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Abstract This study investigates near-bottom currents and physical processes from simulations with the
hydrodynamic model ROMS-AGRIF at two seamounts of the northeast Walvis Ridge to obtain valuable
insights about drivers of observed occurrences of benthic suspension feeders (cnidarians and sponges) in this
data-poor area. The spatial resolution in each model area was increased across two levels of nested grids from
1,500 m to 500 m resolution with 32 stretched terrain-following (s-) layers in the vertical with high resolution
close to the bottom. The parent grids receive initial and boundary conditions from the basin-scale model
INALT20 and from solutions of the OTIS inverse tidal model. The model topography is based on GEBCO data
with local refinements from multi-beam data collected during different surveys in 2008, 2009, and 2010.
Increasing model resolution is an important advancement for precisely evaluating the intrinsic dynamics within
challenging rough terrain. We examined how near-bottom currents vary over space and time and investigated
potential links between observed Cnidarian and Porifera occurrences and ranges of physical variables and
processes. We identified a close link between physical processes and species distributions and suggested that
physical processes such as kinetic energy dissipation and internal wave dynamics may be considered in future
research as proxies of food supply to benthic suspension feeders. Such mechanistic variables may also be used to
supplement more traditional descriptors such as water mass and terrain properties in species distribution models,
thus enhancing our ability to predict the occurrence of benthic communities characterized by cnidarians and
sponges.

Plain Language Summary We investigated the physical drivers of the distribution of cnidarians and
sponges in two areas along the northeast Walvis Ridge, Valdivia Bank, and Ewing Seamount based on data from
ocean model simulations over a period of 3 years. To get realistic boundary conditions for our simulations, we
added bathymetric data from high-resolution seafloor topography, water column data from a larger-scale ocean
circulation model, and information about tidal currents. By refining our model, we were able to better resolve
the near-bottom circulation and how it changes over time and space. Incorporating finer-scale variability of
physical variables and processes that represent important proxies for the transport and delivery of food to deep-
sea benthic fauna has the potential to greatly improve predictions of benthic filter feeding communities.
Moreover, integration of such variables in future species distribution modeling may contribute to our current
understanding of optimal environmental envelopes for important deep-sea taxa, such as those that represent
vulnerable marine ecosystems.

1. Introduction

The global ocean seafloor is covered with countless isolated topographic elevations from smaller knolls and
pinnacles only several hundred meters high to intermediate and large seamounts rising several thousand meters
above the seafloor occasionally entering the photic zone (Gevorgian et al., 2023; Wessel et al., 2010). Despite the
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widespread existence of seamounts, our understanding of the structure and functioning of seamount ecosystems
remains remarkably limited as highlighted by Rogers (2018). A growing number of seamounts in the North
Atlantic are systematically investigated across disciplines (Giacomello et al., 2013; Ramiro-Séanchez et al., 2019;
Serrano et al., 2017; Simpson & Watling, 2011; Tojeira et al., 2023), but seamounts in the southeast Atlantic have
received comparatively less attention, resulting in sparse or inadequately documented data regarding benthic
communities, fish populations, and environmental water column characteristics (Bergstad, Gil, et al., 2019,
Bergstad, Hgines, et al., 2019). However, significant progress has been made in the South Atlantic in recent times.
Notably, during the Spanish-Namibian collaborative effort RAP-SUR (2008-2010), spatially resolved data on
geology, benthos, fish, seabirds, and water mass properties were collected at the summits of the Valdivia Bank
and at Ewing Seamount (Lopez-Abellan & Holtzhausen, 2011). In addition, Bergstad, Gil, et al. (2019) mapped
and described the benthic megafauna and benthopelagic fish fauna at Valdivia Bank and Ewing Seamount as part
of an extended survey of different southeast Atlantic seamounts. Recent advances in other areas provided first
insights of meso- and benthopelagic fish dynamics at remote seamounts in the South Atlantic from a combination
of fisheries acoustic methods and pelagic trawl sampling (Campanella et al., 2021). As part of the Ecosystem
Approach to Fisheries (EAF)-Nansen Program, the South East Atlantic Fisheries Organisation (SEAFO) and its
partners have conducted surveys in 2015, 2019, and 2022 aiming at identifying and mapping vulnerable marine
ecosystems (VMEs) and fisheries resources at the South-West Discovery Seamounts and the North Guinea
Seamount chain in the South Atlantic (SEAFO, 2019, 2022). Despite these recent advances, the South Atlantic is
still considered as an area poor in data on physical oceanography, benthic species, and benthic ecosystem
functioning (Bridges, Howell, et al., 2023). Modern dynamic basin-scale ocean models, spatially explicit broad-
scale benthic habitat classification techniques, and multivariate benthic landscape maps extending from coastal
areas to areas beyond national jurisdiction (ABNJ) have been increasingly used to narrow existing data and
knowledge gaps in the southeast Atlantic (McQuaid et al., 2023; Riihs et al., 2019; Schumacher et al., 2022; Tim
et al., 2018).

The capacity to predict benthic species distributions requires knowledge of functional relationships between
ecosystem components, terrain attributes, and changes in physical and biogeochemical water properties over
space and time but may also consider the role of physical processes and mechanisms that drive food supply (Mohn
et al., 2023; Pearman et al., 2023). Seamounts interact with the surrounding flow field, generating a wide range of
physical processes across various frequencies. These processes include intensified turbulent mixing, internal
wave dynamics, and seamount-trapped waves (Haidvogel et al., 1993; Kunze & Toole, 1997; Vlasenko
et al., 2018). The transfer and conversion of kinetic energy from lower to higher frequency motions is strongly
enhanced over complex and abrupt topography in the ocean interior including seamounts (Lavelle & Mohn, 2010;
Nikurashin et al., 2013; Thorpe, 2007). This dissipation of kinetic energy from barotropic tides to turbulence
promotes mixing of food items through the water column and enhances particle encounter rates of feeding corals
and sponges (Maier et al., 2023; van der Kaaden et al., 2021).

In this study, we integrate physical data from high-resolution nested implementations of the hydrodynamic
ROMS-AGRIF model (Shchepetkin & McWilliams, 2005) with observed occurrences of Cnidaria (passive
suspension feeders) and Porifera (active suspension feeders) in the near-bottom layers at Valdivia Bank and
Ewing Seamount. These two phyla are key structuring organisms in deep-sea benthic ecosystems (Maldonado
etal., 2017; Orejas et al., 2017; Roberts et al., 2006), as they form three-dimensional habitats for other organisms,
creating marine animal forests (Orejas et al., 2022; Rossi et al., 2017). We hypothesize that physical mechanisms
driving food supply play a key role in determining the spatial distribution of benthic suspension-feeding com-
munities. Although we are not examining differences between active and passive feeding strategies, we select
these phyla to broaden the scope of our hypotheses across a diverse range of suspension-feeding organisms. We
describe the dominant oceanographic patterns and their spatial and temporal variability in each area and inves-
tigate the potential biophysical connections and physical drivers of cnidarian and sponge distribution at Valdivia
Bank based on daily averaged and 3-hourly instantaneous current velocity data.

