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ARTICLE INFO ABSTRACT
Keywords: Scleractinian cold-water corals are found across the Northeast Atlantic, providing structure for important hab-
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oxygen, bottom currents, productivity and temperature have the potential to impact the abundance and diversity
of these cold-water coral communities. One way to explore the linkage between corals and climate is to examine
historic coral distributions during times of past climate change. Previous coral dating efforts in the Northeast
Atlantic (n ~ 700) have focused on reef-forming colonial coral communities from shelf and slope areas. However,
there are far fewer data from open-ocean settings or from solitary coral species, thus precluding assessment of
basin-wide controls on coral occurrence. Here, we contribute >600 new U-series ages for both solitary and
colonial coral species from open-ocean sites including the Reykjanes Ridge and seamounts in the mid and low
latitudes to map the changing distribution of Northeast Atlantic cold-water corals over the last 150,000 years.
The temporal occurrences of solitary and colonial corals from our offshore sites are broadly similar to the dis-
tributions along the nearer-shore sites at the same latitudes. In the cold-temperate and high-latitude Northeast
Atlantic, corals are most abundant during warm climate intervals, with the Reykjanes Ridge (60°N) representing
the northernmost limit of corals in the Northeast Atlantic during Marine Isotope Stage (MIS) 5, MIS 3 and Bglling-
Allergd. This biogeographical distribution expanded northwards to the Norwegian margin at the onset of the
Holocene when the ice sheets retreated and modern-like oceanographic conditions were established. We inter-
pret the abundance of corals at these northerly sites to be linked with increased food supply and favourable
hydrological conditions. By contrast, coral sites south of 45°N are characterised by glacial and deglacial oc-
currences, with a marked decline during the Holocene. This distribution is also linked to food supply, potentially
driven by shifts in dust fertilization and upwelling, in addition to changes in dissolved oxygen concentration and
temperature. Together, these findings emphasize the links between climate, oceanic processes, and cold-water
coral distribution, pointing to low food supply and low oxygen concentration as limiting factors for cold-
water coral populations. Both parameters are changing in the modern ocean, with implications for future
coral communities.

1. Introduction habitat gain or loss (Henry et al., 2014), but marine species can also
contribute to the modulation of climate via their role in carbon cycling

Ecosystem interactions with the climate system are a complex topic (e.g., Sigman and Hain, 2012). With rising atmospheric CO, the ocean is

of much interest in the scientific literature (Blois et al., 2013; Canadell warming, whilst seawater pH and saturation state are reducing (Cana-
et al., 2021). Marine life is influenced by climate change, for example by dell et al., 2021), triggering changes to the food web, for instance
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decreasing primary production in the North Atlantic (Capuzzo et al.,
2018). These changes have stimulated research into the effects of rapid
climate change on marine fauna (e.g., Miller et al., 2011). One way to
investigate the interactions between ecosystems and the marine envi-
ronment is to look back in the past (Hebbeln et al., 2019), comparing
well-dated coral samples with paleoclimate records from intervals of
climate change (Stewart et al., 2021; Thiagarajan et al., 2013).

Cold-water corals are keystone taxa that can form structural habitats
for diverse and abundant marine fauna (Roberts et al., 2006). In addi-
tion, their carbonate skeletons can be dated using radiometric tech-
niques, and the ages can then be used to reconstruct the timing of coral
mound formation and changing coral population distributions over tens
of thousands of years (Douarin et al., 2013; Eisele et al., 2008; Margolin
etal., 2014; Mienis et al., 2009; Thiagarajan et al., 2013; Titschack et al.,
2015; Victorero et al., 2016; Wienberg et al., 2009). In the Northeast
Atlantic there are about 700 published coral ages, primarily from
colonial species sampled on continental shelves and slopes (Table 1).
These data have shown that the spatial and temporal distribution of
cold-water coral communities changed with timings aligned with major
global climate change events (Frank et al., 2011; Schroder-Ritzrau et al.,
2005). For example, during glacial and deglacial intervals corals thrived
in tropical and warm-temperate latitudes of the Northeast Atlantic
(Eisele et al., 2011; Frank et al., 2011; Schroder-Ritzrau et al., 2005;
Wienberg et al., 2018), but these communities decreased in abundance
at the onset of the Holocene. By contrast, the opposite behaviour has
been detected in northerly regions (>45°N) such as the colder and more
productive Celtic and Nordics Seas where prolific cold-water coral reefs
were established or re-colonised at the onset of the Holocene (Dorschel
et al., 2005, 2007; Eisele et al., 2008; Van der Land et al., 2010; Wien-
berg et al., 2020; Bonneau et al., 2018; De Mol et al., 2011; Douarin
et al., 2013; Lopez Correa et al., 2012; Mienis et al., 2009; Raddatz et al.,
2016; Victorero et al., 2016). With growing evidence for
climate-induced latitudinal displacement of cold-water coral pop-
ulations in the Northeast Atlantic over the last 150,000 years (Frank
et al., 2009, 2011; Schroder-Ritzrau et al., 2005; Wienberg et al., 2010)
it is important to consider the impact of ongoing changing environ-
mental conditions on coral and coral associated communities.

