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Abstract

Seamounts are thought to function as hotspots of megafauna diversity due to their topology and environmental characteristics.
However, assessments of megafauna communities inhabiting seamounts, including diversity and density, are scarce. In this
study, we provide megafauna diversity and density estimates for a recently discovered, not yet characterized seamount region
(Boetius seamounts) west of Cape Verde (N17° 16', W29° 26'). We investigated the distribution of epibenthic megafauna
over a large depth gradient from the seamount’s summit at 1400 m down to 3200 m water depth and provided qualitative
and quantitative analyses based on quantified video data. In utilizing an ocean floor observation system (OFOS), calibrated
videos were taken as a horizontal transect from the north-eastern flank of the seamount, differentiating between an upper,
coral-rich region (—1354/—2358 m) and a deeper, sponge-rich region (—2358/—3218 m). Taxa were morphologically distin-
guished, and their diversity and densities were estimated and related to substrate types. Both the upper and deeper seamount
region hosted unique communities with significantly higher megafauna richness at the seamount’s summit. Megafauna den-
sities differed significantly between the upper (0.297 + 0.167 Ind./m?) and deeper community (0.112 + 0.114 Ind./m). The
seamount showed a vertical zonation with dense aggregations of deep-sea corals dominating the seamount’s upper region
and colonies of the glass sponges Poliopogon amadou dominating the deeper region. The results are discussed in light of
detected substrate preferences and co-occurrence of species and are compared with findings from other Atlantic seamounts.
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Introduction

Communicated by K.H. George

By covering more than 50% of the Earth’s surface, the deep-sea
is known as the planet’s largest habitat, containing a variety
of unique geomorphological structures (Watling et al. 2013;
Kennedy et al. 2020). With estimates of at least 14,000 (Yes-
son et al. 2011; Lapointe et al. 2020a, b) and up to three million
(Consalvey et al. 2010) globally distributed submerged moun-
1 . L tains, so-called seamounts constitute one of the most common
Institute of Zoology, General Ecology, University K X K
of Cologne, Zuelpicher Str. 47b, 50674 Cologne, Germany geomorphological features of this habitat (Clark et al. 2011).
Traditionally defined as structures of volcanic origin rising a
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minimum of 1000 m above the seabed (Consalvey et al. 2010;
Du Preez et al. 2016), modern definitions include all topograph-
ically distinct and fully submerged elements having an elevation
greater than 100 m (Consalvey et al. 2010; Kvile et al. 2014;
Victorero et al. 2018). Consequently, seamounts typically dif-
fer in depth, morphology and their local environments, further
resulting in different faunal communities across and within
structures (e.g. Victorero et al. 2018; Lapointe et al. 2020a, b).
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Overall, deep-sea taxa often accumulate at seamounts,
as topography-induced upwellings provide access to higher
amounts of food particles (Genin 2004; Rowden et al. 2010;
Clark et al. 2010) in the otherwise nutrient-poor deep-sea
(e.g. Smith and Demopoulos 2003; Johnson et al. 2007;
Smith et al. 2008). The topology of seamounts may alter
currents of deep water and create sites with varying hydro-
graphic conditions, resulting in local removal and deposi-
tion of soft sediments (e.g. Consalvey et al. 2010; Clark
et al. 2010; Davies et al. 2015). Combined with their great
physical complexity including craters, canyons and terraces,
a variety of unique microhabitats, scattered all over a sea-
mount, provides favourable conditions for numerous deep-
sea taxa (e.g. Roberts et al. 2006; Buhl-Mortensen et al.
2010; Ramiro-Sanchez et al. 2019). Considered as biodi-
versity hot spots hotspots (Morato et al. 2010; Davies et al.
2015) not only include aggregations of suspension-feeding
deep-sea corals or sponges (e.g. Xavier et al. 2015; Perez
et al. 2020, Meyer et al. 2022) but also attract large marine
predators like sharks and others (Morato et al. 2008). Both
deep-sea corals (Roberts et al. 2006; Baillon et al. 2012;
Braga-Henriques et al. 2013) and Porifera (e.g. Beaulieu
2001; Beazley et al. 2013; Ramiro-Sanchez et al. 2019) are
in addition known to form structural habitats which further
supports the coexistence of a variety of deep-sea fauna.

Due to the unique topological characteristics of most sea-
mounts, each structure possesses distinctive environmental
characteristics (Victorero et al. 2018). Combined with ben-
thic seamount communities being highly affected by depth-
related variables, faunal communities typically differ across
systems, forming unique zonings (e.g. Kovalenko et al. 2012;
Victorero et al. 2018; Lapointe et al. 2020a, b; Lapointe
2021). For this reason, a general ecological and environmen-
tal characterization is challenging, if at all possible without a
broad assessment and comparison across seamount habitats.
However, even today, the number of studies comprehensively
investigating and comparing seamount megafauna communi-
ties is still low (Kvile et al. 2014; Victorero et al. 2018). In a
decade marked by growing concerns about destructive activi-
ties like seafloor mining or oil drilling (Clark et al. 2010;
Watling et al. 2013), the lack of studies is significant, given
the importance of obtaining data for implementing effective
conservation measures in seamount ecosystems. With our
study, we extend available resources by providing novel and
unique data on epi-megafauna from a deep, not yet charac-
terized seamount west of Cape Verde Islands (Augustin in
Arndt et al. 2017). We named this group of seamounts “Boe-
tius Seamounts” to honour Antje Boetius for her commit-
ment to protecting the oceans. The community composition,
structure and density of epi-megafauna were studied using
video-recordings taken during the deep-sea expedition of
R/V Meteor (M139). Besides estimating the impact of sub-
strate type, water depth, as well as species coexistence, we
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investigated the following hypotheses: (i) megafauna com-
munities inhabiting the seamount’s upper region will show
greater diversity and quantity than those residing in deeper
regions, (ii) megafauna communities will accumulate in a
characteristic zonation with changes in depths and (iii) mega-
fauna taxa will show a preference for specific substrates.

Material and methods
Study area and habitat description

Following the R/V Meteor expedition M139, a previously
unexplored, tropical North Atlantic seamount (Boetius Sea-
mounts) was chosen as the study area and investigated using
the ocean floor observation system (OFOS) camera dive at
the 6th of August 2017 (Fig. 1; Arndt et al. 2017). Despite
being recorded with a single OFOS dive, the seamount’s
upper and deeper regions were handled as separate sampling
stations. As a result, there were two sampling stations: an
upper (station A7/8 [1]) and a deeper (station A7/8 [2]) sea-
mount region (see Online Supplement Tab. S5).

The investigated seamount was located in an area of a group
of three solitary, conical-shaped seamounts (Boetius Sea-
mounts) west of Cape Verde, being the largest and most west-
ern located (Fig. 1a, ). OFOS videos were taken downslope as
a single transect between N 17° 16.28', W 29° 26.32', at 1355
mand N 17° 18.91",, W 29° 23.45’, at 3218 m depth, covering
a total surface area of approximately 28070 m?. In its entirety,
the seamount’s topology was dominated by a rough and het-
erogeneous, rock-dominated surface with several observable
talus flows and smaller cones (Fig. 1k). Furthermore, the upper
region of the seamount (station A 7/8 [1]) showed relatively
low rates of sediment deposition, while the amount of soft
substrate covering the seamount’s surface noticeably increased
towards the deeper part (station A 7/8 [2]; Fig. 1k).

