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Abstract. Cold-water corals form complex three-dimensional structures on the seafloor, providing habitat for numerous 

species, and act as a carbon cycling hotspot in the deep-sea. The distribution of those these important ecosystems is often 

predicted by statistical habitat suitability models, using variables such as terrain characteristics, temperature, salinity, and 

surface productivity. While useful, these models do not provide a mechanistic understanding of the processes that facilitate 

cold-water coral occurrence, and how this may change in the future. Here, we present the results of a mechanistic process-25 

based model in which coral biomass and respiration are predicted based on hydrodynamics, organic matter transport and 

coral physiology from a 3D coupled transport-reaction-model for south-east Rockall Bank (NE Atlantic Ocean). The model 

domain comprises the cold-water coral mounds of the south-east Rockall Bank in the north-east Atlantic Ocean. 

Hydrodynamic forcing is provided by a high-resolution Regional Ocean Modelling System (ROMS) model, which drives the 

transport of reactive suspended particulate organic matter in the region. The physiological cold-water coral model, with coral 30 

food uptake, assimilation, and respiration as key variables and with model parameters estimated from available experimental 

reports, is coupled to the reactive transport model of suspended particulate organic matter. Cold-water coral biomass was 

mainly predicted on coral mounds and ridges in the area. Model predictions agree with coral reef biomass and respiration 

observations in the study area and coral occurrences comply agree with predictions from previously published habitat 

suitability models. Cold-water coral biomass was mainly predicted on coral mounds and ridges in the area. Filter feeding 35 

activity by cold-water corals proved to strongly deplete food particles in the bottom waters. Replenishment of food particles 
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by tidal currents was therefore vital for cold-water coral growth. This mechanistic modelling approach has the advantage 

over statistical and machine learning-based predictions that it can be used to obtain an understanding of the effect of 

changing environmental conditions such as ocean temperature, surface production export, or ocean currents on cold-water 

coral biomass distribution and can be applied to other study areas and/or species. 40 

Key findings 

- First mechanistic model predicting cold-water coral biomass distribution based on both organic matter transport and 

hydrodynamics 

- High cold-water coral biomass occurred in areas with sufficient organic matter replenishment and high bottom 

current speed. 45 

- Benthic carbon mineralization rates on the coral mounds comprised mostly of cold-water coral respiration and 

compare well with observations.  

- Coupling organic matter uptake with the cold-water coral model was key in predicting a realistic spatial distribution 

of cold-water corals. 

Short summary 50 

Cold-water corals are important reef-building animals in the deep sea and are distributed globally. Until now, scientists have 

been mapping and predicting where cold-water corals can be found using video transects and statistical models. This study 

provides the first process-based model in which corals are predicted based on ocean currents and food particle movement. 

The results show that resupply of food by tidal currents near the seafloor is crucial for predicting where corals can grow.  

Cold-water corals are important reef-building animals in the deep sea, and are found all over the world. So far, researchers 55 

have been mapping and predicting where cold-water corals can be found using video transects and statistics. This study 

provides the first process-based model in which corals are predicted based on ocean currents and food particle movement. 

The renewal of food by tidal currents close to the seafloor and corals proved essential in predicting where they can grow or 

not.  

1 Introduction 60 

Scleractinian cold-water corals (CWCs) are ecosystem engineers in the deep-sea that build reefs of high biodiversity and 

biomass (Greiffenhagen et al., 2025; Henry and Roberts, 2007; Jonsson et al., 2004; Roberts et al., 2006). These reefs are 

considered hotspots of organic matter remineralization in the deep-sea (Cathalot et al., 2015; de Froe et al., 2019; Rovelli et 

al., 2015), and can form carbonate mounds over geological timescales (Dorschel et al., 2005; van der Land et al., 2014; 

Wienberg et al., 2020). CWC reefs and carbonate mounds are distributed globally (Davies and Guinotte, 2011) in a wide 65 

range of environmental conditions, e.g., temperature and oxygen (Dullo et al., 2008; Flögel et al., 2014; Hanz et al., 2019; 
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Mienis et al., 2012), but typically in areas with high bottom currents (Davies et al., 2009; Genin et al., 1986; Juva et al., 

2020; Mienis et al., 2007). Thriving CWC reefs have been linked to relatively low dissolved inorganic carbon (DIC) 

concentrations, i.e., a high carbonate saturation state (Flögel et al., 2014), strong tidal currents (Juva et al., 2020), and an 

above-average quantity (Guinotte et al., 2006) and quality supply of food (de Froe et al., 2022; Kiriakoulakis et al., 2007). 70 

CWC reefs, and deep-sea habitats in general, are currently under threat by climate-induced oceanic change (Brito-Morales et 

al., 2020; Gehlen et al., 2014; Jones et al., 2014; Levin and Le Bris, 2015; Morato et al., 2020), such as ocean acidification 

(Caldeira and Wickett, 2003; Hennige et al., 2015, 2020), increasing temperatures (Gómez et al., 2022; Maier et al., 2023; 

Wijffels et al., 2016), altered large scale ocean circulations (Boers, 2021; Caesar et al., 2021), and decreased carbon export 

from the surface layer (Bopp et al., 2001; Laws et al., 2000; Wohlers et al., 2009). However, predicting how these 75 

environmental changes will affect deep-sea habitats remains challenging due to, for instance, technical constraints in 

sampling possibilities, and new tools and models are needed to understand how CWCs and their spatial distribution will be 

influenced by a changing marine environment. 

 

- Predictive spatial distribution models can in general be divided into two categories (Stechele et al., 2023): 1) 80 

statistical, or correlative approaches, where occurrence data is related to spatial environmental data (Kearney et al., 2010), 

and 2) mechanistic or process-based modelling approaches, where the spatial distribution or population dynamics based on 

the functional traits and physiological constraints of an organism and its response to environmental drivers as temperature, 

salinity, and food availability (Briscoe et al., 2023; Kearney et al., 2008, 2010). 

-  In statistical approaches data on the spatial distribution of a species is correlated with environmental data to 85 

understand and/or predict the distribution of a species across a spatial domain (Elith & Leathwick, 2009). 

-  TThese models describe the patterns in the relation relation between the species occurrence and the environmental 

data, and have proved a useful tool for conservation purposes and for understanding ecological patterns at large spatial scales 

(Dormann et al., 2012). However, statistical approaches offer limited mechanistic insight into the underlying process that 

drive the spatial distribution of species, they do not take organism-environment interaction effects into account, and the 90 

statistical prediction can only be applied to other species/conditions/environments to a limited extent (Dormann, 2007; 

Kearney, 2006). useful in  useful, limited insight in processes behind spatial distribution  

- . 

Mechanistic modelling approaches can provide detailed understanding of the constraints that drive the spatial distribution of 

a species, and because these models make use of the species’ physiology, they allow for more robust predictions of climate 95 

change effects (Kearney et al., 2010). Furthermore, organisms-environment interactions effects can be included in a 

mechanistic approach.  

 

Current capacity to predict the spatial distribution of CWCs is limited to statistical and machine learning approaches, which 

can predict the probability of CWC occurrence, density and biomass based on a broad set of environmental variables (i.e., 100 
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terrain variables, depth, pH, temperature, salinity; e.g., De Clippele et al., 2021b, a; Greiffenhagen et al., 2024; Guinotte and 

Davies, 2014; Morato et al., 2020; Rengstorf et al., 2014). While these statistical models can be used to understand the 

consequences of climate change for CWCs (i.e., Morato et al., 2020), they offer limited mechanistic understanding of 

underlying processes that drive spatial distribution of species under climate change outcomes (Evans et al., 2015) and do not 

take the interaction between CWCs and their environment into account. CWC mounds alter local hydrodynamics (Cyr et al., 105 

2016; van der Kaaden et al., 2021), thereby enhancing water column mixing and consequently food supply toward the 

mounds (van der Kaaden et al., 2020; Soetaert et al., 2016). (de Froe et al., 2022; van der Kaaden et al., 2020; Soetaert et al., 

2016)Filtering activity of CWC reefs also depletes Particulate Organic Carbon (POC) in surrounding bottom waters 

(Lavaleye et al., 2009; Wagner et al., 2011)(Wagner et al., 2011). These effects can be seen as scale-dependent feedback, 

where a positive feedback (increased food flux) and a negative feedback (food depletion) act on different spatial scales 110 

(Rietkerk and van de Koppel, 2008), which can lead to spatial self-organization in CWC reefs (van der Kaaden et al., 2023). 

This feedback between organisms and their environment can greatly affect how they respond to environmental changes: by 

modifying their own environment, organisms can rearrange their spatial patterns in response to climate change thereby 

avoiding a tipping point towards extinction (Rietkerk et al., 2021). However, with CWC reefs, their response to climate 

change is typically predicted with statistical models that extrapolate the predicted distribution of suitable habitat into the 115 

future. Such methods do not consider the organism-environment interaction that has been shown to be key to understanding 

an organism’s response to climate change. A mechanistic modelling approach, in which interactions between CWCs and 

their environment are explicitly described by process-based formulations, can help understand which processes are important 

in predicting the spatial distribution of CWC species.  

 120 

Current capacity to predict the spatial distribution of CWCs is limited to statistical and machine learning approaches, which 

can predict the probability of CWC occurrence, density and biomass based on a broad set of environmental variables (i.e., 

terrain variables, depth, pH, temperature, salinity; e.g., De Clippele et al., 2021b, a; Greiffenhagen et al., 2024; Guinotte and 

Davies, 2014; Morato et al., 2020; Rengstorf et al., 2014). These are supervised learning approaches, where a model is 

provided with observations of CWC and accompanying environmental variables, from which their probability to areas 125 

without observations are predicted. While these statistical models can be used to understand the consequences of climate 

change for CWCS (i.e., Morato et al., 2020), they offer limited mechanistic understanding of underlying processes that drive 

spatial distribution of species under climate change outcomes (Evans et al., 2015). A mechanistic modelling approach, in 

which interactions are explicitly described by process-based formulations, can help understand what processes are important 

in predicting the spatial distribution of CWC species. Organic matter uptake by CWC reefs alter the food flux towards the 130 

reefs, thereby affecting their own growth and spatial distribution (van der Kaaden et al., 2020, 2024; Soetaert et al., 2016). 

The organic matter availability is enhanced on the reefs and depleted around the reefs. This feedback between organisms and 

their environment can greatly affect how they respond to environmental changes: by modifying their own environment, 

organisms can rearrange their spatial patterns in response to climate change thereby avoiding a tipping point towards 
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extinction (Rietkerk et al., 2021). However, with CWC reefs, their response to climate change is typically predicted with 135 

statistical models that extrapolate the predicted distribution of suitable habitat into the future. Such methods do not take into 

account the organism-environment interaction that has been shown to be key to understanding an organism’s response to 

climate change.  

 

 140 

The development of a mechanistic model requires sufficient knowledge of the ecosystem functioning and of the relevant 

species’ physiology and food supply mechanisms. Mechanistic modelling efforts so far have been able to model 

hydrodynamics at CWC mounds (van der Kaaden et al., 2021; Mohn et al., 2014), as well as organic matter transport in the 

water column (Soetaert et al., 2016). Recently, surface productivity, food supply, and local hydrodynamics have been 

identified as the most important factors for coral growth (De Clippele et al., 2021a, b; Fink et al., 2013; Hebbeln et al., 2019; 145 

Maier et al., 2023) within their environmental niche (determined by e.g., temperature, oxygen; e.g., Dullo et al., 2008; Hanz 

et al., 2019). CWC mounds alter local hydrodynamics (Cyr et al., 2016; van der Kaaden et al., 2021), thereby enhancing 

water column mixing and consequently food supply toward the mounds (van der Kaaden et al., 2020; Soetaert et al., 2016). 

Filtering activity of CWC reefs also depletes Particulate Organic Carbon (POC) in surrounding bottom waters (Lavaleye et 

al., 2009; Wagner et al., 2011), which may lead to spatial self-organization of CWC reefs and mounds (van der Kaaden et al., 150 

2020, 2023). Our understanding of CWC reefs and CWC physiology has vastly improved in the past decades i.e., their basal- 

and total respiration rates (Dodds et al., 2007; Larsson et al., 2013; Maier et al., 2019), food uptake rates (Gori et al., 2014), 

feeding behaviour under altering current speeds (Orejas et al., 2016a), and in situ polyp behaviour in relation to tidal currents 

(Girard et al., 2022; Osterloff et al., 2019).  Here we use these insights to build on an earlier developed modelling framework 

that simulated local hydrodynamic forcing and organic matter transport (Mohn et al., 2014, 2023; Soetaert et al., 2016), to 155 

predict the spatial distribution of CWC biomass and benthic respiration in a CWC mound region in the northeast Atlantic 

Ocean.  

 

The CWC mounds and ridges on the south-eastern (SE) slope of Rockall Bank (northeast Atlantic Ocean) provide an 

excellent study site to develop a mechanistic model of CWC biomass and respiration in relation to local hydrodynamics and 160 

food supply. This area has shows strong regional geomorphic heterogeneity with contrasts with numerous CWC mounds 

between 500-1000 m depth which are surrounded by sediments. The CWC mounds in this region , which have been studied 

extensively for several decades (e.g., de Froe et al., 2022; van Haren et al., 2014; Kenyon et al., 2003; Mienis et al., 2006). . 

These mounds are formed by the framework building CWC species Desmophyllum pertusum (previously known as Lophelia 

pertusa, Addamo et al., 2016) and Madrepora oculata, for which a relatively large amount of physiological data is available. 165 

Past mechanistic modelling efforts at Rockall Bank include a local high-resolution setup of the 3D hydrodynamic Regional 

Ocean Modelling System (ROMS – AGRIF; Shchepetkin and McWilliams, 2005; Mohn et al., 2014) and an organic matter 

transport model (Soetaert et al., 2016). A machine learning classification-based biomass modelling approach predicted CWC 
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biomass, carbon stock, and nutrient cycling capacity of the area (De Clippele et al., 2021a, b). More recently, new 3D 

hydrodynamic ROMS output has been developed to investigate changes of the Atlantic Meridional Overturning Circulation 170 

(AMOC; Mohn et al., 2023), and to study how coral mound size affects local hydrodynamics (van der Kaaden et al., 2021, 

2024). Furthermore, recent observational studies on benthic carbon cycling (de Froe et al., 2019), video transects (De 

Clippele et al., 2019; Maier et al., 2021), hydrodynamics (Schulz et al., 2020), and a CWC habitat suitability model of the 

Logachev mound area (Rengstorf et al., 2014) offer the opportunity to validate our mechanistic modelling predictions. 

 175 

Here, we present a coupled mechanistic model based on hydrodynamics, organic matter transport, and CWC physiology. We 

specifically aim to predict CWC biomass and quantify CWC and benthic respiration, parameters which are difficult to 

predict with statistical spatial distribution models. . Moreover, we investigate what drives the spatial distribution of CWCs 

by examining the influence of bottom current speed, organic matter transport, and organic matter depletion on the 

distribution of CWC biomass in the study area. Our study contributes to the development of a modelling approach which can 180 

be used to investigate how CWCs will be affected by changing oceanic conditions. Below, we first describe the modelling 

approach and data sources that were used to validate the model output. Then, we show how our model performs compared to 

observational data on 1) hydrodynamics, 2) POC concentration and transport, 3) CWC spatial distribution, and 4) benthic 

respiration. Finally, we discuss the spatial distribution of predicted CWC biomass in the model domain, compare our model 

predictions with machine learning modelling methods, and discuss the limitations and prospects of our model results.  185 

2 Material and Methods 

2.1 Study area 

Our The study area is situated on the south-eastern (SE)SE slope of Rockall Bank (north-east Atlantic; Figure 1Figure 1A). 