The local embedded hydrodynamic models have a resolution of 1,500 m (parent grid) and 500 m (child grid) and
receive input from high-resolution bathymetry, barotropic tides, and water mass properties. The region is con-
nected to the open ocean, in particular the South Atlantic subtropical gyre and the influence from the Indian Ocean
through the Agulhas Current system, called Agulhas Leakage (Riihs et al., 2022). Lateral boundary conditions of
current velocities and hydrography from the basin-scale circulation are provided by output from the ocean general
circulation model INALT20 at a resolution of 1/20° (Riihs et al., 2022; Schwarzkopf et al., 2019). Large eddies
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may interact with seamounts and other abrupt topographic features at various levels during collision or near-
collision events. Such interaction may include trapping of eddies followed by changes in the local dynamics
and spawning of smaller eddies as observed for Meddies in the North Atlantic (Bashmachnikov et al., 2009;
Shapiro et al., 1995) as well as eddy splitting and destruction (as reported for Agulhas Rings at Vema Seamount in
the southeast Atlantic; Schouten et al., 2000). Encounters between eddies and seamounts can episodically in-
fluence seamount faunal communities by increasing or decreasing food availability through upstream entrainment
and advective loss (e.g., Drazen et al., 2011).

2. Materials and Methods
2.1. Study Sites

Valdivia Bank takes the shape of an elongated oceanic plateau and is located at the northeast Walvis Ridge, a large
ridge system in the SE Atlantic intersected by canyons and seamounts separating the Angola Basin to the North
from the Cape Basin to the South (Figure 1a). The Valdivia Bank plateau has an elliptical shape with water depths
from 220 m to more than 4,000 m in the surrounding abyssal plains (Bergstad, Hgines, et al., 2019; Contreras
etal., 2022). The entire plateau extends over a length of 360 km in the N-S direction (major axis) and 220 km in the
E-W direction (minor axis). The bank morphology is characterized by generally gentle slopes of <1°, but there are
several areas where slopes are significantly steeper exceeding 30°. Along these steep slopes abrupt increases in
depth of 1,500 m or greater are common (Contreras et al., 2022). The central summit plateau is composed of smaller
areas with distinct topographic elevations of different sizes and heights. A prominent seamount-like feature is
located at the southern plateau at approximately 6.4°E and 26.2°S (Figure 1b, sampling area D). This seamount is
elongated in the NE-SW direction and has the form of a flat-topped guyot bounded by steep slopes with water
depths in the range 220-1,000 m. In contrast, Ewing Seamount is an isolated seamount located off the northeastern
part of the Walvis Ridge in the northern Cape Basin centered at 23.245°S and 8.27°E (Figure 1c¢). It has a diameter
of approximately 30 km with an irregular bottom relief shaped by inlets and rifts along the deeper slopes. The
summit plateau covers the depth range 850—1,000 m with the smallest peak at 780 m water depth.

2.2. Hydrodynamic Models

The Regional Ocean Modeling System with grid refinement (ROMS-AGRIF, here the version 3.1) was used to
simulate currents and water mass properties at Valdivia Bank and Ewing Seamount with high resolution
increasing across two levels of nested grids of 1,500 and 500 m in each study area (Figures 1b and 1c). ROMS-
AGRIF is a free surface, finite difference, primitive equation model applying orthogonal curvilinear coordinates
on a staggered Arakawa C-grid in the horizontal and stretched sigma coordinates (s-coordinates) in the vertical
(Shchepetkin & McWilliams, 2005). The ROMS-AGRIF model receives initial conditions and lateral boundary
conditions from the global nested model INALT20 (Schwarzkopf et al., 2019). Lateral boundary conditions are
prescribed as 5-day averages of current velocities, sea surface height, temperature, and salinity. INALT20 is a
global eddy-permitting (1/4°) ocean/sea ice model configuration based on NEMO (Nucleus for European
Modeling of the Ocean) with a high-resolution eddy-rich nest (1/20°, 46 vertical z-levels varying between <10 m
close to the surface and 250 m at water depths >5,000 m) covering the South Atlantic and the western Indian
oceans between 70° W and 70° E and extends from the northern tip of the Antarctic Peninsula at 63° S to 10° N
(Schwarzkopf et al., 2019). For our local simulations, we used a hindcast simulation (referred to as SIMjg a0 in
Riihs et al., 2022) driven by the recent atmospheric forcing product JRA55-do (Tsujino et al., 2018) following the
OMIP2 protocol (Tsujino et al., 2020). The OSU (Oregon State University) inverse tidal model provides
instantaneous sea surface height and barotropic velocities for 10 tidal constituents (Egbert & Erofeeva, 2002)
through radiation terms along the open lateral boundaries. Local solutions of water mass properties and currents
from the parent grids at 1,500 m resolution are transferred to the child grids at 500 m resolution at every time step.
Explicit lateral viscosity is zero everywhere in the models except one grid cell wide sponge layer on each grid to
reduce numerical instabilities along the open boundaries. COADS (Comprehensive Ocean-Atmosphere Data Set,
0.5° X 0.5° spatial resolution) data was used as background atmospheric forcing at the free surface to supplement
the lateral boundary conditions from INALT20. The total simulation time was set to four years covering the
period 2007 to 2010. The largest model time step is 90 s, which is sufficient to capture tidal dynamics as a
potentially important physical driver at these sites. The bathymetry used in the model is an integrated data set from
multi-beam surveys collected between 2008 and 2010 by IEO-CSIC as part of the RAP-SUR project in both study
areas and merged with depth information from the GEBCO_2020 global bathymetry at a spatial resolution of 15
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Figure 1. (a) Location of the two study sites along the Walvis Ridge in the SE-Atlantic. The ROMS-AGRIF hydrodynamic
model employs embedded grids to locally increase spatial resolution from 1,500 m (parent grid) to 500 m (child grid) with
enhanced bathymetry at Valdivia Bank (b) and Ewing Seamount (c).

arc s. GEBCO_2020 was the most recent version of global bathymetry at the time of the model setup. The in-
tegrated bathymetry has a spatial resolution of 250 m. This bathymetry in combination with improved spatial
resolution in the local nests allows a more detailed view of physical processes over complex topography in the
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Table 1
Grid Metrics (Size of Model Area and Number of Grid Cells) of Local High-Resolution ROMS-AGRIF Model Implementations as Shown in Figures 1b and Ic
Grid metrics Valdivia bank (parent grid) Valdivia bank (child grid) Ewing seamount (parent grid) Ewing seamount (child grid)
Horizontal resolution (m) 1,500 500 1,500 500
Grid size [lon, lat] (km) 297 x 363 115 x 91 357 x 387 133 x 133
Grid points [lon, lat] 198 x 242 230 x 182 238 x 258 266 X 266
Longitude range (°E) 4.6t07.5 5.6t0 6.8 6.5 to 10.0 7.5 to 8.85
Latitude range (°N) —27.19 to —23.76 —26.61 to —25.813 —24.96 to —21.488 —23.871 to —22.677

central seamount areas of Valdivia Bank and Ewing Seamount (Figures 1b and 1c). All nested model imple-
mentations have 32 terrain-following vertical layers (s-layers) with higher resolution close to the surface
(stretching parameter §; = 3.4) and bottom (6, = 1.0). The near-bottom vertical resolution of s-layers varies
between <2 m in the shallowest areas and 39.5 m in the deepest areas of Valdivia Bank. At Ewing Seamount, the
corresponding difference in near-bottom vertical resolution changes from 6.5 to 38 m, respectively. The grid
metrics are summarized in Tables 1 and 2, respectively.