Video sampling and surveyed parameters

High-resolution video documentation was conducted using
an ocean floor observation system (OFOS), providing a
continuous documentation through several, automatically
generated video files without time gaps in between. Given
by the Helmholtz Centre for Ocean Research GEOMAR,
the OFOS consisted of a Launcher, a HDCS-camera sys-
tem from Sea & Sun Technology GmbH (Trappenkamp,
Germany) with a HD camcorder (CANON Legria, Tokio,
Japan, 1920 x 1080 pixels resolution) integrated in a tita-
nium housing with borosilicate dome port, LED floodlights
from Bowtech (Bowtech Products Ltd., Aberdeen, UK), as
well as three laser pointers. Towed behind the research ves-
sel and moving at an approximate speed of 0.4 kn (0.206 m
s71), the OFOS was mounted in a downward position with a



Marine Biodiversity (2024) 54:6

Page3of20 6

Fig. 1 Collective image of the
Boetius Seamount’s location
and topology (a, b; modified
from Arndt et al. (2017) and
created with the GEBCO Grid
tool (© GEBCO 2020)); distin-
guished substrate types (c—f);
and the changes in substrate
composition along the seamount
transect (g). a, b Represent the
overall location and topology
of the western seamount station
A 7/8 investigated by the M139
expedition, with a white arrow
showing the direction of the
dive track. c—f Display the dif-
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camera system and its surrounding laser pointers all facing
the ocean floor. While the upper and lower lasers are fixed in
a straight, downward-facing position to throw two stationary
laser points on the ocean floor, the third one is tilted down
sideway, producing a red spot moving, depending on the
distance between ground and OFOS on a horizontal line
between the other dots. Because of their constant distance
of 50 cm, the location of the produced upper and lower laser
points enabled size measurements of documented fauna as
well as the observed ground area. When all three laser points
appeared in one line on the ground, the distance between
OFOS and the seafloor is exactly 1.5 m, with the assumed
average distance between OFOS and the ocean floor being
slightly greater than this (assumingly 2 to 3 m).

Video data were live transmitted to the research vessel.
Assessment and processing, including the comprehensive

manual inspection of the videos, were carried out after the
expedition. Surveyed parameters included quantification and
classification of deep-sea fauna along the transect. Additional
parameters registered were associations of morphotaxa to
each other and to the substrate. Megafauna (epifauna) visible
on/above the deep-sea floor were considered here to be exclu-
sively epi-megafauna, i.e. exclusively taxa larger than 2 cm,
while buried organisms, such as polychaetes, were excluded
from quantification here. Furthermore, sediment composition
was continuously recorded throughout the OFOS dive. Four
substrate categories were considered, partially adapted from
Wentworth (1922): (1) soft sediment (more than 80% soft
sediment), (2) mixed substrate, (3) soft sediment over rocks
and (4) rocks (more than 80% rubble/bedrock; Fig. 1c—f).
To enable further quantitative calculations, the areas of
the observed deep-sea floor were measured for every video
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file and the complete dive. Travel distance was estimated
based on traveling speed and the time between critical situa-
tions (e.g. ground visibility, change in speed, start hoisting).
Three randomly selected moments of each replicate (video
file) were used for width calculation (mean width 4.28 m).
We estimated the density of organisms for each video file
by combining the length and width of observation of the
complete dive together with the duration of each video file
that showed the ocean floor. This was then summed up for
the whole dive.

Morphotaxa annotations and diversity assessment

To quantify and classify the seamount’s epibenthic mega-
fauna community, we identified observed animals to the
lowest possible taxonomic rank by examining their morpho-
logical characteristics. Besides online research, we utilized
the photographic identification catalogue from Vinha et al.
(2022), the deep-sea species identification application Deep
Sea ID v1.2 (Glover et al. 2015), its underlying database,

the World Register of Deep-Sea Species (WoRDSS) (Glover
et al. 2023), as well as the consultation of experts for spe-
cific groups. Nevertheless, circumstances emerged where
animals, despite distinctive morphological characters, could
not be taxonomically distinguished but were dealt as dif-
ferent morphotaxa. Consequently, the number of morpho-
taxa (morphotaxa richness) was used as the primary metric
for diversity (see Table 1). Megafauna morphotaxa were
assigned to artificially created higher-taxon groups for com-
parisons. Those groups comprised Porifera, Actiniaria, deep-
sea corals, Crustacea, Crinoidea, Holothuroidea, Asterozoa,
Echinoidea and Teleostei. To cover all Cnidaria with the
characteristic coral form, we opted for the term “deep-sea
corals”, although it is not a taxonomic category to separate
Actiniaria and highlight coral gardens’ role as structural
habitats (Roberts et al. 2006). Roberts et al. (2006) grouped
soft corals (Octocorallia), stony corals (Scleractinia), black
corals (Antipatharia) and hydrocorals (Stylasteridae) under
this term, despite their distinct ecological lifestyles. The
nomenclature was also chosen to ease comparisons with

Table 1 List of the total number of morphotaxa and mean morphotaxa richness (mean + SD) of the upper, deeper and entire seamount transect

region
Taxa Upper region Deeper region Total (n = 14)

AT8[1](n="T) ATRB[2](n="T)

Number of Mean richness Number of Mean richness Number of Mean richness

morphotaxa morphotaxa morphotaxa
Total 40 22 +2.449 30 12.286 + 6.184 44 17.143 + 6.769
Porifera 3 2 +1.155 3 2.143 + 1.069 3 2.071 £ 1.072
Poliopogon amadou 1 0.429 + 0.535 1 0.857 + 0.378 1 0.643 + 0.497
Undet. Hexactinellid 2 1.571 £ 0.787 2 1.286 + 0.756 2 1.429 + 0.756
Actiniaria 5 2429 +£1.272 2 0.571 +£0.535 5 1.5 +1.345
Deep-sea corals 12 9.143 +1.952 7 1.714 +£ 1.976 12 5.429 + 4.292
Iridogorgia sp. 1 0.571 £ 0.535 / / 1 0.286 + 0.469
Undet. Scleralcyonacea 1 0.857 +0.378 1 0.714 + 0.488 1 0.786 + 0.426
Undet. Octocorallia 2 1.857 +£0.378 2 0.286 + 0.756 2 1.071 £ 0.997
Undet. deep-sea corals 8 5.857 +2.116 4 0.714 + 1.254 8 3.286 + 3.148
Crustacea 3 1.429 + 0.787 2 1.429 + 0.535 3 1.429 + 0.646
Cancer sp. 1 0.429 + 0.535 / / 1 0.214 + 0.426
Benthesicymus sp. 1 0.143 + 0.378 1 0.571 £ 0.535 1 0.357 + 0.497
Undet. Pandalidae 1 0.857 + 0.378 1 0.857 +0.378 1 0.857 +0.363
Crinoidea 2 0.857 + 0.69 1 0.286 + 0.488 2 0.571 + 0.646
Holothuroidea 1 0.286 + 0.488 4 1.571 + 1.134 4 0.929 + 1.072
Asterozoa 7 3.714 £2.69 5 1.857 + 1.574 7 2.786 + 2.326
Undet. brisingid asteroid 1 0.571 £ 0.535 1 0.714 + 0.488 1 0.643 + 0.497
Undet. Asterozoa 6 3.143 +£2.193 4 1.143 £ 1.215 6 2.143 + 1.994
Echinoidea / / 1 0.571 £ 0.535 1 0.286 + 0.469
Teleostei 7 2.143 + 1.069 5 2.143 + 1.464 7 2.143 + 1.231
Lophiidae 1 0.286 + 0.488 / / 1 0.143 +£ 0.363
Macrouridae 1 0.286 + 0.488 1 0.286 + 0.488 1 0.286 + 0.469
Undet. Teleostei 5 1.571 £ 0.976 4 1.857 + 1.464 5 1.714 + 1.204
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similar designations in studies of Lapointe et al. (2020a, b),
Victorero et al. (2018) or Davies et al. (2015).