Scleractinian cold-water corals are suspension-feeders that rely on
food supply from particulate organic matter either falling from surface
water primary production or brought in by the hydrodynamic action of
bottom currents (Davies and Guinotte, 2011; Mohn et al., 2014; Morato
et al., 2020; Roberts et al., 2006). As a result, modern
framework-forming cold-water coral distributions occur preferentially
within high productivity and high energy areas (Freiwald, 2002; Mohn
et al., 2014). Other factors important to coral health may include dis-
solved oxygen concentration (Dodds et al., 2007; Stewart et al., 2021;
Thiagarajan et al., 2013), carbonate saturation state (Guinotte et al.,
2006; Thiagarajan et al., 2013), and seawater density gradients (asso-
ciated with temperature and salinity characteristics of water masses; De
Mol et al., 2011; Dullo et al., 2008; Flogel et al., 2014). Bottom currents
can also play a role in the dispersal of coral larvae (Henry et al., 2014).
Complicating the picture, recent findings raise questions about the
limiting environmental conditions that cold-water corals can withstand.
Unexpectedly, thriving cold-water reefs have been found under hypoxic
and warm conditions off the Angola margin (Southeast Atlantic; Hanz
et al., 2019; Hebbeln et al., 2020; Orejas et al., 2021). There, coral
success has been linked to the high abundance and quality of organic
matter as a food source (Hanz et al., 2019).

A combination of factors is needed to explain coral population dis-
tributions — both today and in the past. For example, the success of coral
communities in the southern Gulf of Cadiz is thought to be related to
productivity, which in turn is driven by a combination of enhanced dust
input and frontal upwelling (Foubert et al., 2008; Wienberg et al., 2009,
2010). In the Holocene a frontal zone shift and an increase in seawater
temperature have been linked to the subsequent demise of the coral
population (Wienberg et al., 2010). The development of coral mounds
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Table 1
List of references used for the cold-water coral compilation from Northeast
Atlantic Ocean coral sites. Reference numbers correspond to locations in Fig. 1.

Regions Latitude Ref. number  References Location
range
°N)

Norwegian 70°49'N 1 Raddatz et al. Lopphavet,
shelf to 59°N (2016) Oslofjord and

Sula Reef
2 Lopez Correaetal.  Traenadjupet
(2012) and Stjernsund
3 Schroder-Ritzrau Kosterfjord
et al. (2005) and Sula Reef
20 Frank et al. (2011)  Treenadjupet
24 Titschack et al. Stjernsund,
(2015) Treena and
Rgst Reef
30 Lindberg and Fuglgy Reef
Mienert (2006)

Northern 62°56'N 4 Douarin et al. Scottish
Northeast to (2013) margin
Atlantic 42°47'N 5 Frank et al. (2004) Rockall

