et al., 2012). For example, morphotaxa present in localised
patches, rare occurrences, or with a body size smaller than 1 cm may
have been missed by the transecting nature of our visual surveys. This
study solely describes the general trends in habitat and biotope structure
observed in the annotated video footage, therefore the reported depth
ranges for the species’ occurrences may not be exact. While this study
primarily incorporates video footage from the western side of the
seamount (particularly in the deeper regions), the biotopes described
here are qualitatively consistent with what was noted in other studies on
Schulz Bank (Morrison et al., 2020; Roberts et al., 2018) and observed in
other transects on the eastern slopes (supplementary materials S6).
Those transects were not included in this study due to the inconsistent
use of lasers throughout the transects, where lasers were not on in most
of the footage.

4.5. Implications for conservation
Deep-sea mining may become a future threat to benthic communities

on AMOR, and deep-sea sponges are especially vulnerable due to their
slow growth and risk of smothering (Hogg et al., 2010). While locations

12

Deep-Sea Research Part I 191 (2023) 103920

such as Schulz Bank or Loki’s Castle are likely not going to be direct
targets of mining, other vent fields containing seafloor massive sulphide
deposits or seamounts hosting manganese crusts in the vicinity may be
(Olsen et al., 2016; Ramirez-Llodra et al., 2020). Currently, not much is
known about the effect deep-sea mining will have on nearby benthic
communities, but it may have similar impacts to deep-sea bottom fishing
(Clark et al., 2010). This is due to the risks of habitat loss caused during
mining operations or potential toxicity and smothering from sedimen-
tation of the mining plumes (Miller et al., 2018; Vad et al., 2021;
Washburn et al., 2019; Wurz et al., 2021). Mining sites focusing on
seafloor massive deposits or manganese crusts could lead to transport of
sediment plumes to adjacent communities and result in adverse effects
for the filter feeding taxa, which needs to be considered when planning
such operations (Boschen et al., 2013; Dunn et al., 2018; Miller et al.,
2018; Ramiro-Sanchez et al., 2019).

To the best of our knowledge, there is only one marine protected area
and nature reserve on AMOR at Jan Mayen (70°59'N 8°32'W) and it
covers a total area of 4318.6 km?> (Marine Protection Atlas, accessed
January 12, 2022). This area is currently at a level of “Less Protected”
where it has some protection but moderate to extensive extraction (by
fisheries) is allowed. Given the rich communities, some of which classify
as VMEs (e.g., sponge aggregations and stalked crinoid aggregations;
ICES, 2020) on its summit, slopes, and base, the Schulz Bank would be a
prime candidate area for designation as an Ecologically and Biologically
Significant Area (EBSA) and the establishment of a marine protected
area. The relatively pristine condition (e.g., limited anthropogenic dis-
turbances to date) of the community structure would also make the
location suitable for an observatory for studying arctic deep-sea sponge
grounds in the future (and any impacts that may arise).

The results from this study lay the foundation for future sponge
ground modeling studies by forming a baseline understanding of the
different biotopes on Schulz Bank, their depth range, and the dominant
substrate they occur on. Abiotic variables besides depth and dominant
substratum were not considered for this study, but future studies intend
to examine the relationship between the abiotic variables and the trends
observed with the structure-forming sponge taxa and biotopes on Schulz
Bank. While habitat mapping and species distribution modeling studies
of sponge grounds or sponge ground forming taxa have become more
common in recent years (Beazley et al., 2015, 2018, 2021; Burgos et al.,
2020; Chu et al., 2019; Howell et al., 2016; Knudby et al., 2013; Liu
et al., 2021), knowledge on the ecology and habitat requirements for
some sponge grounds is still being expanded upon, especially for arctic
communities. By grouping together multiple sponge species of the same
genus that have different environmental thresholds (e.g., boreal,
temperate, arctic species) (Howell et al., 2016; Knudby et al., 2013) or
including limited datasets in the model (Liu et al., 2021), the model
outputs are based upon broad assumptions and might not reflect the true
environmental drivers required for the specific type of sponge ground.
Therefore, baseline studies like the present study are crucial for
expanding the knowledge of sponge ground ecology and habitat pref-
erences. The results from this study can contribute to improving the
accuracy of species distribution models and mapping efforts in the
future.

4.6. Conclusion

This study revealed a benthic community (i.e., arctic sponge aggre-
gations on bedrock walls) with densities and diversities that are com-
parable to the sponge ground on the summit of Schulz Bank. In addition,
other communities (e.g., stalked crinoid fields, ophiuroid beds, Neohela
communities, etc.) were described which further extended our view
beyond the arctic sponge ground on the summit. This study improves the
current understanding of the summit sponge ground extent, identifies
the variation of species composition across the biotopes, and contributes
to new descriptions of arctic biotopes for habitat classification systems,
such as EUNIS.
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Schulz Bank hosts diverse megabenthic communities that contain
VME indicator species, and as such, represents a prime candidate for a
marine protection area on the Arctic Mid-Ocean Ridge. This location can
serve as an observation site for studying arctic sponge ground ecology
and surveying the impacts of anthropogenic disturbances in the future.
While abiotic drivers were not examined in the present study, the
changes in species composition and diversity are likely influenced by
them and we aim to examine those drivers in upcoming work. The re-
sults presented in this study provide a baseline understanding of the
communities on Schulz Bank and lay the foundation for future investi-
gative studies.
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