Data analysis

Presented graphs and statistical tests were conducted using
RStudio version 4.0.2 (RStudio®, Boston, MA, USA; R Core
Team 2020). The following R packages were used: “car” (Fox
and Weisberg 2019), “colorspace” (Zeileis et al. 2020), “cow-
plot” (Wilke 2020), “dplyr” (Wickham et al. 2021), “ggplot2”
(Wickham 2016), “grid” (R Core Team 2020), “gridExtra”
(Auguie 2017), “hrbrthemes” (Rubis 2020), “indicspecies”
(de Céceres and Legendre 2009, “janitor” (Firke 2023), “law-
stat” (Gastwirth et al. 2020), “PMCMRplus” (Pohlert 2022),
“RColorBrewer” (Neuwirth 2014), “Rcpp” (Eddelbuettel
2013), “reshape2” (Wickham 2007), “scales” (Wickham and
Seidel 2020), “svglite” (Wickham et al. 2020), “tidyr” (Wick-
ham 2020) and “tidyverse” (Wickham et al. 2019) as well
as “vegan” (Oksanen et al. 2019). Furthermore, most graph
arrangements were performed with Inkscape version 1.0.1 (©
2020 Inkscape Community), while maps were created using
the GEBCO Grid tool (© GEBCO 2020) together with the
open-source software QGIS version 3.28.3.

Despite continuous filming, we used video files auto-
matically generated during video acquisition as replicates in
order to obtain comparable replicates for statistical testing.
Duration of filming was relatively consistent between files
(video recordings with mostly similar lengths and a mean
duration of 34 min and 46 s + 8 min and 38 s) (see Online
Supplement Tab. S5). It must be stated that the OFOS dive,
its speed and individual direction above ground could not be
manipulated from the board, producing video files of vari-
able areas and duration of random choice independent from
the observer. In the end, a total amount of fourteen replicates
were obtained from the OFOS dive recording. As mentioned
before, the seamount was further split into two separate sta-
tions of different depths, the upper seamount region A7/8
[1] (with —1700 to —2100 m depth) and the deeper sea-
mount region A7/8 [2] (with —2100 to —3300 m depth).
Each station contained seven video files/replicates. We gen-
erated accumulation curves based on morphotaxa richness
to clarify if enough area had been sampled to adequately
represent the seamount’s megafauna community. This was
done for the complete dive, as well as for the upper and
deeper seamount region. Therefore, we utilized the vegan
package’s specaccum() function, using the random method
for 100 permutations. Corresponding graphs are provided
in the Online Supplement (see Online Supplement Fig. S4).

We tested homoscedasticity of variances between varia-
bles and normal distribution within replicates with a Levene
test and a Shapiro—Wilk test, respectively, for all parameters.
In case of homoscedasticity and normal distribution of the

data, comparisons were performed using a one-way ANOVA
followed by a post hoc Tukey test. Otherwise, comparisons
were conducted using Kruskal-Wallis one-way analysis of
variance and post hoc tests according to Dunn (pairwise
comparisons using Dunn’s test for multiple comparisons of
independent samples). To avoid unnecessary repetition while
describing the results of statistical testing, information con-
cerning the conducted test, sample size, degrees of freedom
and p-value were only given at the respective text passage if
no figure contained the corresponding data. Only differences
with p-values below 0.05 were considered significant.

Concerning quantitative differences in megafauna diver-
sity, the upper and lower seamount’s morphotaxa richness
was calculated and compared between the corresponding
locations. Using morphotaxa richness as a base, Shannon
diversity, as well as evenness were additionally calculated in
order to assess differences in megafauna diversity. For the cal-
culation of the Shannon diversity index, means were acquired
from the previously mentioned numbers of replicates.

The study investigated potential differences in megafauna
community composition between the upper and deeper sea-
mount regions by utilizing a non-metric multidimensional
scaling (NMDS) plot. We used densities (counts of individu-
als per m?) for each morphotaxon at the upper and lower
seamount region together with Bray—Curtis distance meas-
ures. Replicates were identical to those used for calculating
Shannon diversity (see above). Two additional NMDS plots
explored whether higher taxonomic groups and morphotaxa
favoured specific substrate types (soft sediment, stones, com-
binations of both as well as soft sediment covering stones).
Here, the density of individuals was calculated for the distin-
guished substrate types, and Bray—Curtis distance measures
were applied. As Bray—Curtis transformation cannot account
for empty replicates, those lacking megafauna sightings over
the corresponding substrate were excluded, resulting in a
variable number of replicates per substrate type (soft sedi-
ment = 12 video files; mix = 11 video files; soft sediment
over stones = 12 video files; stones 13 video files). For all
three NMDS plots, stress values below 0.2 were considered
reliable, values equal or higher than 0.3 were considered
suspect, and those in between were interpreted cautiously.
An analysis of similarity (ANOSIM) was conducted for each
NMDS plot to validate if both seamount regions and dis-
tinguished substrate types differ in communities based on
morphotaxa and/or higher taxonomic groupings. ANOSIM
9999 permutations and Bray—Curtis distances for dissimi-
larity were applied to the corresponding datasets. The “r.g”
function (R Core Team 2020) was used to recognize corre-
lations among chosen binary vectors. Additional indicator
species analyses were conducted to identify whether, and, if
so, which morphotaxa and/or higher taxonomic group were
significantly associated with which seamount region and/or
substrate type.
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Potential differences between the upper and deeper sea-
mount regions’ total densities were investigated. Further-
more, densities corresponding to each distinguished higher
taxonomic group were compared between the upper and
deeper seamount regions. Later, presented region and higher
taxonomic group-specific means were therefore obtained
from the prior mentioned number of replicates. In addition,
potential habitat preferences were investigated by compar-
ing densities calculated for specific sediment types between
those substrates (data shown in the Online Supplement).