The substrate in this area is characterized by biogenic soft sediment at the shallow part of Rockall Bank (300 – 500 m depth), 

coral capped carbonate mounds and ridges on the slope between 500 – 1000 m depth, and biogenic soft sediments in 190 

between the carbonate mounds and in the deeper part of the Rockall Bank slope (>1000 m depth; Kenyon et al., 2003; 

Mienis et al., 2006). Numerous In our study area, cCWCoral ridges and mounds are found along this slope, in an area known 

as the  are found in the north-eastern part, while numerous coral mounds, known as the Logachev mound province , are 

found in the southwest (Figure 1Figure 1B). The CWC ridges differ in height and shape but are mostly elongated 

perpendicular to the slope. CWC ridges and mounds are generally between 50 – 300 meter in height. The largest CWC 195 

mound in the model domain is called “Haas mound” which is around 300 m high, one to two km wide, five km long, and 

elongated parallel to the Rockall Bank slope (van der Kaaden et al., 2021). For readability, we will refer to the coral mounds 

and ridges in this area as ‘CWC mounds’.  The largest CWC mound in the model domain is called “Haas mound” which is 

around 500 m high, one to two km wide, five km long, and elongated parallel to the Rockall Bank slope. 

 200 
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The current direction throughout the water column is predominantly to the southwest, driven by the clockwise gyre circling 

the Rockall Bank (Hansen and Østerhus, 2000; Holliday et al., 2000; Mienis et al., 2007; Schulz et al., 2020). The area is 

subject to internal waves with amplitude of several 100s of meters and high bottom current speeds (i.e., >50 cm s-1; Mienis et 

al., 2007; Mohn et al., 2014). Interaction of tidal currents with mound topography cause breaking of internal waves (Cyr et 

al., 2016) with subsequent downward transport of organic matter (Duineveld et al., 2007; de Froe et al., 2022; Soetaert et al., 205 

2016). In our study area, coral ridges are found in the north-eastern part, while numerous coral mounds, known as the 

Logachev mound province, are found in the southwest (Figure 1B). For readability, we will refer to the coral mounds and 

ridges in this area as ‘CWC mounds’. The largest CWC mound in the model domain is called “Haas mound” which is around 

500 m high, one to two km wide, five km long, and elongated parallel to the Rockall Bank slope. 
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Figure 1: Study area and model domain. (A) location study area in the Atlantic Ocean, the red line marks the plot boundaries of 

panel B, (B) location of parent grid (dashed lines) and the embedded child grid (solid line), (C) model domain with dimensions of 

83 x 55 km, and 450 – 2300 m depth range. The red arrows indicate the definition of cross- and along slope current directions on 215 
Rockall Bank (as also used in Schulz et al., 2020). 

2.2 Model species: Desmophyllum pertusum 

The carbonate ridges and mounds in the study area are formed by the framework building CWCs Desmophyllum pertusum 

and Madrepora oculata (Duineveld et al., 2007; Maier et al., 2021; van Weering et al., 2003). These corals form bush-like 

colonies that can grow several metres high consisting of thousands of coral polyps (Roberts et al., 2009). The keystone 220 

species In this study, D. pertusum is used as the model species in this study because it provides habitat to numerous  as it is 

considered a keystone species, providing habitat to numerous associated animals organisms (Costello et al., 2005; Freiwald 

et al., 2002; Husebø et al., 2002; Jensen and Frederiksen, 1992), and it contributes substantially to reef metabolism (de Froe 

et al., 2019). Desmophyllum pertusum generally feeds on a mixture of particulate organic matter and zooplankton, and in the 

Rockall Bank area primarily on particulate organic matter (Duineveld et al., 2007), as local zooplankton density is relatively 225 

low (de Froe et al., 2022). Therefore, we here use suspended particulate organic carbon (POC) as food source proxy for D. 

pertusum.  

2.3 Modelling approach 

This study was set-up by coupling three models (details provided below): first, hydrodynamic output was extracted from a 

local setup of the ROMS-AGRIF model, which was previously developed and validated for the Rockall Bank study region 230 

(Mohn et al., 2014, 2023). Secondly, the hydrodynamics forced a suspended particulate organic carbon (POC) reactive-

transport model following Soetaert et al. (2016)(Soetaert et al., 2016a) (Soetaert et al., (2016). Finally, a new 

physiologically-basedphysiologically-based CWC and sediment model was developed, using the POC dynamics and 

hydrodynamic model data as forcing, to predict CWC biomass, sediment organic matter content, and CWC- and sediment 

respiration.  235 

2.3.1 Hydrodynamic model 

Mohn et al. (2014) gives a detailed description of the hydrodynamical modelling set-up of which the output was used in this 

study. In short, the ROMS-AGRIF model domain encompasses an area of 86 x 58 km, which was divided into 336 grid cells 

in longitudinal direction and 228 grid cells in meridional direction, resulting in a horizontal resolution of 250 meters (depth 

range 320-2500 meters; Figure 1Figure 1B). This child model grid was nested inside a parent grid with a 750 m resolution 240 

that encompassed an area of 190 x 188 km (Figure 1Figure 1B). Both models were run on a staggered Arakawa-C grid with 

a terrain-following stretched sigma grid of 32 vertical levels (Supplementary Figure A1Figure A1) which provides a higher 

vertical resolution at the surface and seafloor (Shchepetkin and McWilliams, 2005). Bottom layer height was on average 

around 8 m. Tidal forcing was prescribed using the TPXO7 global tidal inverse solution (Egbert and Erofeeva, 2002). Here 
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we used hydrodynamic output (horizontal currents) data for the period March 1979, which was simulated and validated in a 245 

separate study investigating the influence of contrasting AMOC states on benthic hydrodynamics at different CWC sites 

(Mohn et al., 2023). This specific time period was chosen for two purposes: first, fresh POC arrives at CWC reefs in the 

study area in spring (Duineveld et al., 2007). Second, in the year 1979 the AMOC showed a weak signal (Böning et al., 

2016). Given that the AMOC state is currently at its weakest of the last millennium (Caesar et al., 2021), and may weaken 

further under global carbon emission projections (Bakker et al., 2016; Caesar et al., 2018), using modelled properties of a 250 

weak AMOC year provides a good representation of future large scale circulation patterns and hydrodynamic conditions 

(Mohn et al., 2023). The hydrodynamic output, stored at 3-hour intervals, was then used to model POC dynamics in the 

water column. 

2.3.2 Organic matter transport model 

A detailed description of the organic matter transport model can be found in Soetaert et al. (2016) (Soetaert et al., (2016). In 255 

this model, we predict the transport of particulate organic carbon (POC) through the water column and deposition on the 

seafloor.In this model,  POC is transport is simulated  transported inthrough the model domain by a combination of 

advective transport, and passive transportsinking, and biological degradation. As in Soetaert et al. (2016), advective transport 

is driven by horizontal currents (u,v) and vertical or upward/downward currents (w). POC advection occurs throughout the 

model domain based on the 3-hour interval output from the ROMS-AGRIF model, with zero-gradient boundary conditions 260 

on the lateral boundaries of the model domain. A constant input of 12 mmol POC m-2 d-1 is assumed at the upper boundary 

(i.e., export from the photic zone)./ This value is based on the annual primary production and export efficiency in the study 

area and we used an annual primary production and export efficiency for the Rockall Bank area of 200 g C m-2 and 25 % 

respectively (Henson et al., 2015), resulting in an export of 12 mmol C m-2 d-1. Passive transport of POC occurs by POC 

passive sinking with a rate of 10 m d-1 through the water column, which is considered representable representative for slow 265 

sinking suspended particles (Riley et al., 2012). Deposition of POC on the seafloor is assumed as bottom POC concentration 

times the passive sinking rate. Furthermore, POC is subject to constant first-order decay. The degradation rate of sinking 

POC is defined as k = 0.016 ∙ 1.066T (Henson et al., 2015; Yool et al., 2011), in which T is temperature in °C. Temperature 

ranges from 4 °C at 2000 m depth to 15 °C in the summer periods at the surface. Therefore, we used a water column 

temperature of 10°C which corresponds to a k of 0.03 d-1. The reactive-transport model is implemented as:  270 

 

𝒅𝑯𝒛𝑷𝑶𝑪

𝒅𝒕
 =  − 

𝒅(𝑯𝒛   𝒖 𝑷𝑶𝑪)

𝒅𝒙
−  

𝒅(𝑯𝒛   𝒗  𝑷𝑶𝑪)

𝒅𝒚
−  

𝒅(𝑯𝒛  𝒘  𝑷𝑶𝑪)

𝒅𝒛
−  

𝒅(𝑯𝒛  𝒘𝒔  𝑷𝑶𝑪)

𝒅𝒛
−

 𝒌  𝑯𝒛 𝑷𝑶𝑪 (Equation 1) 

Where Hz is the grid cell thickness in meters, POCC is the concentration POC in the grid cell in mmol C m-3, u is the 

eastward horizontal water velocity, v is the northward horizontal water velocity, w is the vertical water velocity, ws is the 275 

passive sinking velocity of POC in the water column in m d-1, k is the first-order decay rate of POC in d-1.  
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The POC transport model was numerically solved with POC concentration in the center of each box and exchange fluxes 

defined on the grid cell interfaces. The flow velocity output from the hydrodynamic model (in 3 hour timesteps) was linearly 

interpolated in time to obtain flow velocities at every model integration step. To decrease computation time and close the 280 

mass balances, vertical flow was calculated from the flux divergence of the horizontal flow and assuming a constant free-

surface or zero elevation (η). Comparing the vertical flow from this method with ROMS output vertical flow, the spatial 

pattern of vertical velocities compares well (Supplementary Figure A2Figure A2). The model was numerically integrated 

using a variable-order Adams-Moulton predictor-corrector scheme, as implemented in the R-package deSolve (R Core 

Team, 2019; Soetaert et al., 2010). Advection was implemented using simple first-order upwind differencing; due to the 285 

numerical dispersion that this method generates, no horizontal or vertical diffusion was imposed and numerical dispersion 

was generally low.  

2.3.3 Benthic cold-water coral biomass and sediment models 

We imposed CWC biomass and sediment organic matter at the bottom boundary layer of the model domain (see conceptual 

diagram in Figure 2Figure 2). The CWC biomass model is based on CWC organic matter uptake and physiology. We 290 

express CWC biomass based on the metabolically active tissue, with tissue organic carbon as proxy, and exclude inorganic 

carbon of their calcium carbonate skeletons. In our model, CWC take up POC from the bottom layer of the organic matter 

transport model by suspension feeding. To take the physical constraints of a coral into account, we use several efficiency 

parameters and a CWC surface-to-biomass conversion factor. The net change in CWC biomass ais is calculated as logistic 

growth with a carrying capacity, a per capita CWC growth rate, and a metabolic cost rate. First, we describe the model 295 

equations, followed by a rationale on the chosen parameters and values. An overview of all parameters and values is also 

given in Table 1Table 1. The CWC model is described as:  

 

𝑑𝐶𝑊𝐶𝑏

𝑑𝑡
= 𝐶𝑊𝐶𝑏 ∙  (1 −

𝐶𝑊𝐶𝑏

𝐶𝐶𝐶𝑊𝐶
) ∙  𝑃𝑂𝐶𝑏𝑏𝑙 ∙  𝑣𝑏𝑏𝑙 ∙   𝐴𝐶𝑊𝐶 ∙  𝑒 ∙  𝐹𝑃𝐶𝑊𝐶(𝑣𝑏𝑏𝑙 , 𝑘𝑣, 𝐹𝑃𝑚𝑎𝑥)  − 𝑚𝐶𝑊𝐶 ∙ 𝐶𝑊𝐶𝑏  (Equation 2) 

 300 

Where 
𝑑𝐶𝑊𝐶𝑏

𝑑𝑡
 is the net change in CWC biomass (CWCb) over time (in mmol C m-2 d-1), CCCWC is the carrying capacity 

(6000 mmol C m-2), POCbbl is the POC concentration in the bottom boundary layer (mmol m-3), vbbl is the bottom boundary 

layer current speed (in m d-1) calculated as vbbl = u2 + v2, ACWC is the polyp-surface-to-biomass ratio of D. pertusum (7.48 ∙ 

10-5 m2 (mmol C)-1), e is the dimensionless feeding efficiency in which a CWC incorporates passing food particles into 

biomass and is approximated as the POC capture efficiency (CECWC; 0.15) times the assimilation efficiency (AECWC; 0.80) 305 

and by the net-growth efficiency (NGECWC; 0.10), FPCWC is the fraction of extended polyps (see Equation 3), and mCWC is the 

basal CWC respiration rate (0.0035 d-1). FPCWC is calculated as: 
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𝐹𝑃𝐶𝑊𝐶 =  𝐹𝑃𝑚𝑎𝑥 ∗  (1 − 
𝑣𝑏𝑏𝑙

𝑝

𝑣𝑏𝑏𝑙
𝑝+𝑘𝑣

𝑝) (Equation 3) 

 310 

where FPCWC is the fraction of open CWC polyps fitted on observational data (Figure A3Figure A3), FPmax is the maximum 

fraction of extended polyps, as measured in situ by Osterloff et al. (2019), p is a dimension fitting parameter, kv is the current 

speed at which half of the CWC polyps are open in m s-1. 

 

The parameters and values are chosen as follows: the surface-to-biomass ratio (ACWC) is defined as the biomass-specific 315 

feeding area, or the polyp area, per mmol C of coral and is expressed in m2 (mmol organic C)-1. A colony of D. pertusum 

contains 2.40 ± 0.99 polyps per g dry weight (mean ± SD; n = 15; Gori et al., 2014), and consists for of 1.36% ± 0.35 of 

organic carbon per g dry weight (de Froe et al., 2019; Larsson et al., 2013; Maier et al., 2019). Therefore, D. pertusum 

comprises consists of 2.12 ± 0.87 polyps per mmol C. The polyps of D. pertusum have a surface area of 35.3 ± 2.0 mm2 

polyp-1 (Purser et al., 2010) and multiplying the polyp surface area with the number of polyps per coral biomass gives 7.48 ∙ 320 

10-5 m2 per mmol C. This surface-to-biomass ratio represents the maximum feeding surface, but not all polyps of a colony 

are always fully extended, e.g. current speed influences the polyp behavior of corals (Osterloff et al., 2019). At high flow 

speeds, corals can retract their polyps to reduce the force drag on their tissue. We implemented this behavior by fitting 

experimental data of polyp extension versus current velocity (Equation 3; Figure A3Figure A3; Orejas et al., 2016b). 

Additionally, not all extended polyps are successful in capturing a food particle. A study of a hydroid coral showed that 325 

between 5 and 60% of polyps were successful in capturing a food particle, depending on the flow regime and coral 

morphology. Here, we introduce this parameter as CECWC, and as the mean capturing efficiency for an elongated coral colony 

ranged from 0.10 to 0.30, we set its value to an intermediate value of 0.15 (Hunter, 1989). 

 

CWCs can also experience intra-colonial polyp competition, i.e. inner polyps of a colony may filter water which was already 330 

partially filtered by polyps on the outside of the colony (Galli et al., 2016; Kim and Lasker, 1998). This effect is considered 

by introducing a carrying capacity (CCCWC) or maximum population density. The carrying capacity is described in the 

benthic model as: (1 −
CWC𝑏

CCCWC
), so coral growth rate approaches zero when the population density reaches the carrying 

capacity. The maximum CWC density measured in a boxcore in the study area was 1,800 mmol C m-2 in which living corals 

covered ~20% of the box core (De Clippele et al., 2021a; de Froe et al., 2019). A video transect found maximum coverage of 335 

60% of the seafloor on a large coral mound in the study area (Maier et al., 2021). Based on these data, we set the carrying 

capacity of CWCs to 6,000 mmol C m-2. Food particles captured by corals are divided into a digestible and a non-digestible 

fraction with the assimilation efficiency (AECWC). Direct measurements of the assimilation efficiency for CWCs are not 

available as experimental measurements are often difficult because the non-assimilated part of the food is often mixed with 

particulate mucus (Wild et al., 2008). However, the release of particulate organic matter (i.e. non-assimilated matter and 340 
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mucus) is found to be small compared to the food uptake (Maier et al., 2019) and the AECWC is therefore set to 0.8, consistent 

with values reported for tropical corals (Anthony, 1999). The assimilated food is used for growth and for the maintenance 

metabolism. The fraction of carbon incorporated into the tissue compared to the assimilated carbon is known as the net 

growth efficiency (NGE). Although data on NGE for CWCs is scarce, two studies estimate the NGE for D. pertusum to be 

between 0.05 and 0.3 (Maier et al., 2019; van Oevelen et al., 2016). Therefore, the NGECWC is set to 0.1, which is low 345 

compared to better-studied taxa like zooplankton (>0.5) and shallow-water anemones (0.3 – 0.6; Anderson et al., 2005; 

Zamer and Shick, 1987). However, a low growth efficiency and slow growth are typical for long-lived species such as D. 

pertusum (Roberts et al., 2009). 