2.3. Benthos, Water Mass Properties, and Cape Basin Circulation

Spatially resolved data on megabenthos (Cnidaria and Porifera) and physical oceanography were collected during
several Spanish-Namibian surveys in the years 2008, 2009, and 2010 on board the B/O Vizconde de Eza. These
surveys were conducted as part of the RAP-SUR project, which aimed to identify and characterize vulnerable
marine ecosystems (VMEs) associated with seamounts inside the SEAFO Regulatory Area (Durdn Mufloz
et al., 2012; Lopez-Abellan & Holtzhausen, 2011). The two seamounts were investigated again in 2015 as part of
an extended survey of South Atlantic seamounts on the board RV Fridtjof Nansen (Bergstad, Gil, et al., 2019,
Bergstad, Hgines, et al., 2019). Analysis of samples from benthos surveys at Valdivia Bank and in the Ewing
Seamount in the periods 2008, 2009, and 2010 (box-corer, rock-dredge, video and still photographs) showed the
occurrence of a large number of taxa, many of them benthic suspension feeders (Lopez-Abellan & Holtzhau-
sen, 2011). In our analysis, we only considered Cnidaria and Porifera, as these groups include important VME
indicator species (cold-water corals (CWCs) and sponges; Figure 2). Cnidarians were represented by several taxa,
including octocorals (i.e., bamboo corals belonging to the family Isididae) and scleractinians (i.e., Enallopsammia
rostrata). Sponges were represented mostly by hexactinellids and demosponges. Bergstad, Gil, et al. (2019)
describe a large diversity in benthic megafauna associated with southeast Atlantic seamounts including ancient
scleractinian coral framework and rubble. Samples collected during the RAP-SUR expeditions corroborate these
observations, revealing a remarkable occurrence of cnidarians, including cold-water corals (CWCs) as well as
sponges (Figure 2a). Camera surveys at Valdivia Bank showed that live corals were very patchily distributed, and
numbers often decreased toward the summits except for the shallow southeast Valdivia summit, where numerous
gorgonians were detected (Bergstad, Gil, et al., 2019, Figure 2a). At Ewing Seamount, scattered live corals
(scleractinians, gorgonians, and antipatharians) were recorded during all camera surveys with again decreasing
numbers at the seamount summit (Bergstad, Gil, et al., 2019). Large aggregations of cnidarians during the RAP-
SUR surveys were reported at the western summit region (Figure 2b).

CTD data from the Valdivia Bank and Ewing Seamount were collected during the 2008, 2009, and 2010 RAP-
SUR benthos surveys (station locations are shown in Figure S1 in Supporting Information S1 Section). Below, we

Table 2
Resolution (m) of the Bottom-Most Vertical s-Layers for Each Model Grid Over Different Parts of the Model Bathymetry

(B, = Minimum Depth in Each Model Grid, h,,,. = Maximum Depth in Each Model Grid)

Grid Az (bottom) at A ;. Az (bottom) over slopes Az (bottom) at &,

Valdivia parent 1.3 20.4 39.5

Valdivia child 1.8 20.4 39.0

Ewing parent 6.5 22.4 38.2

Ewing child 6.7 22.1 37.5
MOHN ET AL. 5of22
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Figure 2. Cnidaria (magenta circles) and Porifera (yellow circles) occurrences at Valdivia Bank and Ewing Seamount from
surveys conducted in the period 2008, 2009, and 2010 by IEO-CSIC (Spain) as part of the RAP-SUR project (L6épez-Abellan
& Holtzhausen, 2011). Black contour lines represent water depths. Cnidaria species distributions at Valdivia Bank are shown
in Figure S5 in Supporting Information S1 section.

only present CTD data from Valdivia Bank that was used for model validation. The water mass characteristics in
the Valdivia Bank region correspond to properties found in other areas of the South Atlantic (Figure 3b). Eastern
South Atlantic Central Water (ESACW) is the main water mass in the upper layer and is centered in the depth
range 200-700 m. In the Valdivia Bank region, ESACW covers the range 8 = 6-15°C and S = 34.5-35.4,
respectively, at densities 6y = 26.2-27.1 kg m— (Figure 3b). ESACW is formed southwest of South Africa, where
waters from the Indian Ocean mixes with the South Atlantic Current (SAC) inside an area from 30 to 40°S and 0—
20°E (Figure 3a; Liu & Tanhua, 2021). The SAC feeds the north-westward flowing Benguela Current (BC) with
relatively cold and oxygen-rich ESACW. The BC continues along the Southwest African margin before being
deflected westward south of the Angola-Benguela Frontal Zone (Figure 3a; Mohrholz et al., 2014). The minimum
0 and S inflection point at @ = 4°C, S = 34.4, and o, = 27.3 kg m ™ represent the influence of Antarctic Inter-
mediate Water (AAIW). AAIW is formed in the surface region north of the Antarctic Circumpolar Current (ACC)
from where it subducts and propagates northward, whereas it is modified through mixing with surrounding water
masses (Liu & Tanhua, 2021; Stramma & England, 1999). Below 1,200 m depth, the increase in salinity until the
deep salinity maximum S = 34.85 can be attributed to North Atlantic Deep Water (NADW), which covers the
depth range 1,200-2,000 m in the South Atlantic and is composed of characteristic water masses from the North
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Figure 3. (a) Schematic of the main surface circulation features in the SE Atlantic (ABF = Angola-Benguela-Front, AR =
Agulhas Rings, BC = Benguela Current, and CC = Cape Cyclones). (b) 0—S diagram based on Valdivia Bank CTD data
from the 2008-2010 RAP-SUR surveys (L6pez-Abellan & Holtzhausen, 2011). Colored dots indicate data from different
years, and black lines denote isopycnals of density anomaly o, (kg m™>). The water masses are Eastern South Atlantic
Central Water (ESACW), Antarctic Intermediate Water (AAIW), North Atlantic Deep Water (NADW) and Antarctic
Bottom Water (AABW). Current ellipses for the barotropic tidal harmonics M2 (c) and K1 (d) tides from the Atlantic
solution AO_atlas (1/12° spatial resolution) of the Oregon State University Tidal Inversion Software (OTIS). Colored
contours represent bathymetry, and black lines show depth contours from 500 to 6,000 m in 500 m intervals. The CTD station
locations are shown in Figure 1 in Supporting Information S1 section.