Literature review process on comparable seamount
megafauna communities

We performed a literature search to conduct a qualitative
and quantitative comparison between this study’s mega-
fauna community and that of similar seamount and sea-
mount-like systems of different regions of the North Atlan-
tic. We analysed publications that investigated complete
or subsets of megafaunal communities from comparable
depths and provided information on their diversity and/
or density. If the exact parameters were not available in
the corresponding publications’ texts or tables, parameters
were estimated from graphs or, in case of some richness
parameters summed up from provided taxa-lists. Further-
more, most densities had to be calculated based on the
provided numbers of individuals, taxa-lists and/or sup-
plementary material. Density calculations were based on
dividing megafauna abundances (number of individuals) by
the provided area investigated or by multiplying given total
densities with given percentual values to estimate higher
taxonomic group-specific densities. Overall, we included
eight studies, comprising two from the southern and cen-
tral North Atlantic (Victorero 2018; Victorero et al. 2018),
four from the western North Atlantic (Cho 2008; Lapointe
et al. 2020a, b; Lapointe 2021; Moore et al. 2003) and
one from the northern North Atlantic (Meyer et al. 2022).
These studies covered a total of 22 different seamounts
and two seamount chains in the North Atlantic and one
seamount-like slope in the arctic parts of the North Atlantic
(see Online Supplement Tab. S3 and S4). Corresponding
tables summarizing the outcomes of this literature review
are attached in the Online Supplement.

Results
Megafaunal community structure and diversity
The analysis of the seamount’s faunal diversity revealed a

total amount of 6131 distinguished megafauna individuals,
comprising 44 distinct morphotaxa (Fig. 2; Table 1). These
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were summarized into 18 different megafauna morpho-
taxa belonging to nine higher taxonomic groups (Fig. 2;
Table 1). Those higher taxonomic groups included Por-
ifera, Actiniaria, deep-sea corals, Crustacea, Crinoidea,
Holothuroidea, Asterozoa, as well as Echinoidea and Tel-
eostei. Crustacea with Cancer and Benthesicymus showed
the greatest number of classified genera (Table 1). Other
identified genera and species comprised the glass sponge
Poliopogon amadou and the octocorallia Iridogorgia.
Additionally, the decapod family Pandalidae as well as
the Teleostei families Lophiidae and Macrouridae were
observed (see Table 1 for more information).

Morphotaxa richness varied largely within each higher
taxonomic group. We distinguished three Porifera, five
Actiniaria and twelve deep-sea corals, three crustaceans,
two crinoids, four holothurians, seven Asterozoa, one
echinoid and seven Teleostei. Morphotaxa richness was
significantly higher at the upper seamount region with 40
different morphotaxa, compared to the deeper region with
30 morphotaxa (Table 1), corresponding to a mean rich-
ness of 22.0 + 2.5 morphotaxa (n = 7) and 12.3 + 6.2
forms (n = 7), respectively (Fig. 3a).

Overall, neither Shannon diversity (upper region: 1.76
+ 0.51; deeper region: 1.21 + 0.71) nor evenness (upper
region: 0.57 + 0.17; deeper region: 0.61 + 0.25) showed
significant differences between upper and deeper seamount
regions (Fig. 3b, c).

Based on the NMDS plot, significant differences between
the megafauna communities of the upper and deeper sea-
mount regions were recorded, with a clear separation
between the communities (Fig. 4). Overall, most morphotaxa
were observed plotting inside or in close proximity to the
region’s occupied space. Supportive, the indicator species
analysis revealed ten morphotaxa significantly associated
with a specific region, nine with the upper (one Porifera,
one Actiniaria, six deep-sea corals, one Holothuroidea and
one Teleostei) and one (a Holothuroidea) with the deeper
seamount region (see Online Supplement Tab. S1).

General occurrence of megafauna taxa with regard
to the substrate type

Revealed by the NMDS plot, significant differences
between megafauna communities inhabiting the different
substrates on a higher taxonomic level were recorded, nev-
ertheless, no clear separation between substrate types could
be observed (Fig. 5). Excluding Echinoidea and Crustacea,
all other higher taxonomic groups clustered inside an area
covered by one or more habitat categories. Furthermore,
the indicator species analysis showed exposed Echinoidea,
Crustacea and Teleostei being significantly associated
with soft sediment, while Porifera, Actiniaria, Crinoidea
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Fig.2 Exemplary collection of observed (epi-) megafauna covering
each distinguished higher taxonomic group. Representatives com-
prised of the a Porifera Poliopogon amadou; b an undet. Actiniaria;
¢ examples of cold-water corals including Iridogorgia; d an undet.
Scleralcyonacea; e an undet. deep-sea coral; f, g the crustaceans Ben-

and Asterozoa showed significant associations with stony
habitats. In addition, all differentiated morphotaxa verified
those results, revealing substrates being inhabited by sig-
nificantly different communities on a morphotaxon level.
Fifteen morphotaxa were significantly associated with one
specific substrate (see Online Supplement Fig. S2 and Tab.

5
s

R N
b |

thesicymus and Cancer; h, i two undet. Crinoidea; j, k two undet.
Holothuroidea; 1 an undet. Brisingid asteroid as a representative for
observed Asterozoa; m an undet. Echinoidea morphotaxon; n, o Tel-
eostei of the groups Lophiidae and Macrouridae

S2). Regarding distinguished morphotaxa, five were signifi-
cantly associated with soft sediments (one Holothuroidea,
one Echinoidea and three Teleostei) and six to stones (three
Porifera, including Poliopogon amadou, four deep-sea cor-
als, including Iridogorgia sp. and an undet. Scleralcyona-
cea, one Crinoidea and two Asterozoa).
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Fig.3 Megafauna morphotaxa richness; a Shannon diversity; b and
Shannon evenness; ¢ based on morphotaxa richness at the different
deep-sea regions (mean + SD). Area-specific parameters were calcu-
lated based on seven replicates each. Bars with different letters mark
significant differences between the corresponding seamount regions

Investigating the complete seamount transect, Porifera,
generally occurred mainly on stony habitats with mean
densities of about 5.03 x 1072 + 7.92 x 1072 ind./m? (see
Online Supplement Fig. S3). Significantly lower densities
were detected when combinations of soft sediment and stones
or soft sediment alone prevailed. Several sponge (morpho-)
taxa, such as Poliopogon amadou (Kruskal-Wallis chi-
squared = 19.194, df = 3, p-value = 2.49 X 10_4) shared
this preference. Actiniaria were observed on all sediment
types, showing a significant preference for stony substrates
over mixed ones on an overall level (see Online Supplement
Fig. S3). Deep-sea corals mainly occurred on stony habi-
tats with mean densities around 3.49 x 1072 + 5.01 x 1072
ind./m? (see Online Supplement Fig. S3). Four morpho-
taxa showed significant preferences for this habitat. Those
included undetermined Scleralcyonacea and Iridogorgia sp.
preferring stones over soft (Kruskal-Wallis chi-squared =
10.985, df = 3, p-value = 1.18 x 10_2) or all other substrate
alternatives (Kruskal-Wallis chi-squared = 12.671, df = 3,
p-value = 5.41 x 107%), respectively. Crustaceans signifi-
cantly preferred soft sediments over pure stone alternatives
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Upper seamount Deeper seamount
region