 

The sediment organic matter model is described as:  350 

 

𝑑𝑃𝑂𝐶𝑠𝑒𝑑

𝑑𝑡
=  𝑤𝑠 ∗  𝑃𝑂𝐶𝑏𝑏𝑙 + (1 −  𝐴𝐸𝑐𝑤𝑐) ∗  𝐶𝑊𝐶𝑖𝑛 −  𝑘𝑠𝑒𝑑 ∗  𝑃𝑂𝐶𝑠𝑒𝑑 (Equation 4) 

 

Where 
𝑑𝑃𝑂𝐶𝑠𝑒𝑑

𝑑𝑡
 is the change in sediment organic matter concentration over time (in mmol C d-1), dPOCsed is the 

concentration of organic matter in the sediment top layer (in mmol C per m-2), ws is the passive sinking rate of POC in the 355 

bottom layer (10 m d-1), POCbbl is the organic matter concentration in the bottom layer grid cell in mmol C m-3, AECWC is a 

dimensionless assimilation efficiency parameter (0.80), CWCin is the organic matter uptake by CWCs in mmol C m-2 d-1 (i.e. 

first term in eqs. 2) and ksed is the sedimentary organic matter respiration in d-1-1.  

 

Table 1: model parameter values, conversion factors, and respective sources 360 

Parameter Description Value Unit Source 

F0 Water column POC upper boundary 

export production 

12 mmol C m-2 d-1 (Henson et al., 2015) 

Kpoc Water column POC decay rate 0.030 d-1 (Henson et al., 2015; Yool et 
al., 2011) 

ws Water column POC passive sinking 

speed 

10 m d-1 (Riley et al., 2012) 

ACWC CWC surface-to-biomass ratio 7.48 ∙ 10-5 m2 mmol C-1 (de Froe et al., 2019; Gori et 
al., 2014; Larsson et al., 
2013; Maier et al., 2019; 
Purser et al., 2010) 

CECWC CWC capture efficiency, fraction of 

polyps that capture a food particle 

0.15 - (Hunter, 1989) 

AECWC CWC assimilation efficiency, 

fraction digestible POC 

0.80 - (Anthony, 1999) 

NGECWC CWC net-growth efficiency, 0.10 - (Maier et al., 2019; van 
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fraction digested POC used for 

growth 
Oevelen et al., 2016) 

FPmax CWC maximum fraction of 

extended polyps 

0.90 - (Orejas et al., 2016a; 
Osterloff et al., 2019) 

p CWC scaling parameter for 

calculating fraction of extended 

polyps related to bottom current 

speed 

1.5 - (Orejas et al., 2016a); this 

study 

kv CWC flow speed at which half of 

polyps are rectracted 

0.40 m s-1 (Orejas et al., 2016a) 

CCCWC CWC carrying capacity, maximum 

biomass density 

6000 mmol C m-2 (de Froe et al., 2019; Maier 
et al., 2021) 

mcwc CWC basal respiration rate 0.0035 d-1 (Larsson et al., 2013) 

ksed Sediment respiration rate 4.1 ∙ 10-2 d-1 (Westrich and Berner, 1984) 

 

 

Figure 2: Cconceptual diagram of the here developed cold-water coral and sediment model. The left panel shows one bottom grid 

cell, the arrows indicate water and POC exchange with surrounding grid cells. The right panel represents the benthic cold-water 

coral and sediment model.  365 

 

2.4 Procedure to solve the coupled model 

Model spin-up of the fully coupled model proved to be computer intensive as CWC growth operates on a time scale of years 

whereas hydrodynamics operate on timescales of ~ hours. The following three-step procedure for model spin-up was 
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therefore performed (see Figure 3Figure 3 for a workflow diagram): (1) organic matter transport initialization, (2) CWC 370 

biomass and sediment organic matter initialization, and (3) coupled benthic-biogeochemical model runs.  

 

In step 1, the initial suspended particulate organic matter concentration was imposed by an exponential decrease with water 

depth, reflecting passive sinking of POC (Figure 3Figure 3A; Martin et al., 1987). Advective transport of organic matter is 

spin-up by running the organic matter transport model consecutively for three months. After which water column POC 375 

concentration remained in more or less steady state in each consecutive run.  

 

The output of step 1 was used to initialize the CWC biomass and sediment POC concentration in step 2 (Figure 3Figure 3 

C&D). The bottom boundary POC concentration (POCbbl) and the bottom boundary current speed (vbbl) averaged per bottom 

grid cell over the whole one-month model run were used to calculate initial CWC biomass and sediment POC concentration 380 

for each bottom grid cell (see Equation 2 and Equation 4). This resulted in high CWC biomass along the 500 – 1000 m depth 

range in the model domain (see Figure 3D inset).  

 

The outputs of step 1 (initial water column POC concentration) and step 2 (initial CWC biomass and sediment POC 

concentration) are then used as initial conditions for the fully coupled model runs (Figure 3Figure 3 E). In the coupled model 385 

runs, the uptake of POC by CWCs would decrease POC concentration in the bottom boundary layer. The first time we ran 

the fully coupled model it appeared that step 2 overestimated the CWC biomass, as in the fully coupled model corals 

depleted POC to such an extent that it led to a rapid decrease in coral biomass throughout the domain (Figure 3Figure 3 F). 

CWCs are slow growing organisms and the chosen physiological parameters in our model therefore only allow CWCs to 

increase/decrease relatively slowly in biomass in our model domain. For example, if the CWCs were starved and no food 390 

would be available, the basal metabolic cost rate (0.0035 d-1) would only allow CWC biomass to decrease by 0.35 % per day. 

As each model run represents one month, it would take considerable amount of time and model runs to reach a (dynamic) 

biomass equilibrium in the coupled model. To speed up computation, we followed performed the following two steps. First, 

we divided the initial CWC biomass from step 2 by three and used that as initial benthic biomass. The specific value of 

dividing by three was chosen iteratively during the model development process. Dividing by three would speed up 395 

computations considerably but would not alter the initial conditions retrieved from step 1 and step 2.  ThisThe new initial 

CWC biomass would still be higher than the CWC equilibrium biomass throughout the model domain, as CWC biomass was 

still declining in consecutive model runs. Second, we ran the coupled model for a total of five consecutive months with a 

coral growth/decline enhancement factor of 12twelve. This is a method that is also used in morphological and sediment 

transport modelling approaches (Ranasinghe et al., 2011). The enhancement factor of twelve was chosen iteratively during 400 

the modelling development process and was chosen due to the following reasons: 1) as we used one month of hydrodynamic 

output, an enhancement factor of twelve would compare with one year of running the model, which makes comparing 

modelling output with/without enhancement factor more intuitive, and 2) using a much larger factor (i.e., enhancement factor 
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of 100), would change the short-timescale dynamics of CWC growth and thereby alter the mechanics of the model. For 

example, using an enhancement factor of 100 would in some areas of the model domain cause strong daily CWC biomass 405 

fluctuations, which would affect the bottom water POC concentrations as well. A factor of twelve proved to speed up the 

computations but would not affect the mechanics of the model. Finally, After running the model for five consecutive months 

with the enhancement factor, two months were run without the growth- enhancement to arrive at the final output, in which 

dCWCb / dt was close to steady-state.  

 410 

2.5 Data sources for model-data comparison 

To compare our model predictions and evaluate model performance, we compare our model output with recent observational 

studies in the study area (Figure 4Figure 4 A & B). Two moorings measured current profiles, turbidity, and fluorescence for 

a full year (Schulz et al., 2020). Benthic respiration rates were quantified on two mounds in the Logachev mound province, 

and an adjacent sediment area (de Froe et al., 2019). Our CWC biomass predictions are qualitatively assessed compared with 415 

observations. The % cover of living CWC, dead framework, and sediment was quantified from video transects and used as a 

proxy for CWC biomass (De Clippele et al., 2019; Maier et al., 2021). Finally, a statistical habitat suitability model has been 

developed for the same model domain (Rengstorf et al., 2014), as well as a machine learning regression-based biomass maps 

(De Clippele et al., 2021a). The results of these studies are used for model validation and to discuss our findings. 
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Figure 3: Workflow diagram describing the steps used to spin up the coupled model with the large panels showing the average 

POC concentration in the bottom layer across the model domain and the small inset panel showing the cold-water coral biomass 

across the model domain. ‘NA’ means that predictions of the CWC biomass are not yet available at that stage. A) initial bottom 

layer POC concentration based on the Martin’s curve Martin et al. (1987), B) bottom-layer POC concentration after spin-up of 425 
POC transport by advection, which is used as input (C) for initializing benthic biomass. Initialized cold-water coral biomass used 

as input (E) to couple the POC transport model with the benthic model. F) POC depletion in the bottom water column after 

running the coupled model with one week of data. Running the coupled model for seven times results in our final CWC biomass 

predictions. 

 430 
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Figure 4: Observational data locations used to validate the model results. A) Map of whole model domain with dotted lines 

illustrating the bathymetry and the black line indicates the cross-section over Haas mound used for Video A2Video A2. B) 

expanded detail on where most data was collected. Box cores data is used to validate benthic respiration and biomass, mooring 

data is used to validate hydrodynamics and POC transport, coral cover data from video transect (VT) are used to validate CWC 435 
biomass predictions, “Coral presenceregion” lines are the contours of area within which suitable CWC habitat is predicted by 

Rengstorf et al. (2014). 1de Froe et al. (2019), 2 Schulz et al. (2020), 3 Maier et al. (2021), 4 De Clippele et al. (2019), 5 Rengstorf et al. 

(2014). 



21 

 

3 Results & discussion 

Our CWC biomass predictions tend to follow the bathymetry with high CWC biomass predicted on the flanks and summits 440 

of the CWC mounds of which highest values are found on the flanks (Figure 6Figure 6). Below, we first compare our 

predictions with available data on 1) hydrodynamics, 2) POC concentration and transport, 3) CWC distribution, and 4) 

respiration. Subsequently, we discuss the distribution of predicted CWC biomass in the model domain, compare our model 

predictions with machine learning modelling methods, and discuss the limitations and prospects of our model results.  

3.1 Comparing model performance with observations 445 

3.1.1 Hydrodynamic- and organic matter transport model 

Hydrodynamic forcing of our 3D model shows that the general or residual current in the model is directed south-westerly 

along the slope of Rockall Bank (Figure A4Figure A4). This is a result of anti-cyclonic circulation circumventing Rockall 

Bank (e.g., Ellett et al., 1986; Holliday et al., 2000; Johnson et al., 2010). The area is subject to a dominant diurnal tidal 

system where barotropic diurnal tidal waves are trapped, causing cross-slope transport with a diurnal periodicity (Huthnance, 450 

1973; Pingree and Griffiths, 1984). These tidal currents cause high vertical velocities on the flanks and summits of the coral 

mounds following a diurnal and spring-neap tidal cycle (Figure A2Figure A2 B; Mohn et al., 2014). The hydrodynamic 

forcing is validated in Mohn et al. (2023) with current velocity data from various moorings in the region (see Schulz et al. 

(2020) and White et al. (2007)). The general direction of POC transport in our model domain was in southwest direction 

along Rockall Bank slope (Video A1Video A1) as also measured by Schulz et al. (2020), while tidal currents cause POC to 455 

be transported north-south over a diurnal tidal cycle (Video A1Video A1). The vertical currents above the CWC mounds 

caused episodic transport of POC towards the seafloor (Figure 5; Video A2Video A2), a process which was observed in 

earlier modelling (Soetaert et al., 2016) and observational studies (Duineveld et al., 2007; de Froe et al., 2022).  
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3.1.2 Cold-water coral biomass- and sediment model 460 

The CWC biomass was predicted to be highest on the summits and south- and southwestern upper flanks of the CWC 

mounds (Figure 6Figure 6). OverallGenerally,, our model results match observational data of CWC/dead framework cover 

along video transects (De Clippele et al., 2019; Maier et al., 2021), as highest CWC biomass was predicted in areas where 

high cover of live CWCs/dead coral framework was observed and low CWC biomass was predicted in areas with high 

sediment cover (Figure 7Figure 7; Figure 8Figure 8). However, how well model-observational data matched differed 465 

between video transects. For example, transect VT7 showed a large discrepancy between modelled and observed CWC 

biomass/cover (Figure 8Figure 8 F) i.e., high coral cover predicted in areas where high sediment cover was observed. This 

mismatch could have several causes: first, the horizontal resolution (250 m) of the model caused differences in model depth 

and video transect depth. For example, the depth of the model domain significantly differed compared to the observed depth 

Figure 5: model output of vertical velocity (left panel) and water column POC concentration (right panel) along the 

Haas transect (Figure 4).  The red ellipse indicates the POC increase close to the mound. 
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in video transects 6 and 7 (Supplementary Figure A5Figure A5), caused by the different spatial resolutions between model 470 

(250 m) and video transects (1 m). Second, due to a patchy distribution of CWCs and the limited range of view (1-2 m wide) 

of video cameras, the video transects may have missed the presence of live CWC.  Finally, the aspect of the video transects 

on the CWC mounds also affect how well the modelled biomass matched the observed CWC cover. Although video and 

model showed generally good agreement, video transects conducted on the south- and southwestern slopes of CWC mounds 

(VT2, VT5) showed higher predicted CWC biomass than video transects conducted on the northern- and northeastern slopes 475 

(VT4, VT6). This is caused by the southwestern direction of the general current in the model domain, which causes modelled 

food supply to be higher on the south-southwestern slopes of CWC mounds than on the north-northeastern slopes. Although 

this general current direction has also been observed in field studies (Schulz et al., 2020; White et al., 2007), it is possible 

that our model overestimates its influence on food supply compared to real-world conditions. Nevertheless, our modelling 

results show that the distribution of CWCs can be predicted on a regional local scale based solely on coarse local 480 

hydrodynamics and organic matter transport, strengthening the hypothesis that a steady food supply or influx is a key driver 

for CWC growth and occurrence (De Clippele et al., 2021b; Hebbeln et al., 2019; Maier et al., 2023; Portilho-Ramos et al., 

2022).  

 

Although only a qualitative comparison between video data and model predictions can be made due to the different units that 485 

are used for biomass quantification, interesting observations surface from this comparison. The modelled CWC biomass 

distribution shows good agreement with cover of living corals, but predictions show better agreement with the observed 

cover of live CWC and dead coral framework combined (Figure 7Figure 7, Figure 8Figure 8). Dead coral framework is 

considered CWC skeleton without a live coral tissue, that forms habitat for many associated fauna and microorganism 

species (Freiwald and Wilson, 1998), which together account for a substantial part of benthic respiration (de Froe et al., 490 

2019) and a complex nitrogen cycle (Maier et al., 2021). CWCs grow in patches (Wilson, 1979), where the living polyps 

extend their tentacles in the water column to feed on suspended particles, and the polyps closer to the seafloor eventually 

die-off and become buried by baffling of sediment (Mienis et al., 2009b; Roberts et al., 2009). The good agreement of 

between our modelled CWC biomass and observed combined cover of living CWCs and dead coral framework our 

predictions with observational data on live CWC and dead framework combined could have several causes: 1) first, the 495 

difference different timescales between the timescale of our model and CWC reef dynamics. Our model is based on one-

month of hydrodynamic model output, organic matter transport and CWC physiology. Although CWC biomass can decrease 

declines in the model domain due to the basal CWC respiration rate, butif insufficient food is provided,  mortality or 

longevity of CWCs is not included. This means that, in our model, if (food) conditions remain favorable, CWCs can exist 

indefinitely. Although,Although generally little is known on the temporal and spatial dynamics between living CWCs and 500 

dead coral framework on a reef, CWCs would die-off at one point in time and become dead coral framework. Second2), i It 

could be that CWCs have grown in the past in the areas where we predict high CWC biomass, but which have died-off due 



24 

 

to conditions that were not included in our model (i.e., infection, predation, temperature, ocean acidification). Therefore, it is 

reasonable to find dead coral framework where high CWC biomass is predicted in our model.  