Atlantic overflow regions (Liu & Tanhua, 2021; and references therein). The deepest waters in the Valdivia Bank
region showed inflections of Antarctic Bottom Water (AABW) at a temperature minimum of § = 2.8°C. AABW
is formed in the Weddell Sea region through mixing of Circumpolar Deep Water (CDW) and Weddell Sea Bottom
Water (WSBW) (van Heuven et al., 2011). The current system surrounding Valdivia Bank and Ewing Seamount
is influenced by the anticyclonic circulation in the South Atlantic subtropical gyre (Chidichimo et al., 2023),
entering from the southeast, warm, and salty waters of Indian Ocean origin entering the Atlantic Ocean through
Agulhas Leakage (Riihs et al., 2022). This happens as a direct inflow but also in the form of large mesoscale
eddies. These Agulhas Rings represent one of the largest mesoscale eddies in the world ocean with diameters of
more than hundred kilometers and depth extensions of 1,000 m and more (Casanova-Masjoan et al., 2017). The
Walvis Ridge lies to the northeast of the main route of Agulhas Rings as they drift into the South Atlantic
(Dencausse et al., 2010). Although very few anticyclonic eddies entered the southwestern part of our model area
during the course of the experiment, their warm and saline footprint is still visible (Figure 3b).
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Table 3

Summary of Descriptors and Proxy Metrics Used to Investigate Near-Seabed Bio-Physical Connections (See Section 4.4)

Descriptor Calculation Description Processes influencing food supply

Mean current Upean ms7™H, U = u2 + 12 Three-year (2008-2010) average Advection and retention of lateral food
velocity calculated from daily averaged model input (quantity and speed).

U hean outputs of velocity components u and v on
a 1,500 m resolution grid.

Maximum Upax (ms™), U = Vu2 + 12 Three-year (2008-2010) maximum at each ~ Advection and retention of lateral food
current model grid point calculated from daily  input (quantity and speed) during episodic
velocity averaged model outputs of velocity peak events (feast-famine conditions).
U, ax components u and v on a 1,500 m

resolution grid.

Kinetic energy ¢ = p-A, [ (©)- (Y + (‘;—i,’) . (%)] +p-A, [ (‘;—U) . (’3—”)] Three-year (2008-2010) average Vertical mixing and particle encounter
dissipation calculated from daily averaged model  rates. Time how long food particles stay in
rate € output of the modeled 3D velocity (u,v, w) suspension and available.

Internal wave
slope
criticality
S

field based on Nikurashin et al. (2013).
The horizontal viscosity A, =1 m?s™" and
vertical viscosity A, = 107> m” 5" are
background values accounting for the
aspect ratio in momentum exchange
(Nikurashin et al., 2013). The density of
seawater p (kg m~>) is calculated from the
modeled temperature and salinity fields.
S =h/c ¢ = :;)22 - ﬁ)zz i

o = 1.4053e—4 s~" and inertial frequency
f (Cacchione et al., 2002; St. Laurent &
Garrett, 2002). The Brunt-Vaiisila
frequency N was calculated from daily
averaged model output of temperature and
salinity. The topographic slope h is
derived from the 1,500 m model grid
topography, averaging gradients in
longitude and latitude over each grid cell.

Direction and intensity of internal wave
propagation (reflection, transmission,
local amplification). Enhanced vertical
mixing and food particles in suspension
through breaking internal waves and
turbulence in near-critical
conditions (S ~ 1).

with M2 tidal frequency

The characteristics of dominant barotropic semidiurnal (M2, period = 12.4 hr) and diurnal (K1, period = 23.9 hr)
tidal harmonics across the Valdivia Bank area are shown in Figures 3c and 3d. The ellipses of the principal M2
tide are largely directed along-slope (NNW to SSE) in the deep basins but are amplified and less rectified over the
shallower Valdivia Bank. The magnitude of the M2 major axis is larger by one order of magnitude than the K1
major axis. The magnitude of the dominant semidiurnal tidal harmonic M2 is up to 2 cm s~ 'above the shallower
areas of the Valdivia Bank between 5°E and 7°E and —23°S and —27°S, whereas corresponding values in the
Cape Basin do not exceed 1.1 cm s~ (Figure 3¢). The main diurnal tidal harmonic K1 is an order of magnitude
smaller (maximum semimajor axis 0.2 cm s~ ') and is strongly rectified in a North-South direction (Figure 3d).

2.4. Metrics of Physical Descriptors of Food Supply for Benthic Suspension Feeders

The conversion and dissipation of kinetic energy of currents at complex topographic structures generates ener-
getic internal tide dynamics and vertical mixing, which may help to establish a steady food supply for cnidarians
and sponges by sustaining a high encounter rate with food particles. The relative steepness of the topographic
slope to the angle of internal tidal wave propagation is a key factor influencing the generation and modification of
internal tides at the site (Cacchione et al., 2002; St. Laurent & Garrett, 2002). The topographic slope (h) is
considered critical or near-critical when its steepness matches or is close to the steepness of the internal wave
beam angle (c). At critical slopes, the internal tide resonates, and vertical mixing is intensified. At gentler
subcritical slopes (h < ¢), internal waves pass the topographic slope without significant interference. At steeper
supercritical slopes (h > c), internal waves are reflected and may advect food particles over larger distances (see
Table 3 for the computation of internal wave slope criticality). Kinetic energy dissipation rates and internal tide
characteristics at the spatial scales of the model are estimated from daily averages of the modeled 3D temperature,
salinity, and velocity field as described in Table 3. In addition, we compared kinetic energy dissipation rates from
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daily averaged velocities with dissipation rates from 3-hourly instantaneous velocities to estimate the importance
of temporal resolution in resolving tidal effects.