Sampling station

Upper seamount Deeper seamount

region region region

Sampling station

BiDeeper seamount region

(a Test = one-way ANOVA with subsequent Tuckey-test, df = 1,
F-value = 14.93, p-value = 0.00225; b Test = one-way ANOVA with
subsequent Tuckey test, df = 1, F-value = 2.751, p-value = 0.123;
¢ Test = one-way ANOVA with subsequent Tuckey-test, df = 1,
F-value = 0.127, p-value = 0.728)

(see Online Supplement Fig. S3). Crinoidea in general
(Kruskal-Wallis chi-squared = 11.44, df = 3, p-value =
9.57 x 107%) as well as one morphotaxon (Kruskal-Wallis
chi-squared = 11.44, df = 3, p-value = 9.57 X 10‘3) showed
significant preferences for rocks compared to both mixed and
soft sediments (see Online Supplement Fig. S3). Except for
one morphotaxon significantly favouring soft sediment over
stony alternatives (Kruskal-Wallis chi-squared = 8.8053, df
=3, p-value =3.20 X 10_2), Holothurians showed no signifi-
cant differences between substrates (see Online Supplement
Fig. S3). One Asterozoa morphotaxon displayed substrate
preferences, showing significantly higher densities on stones
compared to mixed and soft sediments (Kruskal-Wallis chi-
squared = 10.775, df = 3, p-value = 1.30 X 10'2). Echi-
noidea occurred exclusively on soft and mixed substrates,
lacking any significant preferences. Reaching mean densities
of about 1.11 x 107> + 1.34 x 1072 ind./m?, freely swimming
fishes were relatively more often observed over soft sediment
(see Online Supplement Fig. S3). With the exception of one
undetermined fish morphotaxon significantly preferring soft
sediment over both mixed and stony habitats (Kruskal-Wallis
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Fig.4 Non-metric multidimensional scaling plot depicting ordination
of all 44 quantifiable morphotaxa from each seamount region based
on density data (given as number of individuals per m?), as well as
Bray—Curtis distance measures. ANOSIM with 9999 permutations

chi-squared = 9.4352, df = 3, p-value = 2.40 X 10_2), no
significant preferences were detected for Teleostei.

Quantitative comparison of the different seamount
regions

Overall megafauna densities were significantly higher at
the seamount’s upper region compared to the deeper region
(Fig. 6, Table 2). There was an influence of depth on the den-
sities of selected higher taxonomic groups as four showed
significant differences between the regions (Figs. 7, 8; see
Online Supplement Fig. S1). While both Actiniaria and
deep-sea corals reached significantly greater densities in

1 2 3

NMDS1

and based on Bray—Curtis distance (amount of morphotaxa n = 44;
number of replicates per region n = 7; stress-value = 0.0856007;
R-value = 0.5413; p-value < 0.05)

upper regions, both Holothuroidea and Echinoidea attained
significantly greater densities at the seamount’s deeper
region. Both Porifera and Asterozoa showed notable—
though not significant—changes in overall density with
Porifera showing relatively greater values at the seamount’s
deeper region and Asterozoa reaching relatively greater den-
sities at the upper regions of the seamount (Fig. 7; Table 1).

With increasing water depth, changes in the presence
of specific taxa were observed (Figs. 7, 8; see Online Sup-
plement Fig. S1). Deep-sea corals, indicators for the upper
region, reached densities of up to 3.62 x 107! ind./m* and
dominated, together with Asterozoa, the upper seamounts
megafauna community by contributing roughly 43% and
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Fig.5 Non-metric multidimensional scaling plot depicting ordination
of all nine higher taxonomic megafauna groups over each substrate
type based on density data (given as number of individuals per m?),
as well as Bray—Curtis distance measures. ANOSIM with 9999 per-

42% to the total megafauna density respectively (Fig. 7 d;
see Online Supplement Tab. S1). In the deeper region of the
seamount, especially in regions deeper than 2500 m, Porifera
dominated in terms of density, contributing about 74% to the
deeper region’s total megafauna density (Fig. 7e; see Online
Supplement Fig. S1) with a local maximum of 3.1 x 107! ind./
m? (Fig. 8a). Most prominent were colonies of Poliopogon
amadou (Fig. 8), contributing about 87.1% of the mean Por-
ifera density measured at the lower seamount region (Fig. 7e;
see Online Supplement Fig. S1) and a local maximum of 2.74
% 107! ind./m?. Other megafauna forms were associated with
either or both, deep-sea coral and Porifera aggregations, or the
region between their dominance (Figs. 2, 8; see Online Sup-
plement Fig. S1). As an example, teleost fishes reached their
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mutations and based on Bray—Curtis distance (amount of higher taxo-
nomic groups n = 9; number of replicates per substrate: soft sediment
= 12, mixed substrate = 11, soft sediment over stones = 12, stones
13; stress-value = 0.2060216; R-value = 0.2876; p-value < 0.05)

highest relative numbers near deep-sea corals, while Astero-
zoa, Crinoidea and Actiniaria dominated the region between
the aggregations of corals and sponges. Holothurians reached
the highest densities in zones with Poliopogon amadou colo-
nies (Fig. 8; see Online Supplement Fig. S1).

Discussion

Megafauna communities in comparison to other
seamounts

With our investigation of the so far unexplored Boetius
Seamounts near Cape Verde, we contribute one of the few
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Fig.6 Megafauna densities at the different seamount regions (mean
+ SD). Area-specific parameters were calculated based on seven rep-
licates each. Different letters above bars mark significant differences
between the sampling stations (Test = one-way ANOVA with subse-
quent Tuckey test, df = 1, F-value = 5.839, p-value = 0.0325)

quantitative datasets including both faunal diversity and esti-
mates of densities. To contextualize these findings, we con-
ducted a comparison with literature data from similar sys-
tems, including 22 seamounts and two seamount chains in
the North Atlantic (Fig. 9). Such a comparison is not trivial,
since differences in methodology, parameters and size frac-
tions of the megafauna across studies made the comparison
with our data set particularly challenging (see Online Sup-
plement Tab. S3 and S4).