 505 

Previous work on the same video transects also shows that cover of live corals and dead coral framework are highly 

correlated (van der Kaaden et al., 2023). The presence of dead coral framework on the mounds indicateindicates areas that 

were favorable for CWC growth in the past. It would be interesting to expand our CWC biomass model with dead coral 

framework as a state variable, where dead coral framework is buildt up with a mortality rule (as in Hennige et al. 2021). This 

would especially be interesting as dead coral framework keeps affectsaffecting bottom hydrodynamics (Bartzke et al., 2021; 510 

Corbera et al., 2022) and baffles sediment baffling (Wang et al., 2021) through its structure, and alters nutrient cycling 

through the community associated with dead coral framework (Maier et al., 2021).  

 

Modelled CWC biomass, ranging from 50 – 850 mmol C m-2 on the CWC mounds and close to zero in the sediment areas of 

the study area (Figure 6Figure 6), was on the lower side of observed CWC biomass (e.g., ~ 1850 mmol C m-2mmol C m-2; 515 

de Froe et al., 2019) and estimates from a machine learning model (~ 4200 - 5237 mmol C m-2 d-1mmol C m-2; De Clippele 

et al., 2021a). Modelled benthic respiration ranged between 3.7 and 40.9 mmol C m-2 d-1 mmol C m-2 d-1 and closely 

followed the CWC biomass spatial distribution (Figure 9Figure 9A), indicating that CWCs are largely responsible for the 

benthic respiration (up to 70%) in areas with high CWC biomass (Figure 9Figure 9B). Sediment-based respiration was 

enhanced in areas with high CWC biomass (Figure A6Figure A6), due to organic matter deposition on the underlying 520 

sediment and a higher POC concentration in the bottom layer. Modelled benthic respiration in the model domain compared 

generally well with observational data (de Froe et al., 2019; Figure 9Figure 9C), and the modelled benthic respiration on 

coral mounds (10 – 40 mmol mmol C m-2 d-1) was comparable with observational data from CWC reefs in the northeast 

Atlantic (7.7 - 122 mmol O2 m-2 d-1 Cathalot et al., 2015; Khripounoff et al., 2014; Rovelli et al., 2015; White et al., 2012). 

Extrapolating our modelled benthic respiration to a whole yearAssuming that modelled benthic respiration was 525 

representative throughout the year,,  the seafloor of the  model domain seafloor would respire in total 104,845 tonnes C per 

year. CWCs alone were responsible for 11,260 tonnes C yr-1 of benthic respiration, or 10.7% of the total benthic respiration 

in the model domain. , while only on 2.8% of the model domain, a CWC biomass >100 mmol C m-2 was predicted. Our 

predicted CWC-based respiration was comparable to, but at the upper end of the carbon turnover estimate of 5,763 to 9,260 

tonnes C yr-1 which was predicted from a CWC suitable habitat model of exact the same area ((De Clippele et al., 2021a; 530 

Rengstorf et al., 2014).  

 

The good correspondence correspondence between modelled and observational benthic respiration, but low biomass 

estimates in the model compared observations can be explained by the chosen parameter values for our CWC biomass 

model. There are several parameters that are currently poorly constrained. CWC carrying capacity was, for instance, 535 

estimated based on box cores retrieved in de Froe et al. (2019), but a maximum CWC density on a reef is currently not 
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resolved. Some physiological parameters for CWCs, such as 'assimilation efficiency' (AECWC) and 'net growth efficiency' 

(NGECWC), were presently only constrained based on a few studies. It could be that our carrying capacity (6000 mmol C m-2) 

estimate was an underestimation, and the values chosen for AECWC (0.80) and NGECWC (0.10) were an overestimation. If we 

would set the carrying capacity higher but also decrease values for AECWC and NGECWC, CWC biomass would be increased in 540 

the model while benthic respiration would stay at similar levels.  

 

 

 

 545 
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Figure 6: predicted CWC biomass in mmol C m-2. Black lines indicate the bathymetry of the model domain (range in depth = 300 – 

1900 m), with values given in meters below sealevel.. 
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Figure 7: Comparison between model CWC biomass predictions and video transect data percentage cover data (Video 17, Figure 

4Figure 4) from Maier et al. (2021). Cover is in percentages, category “Other” includes other macrofauna species. A) predicted 

CWC biomass indicated by the black line and the scale on the right Y-axis (in mmol C / m2), B) depth of model domain (in black 

linem) and the video transect (red line) along the video transect indicated by the black line and scale on the right Y-axis, C) 555 
Location of video transect over Haas mound. 
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Figure 8: Comparison between model prediction and video transect percentage cover data (VT2 – VT7, Figure 4Figure 3) from De 

Clippele et al. (2019). Model predictions are indicated by black line and biomass scale is on the right Y-axis. A) VT2, B) VT3, C) 560 
VT4, D) VT5, E) VT6, F) VT7, G) locations of the video transects in the model domain (see also Figure 4). The number one on the 

map (G) indicates starting point of each transect. 
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Figure 9:Modelled benthic respiration compared to observational data from de Froe et al. (2019). A) total benthic respiration and 

measurement locations indicated in coloured points, B) percentage of total benthic respiration caused by cold-water coral 

respiration, C) measured versus modelled benthic respiration. 1 regions are based on de Froe et al. (2019) and Rengstorf et al. 

(2014). 

 570 

3.2 Coupling the benthic- with the pelagic model is key in predicting cold-water coral density 

The here presented three-step modelling approach (Figure 3Figure 3) provided insight into what drives CWC density in our 

model domain. Predicting CWC biomass without coupling the benthic with the pelagic model (step 2; section 2.4), resulted 

in an overestimation of CWC biomass (Figure 3Figure 3 D inset). Coupling the pelagic POC model with the benthic 

CWC/sediment model (step 3; section 2.4), resulted initially in strong depletion of POC in bottom waters, except above the 575 

coral mounds and ridges (Figure 3Figure 3F). In areas where POC was depleted in bottom waters, CWC respiration (right 

term Equation 2) was higher than food uptake (left term Equation 2) and CWC density decreased in those areas. On the coral 

mounds and ridges, tidally induced vertical currents transported POC towards the seafloor and replenished bottom water 

POC (Figure 5; Soetaert et al., 2016b) (Soetaert et al., 2016). This leadled to CWC growth on the flanks and summits of the 

mounds and ridges. Although CWCs benefit from strong bottom currents (Hebbeln et al., 2016; Purser et al., 2010; White et 580 

al., 2007), our results show that without replenishment of food particles, bottom waters would quickly be deprived of food 

particles and CWC biomass would be much lower or would even disappear. These findings suggest vertical transport of POC 

is vital for CWC growth and support the idea that tidal dynamics are crucial for sufficient food supply to the CWC reefs on 

these mounds (de Froe et al., 2022; van Haren et al., 2014; Juva et al., 2020; Soetaert et al., 2016). 

3.3 Spatial distribution of cold-water corals related to hydrodynamics and organic matter transport 585 

The south-westerly residual along-slope current and tidally induced cross-slope currents cause POC to be advected up- and 

down the slope between 500 – 1000 m depth in the model domain, while the net POC transport is in a southwest direction 

(Video A1Video A1). The combined effect of these currents is that POC concentration is relatively frequently replenished 

above the CWC mounds summits and subsequently transported along their south- and southwestern flanks (Figure 10Figure 

10 A). Under these favorablefavourable conditions, high CWC biomass is predicted on the southwestern upper flanks of the 590 

CWC mounds (Figure 6Figure 6, Figure 10Figure 10). In addition, westward bottom currents that encounter a mound or 

ridge are directed southward due to Coriolis force (Figure 10Figure 10A; Supplementary Figure A7Figure A7), which 

further promotes CWC growth on the southern flanks. Furthermore, north of Haas mound we found an area with low bottom 

current speed where suspended/organic matter is trapped in an eddy circulation (Supplementary Figure A7Figure A7). This 

enhances sediment deposition and compares well with the sediment infill found in this area (Mienis et al., 2006).  595 

 

Our model results are in line with previous work investigating self-organization in CWC reefs (van der Kaaden et al., 2023). 

Self-organization is the process where organisms form regular patterns in ecosystems due to local-scale interactions between 
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organisms and their environment (Camazine et al., 2001). These interactions can either be positive, whereby organisms 

enhance local resources by modifying their environment (i.e., ecosystem engineers), or negative, whereby organisms deplete 600 

resources (Rietkerk and van de Koppel, 2008). If feedback mechanisms operate at different spatial scales, it is referred to a as 

scale-dependent feedback, which is a central principle in the theory of self-organization (Rietkerk and van de Koppel, 2008). 

The results of our modelling study also indicate the presence of scale-dependent feedback in CWC mounds in our study area. 

CWC mounds enhance food availability on a very local scale (summit and the upper flank of the mounds) (van der Kaaden 

et al., 2024)which is a positive scale-dependent feedback and leads to high CWC biomass in these areas. Depletion of POC 605 

in the bottom water by CWCs in our model decreased the quantity of available food for CWCs on a wider spatial scale 

located downstream of the areas with high CWC biomass (Figure 10B). This can be seen as a negative scale-dependent 

feedback (van der Kaaden et al., 2020), and leads to lower CWC biomass in the areas downstream of the upper flank and 

summits of the CWC mounds. This depletion of resources by CWC in the water column due to filtering activity has also 

been observed in the field (Lavaleye et al., 2009; Wagner et al., 2011). Our model successfully simulates this process, 610 

providing further evidence for scale-dependent feedback and possibly self-organization in CWC ecosystems (van der Kaaden 

et al., 2023).(Rietkerk and van de Koppel, 2008) 

Besides that CWCs were mostly predicted on the south- and southwestern flanks of the CWC mounds, highest biomass was 

found specifically close to the summits and on the upper side of the flanksThis pattern was caused by depletion of POC in 

the bottom layer by CWCs which decreased the quantity of available food for CWCs located downstream (Figure 10B). 615 

Bottom water POC depletion by filter-feeding CWCs has also been observed in the field (Lavaleye et al., 2009; Wagner et 

al., 2011), and can be interpreted as a negative scale-dependent feedback on CWC growth (van der Kaaden et al., 2020), a 

mechanism derived from the theory of spatial self-organization (van de Koppel et al., 2005; Rietkerk and van de Koppel, 

2008). This mechanism of bottom-water POC depletion proved to be key in successfully predicting CWC biomass. Hence, 

we argue that the spatial distribution of CWCs in our study area is shaped by a combination of current dynamics, food 620 

supply, and scale-dependent feedbacks.  

 

 

Our mechanistic modelling approach and CWC biomass predictions could also be used to examine CWC mound 

development and morphology. Although CWC growth and mound development operated on different timescales and our 625 

model does not include sedimentation or baffling of sediment, our CWC predictions can indicate in which direction a mound 

will likely develop. The presence of CWC framework promotes mound development by providing structure and baffling of 

sediment (Dorschel et al., 2007; Mienis et al., 2007; Titschack et al., 2015). CWC mounds are globally found in a wide 

variety of shapes and relative orientation to the general current direction. For example, CWC mounds can be shaped parallel 

(De Clippele et al., 2017; Hebbeln et al., 2014; Matos et al., 2017) or perpendicular (Correa et al., 2012) to the general 630 

current direction. Furthermore, the distribution of CWCs can differ greatly per mound and region. CWCs are found facing 

the current direction (Buhl-Mortensen et al., 2012; Correa et al., 2012) but are also found on summits, flanks and leeward 
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sides of CWC mounds (Conti et al., 2019; Dorschel et al., 2007; Lim et al., 2017). The CWC mounds in our model domain 

are mostly elongated in shape, perpendicular to the southwest-directed net current direction, except for Haas mound, which 

has its elongated shape parallel to the current direction, and was formed on a pre-existing hump (Mienis et al., 2006). Our 635 

CWC biomass predictions fit well with the mound morphologies in the model domain. For instance, in the northwest of the 

model domain, the CWC ridges shaped perpendicular to the general current direction show high CWC biomass on the 

southern side (Figure 10Figure 10 C). This agrees well with findings from White et al. (2007), who found that CWC mounds 

are often aligned with the major axis of the tidal current oscillation. Our findings indicate that these ridges will develop 

further in this direction and might provide an explanation to why these CWC mounds are shaped perpendicular to the current 640 

and slope. 

3.4 Mechanistic cold-water coral predictions compared to statistical methods 

The spatial distribution of the here presented CWC biomass predictions align relatively well, but are somewhat shifted 

southwestwardsouthwestwardly with the area of > 0.9 probability of CWC presence predicted with a habitat suitability 

model (Figure 10Figure 10 D; Rengstorf et al., 2014). Our mechanistic modelling approach allows to dynamically predict 645 

CWC growth and provides insight into the mechanisms that drive the spatial distribution of CWCs in the deep-sea. In 

contrast, habitat suitability models use static data on environmental conditions and terrain variables to predict spatial 

distribution of CWC cover or presence/absence. Hydrodynamic (non-static) variables such as current speed can be included 

into habitat suitability models, which improves model performance (Bargain et al., 2018; De Clippele et al., 2017; Lim et al., 

2020; Pearman et al., 2020; Rengstorf et al., 2014). However, we show that bottom current speed alone has limited power to 650 

predict habitat suitability as the spatial distribution of CWCs also depends on bottom-water organic matter (POC) 

concentration and replenishment, which, in turn is affected by CWC growth itself. Recent work in mapping CWC biomass 

by a combination of habitat suitability modelling and field measurements (De Clippele et al., 2017, 2021a), identified 

bathymetric position index (BPI) as most important predictor for CWC biomass in our study area and predicted that CWC 

biomass was highest on the summits and crests of the mounds and ridges (De Clippele et al., 2021a). As this compares well 655 

with our predictions, BPI, the relative height of an area compared to its surroundings, might be a good proxy for areas where 

CWCs experience little competition for resources. However, as CWC reefs are elevations on a mound slope, the presence of 

a CWC would also enhance BPI. Our findings emphasize the necessity to consider feedbacks between CWC growth and 

resource availability when predicting spatial distributions of CWCs in the deep sea.  

(Dormann, 2007)(Büscher et al., 2017) 660 
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Figure 10: A) General transport direction of organic matter in the bottom layer above Haas mound, with colour overlay 

representing averaged vertical velocity in bottom layer, black lines indicate the bathymetry, and red lines show the predicted flow 

paths of neutrally buoyant particles that were released on the summits. B) POC depletion by CWCs, colour overlay represents 665 
averaged POC concentration in the bottom layer, black lines show predicted CWC biomass, and red arrows show the general 

current direction in the bottom layer. C) Detail of CWC predictions on the ridges in the northeast of the model domain. D) 

comparison between CWC predictions and the coral region of Rengstorf et al. (2014) indicated by the red line, E) location of 

subpanels A and C in this figure. 

3.5 Implications, limitations, and future work 670 

This study presents the first mechanistic modelling approach to predict CWC biomass based on organic matter transport and 

hydrodynamics. As deep-sea research is restricted by, among other, ship-time, access to infrastructure and equipment (e.g. 

working class ROVs) the model predictions provide a good means to investigate the spatial distribution and driving 

mechanisms of deep-sea ecosystems, such as CWC reefs. We could demonstrate that a mechanistic 3D coupled transport-

reaction-model successfully predicts CWC biomass. CWC distribution on the south-eastern slope of Rockall Bank is likely 675 

driven by the horizontal bottom water POC flux, bottom boundary layer POC replenishment, and spatial competition 

between CWCs for food. In particular the depletion of organic matter in the bottom water layer by CWCs themselves was 

key to adequately predict their biomass. The good fit between video observations, benthic respiration data, and modelled 

CWC biomass strengthens the hypothesis that food supply is the prime predictor for CWC growth (Hebbeln et al., 2019; 

Maier et al., 2023) within their environmental niche (e.g. temperature and salinity ranges; Dullo et al., 2008; Rüggeberg et 680 

al., 2011). 