Trough
6 Frank et al. (2009) Porcupine
Seabight
20 Frank etal. (2011)  Porcupine
Seabight
7 Dorschel et al. Porcupine
(2007) Seabight
8 de Mol et al. Bay of Biscay
(2011)
9 Schroder-Ritzrau Rockall
et al. (2003) Trough
Bay of Biscay
3 Schroder-Ritzrau Faroe Island
et al. (2005) Porcupine
Seabight
22 van der Land et al.  Rockall
(2010) Trough
23 van der Land et al. Porcupine
(2014) Seabight
25 Bonneau et al. Rockall
(2018) Trough
26 Victorero et al. Rockall
(2016) Trough
27 Wienberg et al. Porcupine
(2020) Seabight
28 Eisele et al. (2008) Porcupine
Seabight
29 Mienis et al. Rockall
(2009) Trough
mid-North 42°N to 10 Adkins et al. mid-North
Atlantic 33°12'N (1998) Atlantic
11 Eltgroth et al. mid-North
(2006) Atlantic
9 Schroder-Ritzrau Azores
et al. (2003)
Gulf of Cadiz  36°11'N 12 Wienberg et al. Gulf of Cadiz
to 35°N (2009)
13 Wienberg et al. Gulf of Cadiz
(2010)
9 Schroder-Ritzrau Gulf of Cadiz
et al. (2003)
3 Schroder-Ritzrau Gulf of Cadiz
et al. (2005)
20 Frank et al. (2011) Gulf of Cadiz
21 Dubois-Dauphin Gulf of Cadiz
et al. (2016)
Temperate 36°58'N 9 Schroder-Ritzrau Lars Seamount
seamounts to et al. (2003) Conception
29°49'N Seamount
3 Schroder-Ritzrau Galicia Bank
et al. (2005) Conception
Seamount
Lars Seamount
Ampere
Seamount

(continued on next page)
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Table 1 (continued)

Latitude Ref. number  References Location

range
°N)

Regions

Last Minute
Seamount
Josephine
Seamount
Lion Seamount
Annika
Seamount
Unicorn
Seamount
Filho do
Funchal
Mauritania 20°15'N 14 off Mauritania
margin to
17°29'N 15
Northeast 9°13'Nto 16
Equatorial 2°19'N
Atlantic 17

Wienberg et al.
(2018)

Eisele et al. (2011)
Mangini et al.
(1998)

Chen et al. (2015)

off Mauritania
Equatorial
Atlantic
Equatorial
Atlantic
Equatorial
Atlantic
Equatorial
Atlantic

18 Chen et al. (2016)

19 Chen et al. (2020)

along the Mauritanian margin during the last glacial and deglacial has
also been linked to increased surface ocean productivity (Eisele et al.,
2011). However, dissolved oxygen and temperature may also have been
important factors. For instance modern corals are only found inhabiting
canyons off Mauritania, where cascading events are thought to episod-
ically deliver food and well-oxygenated waters from the surface to the

75°N

60°N ~

45°N ~

30°N
Tropic
Seamount

This study:

A Reykjanes Ridge
A Tropic Seamount o
A East Equatorial Atl.

45°W 30°W 15°E
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deep (Wienberg et al., 2018).

Thus far, most data from the Northeast Atlantic come from reef-
forming cold-water corals along the continental margin. The few ages
from seamounts in the open-ocean and/or from solitary corals are
generally in line with the timing of observations from shelf areas, sug-
gesting that there could be a common controlling mechanism across the
basin (Frank et al., 2011; Schroder-Ritzrau et al., 2003, 2005; Wienberg
et al., 2009, 2010). However, the limited data from these open-ocean
sites or from solitary species prevent us from determining whether
nearshore mound forming communities are being controlled by local (e.
g., coastal upwelling and local productivity change) or basin-wide pro-
cesses that would dictate scleractinian cold-water coral occurrence
regardless of species or habitat type.

Here we present 616 new ages obtained from solitary and colonial
scleractinian cold-water corals from open-ocean habitats including
volcanic ridges and seamounts in the Northeast Atlantic. These sites
provide a direct contrast to the majority of existing data from the region.
Our new coral ages, combined with ~700 existing published data from
the Norway shelf to the Mauritanian margin, represent the most up to
date temporal distribution of cold-water corals from the Northeast
Atlantic. We use this combined dataset to test whether productivity
(food supply) is the major control on cold-water corals, including an
assessment of basin-wide patterns and potential differences between the
continental margin and open ocean settings, and solitary and reef
forming species over the last 150 thousand years.