Within a biogeographic context, the North Atlantic
Annan, Knipovich and Vayda seamounts, spanning depths
from 200 to around 2700 m below the surface (Fig. 9;
Victorero 2018; Victorero et al. 2018) were the closest
related seamounts to the Boetius Seamounts. A study
by Watling et al. (2013) associates these four seamounts
with seamounts of the lower bathyal province BY4, the
North (-east) Atlantic (Lapointe et al. 2020a, b; Lapointe
2021). The BY4 province is characterized by its specific
water mass characteristics and a POC flux to the seafloor
of about 5 g/m? per year (Watling et al. 2013). In terms of
water mass characteristics, the shallower sections (~200
to 600 m below the surface) are flushed by the South-
Atlantic Central Water, the middle sections (~700 to 1400

m below the surface) are flushed by the Antarctic Inter-
mediate Water, and the deepest sections (>1500 m below
the surface) are influenced by the North-Atlantic Deep
Water (Victorero et al. 2018). Despite these environmen-
tal characteristics shared with the Boetius Seamounts, we
found lower morphotaxa richness most probably due to the
deeper regions included in our study (e.g. Kovalenko et al.
2012; Victorero et al. 2018; Lapointe 2021); however, den-
sities were in a similar range (Fig. 9). In detail, the Annan
seamount hosted a higher mean richness and density of
about 76 + 12.7 morphotaxa and 0.63 + 0.68 ind./m?,
respectively (Figs. 1, 9; Tables 1, 2; see Online Supple-
ment Tab.S3.1 and S4.1; Victorero 2018; Victorero et al.
2018). However, a subsection with similar depth ranges to
our upper seamount region showed comparable densities
of 0.245 ind./m? (Victorero 2018) vs. 0.303 ind./m” in our
study (Table 2; see Online Supplement Tab. S3.1; Figs. 6,
9). Considering the shallower Knipovich and Vayda sea-
mounts (both 1000 to 2000 m depth below surface), a total
richness of 141 and 137 species was recorded (Victorero
2018), surpassing our deeper seamount’s 44 morphotaxa.
Yet, Knipovich and Vayda’s total densities of 0.23 and
0.71 ind./m? are in line with our study.

The Corner Rise and New England seamount chains
associated with the Northern Atlantic Boreal Province BY?2
(Watling et al. 2013; Lapointe et al. 2020a, b; Lapointe
2021) are influenced by different water masses (Labrador
Seawater) and received slightly higher POC sedimentation
of about 6.6 g/m? per year (Kovalenko et al. 2012; Watling
et al. 2013) compared to the Boetius Seamounts. Neverthe-
less, megafauna morphotaxa richness with an average of
32.4 (Min.: 22; Max.: 45; Corner Rise) and 38.1 taxa (Min.:
15; Max.: 76; New England chain) were in a similar range
as our studies (Lapointe et al. 2020a, b; Lapointe 2021).
Another similarity is the occurrence of Iridogorgia and Poli-
opogon (Tables 1 and 2; Lapointe 2021).

The third group of seamounts used in the comparisons
are the Schulz-Bank seamounts in the Arctic Province BY 1
which are under the influence of Arctic Intermediate Water
(Watling et al. 2013) being colder but receiving a similar
amount of carbon sedimentation. The species richness was
comparable to the Boetius Seamounts, but the densities were
much higher (Fig. 9).

Overall, the seamounts with similar depths though situ-
ated in different provinces showed a relatively similar mor-
photaxa richness. The few estimates available for a com-
parison of megafauna densities showed very variable values,
while the arctic seamounts showed much higher values
(Fig. 9b). In addition to these very general comparisons,
local aspects such as upwellings and different flow veloci-
ties at investigated transects may play an additional role for
the megafauna community. As an example, we observed an
obvious downward orientation of glass sponge individuals
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Table 2 List of mean

Upper seamount region
AT8[1](n="1T)

Deeper seamount region
ATRB[2](n="T)

. 2 Taxa
megafauna density (Ind./m” +
SD) of the upper and deeper
seamount region Total
Porifera

Poliopogon amadou
Undet. Hexactinellid
Actiniaria

Deep-sea corals
Iridogorgia sp.

Undet. Scleralcyonacea
Undet. Octocorallia
Undet. deep-sea corals
Crustacea

Cancer sp.
Benthesicymus sp.
Undet. Pandalidae
Crinoidea
Holothuroidea
Asterozoa

Undet. brisingid asteroid
Undet. Asterozoa
Echinoidea

Teleostei

Lophiidae
Macrouridae

Undet. Teleostei

0.297 + 0.167
239 % 1072 £ 3.65 x 1072
1.22x 1072 £ 2.06 x 1072
1.16 X 1072 £ 1.59 x 1072
6.64 %1073 +£3.69 x 1073
1.28x 107" +1.17 x 107!
329x107* +3.51 x 107
436 %1073 £3.53 x 1073
6.53x 1072 £ 9.80 x 1072
5.78 X 1072 + 4.68 x 1072
1.68 x 1073 +1.33 x 1073
204 % 107* +2.55x 1074
6.67x 107 + 1.76 x 1074
141 x 1073 +1.27 x 1073
9.94 x 1073 + 1.74 x 1072
266 x 107*+ 527 x 1074
123 %107 + 1.87 x 107!
7.90 x 107* + 8.64 x 107*
1.22% 107" + 1.86 x 107!
/

3.10 x 1073 +3.58 x 1073
137 x107% £ 234 x 1074
139 x 107* £ 237 x 1074
2.82x 1073 +3.35x 1073

0.112 +0.114
828 x 1072+ 1.08 x 107!
721 %1072 +£9.44 x 1072
1.07 x 1072 + 1.49 x 1072
6.05% 107> + 1.40 x 1072
2.37 %1073 £2.96 x 1073
/

1.58 x 1073 + 1.59 x 1073
1.31x107*+£3.48 x 107*
6.58x 1074+ 1.38 x 1073
443 %1073 +7.89 x 1073
/

338%x 107 +£833 %1073
1.05x 1073 +7.84 x 107*
1.32 x 1073 + 3.09 x 1073
5.45x 1073 + 6.64 x 1073
5.85x 1073 +1.10 x 1072
6.57 x 107* +5.86 x 107*
5.19x 1073 + 1.07 x 1072
204 x 1073 +2.74x 1073
144 x 1073 +1.28 x 1073
/

1.97 x 107* +3.61 x 107*
1.25%x 1073 +1.12 x 1073

on the Boetius Seamount transect in depths between 2800
and 3200 m (Fig. 2a). However, these local specificities
probably typical for all seamount investigations are difficult
to consider.

Deep-sea megafauna shows significant habitat
preferences

In line with literature, the most observed sessile taxa,
including corals (e.g. Roberts et al. 2010), Actiniaria (e.g.
Ammons and Daly 2008), sponges (e.g. Xavier et al. 2015;
Ramiro-Sanchez et al. 2019) and Crinoidea (e.g. Eléaume
et al. 2012) were shown to prefer hard substrates (Fig. 5; see
Online Supplement Fig. S1-S3 and Online Supplement Tab.
S2). This pattern is often explained by their need for hard
substrates as a fundament to resist strong currents at exposed
sites (e.g. Roberts et al. 2010; Ramiro-Sanchez et al. 2019).
Despite the preference for hard substrates, observations
of sessile taxa on soft substrates (see Online Supplement
Fig. S1-S3) might have multiple reasons. Although it is
likely that for most specimens, hard substrates were ini-
tially exposed during settlement and later became covered
by soft substrate (Lapointe et al. 2020b; Lapointe 2021), oth-
ers, such as burrowing and mud grasping Actiniaria, might
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have settled for this substrate to gain advantages over ses-
sile competitors (Ammons and Daly 2008). Able to anchor
themselves on both hard and soft substrates, Actiniaria
might have a broader range of distribution (Ammons and
Daly 2008). This behaviour might be considered a strategy
to evade competition with sessile taxa.