3. Results
3.1. Model-Data Comparison

Water mass properties from CTD data measured from 2008, 2009, and 2010 in different subregions of Valdivia
Bank were compared with corresponding model data (see Figure S1 in Supporting Information S1 section for an
overview of CTD station locations and sampling years). Daily averaged potential temperature and salinity profiles
at grid cells nearest to the CTD station locations from both the local area ROMS-AGRIF model (parent grid,
1,500 m spatial resolution) and the global nested model INALT20 (1/20° spatial resolution, corresponds to a
length scale of approximately 4 km) were used for this comparison. A statistical model skill assessment (Sup-
porting Information S1 section) showed generally very good to good agreement between daily averaged model
data and the measured short-term snapshots of temperature and salinity properties in 2009 (Figure 4) and all other
sampling years at water depths >150 m and the temperature and salinity range 8 < 17°C, S < 35.5 (see Table 1,
Text and Figures S1 and S2 in Supporting Information S1 section of this article). There are some notable dif-
ferences between modeled and observed water mass properties in near-surface waters. In 2008 in area C, for
example, both models failed to accurately reproduce the observed thermocline and halocline in the upper 150 m of
the water column as well as the occasionally very high salinities of up to 36 (Figure S1 in Supporting Infor-
mation S1 section). Additional differences between modeled and observed water mass properties can be attributed
to the space-time bias between the CTD point measurements and model data representing conditions inside an
entire grid cell as well as the intrinsic variability in the CTD data from near-surface processes and partial tidal
signals that are not resolved by the time-averaged model data. In summary, we generally found good agreement
between modeled and observed water mass properties that represent a longer term and quasi-steady state in
contrast to short-term variability that can be attributed to short-term changes in near-surface processes and only
partially resolved tidal signals.

3.2. The Large-Scale Eddy Field

The SE Atlantic south of the Walvis Ridge is a major pathway for warm waters rich in salinity, which originate in
the Indian Ocean and propagate into the South Atlantic through leakage of the Agulhas Retroflection as a
combination of large anticyclonic eddies (Agulhas Rings), cyclonic eddies, and direct inflow (Riihs et al., 2022).
To estimate possible eddy seamount encounters at Valdivia Bank and Ewing Seamount, we analyzed sea surface
height data from AVISO altimetry and the INALT20 simulations, which were used as boundary conditions for the
local area ROMS-AGRIF seamount models. Figure 5 shows eddy statistics for both data sets, provided as eddy
presence times (in days) in the wider study area using an eddy detection algorithm (Chelton et al., 2011). Typical
eddy structures within our region of interest can be described by their sizes being smaller than 300 km and
amplitudes above 5 cm. These thresholds were used to label eddies (Riihs et al., 2022), although spurious dis and
reappearance of eddies might occur in cases where for example, their amplitude intermittently falls below the
respective threshold. All detected eddies, regardless of size and amplitude over the years 2007-2010, were
considered for anticyclonic and cyclonic rotation separately. The corresponding eddy statistics for individual
years can be found in Figure S3 and S4 in Supporting Information S1 section. The results show that anticyclonic
eddies propagate from their spawning area in the Agulhas Retroflection north-westward into the southeast
Atlantic inside a well-defined corridor, which rarely extends northward to Valdivia Bank and Ewing Seamount.
This spreading pattern is clearly visible in both data sets (Figure 5a). Encounters of anticyclonic eddies with the
Valdivia Bank were limited to rather short-lived occasions in individual years (residence times 31 and 5 days for
INALT20 and AVISO, respectively, in 2007; 7 and 10 days in 2009; Figure S4 in Supporting Information S1
section). There was no evidence of anticyclonic eddies close or at Ewing Seamount in any of the data sets in the
period 2007-2010 (Figure 5a). The main pathway of cyclonic eddy propagation is northward entering the
Benguela Current system after spawning from the Agulhas Retroflection (Figure 5b). Events of cyclonic eddy
encounters with Walvis Ridge seamount topography are again very short-lived and could only be detected in
AVISO data (25 days in 2008, 5 days in 2009 and 55 days in 2010; Figure S5 in Supporting Information S1
section).
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Figure 4. Observed and modeled water mass properties potential temperature 6 (°C) and salinity based on CTD
measurements obtained in 2009 in two sub-regions of Valdivia Bank. The subplots show 6-S diagrams and depth profiles of
potential temperature 6 and salinity, respectively. Corresponding model-data comparisons for the years 2008 and 2009 are
presented in Supporting Information S1 section.
3.3. Near-Bottom Currents
The time-averaged near-bottom currents, simulated at a resolution of 1,500 m in the extended Valdivia Bank
region, show a complex pattern influenced by variations in the underwater landscape. The near-bottom flow is
shaped by shallow elevations, enclosed basins, and steep slopes plunging into the deep sea (Figure 6a). The
strongest bottom currents in the model occur along the steep eastern slopes of the Valdivia Bank complex,
MOHN ET AL. 10 of 22

35U SUOWILLIOD BAIIER.1D) B|eal dde U Aq pauAOE a1 SRR WO 88N J0 3N 10} A1 UIIUO AB|IM UO (SO }IPUOD-PUR-SLLLBYLIOY" A3 1M Ae.q 1)U JUO//Sc1IL) SUORIPUOD PUB S L U} 885 *[5202/50/50] U0 AXeiq1] aUIIUO ABIIM *299TZ000Y202/620T OT/10pu00 A 1m Areaqjeutjuo'sqndnfe//:sdiy woy pepeojumod ‘T ‘520z ‘T62669T2



. Y d N |
MMI
ADVANCING EARTH
AND SPACE SCIENCES

Journal of Geophysical Research: Oceans 10.1029/20241C021667

(a) Anti-cyclonic

22°S 480
450
420
390
360
330
300
270
240
210
180
150
120

920

60

30

22°S

26°S D

30°S

+
26°S
30°S 4
34°S

34°S 4

38°S 38°S

42°s - -
10°W 0°

42°s :
10°W

(b) Cyclonic

22°S

26°S |:|

22°S 4
26°S -
30°S 30°S 4

34°S

34°S o

38°S

38°S

42°S T Io T lo T Io T 4205 o
10°W 0 10°E 20°E 10°W 0

Figure 5. (a) Propagation of Agulhas Rings (anticyclonic) and (b) cyclonic eddies from the Agulhas Retroflection into the
Cape Basin from 2007 to 2010 based on INALT20 model and AVISO altimetry data analysis using an eddy detection
algorithm. The color scale represents residence times in days. The black rectangle indicates the location of Valdivia Bank,
and the black plus sign indicates the location of Ewing Seamount.

forming part of a northward-flowing current with average speeds of 0.1-0.12 m s~'. Additionally, strong currents
are predicted within a narrow passage in the southwestern region of the Valdivia Bank with mean current speeds
of 0.25 m s~ (Figure 6a). The near-bottom circulation at the bank is largely constrained by the size and shape of
the shallower topographic structures. The most prominent circulation feature is attached to topography on the
Valdivia Bank and takes the shape of a time-mean anticyclonic (counter-clockwise) and largely symmetric
recirculation along the slopes of the largest summit atop Valdivia Bank with current speeds of 0.06-0.08 m s~
(see currents inside the gray rectangle in Figure 6a).