 

The CWC biomass predictions compare reasonably well with video observations but there are several limitations to the 

model that should be considered. First, we only used one month of hydrodynamic data to spin-up and run the model, while 

seasonal variability in environmental/hydrodynamic conditions would affect CWC growth (van der Kaaden et al., 2021; 685 

Maier et al., 2020). Second, the metabolic cost of reproduction for CWCs (Brooke and Järnegren, 2013; Maier et al., 2020) is 

not included in the CWC model, which likely results in CWC biomass overestimation. Third, CWC framework has shows 

complex interactions with bottom hydrodynamics which shape the architecture of the CWC framework  and change the food 

supply towards the reefs (Guihen et al., 2013; Mienis et al., 2019). The interaction between bottom hydrodynamics and 

Bottom current – CWC framework interaction was not included in the model as it would require resolving spatial scales 690 

much smaller than 250 m (horizontal resolution of one grid cell in this model = 250 m2). Finally, resuspension of 

sedimentary POC concentration is not included in our model, while it increases POC concentration in the benthic boundary 

layer (Adams and Weatherly, 1981), and increases food supply to CWCs (Mienis et al., 2009a). Incorporating these 

feedbacks might benefit CWC biomass predictions, but would come at a considerable computational cost, as hydrodynamics 

would need to be resolved at a much higher spatial resolution.  695 
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Statistical- and mechanistic modelling approaches each have their advantages and disadvantages and can be useful in 

predicting the spatial distribution of a species. Here we discuss some of these advantages and disadvantages for deep-sea 

research, and more specifically, for CWC research. Statistical modelling approaches require extensive datasets on the 

occurrence of CWCs in the deep-sea, which is logistically challenging and costly to acquire. Our mechanistic modelling 700 

approach does not require an extensive sampling campaign on beforehand to train the model and would only require field 

observations for validation purposes. Some of the issues with statistical species distribution models are for instance, 

predicting non-linear effects of environmental drives on species distribution patters, or, if environmental drives show 

interacting effects (Dormann, 2007). This The presented mechanistic modelling framework approach provides a 

frameworkcould be used to study the effect of changing temperatures, currents, pH, and nutrients on the spatial distribution 705 

of CWCs in the deep sea. CWCs could be severely affected by rising global temperatures and ocean acidification (Chapron 

et al., 2021; Gómez et al., 2018, 2022; Gori et al., 2016; Guinotte et al., 2006; Lunden et al., 2013; Orr et al., 2005). Climate 

change also has interactive effects on the growth, fitness, and survival of CWCs, depending on food availability (Büscher et 

al., 2017). This modelling framework could be used to study these effects by, for example,  For example, the potentially 

severe effect of rising temperatures and ocean acidification on CWC growth, survival, and accordingly distribution (Chapron 710 

et al., 2021; Gómez et al., 2018, 2022; Gori et al., 2016; Guinotte et al., 2006; Lunden et al., 2013; Orr et al., 2005), could be 

studied by, for example, coupling CWC respiration to water temperature or mathematically simulating the higher cost of 

calcification under ocean acidification by increasing basal CWC respiration (Dodds et al., 2007; Gori et al., 2016; 

McCulloch et al., 2012). In addition, the export of surface-produced POC to the deep-sea could be reduced with climate 

change (Bopp et al., 2001), which may decrease biomass of CWC reefs and deep-sea benthos in general (Jones et al., 2014; 715 

Puerta et al., 2020; Smith et al., 2008). Our model could be used to examine this effect by reducing POC export from the 

upper boundary layer/condition. Finally, with the prerequisite of having sufficient physiological data available, our model 

could also be applied to other suspension feeders. This modelling approach could also be applied in other deep-sea areas, 

given hydrodynamic data is available (e.g., ROMS-AGRIF output). In summary, our study improves the understanding of 

the mechanisms driving the spatial distribution of CWCs in the deep sea and provides a tool to investigate this under 720 

changing oceanic conditions. 

4 Conclusion 

We investigated drivers of the distribution of CWC biomass by developing a first mechanistic model, based on 

hydrodynamics, organic matter transport, and CWC physiology. Our model approach successfully predicted CWC biomass 

on the coral mounds and ridges of the south-eastern slope of Rockall Bank, northeast Atlantic Ocean. High CWC biomass 725 

was predicted in regions with strong bottom currents and sufficient replenishment of bottom water organic matter. Benthic 

respiration on the CWC mounds is mostly driven by CWCs. Coupling the pelagic organic matter transport model with the 

benthic CWC biomass and sediment model proved to be key for predicting CWC biomass. This model can be used as a tool 
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in future work investigating the effect of changing ocean conditions on the spatial distribution of CWCs or other suspension 

feeders in the deep sea.  730 

 

 

5 Appendix A 

5.1 Figures 

 735 

Figure A1: Latitudinal cross-section of model sigma grid over Haas mound. Example of sigma grid. 
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Figure A2: water column averaged vertical velocities (A) from ROMS output and (B) calculated from the horizontal currents.  
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Figure A3: Fitting of the model parameter FPCWC on data from (Orejas et al., 2016b). The higher the flow rate, the lower fraction 740 
of polyps are extended in the Desmophylum pertusum colony. 
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Figure A4: Averaged current speed of bottom layer and direction.  

 745 



43 

 

 

Figure A5: comparison between model and video observations from De Clippele et al. (2019) with A) model depth, B) video 

transect depth, and C) a map of the transect locations. 
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Figure A6: A) sediment organic carbon density or biomass, B) sediment respiration.  750 

 

 

Figure A7: general direction of organic matter in the bottom layer released along a latitudinal cross-section. Black box indicates 

where organic matter follows cyclonic circles. The colours represent upward (red) or downward vertical velocity in m s-1. 
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5.2 Videos 755 

Video A1: depth averaged particulate organic carbon concentration in the water column. Note the overall southwestward direction 

of the particulate matter, and the north-south sloshing by tidal currents. 

 

Video A2: vertical velocity and particulate organic carbon concentration over the Haas mound cross-section. The arrows indicate 

the north-south direction of the current.  760 

6 Code availability 

Model code can be downloaded from: (de Froe et al., 2020) 

7 Data availability 

Model output and input data can be found at: (de Froe et al., 2020). Video transect data were published earlier in 

(De Clippele et al., 2021a, 2023; Maier et al., 2021).  765 

8 Video supplement 

Supplementary videos can be found at: (de Froe, 2023) 

9 Author contribution 

EdF, CM, KS, and DvO were involved in the conceptualization of the study. The work was supvervised by DvO, 

and KS. The model was developed by EdF, CM, KS, AvdK, and DvO. Data was analysed and compared with 770 

observations by EdF, GJR, LDC, SM, AvdK, and DvO. All authors commented and wrote parts of the 

manuscript.  

10 Competing interests 

No competing interests. 

11 Disclaimer 775 

The output of this study reflects only the authors’ view, and the European Union cannot be held responsible for 

any use that may be made of the information contained therein. 

12 Acknowledgements 

We would like to thank Adri Knuijt from NIOZ for his help with the RStudio server.  



46 

 

13 Financial support 780 

This research has been supported by the European Union’s Horizon 2020 Research and Innovation programme 

under grant agreement nos. 678760 (ATLAS) and 818123 (iAtlantic). This output reflects only the authors’ view, 

and the European Union cannot be held responsible for any use that may be made of the information contained 

therein. Dick van Oevelen and Sandra R. Maier were partly supported by the Innovational Research Incentives 

Scheme of the Netherlands Organisation for Scientific Research (NWO) under grant agreement no. 864.13.007. 785 

Evert de Froe was partly supported by the ArcticNet Network of Centres of Excellence, “Glacier troughs as 

biodiversity and abundance hotspots in Arctic and subarctic regions” project, ArcticNet Phase V (Geoffroy et al., 

2022). 
 

14 References 790 

 

Adams, C. E. and Weatherly, G. L.: Suspended-sediment transport and benthic boundary-layer dynamics, Marine 

Geology, 42, 1–18, https://doi.org/10.1016/0025-3227(81)90155-9, 1981. 

Addamo, A. M., Vertino, A., Stolarski, J., García-Jiménez, R., Taviani, M., and Machordom, A.: Merging 

scleractinian genera: the overwhelming genetic similarity between solitary Desmophyllum and colonial Lophelia, 795 

BMC Evolutionary Biology, 16, 108, https://doi.org/10.1186/s12862-016-0654-8, 2016. 

Anderson, T. R., Hessen, D. O., Elser, J. J., and Urabe, J.: Metabolic Stoichiometry and the Fate of Excess 

Carbon and Nutrients in Consumers, The American Naturalist, 165, 1–15, https://doi.org/10.1086/426598, 2005. 

Anthony, K. R. N.: Coral suspension feeding on fine particulate matter, Journal of Experimental Marine Biology 

and Ecology, 232, 85–106, https://doi.org/10.1016/S0022-0981(98)00099-9, 1999. 800 

Bakker, P., Schmittner, A., Lenaerts, J. T. M., Abe-Ouchi, A., Bi, D., van den Broeke, M. R., Chan, W.-L., Hu, 

A., Beadling, R. L., Marsland, S. J., Mernild, S. H., Saenko, O. A., Swingedouw, D., Sullivan, A., and Yin, J.: 

Fate of the Atlantic Meridional Overturning Circulation: Strong decline under continued warming and Greenland 

melting, Geophysical Research Letters, 43, 12,252-12,260, https://doi.org/10.1002/2016GL070457, 2016. 

Bargain, A., Foglini, F., Pairaud, I., Bonaldo, D., Carniel, S., Angeletti, L., Taviani, M., Rochette, S., and Fabri, 805 

M. C.: Predictive habitat modeling in two Mediterranean canyons including hydrodynamic variables, Progress in 

Oceanography, 169, 151–168, https://doi.org/10.1016/j.pocean.2018.02.015, 2018. 

Bartzke, G., Siemann, L., Büssing, R., Nardone, P., Koll, K., Hebbeln, D., and Huhn, K.: Investigating the 

Prevailing Hydrodynamics Around a Cold-Water Coral Colony Using a Physical and a Numerical Approach, 

Front. Mar. Sci., 8, https://doi.org/10.3389/fmars.2021.663304, 2021. 810 

Boers, N.: Observation-based early-warning signals for a collapse of the Atlantic Meridional Overturning 

Circulation, Nat. Clim. Chang., 11, 680–688, https://doi.org/10.1038/s41558-021-01097-4, 2021. 



47 

 

Böning, C. W., Behrens, E., Biastoch, A., Getzlaff, K., and Bamber, J. L.: Emerging impact of Greenland 

meltwater on deepwater formation in the North Atlantic Ocean, Nature Geosci, 9, 523–527, 

https://doi.org/10.1038/ngeo2740, 2016. 815 

Bopp, L., Monfray, P., Aumont, O., Dufresne, J.-L., Le Treut, H., Madec, G., Terray, L., and Orr, J. C.: Potential 

impact of climate change on marine export production, Global Biogeochem. Cycles, 15, 81–99, 

https://doi.org/10.1029/1999GB001256, 2001. 

Briscoe, N. J., Morris, S. D., Mathewson, P. D., Buckley, L. B., Jusup, M., Levy, O., Maclean, I. M. D., 

Pincebourde, S., Riddell, E. A., Roberts, J. A., Schouten, R., Sears, M. W., and Kearney, M. R.: Mechanistic 820 

forecasts of species responses to climate change: The promise of biophysical ecology, Global Change Biology, 

29, 1451–1470, https://doi.org/10.1111/gcb.16557, 2023. 

Brito-Morales, I., Schoeman, D. S., Molinos, J. G., Burrows, M. T., Klein, C. J., Arafeh-Dalmau, N., Kaschner, 

K., Garilao, C., Kesner-Reyes, K., and Richardson, A. J.: Climate velocity reveals increasing exposure of deep-

ocean biodiversity to future warming, Nat. Clim. Chang., 10, 576–581, https://doi.org/10.1038/s41558-020-0773-825 

5, 2020. 

Brooke, S. and Järnegren, J.: Reproductive periodicity of the scleractinian coral Lophelia pertusa from the 

Trondheim Fjord, Norway, Mar Biol, 160, 139–153, https://doi.org/10.1007/s00227-012-2071-x, 2013. 

Buhl-Mortensen, L., Bøe, R., Dolan, M. F. J., Buhl-Mortensen, P., Thorsnes, T., Elvenes, S., and Hodnesdal, H.: 

51 - Banks, Troughs, and Canyons on the Continental Margin off Lofoten, Vesterålen, and Troms, Norway, in: 830 

Seafloor Geomorphology as Benthic Habitat, edited by: Harris, P. T. and Baker, E. K., Elsevier, London, 703–

715, https://doi.org/10.1016/B978-0-12-385140-6.00051-7, 2012. 

Büscher, J. V., Form, A. U., and Riebesell, U.: Interactive Effects of Ocean Acidification and Warming on 

Growth, Fitness and Survival of the Cold-Water Coral Lophelia pertusa under Different Food Availabilities, 

Front. Mar. Sci., 4, 101, https://doi.org/10.3389/fmars.2017.00101, 2017. 835 

Caesar, L., Rahmstorf, S., Robinson, A., Feulner, G., and Saba, V.: Observed fingerprint of a weakening Atlantic 

Ocean overturning circulation, Nature, 556, 191–196, https://doi.org/10.1038/s41586-018-0006-5, 2018. 

Caesar, L., McCarthy, G. D., Thornalley, D. J. R., Cahill, N., and Rahmstorf, S.: Current Atlantic Meridional 

Overturning Circulation weakest in last millennium, Nat. Geosci., 14, 118–120, https://doi.org/10.1038/s41561-

021-00699-z, 2021. 840 

Caldeira, K. and Wickett, M. E.: Anthropogenic carbon and ocean pH, Nature, 425, 365–365, 

https://doi.org/10.1038/425365a, 2003. 

Camazine, S., Deneubourg, J., Franks, N., Sneyd, J., Theraulaz, G., and Bonabeau, E.: Self-Organization in 

Biological Systems., 2001. 

Cathalot, C., Van Oevelen, D., Cox, T. J. S., Kutti, T., Lavaleye, M., Duineveld, G., and Meysman, F. J. R.: 845 

Cold-water coral reefs and adjacent sponge grounds: hotspots of benthic respiration and organic carbon cycling in 

the deep sea, Front. Mar. Sci., 2, https://doi.org/10.3389/fmars.2015.00037, 2015. 



48 

 

Chapron, L., Galand, P. E., Pruski, A. M., Peru, E., Vétion, G., Robin, S., and Lartaud, F.: Resilience of cold-

water coral holobionts to thermal stress, Proceedings of the Royal Society B: Biological Sciences, 288, 

20212117, https://doi.org/10.1098/rspb.2021.2117, 2021. 850 

Conti, L. A., Lim, A., and Wheeler, A. J.: High resolution mapping of a cold water coral mound, Sci Rep, 9, 

1016, https://doi.org/10.1038/s41598-018-37725-x, 2019. 

Corbera, G., Lo Iacono, C., Simarro, G., Grinyó, J., Ambroso, S., Huvenne, V. A. I., Mienis, F., Carreiro-Silva, 

M., Martins, I., Mano, B., Orejas, C., Larsson, A., Hennige, S., and Gori, A.: Local-scale feedbacks influencing 

cold-water coral growth and subsequent reef formation, Sci Rep, 12, 20389, https://doi.org/10.1038/s41598-022-855 

24711-7, 2022. 