2. Site descriptions

The new U-series ages obtained from scleractinian cold-water corals
come from three locations: the Reykjanes Ridge (57°N to 61°N, 28°W to
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Fig. 1. Locations of available cold-water corals discussed in the text, and oceanic parameters. (A) Cold-water coral records presented in main discussion. Published
(squares) and new records (triangles) from Tropic Seamount (black), East Equatorial Atlantic (grey) and Reykjanes Ridge (red). Regions are grouped by colour
(purple to Norwegian shelf, yellow to northern Northeast Atlantic, blue for mid-North Atlantic, dark green for Gulf of Cadiz, light green for temperate seamounts, and
orange for Mauritania margin, see Table 1 for details). Dashed lines indicate modern position of Polar and Arctic fronts (Eynaud et al., 2009). Red line indicates
profile section illustrated in Panel C. (B) Chlorophyll-a concentration map (from MODIS Aqua 8-daily resolution, period of March to June 2020 at https://giovanni.
gsfc.nasa.gov; Panoply). Numbers correlate to the references used for cold-water coral compilation listed in Table 1. (C) Dissolved oxygen profile (Olsen et al., 2020;
GLODAP) depth distribution of corals from each region (indicated by same colour as map) and position of main water masses. AAIW, Antarctic Intermediate Water;
AABW, Antarctic Bottom Water; SACW/NACW, South and North Central Water; NADW, North Atlantic Deep Water; AW, Atlantic Water; PSW, Polar Surface Water.
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33°W); the Tropic Seamount (23°55'N, 20°45'W); and the East Equa-
torial Atlantic from Carter (9°N, 21°W) and Knipovich seamounts (5°N,
27°W; Fig. 1, Table 2). Fossil and living corals from Reykjanes Ridge
were collected from 35 dredge sites along the axis and western flank of
this part of the Mid-Atlantic Ridge. The presence of modern cold-water
corals at Reykjanes Ridge has been previously documented, with high
species richness but smaller colonies compared to higher latitude shelf
areas (Mortensen et al., 2008). Corals from Tropic Seamount (extending
from 4100 m to its summit around 1000 m) were collected by ROV Isis
from the seamount top and the upper part of the flanks (down to 1800 m;
Murton, 2016). The known modern coral population consists of solitary
corals (e.g., Javania cailleti presented in this study) and small colonies of
Solenosmilia variabilis, which have a patchy distribution along ledges.
Rich coral gardens mostly consisting of octocorals are found at the
eastern and western sites of the seamount (Murton, 2016; Ramir-
o-Sanchez et al., 2019). The corals from the Equatorial Atlantic sea-
mounts were also collected by ROV Isis (Chen et al., 2015, 2016, 2020;
Robinson, 2014) during 16 dives at five sites, however only data from
seamounts in the Northeast Atlantic are presented in this study (Carter
and Knipovich; some authors refer to Carter Seamount as Annan
Seamount (e.g., Victorero et al., 2018). On these seamounts, the modern
occurrences of scleractinian corals are patchy, with dense octocoral
gardens and Enallopsammia sp. observed, particularly on the southern
edge of Carter Seamount (Victorero et al., 2018).

2.1. Oceanographic settings

2.1.1. Reykjanes Ridge

The bathymetry of the Reykjanes Ridge controls the modern position
of the Sub-Arctic Front, corresponding to the maximum extent of winter
drift sea-ice (Moros et al., 2012). This front marks the interaction be-
tween the warm, saline waters of the poleward flowing North Atlantic
Current (NAC), and the cold and relatively fresh polar waters flowing
southward along the Greenland margin. The intermediate waters mostly
consist of Labrador Sea Water (Rhein et al., 2002), and a smaller
contribution of Subpolar Mode Water that includes recirculated central
waters transported by the NAC and modified by sea-ice interaction to a
cold, fresh and nutrient-rich water (Garcia-Ibanez et al., 2015). The

Table 2
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deeper layers include denser, oxygen-rich overflow waters from the
Nordic Seas (Iceland- Scotland Overflow Water and Denmark Strait
Overflow Water; de Carvalho Ferreira and Kerr, 2017). The corals in this
study are from the intermediate and deep layers within the influence of
these northern-sourced water masses (Fig. 1).

2.1.2. Tropic Seamount and east Equatorial Atlantic sites

Tropic Seamount is situated in the southern Canary Island Seamount
Province around 500 km from the Northwest African coast which is a
highly-productive upwelling region (Romero et al., 2008). The eutro-
phic upwelled waters are exported offshore as upwelling filaments and
eddies as far as Tropic Seamount (Hernandez-Guerra et al., 2005, Fig. 1).
Additionally, subsurface particle-rich layers (enriched in organic mat-
ter) extend as far as 600 km offshore from the African shelf between 400
m and 800 m depth (Karakas et al., 2006), potentially acting as a food
source for corals.