Associating vagile megafauna with a specific substrate
type gives only tentative information on their preferred habi-
tat as individuals may switch between substrates. Astero-
zoa were associated with hard surfaces (Fig. 5; see Online
Supplement Fig. S3 and Online Supplement Tab. S2) which
is in line with a study on habitat associations of shallow,
bathyal echinoderms in the Central Mediterranean (Leonard
et al. 2020). Holothurians, both on higher taxonomic and
on morphotaxon level, were significantly associated with
soft sediments (Fig. 5; see Online Supplement Fig. S3 and
Online Supplement Tab. S2). This is in accordance with
the preference of holothurians for soft sediments in shal-
low waters (Kerr et al. 1993) and also confirms observa-
tions of traces left by deep-sea holothurians on soft sediment
(Bell et al. 2013). This preference for soft bottoms can be
explained by their prevailing feeding habit of consuming
detritus from the sediment surface (Thurston et al. 1994,
Bett et al. 2001; Pawson et al. 2010). Sea urchins, which
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Fig.7 Seamount region-specific mean (+ SD) megafauna densi-
ties in individuals per m? (n = 7) for each higher taxonomic group;
a and their contribution to the upper; b and deeper; ¢ region’s total
density. Different letters above bars mark significant differences
between the regions (Porifera: Kruskal-Wallis chi-squared = 2.3562,
df = 1, p-value = 0.1248; Actiniaria: Kruskal-Wallis chi-squared
= 3.966 df = 1, p-value = 0.04643; Deep-sea coral: Kruskal-Wal-
lis chi-squared = 9.8216, df = 1, p-value = 1.73 X 1073; Crustacea:

were also significantly associated with soft substrate (Fig. 5;
Online Supplement Fig. S3 and Online Supplement Tab.
S2), might be in line with the behaviour of bathyal speci-
mens in the Central Mediterranean, consuming both phyto-
detritus and holothuroid faecal matter (Stevenson and Kroh
2020; Leonard et al. 2020). Except for Lophiidae, Teleostei
were mainly found in association with soft sediments, show-
ing a significant connection at both higher taxonomic and
morphotaxa levels (Fig. 5; Online Supplement Fig. S3 and
Online Supplement Tab. S2). Even though, rock-associated
deep-sea corals provide nurseries for fish larvae (D’Onghia
et al. 2010; Roberts et al. 2010; Baillon et al. 2012), Tel-
eostei at the seamount were mainly spotted on soft sediment
(Fig. 5; see Online Supplement Fig. S1-S3). Aggregations

Kruskal-Wallis chi-squared = 0.20044, df = 1, p-value = 0.6544;
Crinoidea: Kruskal-Wallis chi-squared = 2.4622, df = 1, p-value =
0.1166; Holothuroida: Kruskal-Wallis chi-squared = 4.473, df = 1,
p-value = 0.03444; Asterozoa: Kruskal-Wallis chi-squared = 3.0019,
df = 1, p-value = 0.08317; Echinoidea: Kruskal-Wallis chi-squared
= 5.0381, df = 1, p-value = 0.0248; Teleostei: Kruskal-Wallis chi-
squared = 0.91837, df = 1, p-value = 0.3379)

of potential prey taxa on soft sediments such as polychaetes,
crustaceans and holothurians, which also favour this habitat
(e.g. Fig. 5; see Online Supplement Fig. S1-S3 and Online
Supplement Tab. S2), might have attracted fishes to soft
habitats (Drazen et al. 2008).

Seamount zonation as a result of abiotic and biotic
factors

Our investigations revealed significant differences in the
diversity and quantity of epi-megafauna communities in
the upper and deeper regions of the seamount (Figs. 3, 4,
6 and 7; see Online Supplement Fig. S1 and Online Sup-
plement Tab. S1). The asymptotic shape of all morphotaxa
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accumulation curves implies a data set that is close to the
saturation point and that our OFOS transects should have
covered a sufficiently vast area to adequately asses this sea-
mount side’s megafaunal community (see Online Supple-
ment Fig. S4).

As shown in literature, community compositions of sea-
mount megafauna are not only affected by the provided sub-
strate arrangement, but especially by depth-related variables,
including temperature, specificity of the passing water masses
and in particular the food availability (e.g. Kovalenko et al.
2012; Victorero et al. 2018; Lapointe et al. 2020a, b; Lapointe

@ Springer

Higher taxonomic group

—Holothuroidea

——Deep-sea corals
Asterozoa

Crinoidea

2021). The reliance on sedimented organic matter (e.g. Smith
and Demopoulos 2003; Johnson et al. 2007; Smith et al. 2008)
may explain quantitative differences and faunal zonation of
the studied system (Figs. 3, 4, 6 and 7; see Online Supplement
Fig. S1). Interactions between upwellings (e.g. Genin 2004;
Rowden et al. 2010; Clark et al. 2010) and surface water circu-
lations can disperse food particles across the seamount’s upper
section (e.g. Lutz et al. 2002; Davies et al. 2009; Consalvey
et al. 2010). As indicated by Victorero (2018), the amount
of POC decreases with seamount depth. Consequently, food
limitation on the seamount may increase with depth leading
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Fig.9 Visualization of the
conducted literature research
on 22 selected seamounts of the
North Atlantic. a Megafauna
richness based on number of
species, taxa, morphotaxa or
morphotypes. b Total densities
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to the detected quantitative differences in megafauna density
(Figs. 3, 4). In addition, the diverse and changing community
structure observed during our investigation may be attributed
to the high structural complexity of the seamount and differ-
ences in abiotic parameters along the vertical transect. Indeed,
similar to other seamounts (Consalvey et al. 2010; Clark et al.
2010), our study area provided a complex volcanism-formed
shape with numerous craters, canyons and terraces, and the
base lies at the same level as the surrounding abyssal plain

(Fig. 1). With a large habitat complexity, several distinct
microhabitats and habitat niches should be available across
the seamount, providing a variability of suitable conditions for
a wide range of organisms (Jennings et al. 1999; Kovalenko
et al. 2012; Reid and Church 2015). For instance, while more
current resistant taxa, such as deep-sea corals, may settle at
current-exposed locations (e.g. Consalvey et al. 2010; Rowden
et al. 2010; Clark et al. 2010) as we have observed at the struc-
ture’s top, less resistant taxa could populate protected regions
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(White 2003; Xavier et al. 2015; Ramiro-Sanchez et al. 2019).
This is in accordance with our observations of high concen-
trations of the glass sponge Poliopogon amadou at the sea-
mount’s bottom (Fig. 8; see Online Supplement Fig. S1). In
addition, soft substrate-preferring megafauna like Echinoidea
could have accumulated in areas protected from strong cur-
rents (Fig. 7; see Online Supplement Fig. S1).