In the extended Ewing Seamount area, the model results again show a focusing of near-bottom currents along
steeper topographic gradients. The near-bottom circulation is dominated by a northeastward flow along the
Walvis Ridge in the northwestern Cape Basin with maximum 3-year mean velocities of 0.06 m s™' and a
southwestward return flow above the Walvis Ridge of magnitude 0.05-0.07 m s™' (Figure 6b). The strongest
mean near-bottom currents in the deep northern Cape Basin (eastern boundary of the model area) also show a
predominantly northward flow with an occasionally meandering structure at magnitudes of 0.01-0.03 m s™".
Currents at Ewing Seamount (inside the gray rectangle in Figure 6b) are largely anticyclonic and aligned with the
deeper slopes, featuring cross-isobath flow components above the seamount summit. The maximum time-mean

currents at Ewing Seamount are of magnitude 0.05 m s™'.

A more detailed view of near-bottom currents and variability at Valdivia Bank and Ewing Seamount is presented
in Figures 7 and 8 based on results from the ROMS-AGRIF child grid simulations at 500 m spatial resolution and
with improved high-resolution bathymetry. At the Valdivia Bank central summit, time-averaged bottom currents
highlight again the counter-clockwise recirculation along the summit slopes in combination with pronounced
cross-slope currents above the summit. The strongest along-slope mean current speeds were 0.06 m s, whereas
cross-slope flows atop the summit are intensified up to 0.1 m s~ (Figure 7a). Rose diagrams of near-bottom
currents at selected locations along the summit slopes confirm the presence of a stable and rectified along-
slope anticyclonic flow with little variability in direction and only occasional periods of weakening and larger
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Figure 6. Model topography and composites of the time-mean near-bottom circulation in the larger (a) Valdivia Bank and
(b) Ewing Seamount region simulated in the period 2008 to 2010 with the ROMS-AGRIF parent grid setup (1,500 m
resolution). Shading in the top and bottom figures indicate water depth in m and current speed in m s™', respectively. Black
contour lines in the top figures represent isobaths from 500 to 5,000 m at 500 m intervals. In the bottom figures, every 8th
current vector is shown for improved clarity. Dark gray rectangles indicate the location of the child grid. Dark red arrows
highlight the major circulation features.

changes in flow direction or flow reversal during the entire simulation period. In contrast, the model predicts
tidally dominated across-slope variations with corresponding periodic changes of flow direction atop the summit
(Figure 7b).

At Ewing Seamount the model predicts a mean circulation pattern similar to conditions at central Valdivia Bank
with largely along-slope flow along the upper seamount slopes (1,100—1,300 m) and cross-slope flow atop the
summit (Figure 8a). However, flow rectification along the slopes is less pronounced than at Valdivia Bank. Rose
diagrams of Ewing Seamount currents show that currents in this depth range (with currents at 1,250 and 1,280 m
depth shown as an example in Figure 8b) are still aligned with the seamount slopes in a counterclockwise sense
but reveal longer periods of variability in magnitude and direction when compared to currents at central Valdivia
Bank. Current velocities along the upper flanks show a typical range of 0.02-0.05 m s~'. In contrast to central
Valdivia Bank, modeled currents atop the Ewing Seamount summit are frequently rectified and aligned in a
southwestward direction with maximum velocities in the range 0.06-0.1 m s~ (Figure 8b).

3.4. Benthic Dynamics and Biophysical Connections at Valdivia Bank

The role of currents and their variability for supplying and replenishing benthic suspension feeder communities
with organic matter and other food sources have been highlighted in many studies (e.g., de Froe et al., 2022;
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(c) Near-bottom current rose diagrams at station locations indicated in panel (b)

Figure 7. Near-bottom circulation at the central Valdivia Bank summit in the period 2008 to 2010 from simulations with the
ROMS-AGRIF Valdivia child grid (500 m resolution). (a) Time-mean current magnitude and direction (m s71), (b) model

topography and station locations for near-bottom rose diagrams calculated from daily averaged modeled current velocities

(¢). In (a) every 10th velocity vector is shown for clarity. The color map in (c) represents current speed in m s~

Khripounoff et al., 2014; Mienis et al., 2007). Food supply is thought to be directly related to hydrodynamics, for
example, through advection and redistribution of local-scale and far-field currents, internal tide intensified bottom
currents, and turbulent mixing, bringing food particles in direct contact with the benthic organisms. In this
analysis, we aim at investigating potential physical drivers of Cnidaria and Porifera distribution patterns in the
Valdivia Bank area. We compare modeled water mass properties, currents, and physical mechanisms related to
flow dynamics with observed occurrence (presence and randomly selected pseudo-absence) of cnidarians and
sponges. Here, we will provide a basic diagnostic how well distributions of modeled near-bottom currents and
different mechanistic descriptors of food supply (kinetic energy dissipation and internal wave characteristics)
match the distribution of cnidarian and sponge dominated communities at Valdivia Bank. We use observed
occurrences of these two groups as both form remarkable vulnerable marine ecosystems (VMEs) (FAO, 2009),
and many species included in those Phyla are VME indicator species. This is for instance the case of reef forming
and ecosystem engineers (sensu Jones et al., 1994) scleractinian corals (i.e., Lophelia pertusa aka Desmophyllum
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Figure 8. Near-bottom circulation at Ewing Seamount in the period 2008 to 2010 from simulations with the ROMS-AGRIF
Valdivia child grid (500 m resolution). (a) Time-mean current magnitude and direction (m s71), (b) model topography and

station locations for near-bottom rose diagrams calculated from daily averaged modeled current velocities (c). In (a) every

10th velocity vector is shown for clarity. The color map in (c) represents current speed in m s~

pertusum and Enallopsammia rostrata). Species occurrence data were collected during the 2008, 2009, and 2010
RAP-SUR surveys (Lopez-Abellan & Holtzhausen, 2011).

Figure 9 shows the distribution of different descriptors superimposed on observed distributions of Cnidaria and
Porifera at Valdivia Bank (see Table 3). Maximum near-bottom current speeds represent the maximum value at
each grid point of the model's parent grid (1,500 m resolution) over the entire simulation period (2008-2010)
based on daily averaged model output. Other descriptors are calculated based on 3-year averaged model data.
Larger assemblages of Cnidaria and Porifera do not seem to show preference for a specific dynamic regime
defined by a characteristic range of flow magnitudes (Figures 9a and 9b). Although observed Cnidaria and

1

Porifera occurrences exist over a limited range of modeled mean current speeds of 0.02-0.07 m s~ ', they are

spread across a wide range of maximum current speeds (0.1-0.3 m s™%).
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Figure 9. (a) Mean and (b) maximum current speeds (m s™1), (c) mean near-bottom kinetic energy dissipation rate log,,(¢) (W
kg™"), and (d) mean values of internal wave slope criticality S superimposed on observed distributions of Cnidaria (magenta
squares) and Porifera (yellow squares). All parameters were calculated from daily averaged model output of the 2008—-2010
Valdivia Bank parent grid simulations. Contour lines represent depth contours at 500 m intervals in the range 500-6,000 m.