The sites within the east Equatorial Atlantic are within the zonal
Equatorial Current system, the modern position of the Intertropical
Convergence Zone and the African dust plume (Fig. S1). Dust and
nutrient-rich upwelling waters fertilize the surface ocean, stimulating
primary productivity (Zarriess and Mackensen, 2010). Dust dispersion is
controlled by the trade winds and continental aridity, on seasonal as
well as millennial-scales.

The upper water column of these low latitude sites comprises warm
surface (0-50 m) and thermocline (<700 m) waters, which include
North Atlantic Central Water and South Atlantic Central Water (Pastor
etal., 2015). The modern oxygen minimum zone lies between 600 m and
1000 m within the boundary between the thermocline waters and Ant-
arctic Intermediate Water (AAIW). AAIW is recognized by its low
salinity and high dissolved silicate sourced from the Southern Ocean (de
Carvalho Ferreira and Kerr, 2017; Pastor et al., 2015). Deeper layers
(>1500 m) predominantly consist of North Atlantic Deep Water
(NADW). In the context of the modern hydrography, the cold-water
corals from both sites are within AAIW (approx. 600 m-1500 m) and
NADW.

Site, sampling, and taxa information of cold-water coral sites presented in this study. Depth of Reykjanes Ridge samples corresponds to the mean depth of dredge on

and off bottom. Taxa corresponds to all identified species.

Location Lat. Lon.

Depth Cruise Year Sampling method Taxa

N) W)

(m)

Reykjanes Ridge (125 ages) 57 to 61 28 to 33

Tropic Seamount (36 ages) 23°55’ 20°45’

Carter Seamount - East Equatorial Atlantic (308 ages) 9 21

Knipovich Seamount - East Equatorial Atlantic (132 ages) 5 26

768 to 2022 CE08-06 2008 dredge Madrepora sp.
Desmophyllum pertusum
Solenosmilia sp.
Desmophyllum dianthus
Caryophyllia sp.
Flabellum sp.
Desmophyllum dianthus
Solenosmilia variabilis
Caryophyllia sp.
Javania caelleti
Madrepora oculata
Caryophyllia sp.
Desmophyllum dianthus
Enallopsammia sp.
Javania sp.

Madrepora sp.
Polymyces sp.
Dasmosmillia sp.
Caryophyllia sp.
Desmophyllum dianthus
Enallopsammia sp.

Javania sp.

970 to 1797 JC142 2016 ROV

639" to 2160 JC094 2013 ROV

749 to 2599” JC094 2013 ROV

# One sample collected at 265 m.
> One sample collected at 2814 m.



M.L. de Carvalho Ferreira et al.
3. Dating methods

Two U-series methods were applied to date the new samples. U-series
laser ablation dating was used to provide a rapid determination of coral
age (Spooner et al., 2016). Other samples were dated by more accurate
and precise U-series isotope-dilution (per-mil versus per-cent level for
the laser ablation dating; Cheng et al., 2000; Spooner et al., 2016).

The samples dated by U-series laser ablation were cut and polished
before ablation using a Photon Machines Analyte G2 193 nm laser. The
230Th and 238U isotopes were measured simultaneously using a Neptune
Multi-Collector Inductivity Coupled Plasma Mass Spectrometer (MC-
ICP-MS) on a central ion counter and a Faraday cup respectively
(Spooner et al., 2016). Final ages were calculated solely on measured
23071238y ratios, thus assuming that there has been no open-system
behaviour and that its initial 22°Th is negligible (Spooner et al., 2016).
The age was calculated by the Newton-Raphson iteration method, using
the (%3°Th/238U) of the sample corrected for background (laser cell gas
blank) and scaled to an in-house inorganic aragonite standard (Table S1;
Spooner et al. (2016).