Correa, T. B. S., Eberli, G. P., Grasmueck, M., Reed, J. K., and Correa, A. M. S.: Genesis and morphology of 

cold-water coral ridges in a unidirectional current regime, Marine Geology, 326–328, 14–27, 

https://doi.org/10.1016/j.margeo.2012.06.008, 2012. 

Costello, M. J., McCrea, M., Freiwald, A., Lundälv, T., Jonsson, L., Bett, B. J., van Weering, T. C. E., de Haas, 860 

H., Roberts, J. M., and Allen, D.: Role of cold-water Lophelia pertusa coral reefs as fish habitat in the NE 

Atlantic, in: Cold-Water Corals and Ecosystems, edited by: Freiwald, A. and Roberts, J. M., Springer, Berlin, 

Heidelberg, 771–805, https://doi.org/10.1007/3-540-27673-4_41, 2005. 

Cyr, F., Haren, H., Mienis, F., Duineveld, G., and Bourgault, D.: On the influence of cold‐water coral mound size 

on flow hydrodynamics, and vice versa, Geophys. Res. Lett., 43, 775–783, 865 

https://doi.org/10.1002/2015GL067038, 2016. 

Davies, A. J. and Guinotte, J. M.: Global Habitat Suitability for Framework-Forming Cold-Water Corals, PLoS 

ONE, 6, e18483, https://doi.org/10.1371/journal.pone.0018483, 2011. 

Davies, A. J., Duineveld, G. C. A., Lavaleye, M. S. S., Bergman, M. J. N., van Haren, H., and Roberts, J. M.: 

Downwelling and deep-water bottom currents as food supply mechanisms to the cold-water coral Lophelia 870 

pertusa (Scleractinia) at the Mingulay Reef Complex, Limnol. Oceanogr., 54, 620–629, 

https://doi.org/10.4319/lo.2009.54.2.0620, 2009. 

De Clippele, L. H., Gafeira, J., Robert, K., Hennige, S., Lavaleye, M. S., Duineveld, G. C. A., Huvenne, V. A. I., 

and Roberts, J. M.: Using novel acoustic and visual mapping tools to predict the small-scale spatial distribution of 

live biogenic reef framework in cold-water coral habitats, Coral Reefs, 36, 255–268, 875 

https://doi.org/10.1007/s00338-016-1519-8, 2017. 

De Clippele, L. H., Huvenne, V. A. I., Molodtsova, T. N., and Roberts, J. M.: The Diversity and Ecological Role 

of Non-scleractinian Corals (Antipatharia and Alcyonacea) on Scleractinian Cold-Water Coral Mounds, Front. 

Mar. Sci., 6, 184, https://doi.org/10.3389/fmars.2019.00184, 2019. 

De Clippele, L. H., van der Kaaden, A.-S., Maier, S. R., de Froe, E., and Roberts, J. M.: Biomass Mapping for an 880 

Improved Understanding of the Contribution of Cold-Water Coral Carbonate Mounds to C and N Cycling, 

Frontiers in Marine Science, 8, https://doi.org/10.3389/fmars.2021.721062, 2021a. 



49 

 

De Clippele, L. H., Rovelli, L., Ramiro-Sánchez, B., Kazanidis, G., Vad, J., Turner, S., Glud, R. N., and Roberts, 

J. M.: Mapping cold-water coral biomass: an approach to derive ecosystem functions, Coral Reefs, 40, 215–231, 

https://doi.org/10.1007/s00338-020-02030-5, 2021b. 885 

De Clippele, L. H., van der Kaaden, A.-S., Maier, S., de Froe, E., and Roberts, J. M.: Environmental data and 

image area measurements of different substrate types extracted from video transects recorded in the Logachev 

cold-water coral mound province, 2023. 

Dodds, L. A., Roberts, J. M., Taylor, A. C., and Marubini, F.: Metabolic tolerance of the cold-water coral 

Lophelia pertusa (Scleractinia) to temperature and dissolved oxygen change, Journal of Experimental Marine 890 

Biology and Ecology, 349, 205–214, https://doi.org/10.1016/j.jembe.2007.05.013, 2007. 

Dormann, C. F.: Promising the future? Global change projections of species distributions, Basic and Applied 

Ecology, 8, 387–397, https://doi.org/10.1016/j.baae.2006.11.001, 2007. 

Dormann, C. F., Schymanski, S. J., Cabral, J., Chuine, I., Graham, C., Hartig, F., Kearney, M., Morin, X., 

Römermann, C., Schröder, B., and Singer, A.: Correlation and process in species distribution models: bridging a 895 

dichotomy, Journal of Biogeography, 39, 2119–2131, https://doi.org/10.1111/j.1365-2699.2011.02659.x, 2012. 

Dorschel, B., Hebbeln, D., Ruggeberg, A., Dullo, W., and Freiwald, A.: Growth and erosion of a cold-water coral 

covered carbonate mound in the Northeast Atlantic during the Late Pleistocene and Holocene, Earth and 

Planetary Science Letters, 233, 33–44, https://doi.org/10.1016/j.epsl.2005.01.035, 2005. 

Dorschel, B., Hebbeln, D., Foubert, A., White, M., and Wheeler, A. J.: Hydrodynamics and cold-water coral 900 

facies distribution related to recent sedimentary processes at Galway Mound west of Ireland, Marine Geology, 

244, 184–195, https://doi.org/10.1016/j.margeo.2007.06.010, 2007. 

Duineveld, G. C. A., Lavaleye, M. S. S., Bergman, M. J. N., de Stigter, H., and Mienis, F.: Trophic structure of a 

cold-water coral mound community (Rockall Bank, NE Atlantic) in relation to the near-bottom particle supply 

and current regime, BULLETIN OF MARINE SCIENCE, 81, 19, 2007. 905 

Dullo, W. C., Flögel, S., and Rüggeberg, A.: Cold-water coral growth in relation to the hydrography of the Celtic 

and Nordic European continental margin, Mar. Ecol. Prog. Ser., 371, 165–176, 

https://doi.org/10.3354/meps07623, 2008. 

Egbert, G. D. and Erofeeva, S. Y.: Efficient Inverse Modeling of Barotropic Ocean Tides, Journal of 

Atmospheric and Oceanic Technology, 19, 183–204, https://doi.org/10.1175/1520-910 

0426(2002)019%253C0183:EIMOBO%253E2.0.CO;2, 2002. 

Ellett, D. J., Edwards, A., and Bowers, R.: The hydrography of the Rockall Channel—an overview, Proceedings 

of the Royal Society of Edinburgh. Section B. Biological Sciences, 88, 61–81, 

https://doi.org/10.1017/S0269727000004474, 1986. 

Evans, T. G., Diamond, S. E., and Kelly, M. W.: Mechanistic species distribution modelling as a link between 915 

physiology and conservation, Conservation Physiology, 3, cov056, https://doi.org/10.1093/conphys/cov056, 

2015. 



50 

 

Fink, H. G., Wienberg, C., De Pol-Holz, R., Wintersteller, P., and Hebbeln, D.: Cold-water coral growth in the 

Alboran Sea related to high productivity during the Late Pleistocene and Holocene, Marine Geology, 339, 71–82, 

https://doi.org/10.1016/j.margeo.2013.04.009, 2013. 920 

Flögel, S., Dullo, W.-Chr., Pfannkuche, O., Kiriakoulakis, K., and Rüggeberg, A.: Geochemical and physical 

constraints for the occurrence of living cold-water corals, Deep Sea Research Part II: Topical Studies in 

Oceanography, 99, 19–26, https://doi.org/10.1016/j.dsr2.2013.06.006, 2014. 

Freiwald, A. and Wilson, J. B.: Taphonomy of modern deep, cold‐temperate water coral reefs, Historical 

Biology, 13, 37–52, https://doi.org/10.1080/08912969809386571, 1998. 925 

Freiwald, A., Hühnerbach, V., Lindberg, B., Wilson, J. B., and Campbell, J.: The Sula Reef Complex, Norwegian 

shelf, Facies, 47, 179–200, https://doi.org/10.1007/BF02667712, 2002. 

de Froe, E.: Supplemental videos to PhD thesis Evert de Froe: Dinner’s Served in the Deep Sea., , 

https://doi.org/10.5281/zenodo.7510506, 2023. 

de Froe, E., Rovelli, L., Glud, R. N., Maier, S. R., Duineveld, G., Mienis, F., Lavaleye, M., and van Oevelen, D.: 930 

Benthic Oxygen and Nitrogen Exchange on a Cold-Water Coral Reef in the North-East Atlantic Ocean, Front. 

Mar. Sci., 6, 665, https://doi.org/10.3389/fmars.2019.00665, 2019. 

de Froe, E., Mohn, C., Soetaert, K., and van Oevelen, D.: ATLAS Deliverable 2.5: Model code for the Rockall 

Bank case study area, , https://doi.org/10.5281/zenodo.4250150, 2020. 

de Froe, E., Maier, S. R., Horn, H. G., Wolff, G. A., Blackbird, S., Mohn, C., Schultz, M., van der Kaaden, A.-S., 935 

Cheng, C. H., Wubben, E., van Haastregt, B., Moller, E. F., Lavaleye, M., Soetaert, K., Reichart, G.-J., and van 

Oevelen, D.: Hydrography and food distribution during a tidal cycle above a cold-water coral mound, Deep Sea 

Research Part I: Oceanographic Research Papers, 103854, https://doi.org/10.1016/j.dsr.2022.103854, 2022. 

Galli, G., Bramanti, L., Priori, C., Rossi, S., Santangelo, G., Tsounis, G., and Solidoro, C.: Modelling red coral ( 

Corallium rubrum ) growth in response to temperature and nutrition, Ecological Modelling, 337, 137–148, 940 

https://doi.org/10.1016/j.ecolmodel.2016.06.010, 2016. 

Gehlen, M., Séférian, R., Jones, D. O. B., Roy, T., Roth, R., Barry, J., Bopp, L., Doney, S. C., Dunne, J. P., 

Heinze, C., Joos, F., Orr, J. C., Resplandy, L., Segschneider, J., and Tjiputra, J.: Projected pH reductions by 2100 

might put deep North Atlantic biodiversity at risk, Biogeosciences, 11, 6955–6967, https://doi.org/10.5194/bg-

11-6955-2014, 2014. 945 

Genin, A., Dayton, P. K., Lonsdale, P. F., and Spiess, F. N.: Corals on seamount peaks provide evidence of 

current acceleration over deep-sea topography, Nature, 322, 59–61, https://doi.org/10.1038/322059a0, 1986. 

Girard, F., Litvin, S. Y., Sherman, A., McGill, P., Gannon, A., Lovera, C., DeVogelaere, A., Burton, E., Graves, 

D., Schnittger, A., and Barry, J.: Phenology in the deep sea: seasonal and tidal feeding rhythms in a keystone 

octocoral, Proceedings of the Royal Society B: Biological Sciences, 289, 20221033, 950 

https://doi.org/10.1098/rspb.2022.1033, 2022. 



51 

 

Gómez, C. E., Wickes, L., Deegan, D., Etnoyer, P. J., and Cordes, E. E.: Growth and feeding of deep-sea coral 

Lophelia pertusa from the California margin under simulated ocean acidification conditions, PeerJ, 6, e5671, 

https://doi.org/10.7717/peerj.5671, 2018. 

Gómez, C. E., Gori, A., Weinnig, A. M., Hallaj, A., Chung, H. J., and Cordes, E. E.: Natural variability in 955 

seawater temperature compromises the metabolic performance of a reef-forming cold-water coral with 

implications for vulnerability to ongoing global change, Coral Reefs, 41, 1225–1237, 

https://doi.org/10.1007/s00338-022-02267-2, 2022. 

Gori, A., Grover, R., Orejas, C., Sikorski, S., and Ferrier-Pagès, C.: Uptake of dissolved free amino acids by four 

cold-water coral species from the Mediterranean Sea, Deep Sea Research Part II: Topical Studies in 960 

Oceanography, 99, 42–50, https://doi.org/10.1016/j.dsr2.2013.06.007, 2014. 

Gori, A., Ferrier-Pagès, C., Hennige, S. J., Murray, F., Rottier, C., Wicks, L. C., and Roberts, J. M.: Physiological 

response of the cold-water coral Desmophyllum dianthus to thermal stress and ocean acidification, PeerJ, 4, 

e1606, https://doi.org/10.7717/peerj.1606, 2016. 

Greiffenhagen, L., Kutti, T., Maier, S. R., and De Clippele, L. H.: Biomass mapping of fjordic cold-water coral 965 

reefs reveals distinct functional role of vertical wall habitat, Deep Sea Research Part I: Oceanographic Research 

Papers, 211, 104350, https://doi.org/10.1016/j.dsr.2024.104350, 2024. 

Greiffenhagen, L., Titschack, J., Wienberg, C., Wang, H., and Hebbeln, D.: Cold-water coral mounds are 

effective carbon sinks in the western Mediterranean Sea, Biogeosciences, 22, 2201–2223, 

https://doi.org/10.5194/bg-22-2201-2025, 2025. 970 

Guihen, D., White, M., and Lundälv, T.: Boundary layer flow dynamics at a cold-water coral reef, Journal of Sea 

Research, 78, 36–44, https://doi.org/10.1016/j.seares.2012.12.007, 2013. 

Guinotte, J. M. and Davies, A. J.: Predicted Deep-Sea Coral Habitat Suitability for the U.S. West Coast, PLOS 

ONE, 9, e93918, https://doi.org/10.1371/journal.pone.0093918, 2014. 

Guinotte, J. M., Orr, J., Cairns, S., Freiwald, A., Morgan, L., and George, R.: Will human-induced changes in 975 

seawater chemistry alter the distribution of deep-sea scleractinian corals?, Frontiers in Ecology and the 

Environment, 4, 141–146, https://doi.org/10.1890/1540-9295(2006)004%255B0141:WHCISC%255D2.0.CO;2, 

2006. 

Hansen, B. and Østerhus, S.: North Atlantic–Nordic Seas exchanges, Progress in Oceanography, 45, 109–208, 

https://doi.org/10.1016/S0079-6611(99)00052-X, 2000. 980 

Hanz, U., Wienberg, C., Hebbeln, D., Duineveld, G., Lavaleye, M., Juva, K., Dullo, W.-C., Freiwald, A., 

Tamborrino, L., Reichart, G.-J., Flögel, S., and Mienis, F.: Environmental factors influencing benthic 

communities in the oxygen minimum zones on the Angolan and Namibian margins, Biogeosciences, 16, 4337–

4356, https://doi.org/10.5194/bg-16-4337-2019, 2019. 



52 

 

van Haren, H., Mienis, F., Duineveld, G. C. A., and Lavaleye, M. S. S.: High-resolution temperature observations 985 

of a trapped nonlinear diurnal tide influencing cold-water corals on the Logachev mounds, Progress in 

Oceanography, 125, 16–25, https://doi.org/10.1016/j.pocean.2014.04.021, 2014. 

Hebbeln, D., Wienberg, C., Wintersteller, P., Freiwald, A., Becker, M., Beuck, L., Dullo, C., Eberli, G. P., 

Glogowski, S., Matos, L., Forster, N., Reyes-Bonilla, H., and Taviani, M.: Environmental forcing of the 

Campeche cold-water coral province, southern Gulf of Mexico, Biogeosciences, 11, 1799–1815, 990 

https://doi.org/10.5194/bg-11-1799-2014, 2014. 

Hebbeln, D., Van Rooij, D., and Wienberg, C.: Good neighbours shaped by vigorous currents: Cold-water coral 

mounds and contourites in the North Atlantic, Marine Geology, 378, 171–185, 

https://doi.org/10.1016/j.margeo.2016.01.014, 2016. 

Hebbeln, D., Portilho-Ramos, R. da C., Wienberg, C., and Titschack, J.: The Fate of Cold-Water Corals in a 995 

Changing World: A Geological Perspective, Front. Mar. Sci., 6, 119, https://doi.org/10.3389/fmars.2019.00119, 

2019. 