Near-bottom distributions of kinetic energy dissipation rates € in the period 2008—2010 are presented in Figure 9c.
Kinetic energy dissipation rates are enhanced above most parts of the Valdivia Bank, contrasting with low levels
of € in surrounding deep waters. Particularly, local maxima in € can be found above the central bank summit to the
southeast and in the southwestern corner of the bank. Our model findings suggest that locations of enhanced
kinetic energy dissipation rates are closely connected with observed distributions of Cnidaria and Porifera oc-
currences: Larger aggregations of Cnidaria and Porifera are associated with areas exhibiting intensified energy
dissipation rates, rarely occurring in regions where log,, € values fall below —9 W kg™".

The distribution of the internal wave slope criticality S is shown in Figure 9d. Topographic slopes are critical or
near-critical relative to the internal wave slope steepness ¢ (S ~ 1) in areas with the highest bottom velocities.
These areas encompass the southwestern part of the Valdivia Bank and the steep slopes along its margins con-
necting the bank to the deeper surrounding waters. Across the bulk of the Valdivia Bank complex, topographic
slopes are near-critical or super-critical (S > 1). Areas with gentle topographic slopes (S < 1) mainly exist
throughout the northern Valdivia Bank complex and are subcritical (transmissive) with respect to the interaction
with internal waves. Our analysis shows no clear preference for specific internal tide regimes in Cnidaria dis-
tributions. In contrast, Porifera assemblages are predominantly associated with near-critical slopes (Figure 9d).
However, it is important to keep in mind that the data set is limited and that the absence of species occurrences in
supercritical areas is likely due to under-sampling.
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A more detailed analysis of modeled environmental conditions and terrain attributes at observed taxa occurrences
is presented by comparing observed occurrences (presence data) with model data selected from randomly
accessed pseudo-absence locations. Pseudo-absences (sometimes also defined as environmental background
data) are not considered as true absences (which were not available from the RAP-SUR sampling) but rather
represent data locations outside the observed taxa presence data (Barbet-Massin et al., 2012). Presence locations
for all modeled environmental variables and terrain data were approximated by calculating the positions of the
model grid points, which are located closest to the locations of the observed cnidarian and sponge data. In total,
391 (Cnidaria) and 32 (Porifera) observed presence locations were identified at Valdivia Bank. In a second step,
pseudo-absence locations were calculated from model data in areas outside presence locations using an equal
number of randomly selected positions for each phylum. The resulting investigation describes the ranges of
environmental conditions where communities of Cnidaria (Figure 10a) and Porifera (Figure 10b) occur. Cnidaria
and Porifera assemblages occur in waters with a median temperature 6 = 4-5°C and a median salinity S = 34.5—
34.6. Conditions at random pseudo absence locations were generally lower in temperature but higher in salinity. It
is important to acknowledge the potential impact of a remaining depth bias between presence and random pseudo-
absence locations, despite the analysis being confined to the depth range of the recorded presence locations for
both phyla (200-1,500 m). Occurrences of both phyla can be found in waters with stronger mean and maximum
currents than predicted for random absence locations. The median and maximum current velocities at presence
locations is 0.04-0.05 and 0.15-0.18 m s™', respectively. In contrast, median and maximum currents at pseudo-
absence locations do not exceed 0.03 and 0.11 m s™'. However, the distribution of Cnidaria and Porifera across
the Valdivia Bank is mostly linked to internal wave slope criticalities with a median at S =~ 1 indicating critical or
near-critical slopes with a large spreading of values in both presence and pseudo-absence data. There is a distinct
difference in kinetic energy dissipation rates € between presence and random absence locations for both phyla. &
values at presence locations are one to two orders of magnitude larger than dissipation rates at random absence
locations. The combination of increased kinetic energy dissipation rates and near-critical reflection of internal
waves creates a highly dynamic environment with a strong potential to redistribute organic material and increase
the availability of food sources for local fauna. These dynamic conditions, where Cnidaria and Porifera are
typically found, seem to be generally restricted to shallower depths and areas with steeper topographic slopes
(Figure 10). Our analysis suggests that these areas are the preferred environment for cnidarian and sponge as-
semblages in the Valdivia Bank region. This approach may be useful in guiding future species distribution
modeling aiming to refine the accuracy of model predictions. In summary, combining more traditional water
properties such as temperature, salinity, and current speed with physical processes such as kinetic energy
dissipation rate may help to provide a more conclusive picture of biophysical connections for benthic suspension
feeders communities: larger aggregations of Cnidaria and Porifera occurrences appear to be mainly connected
with areas of intensified kinetic energy dissipation and internal wave dynamics.

4. Discussion and Conclusions
4.1. Implications of Spatial and Temporal Scales and Resolution

Previous studies have emphasized the importance of topographic structures as habitats for sessile benthic fauna
across various spatial dimensions. These topographic structures range from large-scale formations such as sea-
mounts and large carbonate mounds at several tens of kilometers to smaller-scale features such as canyons and
smaller carbonate mounds extending from hundreds of meters to a few kilometers at most (Iacono et al., 2018;
Tittensor et al., 2009). With the widespread availability of detailed global bathymetric data, terrain attributes have
been widely considered as useful predictor variables for ecological factors influencing the distribution of benthic
fauna (Davies & Guinotte, 2011; Tong et al., 2023). Consequently, they are commonly utilized in modeling the
distribution of benthic suspension feeder organisms particularly CWCs (Lecours et al., 2016; Miyamoto
etal., 2017). However, only a limited number of studies have explored the significance of the spatial resolution of
intricate topographic features in species distribution models and dynamic models of near-bottom currents. These
studies have revealed a notable sensitivity of model predictions and flow-topography dynamics to the chosen
spatial resolution of bathymetric data (e.g., Miyamoto et al., 2017; Mohn et al., 2013). In our model results of the
central Valdivia Bank area, we also observe resolution-dependent variations in the physical descriptor variables
across different model grids (Figures 11a and 11b). For example, although the coarser-resolution parent grid
captures broader, large-scale lateral variations in kinetic energy dissipation rates (¢), employing a higher grid
resolution and enhanced bathymetry in the child grid reveal finer-scale structures and variability (Figures 11a and
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Figure 10. Box plots of near-bottom temperature 8 (°C), salinity S, time-mean current speed U,,, (m s~1), maximum current
speed U, (m s, internal wave slope criticalit, kinetic energy dissipation log,, () (W kg™"), depth (m) and bottom slope
for the two phyla Cnidaria (a) and Porifera (b) at observed presence (1) and randomly selected (pseudo) absence locations (2)
at Valdivia Bank. Black horizontal bars represent the median. Colored boxes show the 25% and 75% quartiles. Whiskers
extend two times the interquartile range indicating the spreading of values from minimum to maximum across the
interquartile. The analysis is based on daily output from the 1,500 m resolution parent grid.
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Kinetic energy dissipation — differences in spatial resolution
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Figure 11. (a), (b) Mean near-bottom kinetic energy dissipation rate log,,(e) (W kg™") and (c), (d) for different grid
resolutions in the central Valdivia Bank model domain (c), (d) Mean near-bottom kinetic energy dissipation rates log10(e)
(W kg™") from 60 days of model simulations (parent grid; 1 January 2009, to 1 March 2009) calculated using daily averaged
velocities (c) and 3-hourly instantaneous velocities (d).