The specific vertical zonation of deep-sea corals and
sponges went along with a change in distribution patterns of
associated fauna (Fig. 8; see Online Supplement Tab. S1),
which was also recorded for other seamounts (e.g. Du Preez
et al. 2016; Serrano et al. 2017; Ramiro-Sanchez et al. 2019).
Actiniaria reached their local maxima in an area between the
upper parts of the seamount populated by deep-sea corals
and the deeper part of the seamount dominated by sponges
(Fig. 8; see Online Supplement Fig. S1). Individuals were
often closely associated with living and dead corals. Despite
being continuously observed during the dives, both Crustacea
and Teleostei, were shown to accumulate in deep-sea coral
gardens at the seamount’s top (Fig. 8; see Online Supplement
Fig. S1). We observed individuals resting close by, or, in case
of Cancer, on cnidarians. This further supports the impor-
tance of biotic interactions (e.g. O’Hara et al. 2008; Baillon
et al. 2012; Castello-Branco et al. 2020). Crustaceans and
fishes might benefit from the various provision of direct and
indirect food sources through the cnidarians, including the
produced mucus (Cordes et al. 2008; Buhl-Mortensen et al.
2010; le Guilloux et al. 2010) or associated fauna (Buhl-
Mortensen and Mortensen 2004; Genin 2004). Several studies
have already shown that deep-sea coral gardens serve as hid-
ing places for various taxa (Buhl-Mortensen and Mortensen
2004), but also as nurseries for juvenile fish (D’Onghia et al.
2010; Baillon et al. 2012). The presence of larger Lophiidae
and predatory Macrouridae might also be related to the mega-
fauna concentration in the coral gardens.

Below a water depth of about 2000 m, the frequency of
deep-sea corals was drastically reduced. Restricted to tem-
peratures between 4 and 12 °C, warmer waters at the sea-
mount’s top may provide an explanation besides the previ-
ously discussed aspects (Roberts et al. 2006). As shown by
CTD records from close by and comparable seamounts, the
temperature of the studied seamount’s upper section might
have been in a well-tolerated range of roughly 4.2 to 3.2 °C
compared to 3.2 to 2.5 °C in the deeper section (Victorero
et al. 2018; Victorero 2018). In addition, pressure related satu-
ration state of calcium carbonate could have limited the verti-
cal distribution of corals (Guinotte et al. 2006; Maier et al.
2009), as the aragonite saturation horizon for the area (approx-
imately 2300 and 2500 m depth; Jiang et al. 2015) fits to the
disappearance of corals at the investigated seamount. Deep-
sea corals provided more than 27% of all detected morpho-
taxa and with the decline of deep-sea corals towards greater
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depths, densities of both crinoids and Asterozoa increased
notably (Fig. 8; see Online Supplement Fig. S1). As passive
suspension feeders, crinoids rely on similar food sources as
their possible competitors on the seamount (Roberts et al.
2006; Xavier et al. 2015), but prefer moderate bottom cur-
rents over the high flow velocities at the upper parts of the
seamount (Macurda and Meyer 1974). Recording the major-
ity of crinoids at these depths, all individuals categorized
within this group displayed characteristic features like stalks,
tendrils and mouths. However, in rare cases, some individuals
appeared blurred on video frames and shared similarities with
specific deep-sea corals, potentially influencing the observed
densities.

Below 2500 m depth, another major shift in the seamount’s
faunal zonation appeared as large aggregations of the hex-
actinellid Poliopogon amadou became dominant (Figs. 2a, 8;
see Online Supplement Fig. S1). While their numbers were
notably higher at depths where deep-sea corals were not domi-
nant, colonies of the sponges further expanded to vast gardens
down to the seamount’s bottom. Only very few studies have
observed similar aggregations of Poliopogon amadou (e.g.
Xavier et al. 2015; Ramiro-Sanchez et al. 2019; Perez et al.
2020). Two of those studies were located on comparable sea-
mounts in the Atlantic Ocean, including the Great Meteor
Seamount (Xavier et al. 2015) and the Tropic Seamount
(Ramiro-Séanchez et al. 2019). Poliopogon amadou aggrega-
tions are known to depend primarily on high water depths and
strong flow velocities at the seamount flanks (White 2003;
Xavier et al. 2015; Ramiro-Sanchez et al. 2019). The colo-
nization of depths below deep-sea coral regions might be a
strategy to avoid competition with corals (Tabachnick and
Menshenina 2002).

Like deep-sea corals, zones dominated by Poliopogon
amadou showed a specific associated megafauna community
(Fig. 8; see Online Supplement Fig. S1). With one morpho-
taxon significantly associated with the corresponding region,
Holothuroidea were one of those taxa (Fig. 8; see Online
Supplement Tab. S1 and Online Supplement Fig. S1). Simi-
lar observations were made for the Anton Dohrn Seamount
in the northeastern Atlantic (Davies et al. 2015). Like Poli-
opogon amadou (Xavier et al. 2015), some Holothuroidea
are known to accumulate in areas with increased food supply
while avoiding strong water turbulences (Kerr et al. 1993).
Similar to deep-sea corals, we observed Porifera gardens to
be also associated with a relatively high number of fishes
and crustaceans (Fig. 8; see Online Supplement Fig. S1).
Teleostei could have additionally been attracted by the
higher densities of Holothuroidea (Bailey et al. 2006). In
addition, Bailey et al. (2006) and others reported significant
correlations between the occurrence of Macrouridae and the
total density of echinoderms, including holothurians (Pearcy
and Ambler 1974; Pawson et al. 2010).
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Conclusion

Although several studies investigated seamount epi-mega-
fauna in a qualitative and/or quantitative manner, there are
only very few studies providing an assessment of the com-
munity’s diversity and density altogether. Here, we present
qualitative and quantitative insights into the epibenthic meg-
afauna communities inhabiting a so far unexplored seamount
of the southern North Atlantic. By analysing vertical distri-
bution patterns together with fauna richness and density, this
study’s dataset provides a further mosaic piece to enlarge
the baseline knowledge on this kind of habitats which can
be utilized for the development of conservation and man-
agement strategies of seamount habitats in the future (Clark
et al. 2010; Watling et al. 2013).

Morphotaxa richness and density were significantly higher
at the seamounts top, while Shannon diversity lacked signifi-
cant differences. These findings supported our hypothesis that
larger megafauna diversity and quantity would be found on
the seamount’s summit. Both community composition and
densities differed significantly between seamount sections,
showing a vertical zonation where deep-sea corals and glass
sponges (Poliopogon amadou) dominated the upper and
deeper regions, respectively. Consequently, our hypothesis
that megafauna communities will accumulate in a character-
istic zonation with changes in depths was supported. Further,
several morphotaxa and higher taxonomic groups were found
to have specific substrate preferences, confirming the hypoth-
esis of substrate preferences among different megafauna taxa.

In conclusion, we hope that this study offers new insights
into the diversity and density of epi-megafauna from a deep
seamount in the southern North Atlantic while expanding
our knowledge on interactions between fauna and their habi-
tats. Furthermore, the gained insights on seamount mega-
fauna communities might be integrated into management
approaches, guiding the planning of protected areas on this
or similar seamount systems.
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