Hennige, S., Larsson, A., Orejas, C., Gori, A., De Clippele, L., Lee, Y., Jimeno, G., Georgoulas, K., Kamenos, 

N., and Roberts, J.: Using the Goldilocks Principle to model coral ecosystem engineering, Proceedings of the 

Royal Society B, 288, 20211260, 2021. 1000 

Hennige, S. J., Wicks, L. C., Kamenos, N. A., Perna, G., Findlay, H. S., and Roberts, J. M.: Hidden impacts of 

ocean acidification to live and dead coral framework, Proc. R. Soc. B, 282, 20150990, 

https://doi.org/10.1098/rspb.2015.0990, 2015. 

Hennige, S. J., Wolfram, U., Wickes, L., Murray, F., Roberts, J. M., Kamenos, N. A., Schofield, S., Groetsch, A., 

Spiesz, E. M., Aubin-Tam, M.-E., and Etnoyer, P. J.: Crumbling Reefs and Cold-Water Coral Habitat Loss in a 1005 

Future Ocean: Evidence of “Coralporosis” as an Indicator of Habitat Integrity, Front. Mar. Sci., 7, 

https://doi.org/10.3389/fmars.2020.00668, 2020. 

Henry, L.-A. and Roberts, J. M.: Biodiversity and ecological composition of macrobenthos on cold-water coral 

mounds and adjacent off-mound habitat in the bathyal Porcupine Seabight, NE Atlantic, Deep Sea Research Part 

I: Oceanographic Research Papers, 54, 654–672, https://doi.org/10.1016/j.dsr.2007.01.005, 2007. 1010 

Henson, S. A., Yool, A., and Sanders, R.: Global Biogeochemical Cycles carbon export : A model study, Global 

Biogeochemical Cycles, 29, 33–45, https://doi.org/10.1002/2014GB004965.Received, 2015. 

Holliday, N. P., Pollard, R. T., Read, J. F., and Leach, H.: Water mass properties and fluxes in the Rockall 

Trough, 1975 - 1998, Deep Sea Research Part I: Oceanographic Research Papers, 1303–1332, 2000. 

Hunter, T.: Suspension Feeding in Oscillating Flow: The Effect of Colony Morphology and Flow Regime on 1015 

Plankton Capture by the Hydroid Obelia longissima, The Biological Bulletin, 176, 41–49, 

https://doi.org/10.2307/1541887, 1989. 

Husebø, Å., Nøttestad, L., Fosså, J. H., Furevik, D. M., and Jørgensen, S. B.: Distribution and abundance of fish 

in deep-sea coral habitats, Hydrobiologia, 471, 91–99, https://doi.org/10.1023/A:1016549203368, 2002. 



53 

 

Huthnance, J. M.: On the diurnal tidal currents over Rockall Bank, Deep Sea Research, 21, 23–35, 1973. 1020 

Jensen, A. and Frederiksen, R.: The fauna associated with the bank-forming deepwater coral Lophelia pertusa 

(Scleractinaria) on the Faroe shelf, Sarsia, 77, 53–69, https://doi.org/10.1080/00364827.1992.10413492, 1992. 

Johnson, C., Sherwin, T., Smythe-Wright, D., Shimmield, T., and Turrell, W.: Wyville Thomson Ridge Overflow 

Water: Spatial and temporal distribution in the Rockall Trough, Deep Sea Research Part I: Oceanographic 

Research Papers, 57, 1153–1162, https://doi.org/10.1016/j.dsr.2010.07.006, 2010. 1025 

Jones, D. O. B., Yool, A., Wei, C.-L., Henson, S. A., Ruhl, H. A., Watson, R. A., and Gehlen, M.: Global 

reductions in seafloor biomass in response to climate change, Global Change Biology, 20, 1861–1872, 

https://doi.org/10.1111/gcb.12480, 2014. 

Jonsson, L., Nilsson, P., Floruta, F., and Lundälv, T.: Distributional patterns of macro- and megafauna associated 

with a reef of the cold-water coral Lophelia pertusa on the Swedish west coast, Mar. Ecol. Prog. Ser., 284, 163–1030 

171, https://doi.org/10.3354/meps284163, 2004. 

Juva, K., Flögel, S., Karstensen, J., Linke, P., and Dullo, W.-C.: Tidal Dynamics Control on Cold-Water Coral 

Growth: A High-Resolution Multivariable Study on Eastern Atlantic Cold-Water Coral Sites, Front. Mar. Sci., 7, 

132, https://doi.org/10.3389/fmars.2020.00132, 2020. 

van der Kaaden, A.-S., van Oevelen, D., Rietkerk, M., Soetaert, K., and van de Koppel, J.: Spatial Self-1035 

Organization as a New Perspective on Cold-Water Coral Mound Development, Front. Mar. Sci., 7, 631, 

https://doi.org/10.3389/fmars.2020.00631, 2020. 

van der Kaaden, A.-S., Mohn, C., Gerkema, T., Maier, S. R., de Froe, E., van de Koppel, J., Rietkerk, M., 

Soetaert, K., and van Oevelen, D.: Feedbacks between hydrodynamics and cold-water coral mound development, 

Deep Sea Research Part I: Oceanographic Research Papers, 178, 103641, 1040 

https://doi.org/10.1016/j.dsr.2021.103641, 2021. 

van der Kaaden, A.-S., Maier, S. R., Siteur, K., De Clippele, L. H., van de Koppel, J., Purkis, S. J., Rietkerk, M., 

Soetaert, K., and van Oevelen, D.: Tiger reefs: Self-organized regular patterns in deep-sea cold-water coral reefs, 

Ecosphere, 14, e4654, https://doi.org/10.1002/ecs2.4654, 2023. 

van der Kaaden, A.-S., Maier, S. R., Chen, S., De Clippele, L. H., de Froe, E., Gerkema, T., van de Koppel, J., 1045 

Mienis, F., Mohn, C., Rietkerk, M., Soetaert, K., and van Oevelen, D.: Building your own mountain: the effects, 

limits, and drawbacks of cold-water coral ecosystem engineering, Biogeosciences, 21, 973–992, 

https://doi.org/10.5194/bg-21-973-2024, 2024. 

Kearney, M.: Habitat, environment and niche: what are we modelling?, Oikos, 115, 186–191, 

https://doi.org/10.1111/j.2006.0030-1299.14908.x, 2006. 1050 

Kearney, M., Phillips, B. L., Tracy, C. R., Christian, K. A., Betts, G., and Porter, W. P.: Modelling species 

distributions without using species distributions: the cane toad in Australia under current and future climates, 

Ecography, 31, 423–434, https://doi.org/10.1111/j.0906-7590.2008.05457.x, 2008. 



54 

 

Kearney, M. R., Wintle, B. A., and Porter, W. P.: Correlative and mechanistic models of species distribution 

provide congruent forecasts under climate change, Conservation Letters, 3, 203–213, 1055 

https://doi.org/10.1111/j.1755-263X.2010.00097.x, 2010. 

Kenyon, N. H., Akhmetzhanov, A. M., Wheeler, A. J., van Weering, T. C. E., de Haas, H., and Ivanov, M. K.: 

Giant carbonate mud mounds in the southern Rockall Trough, Marine Geology, 195, 5–30, 

https://doi.org/10.1016/S0025-3227(02)00680-1, 2003. 

Khripounoff, A., Caprais, J.-C., Le Bruchec, J., Rodier, P., Noel, P., and Cathalot, C.: Deep cold-water coral 1060 

ecosystems in the Brittany submarine canyons (Northeast Atlantic): Hydrodynamics, particle supply, respiration, 

and carbon cycling, Limnol. Oceanogr., 59, 87–98, https://doi.org/10.4319/lo.2014.59.1.0087, 2014. 

Kim, K. and Lasker, H. R.: Allometry of resource capture in colonial cnidarians and constraints on modular 

growth, Funct Ecology, 12, 646–654, https://doi.org/10.1046/j.1365-2435.1998.00228.x, 1998. 

Kiriakoulakis, K., Freiwald, A., Fisher, E., and Wolff, G. A.: Organic matter quality and supply to deep-water 1065 

coral/mound systems of the NW European Continental Margin, Int J Earth Sci (Geol Rundsch), 96, 159–170, 

https://doi.org/10.1007/s00531-006-0078-6, 2007. 

van der Land, C., Eisele, M., Mienis, F., de Haas, H., Hebbeln, D., Reijmer, J. J. G., and van Weering, T. C. E.: 

Carbonate mound development in contrasting settings on the Irish margin, Deep Sea Research Part II: Topical 

Studies in Oceanography, 99, 297–306, https://doi.org/10.1016/j.dsr2.2013.10.004, 2014. 1070 

Larsson, A. I., Lundälv, T., and van Oevelen, D.: Skeletal growth, respiration rate and fatty acid composition in 

the cold-water coral Lophelia pertusa under varying food conditions, Mar. Ecol. Prog. Ser., 483, 169–184, 

https://doi.org/10.3354/meps10284, 2013. 

Lavaleye, M., Duineveld, G., Lundälv, T., White, M., Guihen, D., Kiriakoulakis, K., and Wolff, G. A.: Cold-

water corals on the Tisler reef: preliminary observations on the dynamic reef environment, Oceanography, 22, 1075 

76–84, 2009. 

Laws, E. A., Falkowski, P. G., Smith, W. O., Ducklow, H., and McCarthy, J. J.: Temperature effects on export 

production in the open ocean, Global Biogeochem. Cycles, 14, 1231–1246, 

https://doi.org/10.1029/1999GB001229, 2000. 

Levin, L. A. and Le Bris, N.: The deep ocean under climate change, Science, 350, 766–768, 1080 

https://doi.org/10.1126/science.aad0126, 2015. 

Lim, A., Wheeler, A. J., and Arnaubec, A.: High-resolution facies zonation within a cold-water coral mound: The 

case of the Piddington Mound, Porcupine Seabight, NE Atlantic, Marine Geology, 390, 120–130, 

https://doi.org/10.1016/j.margeo.2017.06.009, 2017. 

Lim, A., Wheeler, A. J., Price, D. M., O’Reilly, L., Harris, K., and Conti, L.: Influence of benthic currents on 1085 

cold-water coral habitats: a combined benthic monitoring and 3D photogrammetric investigation, Sci Rep, 10, 

19433, https://doi.org/10.1038/s41598-020-76446-y, 2020. 



55 

 

Lunden, J. J., Georgian, S. E., and Cordes, E. E.: Aragonite saturation states at cold-water coral reefs structured 

by Lophelia pertusa in the northern Gulf of Mexico, Limnol. Oceanogr., 58, 354–362, 

https://doi.org/10.4319/lo.2013.58.1.0354, 2013. 1090 

Maier, S. R., Kutti, T., Bannister, R. J., van Breugel, P., van Rijswijk, P., and van Oevelen, D.: Survival under 

conditions of variable food availability: Resource utilization and storage in the cold-water coral Lophelia pertusa: 

Cold-water coral resource utilization and storage, Limnol. Oceanogr., 64, 1651–1671, 

https://doi.org/10.1002/lno.11142, 2019. 

Maier, S. R., Bannister, R. J., van Oevelen, D., and Kutti, T.: Seasonal controls on the diet, metabolic activity, 1095 

tissue reserves and growth of the cold-water coral Lophelia pertusa, Coral Reefs, 39, 173–187, 

https://doi.org/10.1007/s00338-019-01886-6, 2020. 

Maier, S. R., Mienis, F., de Froe, E., Soetaert, K., Lavaleye, M., Duineveld, G., Beauchard, O., van der Kaaden, 

A.-S., Koch, B. P., and van Oevelen, D.: Reef communities associated with ‘dead’ cold-water coral framework 

drive resource retention and recycling in the deep sea, Deep Sea Research Part I: Oceanographic Research 1100 

Papers, 175, https://doi.org/10.1016/j.dsr.2021.103574, 2021. 

Maier, S. R., Brooke, S., De Clippele, L. H., de Froe, E., van der Kaaden, A.-S., Kutti, T., Mienis, F., and van 

Oevelen, D.: On the paradox of thriving cold-water coral reefs in the food-limited deep sea, Biological Reviews, 

98, 1768–1795, https://doi.org/10.1111/brv.12976, 2023. 

Martin, J. H., Knauer, G. A., Karl, D. M., and Broenkow, W. W.: VERTEX: carbon cycling in the northeast 1105 

Pacific, Deep Sea Research Part A. Oceanographic Research Papers, 34, 267–285, https://doi.org/10.1016/0198-

0149(87)90086-0, 1987. 

Matos, L., Wienberg, C., Titschack, J., Schmiedl, G., Frank, N., Abrantes, F., Cunha, M. R., and Hebbeln, D.: 

Coral mound development at the Campeche cold-water coral province, southern Gulf of Mexico: Implications of 

Antarctic Intermediate Water increased influence during interglacials, Marine Geology, 392, 53–65, 1110 

https://doi.org/10.1016/j.margeo.2017.08.012, 2017. 

McCulloch, M., Trotter, J., Montagna, P., Falter, J., Dunbar, R., Freiwald, A., Försterra, G., López Correa, M., 

Maier, C., Rüggeberg, A., and Taviani, M.: Resilience of cold-water scleractinian corals to ocean acidification: 

Boron isotopic systematics of pH and saturation state up-regulation, Geochimica et Cosmochimica Acta, 87, 21–

34, https://doi.org/10.1016/j.gca.2012.03.027, 2012. 1115 

Mienis, F., van Weering, T., de Haas, H., de Stigter, H., Huvenne, V., and Wheeler, A.: Carbonate mound 

development at the SW Rockall Trough margin based on high resolution TOBI and seismic recording, Marine 

Geology, 233, 1–19, https://doi.org/10.1016/j.margeo.2006.08.003, 2006. 

Mienis, F., de Stigter, H. C., White, M., Duineveld, G., de Haas, H., and van Weering, T. C. E.: Hydrodynamic 

controls on cold-water coral growth and carbonate-mound development at the SW and SE Rockall Trough 1120 

Margin, NE Atlantic Ocean, Deep Sea Research Part I: Oceanographic Research Papers, 54, 1655–1674, 

https://doi.org/10.1016/j.dsr.2007.05.013, 2007. 



56 

 

Mienis, F., de Stigter, H. C., de Haas, H., and van Weering, T. C. E.: Near-bed particle deposition and 

resuspension in a cold-water coral mound area at the Southwest Rockall Trough margin, NE Atlantic, Deep Sea 

Research Part I: Oceanographic Research Papers, 56, 1026–1038, https://doi.org/10.1016/j.dsr.2009.01.006, 1125 

2009a. 

Mienis, F., van der Land, C., de Stigter, H. C., van de Vorstenbosch, M., de Haas, H., Richter, T., and van 

Weering, T. C. E.: Sediment accumulation on a cold-water carbonate mound at the Southwest Rockall Trough 

margin, Marine Geology, 265, 40–50, https://doi.org/10.1016/j.margeo.2009.06.014, 2009b. 

Mienis, F., Duineveld, G. C. A., Davies, A. J., Ross, S. W., Seim, H., Bane, J., and van Weering, T. C. E.: The 1130 

influence of near-bed hydrodynamic conditions on cold-water corals in the Viosca Knoll area, Gulf of Mexico, 

Deep Sea Research Part I: Oceanographic Research Papers, 60, 32–45, https://doi.org/10.1016/j.dsr.2011.10.007, 

2012. 

Mienis, F., Bouma, T., Witbaard, R., van Oevelen, D., and Duineveld, G.: Experimental assessment of the effects 

of coldwater coral patches on water flow, Mar. Ecol. Prog. Ser., 609, 101–117, 1135 

https://doi.org/10.3354/meps12815, 2019. 