11b). Consequently, resolution-dependent differences can also be anticipated for other functional environmental
descriptors in regions with a complex terrain structure.

Our approach of incorporating physical processes as functional descriptors of predicting benthic suspension
feeder assemblages also has conceptual limitations. We computed time-mean (long-term) averages of € and S
values to compare observed occurrences of Cnidaria and Porifera and randomly selected pseudo-absence loca-
tions with various dynamic environments. However, employing long-term averages of S may occasionally lead to
misinterpretations. For instance, the internal wave slope criticality S delineates regimes with qualitatively distinct
dynamics (ranging from subcritical to supercritical). If benthic suspension feeders tend to avoid the most turbulent
environments, they might be present in environments with sub and supercritical slopes but absent in critical or
near-critical slopes. Under such circumstances, computing time averages for S would yield values close to one
(near-critical conditions), which would not accurately represent conditions typically attractive to these organisms.
Additionally, we did not consider temporal variations on intra-day tidal, seasonal, and interannual timescales in
internal wave slope criticality and kinetic energy dissipation. However, it has been demonstrated that seasonal
changes in stratification can lead to significant changes in internal tide characteristics and dynamics (Cacchione
et al., 2002). By using daily averaged current velocities and not accounting for excursions from intra-day tidal
variations of the 3-D velocity field, the impact of tidal dynamics on the resulting shear of the velocity field and
mean kinetic energy dissipation rates will likely be underestimated. Kinetic energy dissipation rates derived from
3-hourly instantaneous model output show increased dissipation rates over a larger area across the central Val-
divia Bank compared to those derived from daily averaged data for the same simulation period (Figures 11c and
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11d). We conclude that resolving the tidal cycle is likely to improve our understanding of the relationship between
tidal dynamics and CWC distribution. This, in turn, would allow for a more accurate identification of areas where
CWCs are likely to be present in relation to the physical conditions. In essence, long-term averages represent the
necessary baseline conditions to estimate if the environment is broadly suitable and stable for growth, whereas
resolving instantaneous conditions provide the dynamic context that directly influences feeding and, therefore,
survival and growth rates on a shorter timescale (Cyr et al., 2016; Davies & Guinotte, 2011; Juva et al., 2020).
Both are crucial for more accurate assessments of the persistence of these ecosystems and should be considered in
future modeling efforts.

4.2. Benefits of Implementing Physical Processes for Predictions of Food Supply and Vulnerable Marine
Ecosystem (VME) Indicator Species

Many cnidarians and sponges are VME indicator species, providing important ecosystem services (e.g., Bridges
et al., 2021), forming in many cases Marine Animal Forests (MAFs) (Rossi et al., 2017) and have high con-
servation value (e.g., Armstrong et al., 2014). Yet, we still only have scattered knowledge about their global
distribution and environmental drivers (Roberts & Cairns, 2014), and the South Atlantic is no exception
(Bergstad, Gil, et al., 2019; Bridges, Howell, et al., 2023). An increasing number of benthic ecosystems domi-
nated by cnidarians (particularly CWC species), and sponges have been extensively studied in recent years. This
research has provided valuable data for local and basin-scale species distribution and habitat suitability models,
significantly enhancing our understanding of the spatial occurrence and structure, temporal variability, and re-
lationships with environmental variables of benthic filter-feeding deep-sea communities (Davies & Gui-
notte, 2011; Flogel et al., 2014; Knudby et al., 2013; Morato et al., 2020; Mosquera et al., 2019; Puerta
et al., 2022; Sundahl et al., 2020). Observational and model studies have demonstrated that locally intensified
hydrodynamics and high advection rates of food particles are important drivers for growth and well-being of
CWOCs (de Froe et al., 2022; Juva et al., 2020; Mienis et al., 2007; Soetaert et al., 2016). At such locations, kinetic
energy is converted from large-scale currents and barotropic tides to internal tides creating locally enhanced
turbulence and small-scale mixing over rough topography (Juva et al., 2020; Nikurashin et al., 2013). Alterna-
tively, kinetic energy is advected from the oceanic far field through boundary currents carrying larvae and food
(Schulz et al., 2020). Well-tested hydrodynamic models in combination with in situ sampling can resolve a large
part of the spectrum of oceanic motions and thus can help to improve predictions of VME indicator species
distribution at management scales of a few kilometers or less (e.g., Vinha et al., 2024). Dynamic downscaling
resolves the 3-D velocity field at spatial scales that are relevant for larger cold water coral reefs and sponge
assemblages in combination with high-resolution terrain data and accurate boundary conditions. Our model re-
sults from Valdivia Bank indicate that mechanistic descriptors calculated from modeled velocities and water mass
properties can be useful proxies to supplement the more traditional predictors such as terrain variables and water
mass properties in future species distribution modeling efforts. For example, enhanced kinetic energy dissipation
rates and areas of internal wave generation and propagation appear to be closely linked to benthic fauna
occurrence. Although our model is limited in its ability to resolve fine-scale or highly dynamic ocean processes
and does not explicitly capture nonlinear processes such as turbulence and internal wave breaking, it can still
provide valuable mechanistic proxies, such as estimates of kinetic energy dissipation and internal wave char-
acteristics that can act as indicators of areas where enhanced vertical mixing might occur. These proxies are useful
in species distribution models, allowing us to identify potential hotspots of particle flux and areas likely to support
benthic filter feeders. Insights gained from our model could potentially be upscaled to other regions with similar
environmental, topographic, and ecological conditions. Although local models are tuned to capture site-specific
dynamics, the functional relationships they predict can inform broader regionally scaled or even basin-wide
evaluations and contribute to a comparative modeling framework.

Data Availability Statement

The CTD data used for model validation are available at the IEO marine geospatial information Walvis Ridge
viewer open repository (https://www.ieo.es/es/ideo). The benthos data from the Spanish-Namibian surveys are
available from the Ocean Biodiversity Information System (OBIS) at https://www.gbif.org/dataset/c3fal3f7-
14bd-4£14-9bd5-4f959860163b. The ROMS-AGRIF model used in this study is now frozen and replaced by the
CROCO project (https://www.croco-ocean.org/history/). The CROCO model includes all the functionalities of
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ROMS_AGRIF and added additional features (e.g., non-hydrostatic kernel). The tidal forcing data (OTIS-TPXO)
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