Mohn, C., Rengstorf, A., White, M., Duineveld, G., Mienis, F., Soetaert, K., and Grehan, A.: Linking benthic 

hydrodynamics and cold-water coral occurrences: A high-resolution model study at three cold-water coral 

provinces in the NE Atlantic, Progress in Oceanography, 122, https://doi.org/10.1016/j.pocean.2013.12.003, 

2014. 1140 

Mohn, C., Hansen, J. L. S., Carreiro-Silva, M., Cunningham, S. A., de Froe, E., Dominguez-Carrió, C., Gary, S., 

Glud, R. N., Göke, C., Johnson, C., Morato, T., Friis Møller, E., Rovelli, L., Schulz, K., Soetaert, K., van der 

Kaaden, A., and van Oevelen, D.: Tidal to decadal scale hydrodynamics at two contrasting cold-water coral sites 

in the Northeast Atlantic, Progress in Oceanography, 214, 103031, https://doi.org/10.1016/j.pocean.2023.103031, 

2023. 1145 

Morato, T., González-Irusta, J.-M., Dominguez-Carrió, C., Wei, C.-L., Davies, A., Sweetman, A. K., Taranto, G. 

H., Beazley, L., García-Alegre, A., Grehan, A., Laffargue, P., Murillo, F. J., Sacau, M., Vaz, S., Kenchington, E., 

Arnaud-Haond, S., Callery, O., Chimienti, G., Cordes, E., Egilsdottir, H., Freiwald, A., Gasbarro, R., Gutiérrez-

Zárate, C., Gianni, M., Gilkinson, K., Wareham Hayes, V. E., Hebbeln, D., Hedges, K., Henry, L.-A., Johnson, 

D., Koen-Alonso, M., Lirette, C., Mastrototaro, F., Menot, L., Molodtsova, T., Durán Muñoz, P., Orejas, C., 1150 

Pennino, M. G., Puerta, P., Ragnarsson, S. Á., Ramiro-Sánchez, B., Rice, J., Rivera, J., Roberts, J. M., Ross, S. 

W., Rueda, J. L., Sampaio, Í., Snelgrove, P., Stirling, D., Treble, M. A., Urra, J., Vad, J., van Oevelen, D., 

Watling, L., Walkusz, W., Wienberg, C., Woillez, M., Levin, L. A., and Carreiro-Silva, M.: Climate-induced 

changes in the suitable habitat of cold-water corals and commercially important deep-sea fishes in the North 

Atlantic, Global Change Biology, 26, 2181–2202, https://doi.org/10.1111/gcb.14996, 2020. 1155 

van Oevelen, D., Mueller, C. E., Lundälv, T., and Middelburg, J. J.: Food selectivity and processing by the cold-

water coral Lophelia pertusa, Biogeosciences, 13, 5789–5798, https://doi.org/10.5194/bg-13-5789-2016, 2016. 

Orejas, C., Gori, A., Rad-Menéndez, C., Last, K. S., Davies, A. J., Beveridge, C. M., Sadd, D., Kiriakoulakis, K., 

Witte, U., and Roberts, J. M.: The effect of flow speed and food size on the capture efficiency and feeding 



57 

 

behaviour of the cold-water coral Lophelia pertusa, Journal of Experimental Marine Biology and Ecology, 481, 1160 

34–40, https://doi.org/10.1016/j.jembe.2016.04.002, 2016a. 

Orejas, C., Gori, A., Rad-Menéndez, C., Last, K. S., Davies, A. J., Beveridge, C. M., Sadd, D., Kiriakoulakis, K., 

Witte, U., and Roberts, J. M.: The effect of flow speed and food size on the capture efficiency and feeding 

behaviour of the cold-water coral Lophelia pertusa, Journal of Experimental Marine Biology and Ecology, 481, 

34–40, https://doi.org/10.1016/j.jembe.2016.04.002, 2016b. 1165 

Orr, J. C., Fabry, V. J., Aumont, O., Bopp, L., Doney, S. C., Feely, R. A., Gnanadesikan, A., Gruber, N., Ishida, 

A., Joos, F., Key, R. M., Lindsay, K., Maier-Reimer, E., Matear, R., Monfray, P., Mouchet, A., Najjar, R. G., 

Plattner, G.-K., Rodgers, K. B., Sabine, C. L., Sarmiento, J. L., Schlitzer, R., Slater, R. D., Totterdell, I. J., 

Weirig, M.-F., Yamanaka, Y., and Yool, A.: Anthropogenic ocean acidification over the twenty-first century and 

its impact on calcifying organisms, Nature, 437, 681–686, https://doi.org/10.1038/nature04095, 2005. 1170 

Osterloff, J., Nilssen, I., Järnegren, J., Van Engeland, T., Buhl-Mortensen, P., and Nattkemper, T. W.: Computer 

vision enables short- and long-term analysis of Lophelia pertusa polyp behaviour and colour from an underwater 

observatory, Sci Rep, 9, 6578, https://doi.org/10.1038/s41598-019-41275-1, 2019. 

Pearman, T. R. R., Robert, K., Callaway, A., Hall, R., Lo Iacono, C., and Huvenne, V. A. I.: Improving the 

predictive capability of benthic species distribution models by incorporating oceanographic data – Towards 1175 

holistic ecological modelling of a submarine canyon, Progress in Oceanography, 184, 102338, 

https://doi.org/10.1016/j.pocean.2020.102338, 2020. 

Pingree, R. D. and Griffiths, D. K.: Trapped diurnal waves on Porcupine and Rockall Banks, Journal of the 

Marine Biological Association of the United Kingdom, 64, 889–897, 

https://doi.org/10.1017/S0025315400047305, 1984. 1180 

Portilho-Ramos, R. da C., Titschack, J., Wienberg, C., Rojas, M. G. S., Yokoyama, Y., and Hebbeln, D.: Major 

environmental drivers determining life and death of cold-water corals through time, PLOS Biology, 20, 

e3001628, https://doi.org/10.1371/journal.pbio.3001628, 2022. 

Puerta, P., Johnson, C., Carreiro-Silva, M., Henry, L.-A., Kenchington, E., Morato, T., Kazanidis, G., Rueda, J. 

L., Urra, J., Ross, S., Wei, C.-L., González-Irusta, J. M., Arnaud-Haond, S., and Orejas, C.: Influence of Water 1185 

Masses on the Biodiversity and Biogeography of Deep-Sea Benthic Ecosystems in the North Atlantic, Frontiers 

in Marine Science, 7, 239, https://doi.org/10.3389/fmars.2020.00239, 2020. 

Purser, A., Larsson, A. I., Thomsen, L., and van Oevelen, D.: The influence of flow velocity and food 

concentration on Lophelia pertusa (Scleractinia) zooplankton capture rates, Journal of Experimental Marine 

Biology and Ecology, 395, 55–62, https://doi.org/10.1016/j.jembe.2010.08.013, 2010. 1190 

R Core Team: R: A Language and Environment for Statistical Computing, 2019. 

Ranasinghe, R., Swinkels, C., Luijendijk, A., Roelvink, D., Bosboom, J., Stive, M., and Walstra, D.: 

Morphodynamic upscaling with the MORFAC approach: Dependencies and sensitivities, Coastal Engineering, 

58, 806–811, https://doi.org/10.1016/j.coastaleng.2011.03.010, 2011. 



58 

 

Rengstorf, A. M., Mohn, C., Brown, C., Wisz, M. S., and Grehan, A. J.: Predicting the distribution of deep-sea 1195 

vulnerable marine ecosystems using high-resolution data: Considerations and novel approaches, Deep Sea 

Research Part I: Oceanographic Research Papers, 93, 72–82, https://doi.org/10.1016/j.dsr.2014.07.007, 2014. 

Rietkerk, M. and van de Koppel, J.: Regular pattern formation in real ecosystems, Trends in Ecology & 

Evolution, 23, 169–175, https://doi.org/10.1016/j.tree.2007.10.013, 2008. 

Rietkerk, M., Bastiaansen, R., Banerjee, S., van de Koppel, J., Baudena, M., and Doelman, A.: Evasion of tipping 1200 

in complex systems through spatial pattern formation, Science, 374, eabj0359, 

https://doi.org/10.1126/science.abj0359, 2021. 

Riley, J. S., Sanders, R., Marsay, C., Le Moigne, F. A. C., Achterberg, E. P., and Poulton, A. J.: The relative 

contribution of fast and slow sinking particles to ocean carbon export: EXPORT OF FAST AND SLOW 

SINKING POC, Global Biogeochem. Cycles, 26, n/a-n/a, https://doi.org/10.1029/2011GB004085, 2012. 1205 

Roberts, J. M., Wheeler, A. J., and Freiwald, A.: Reefs of the Deep: The Biology and Geology of Cold-Water 

Coral Ecosystems, Science, 312, 543–547, https://doi.org/10.1126/science.1119861, 2006. 

Roberts, J. M., Wheeler, A., Freiwald, A., and Cairns, S.: Cold-Water Corals: The Biology and Geology of Deep-

Sea Coral Habitats, Cambridge University Press, https://doi.org/10.1017/CBO9780511581588, 2009. 

Rovelli, L., Attard, K., Bryant, L., Flögel, S., Stahl, H., Roberts, J., Linke, P., and Glud, R.: Benthic O2 uptake of 1210 

two cold-water coral communities estimated with the non-invasive eddy correlation technique, Mar. Ecol. Prog. 

Ser., 525, 97–104, https://doi.org/10.3354/meps11211, 2015. 

Rüggeberg, A., Flögel, S., Dullo, W.-C., Hissmann, K., and Freiwald, A.: Water mass characteristics and sill 

dynamics in a subpolar cold-water coral reef setting at Stjernsund, northern Norway, Marine Geology, 282, 5–12, 

https://doi.org/10.1016/j.margeo.2010.05.009, 2011. 1215 

Sanna, G., Büscher, J. V., and Freiwald, A.: Cold-water coral framework architecture is selectively shaped by 

bottom current flow, Coral Reefs, 42, 483–495, https://doi.org/10.1007/s00338-023-02361-z, 2023. 

Schulz, K., Soetaert, K., Mohn, C., Korte, L., Mienis, F., Duineveld, G., and van Oevelen, D.: Linking large-scale 

circulation patterns to the distribution of cold water corals along the eastern Rockall Bank (northeast Atlantic), 

Journal of Marine Systems, 212, 103456, https://doi.org/10.1016/j.jmarsys.2020.103456, 2020. 1220 

Shchepetkin, A. F. and McWilliams, J. C.: The regional oceanic modeling system (ROMS): a split-explicit, free-

surface, topography-following-coordinate oceanic model, Ocean Modelling, 9, 347–404, 

https://doi.org/10.1016/j.ocemod.2004.08.002, 2005. 

Smith, C., Deleo, F., Bernardino, A., Sweetman, A., and Arbizu, P.: Abyssal food limitation, ecosystem structure 

and climate change, Trends in Ecology & Evolution, 23, 518–528, https://doi.org/10.1016/j.tree.2008.05.002, 1225 

2008. 

Soetaert, K., Petzoldt, T., and Woodrow Setzer, R.: Solving Differential Equations in R: Package deSolve, 

Journal of Statistical Software, 33, https://doi.org/10.18637/jss.v033.i09, 2010. 



59 

 

Soetaert, K., Mohn, C., Rengstorf, A., Grehan, A., and van Oevelen, D.: Ecosystem engineering creates a direct 

nutritional link between 600-m deep cold-water coral mounds and surface productivity, Sci Rep, 6, 35057, 1230 

https://doi.org/10.1038/srep35057, 2016. 

Stechele, B., Hughes, A., Degraer, S., Bossier, P., and Nevejan, N.: Northern Europe’s suitability for offshore 

European flat oyster (Ostrea edulis) habitat restoration: A mechanistic niche modelling approach, Aquatic 

Conservation: Marine and Freshwater Ecosystems, 33, 696–707, https://doi.org/10.1002/aqc.3947, 2023. 

Titschack, J., Baum, D., De Pol-Holz, R., López Correa, M., Forster, N., Flögel, S., Hebbeln, D., and Freiwald, 1235 

A.: Aggradation and carbonate accumulation of Holocene Norwegian cold-water coral reefs, Sedimentology, 62, 

1873–1898, https://doi.org/10.1111/sed.12206, 2015. 

Wagner, H., Purser, A., Thomsen, L., Jesus, C. C., and Lundälv, T.: Particulate organic matter fluxes and 

hydrodynamics at the Tisler cold-water coral reef, Journal of Marine Systems, 85, 19–29, 

https://doi.org/10.1016/j.jmarsys.2010.11.003, 2011. 1240 

Wang, H., Titschack, J., Wienberg, C., Korpanty, C., and Hebbeln, D.: The Importance of Ecological 

Accommodation Space and Sediment Supply for Cold-Water Coral Mound Formation, a Case Study From the 

Western Mediterranean Sea, Front. Mar. Sci., 8, https://doi.org/10.3389/fmars.2021.760909, 2021. 

van Weering, T. C. E., de Haas, H., de Stigter, H. C., Lykke-Andersen, H., and Kouvaev, I.: Structure and 

development of giant carbonate mounds at the SW and SE Rockall Trough margins, NE Atlantic Ocean, Marine 1245 

Geology, 198, 67–81, https://doi.org/10.1016/S0025-3227(03)00095-1, 2003. 

Westrich, J. T. and Berner, R. A.: The role of sedimentary organic matter in bacterial sulfate reduction: The G 

model tested1, Limnology and Oceanography, 29, 236–249, https://doi.org/10.4319/lo.1984.29.2.0236, 1984. 

White, M., Roberts, J. M., and van Weering, T.: Do bottom-intensified diurnal tidal currents shape the alignment 

of carbonate mounds in the NE Atlantic?, Geo-Mar Lett, 27, 391–397, https://doi.org/10.1007/s00367-007-0060-1250 

8, 2007. 

White, M., Wolff, G., Lundälv, T., Guihen, D., Kiriakoulakis, K., Lavaleye, M., and Duineveld, G.: Cold-water 

coral ecosystem (Tisler Reef, Norwegian Shelf) may be a hotspot for carbon cycling, Mar. Ecol. Prog. Ser., 465, 

11–23, https://doi.org/10.3354/meps09888, 2012. 

Wienberg, C., Titschack, J., Frank, N., De Pol-Holz, R., Fietzke, J., Eisele, M., Kremer, A., and Hebbeln, D.: 1255 

Deglacial upslope shift of NE Atlantic intermediate waters controlled slope erosion and cold-water coral mound 

formation (Porcupine Seabight, Irish margin), Quaternary Science Reviews, 237, 106310, 

https://doi.org/10.1016/j.quascirev.2020.106310, 2020. 

Wijffels, S., Roemmich, D., Monselesan, D., Church, J., and Gilson, J.: Ocean temperatures chronicle the 

ongoing warming of Earth, Nature Clim Change, 6, 116–118, https://doi.org/10.1038/nclimate2924, 2016. 1260 

Wild, C., Mayr, C., Wehrmann, L., Schöttner, S., Naumann, M., Hoffmann, F., and Rapp, H.: Organic matter 

release by cold water corals and its implication for fauna–microbe interaction, Mar. Ecol. Prog. Ser., 372, 67–75, 

https://doi.org/10.3354/meps07724, 2008. 



60 

 

Wilson, J. B.: ‘Patch’ development of the deep-water coral Lophelia Pertusa (L.) on Rockall Bank, Journal of the 

Marine Biological Association of the United Kingdom, 59, 165–177, 1265 

https://doi.org/10.1017/S0025315400046257, 1979. 

Wohlers, J., Engel, A., Zöllner, E., Breithaupt, P., Jürgens, K., Hoppe, H.-G., Sommer, U., and Riebesell, U.: 

Changes in biogenic carbon flow in response to sea surface warming, PNAS, 106, 7067–7072, 

https://doi.org/10.1073/pnas.0812743106, 2009. 

Yool, A., Popova, E. E., and Anderson, T. R.: MEDUSA-2.0: An intermediate complexity biogeochemical model 1270 

of the marine carbon cycle for climate change and ocean acidification studies, Geoscientific Model Development, 

https://doi.org/10.5194/gmd-6-1767-2013, 2011. 

Zamer, W. E. and Shick, J. M.: Physiological energetics of the intertidal sea anemone Anthopleura elegantissima, 

Mar. Biol., 93, 481–491, https://doi.org/10.1007/BF00392785, 1987. 

 1275 