For U-series isotope-dilution dating, approximately 0.15 g of sample
was physically cleaned and then oxidatively and reductively cleaned
following established chemical protocols (Cheng et al., 2000). Once
clean, the samples were dissolved in HNOs (7.5 M) and
gravimetrically-spiked with a*U-??Th mixed spike calibrated to un-
certainty of 4.1%o (2s; Burke and Robinson, 2012). U and Th in samples
were co-precipitated with Fe-hydroxide, then separated and purified by
anion-exchange columns (Chen et al., 2015). The U and Th were
measured separately by bracketing standard methods (international U
standard Ul12a and in-house Th standard SGS) on a Neptune
MC-ICP-MS. Repeat analysis of the Harwell uraninite standard HU1
(uranium) and ThB (in-house thorium solution of 229Th, 230Th, 232Th;
Auro et al., 2012) standards gave an accuracy of 1%o (1s) and long-term
reproducibility of 1.3%. (1s) for both 238,234y and 2%0Th/??°Th.
Additionally, a pure 23°U spike was added to the Th fraction to allow
measurement of 2°°Th and 22°Th by 236y normalization (Chen et al.,
2015). The final ages were calculated iteratively, solved 100,000 times
by Monte Carlo simulation and corrected for initial 22°Th using the
(**2Th/?*°Th) atomic ratio of 12,500 based on modern seawater ratios
(Cheng et al., 2000; Robinson et al., 2005). All dates are given as years
before present (BP), where the present is the calendar year 1950
(Table S2).

Previously published U-Th ages (n = 580) were included following
the original publication. We did not apply the quality controls that we
applied to our samples (e.g., initial 6234U, [**8U] and [232Th], see Sec-
tion 4.1) to these compiled coral data, since similar issues were
addressed in the relevant publications. Within the compilation there are
a few datapoints (n = 20) which fall outside our 15%o initial 234U
tolerance (see Section 4.1), however inclusion or exclusion of these data
does not change our overall findings. Radiocarbon ages (n = 85; Douarin
et al., 2013; Frank et al., 2004; Titschack et al., 2015; Victorero et al.,
2016; Wienberg et al., 2020, 2009) were re-calibrated using the Calib8.1
software and the new Marine20 calibration curve (Heaton et al., 2020).
To account for the offset between deep water and surface water radio-
carbon in the past we apply an offset from the contemporaneous Ma-
rine20 value (Table S3; details in supplementary material). When the
original, non-calibrated 'C ages were not reported in the original
publication (n = 12; Frank et al., 2011, 2009), we used the reported
calibrated ages.

4. Results
4.1. Dating results and data quality
4.1.1. U-series laser ablation ages

A total of 140 samples from Reykjanes Ridge and 434 samples from
the east Equatorial Atlantic were dated by U-series laser ablation and
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yielded ages from 150 kyr BP to 0.3 kyr BP (Table S1). Spooner et al.
(2016) reported expected uncertainties based on coral isotopic hetero-
geneity and counting statistics to be approximately +0.8 kyr, +1.5 kyr
and +15 kyr at 10 kyr BP, 20 kyr BP and 125 kyr BP, respectively
(Fig. S2). We use these assumptions as a basis for the acceptable upper
age limit for our samples, with ages with uncertainties above this level
being rejected. Samples younger than 1 kyr BP were included in the
compilation only when the absolute error was lower than the calculated
age. In total, 44 sample ages were rejected (n = 31 Reykjanes Ridge and
n = 13 east Equatorial Atlantic) resulting in 530 U-series laser ablation
ages (n = 109 Reykjanes Ridge and n = 421 east Equatorial Atlantic;
Table S1) included to the final database. Even if these ages had been
included, there would be no change to the overall interpretation.

4.1.2. U-series isotope dilution ages

U-series isotope-dilution ages (n = 118, including duplicates) ranged
from 148 kyr BP to 0.1 kyr BP (Table S2). The [?*2Th] from Tropic
Seamount samples averaged 2.9 ppb (maximum 16.8 ppb), from Rey-
kjanes Ridge averaged 0.9 ppb (max 3.9 ppb) and from east Equatorial
Atlantic averaged 4.2 ppb (max 18.1 ppb). We applied three quality
control measures: concentration of 232Th; concentration of 238U; and the
initial 524U (6234Ui =52 U xe 934 t)). The 86 U-series isotope dilution
ages (n = 36 Tropic Seamount, n = 32 Reykjanes Ridge, n = 18 east
Equatorial Atlantic) which pass these quality measures were included in
the final database. Where replicate measurements are available, the
highest quality sub-sample for each coral was selected based on quality
control parameters described below (Table S2).

Samples with [232Th] >6 ppb were not included in the compilation
because of the large associated age uncertainty (Table S2), though in-
clusion of these data would not change the main findings. Four samples
from Tropic Seamount showed anomalously low 238U concentrations
(<1.6 ppm) and were also not included in the compilation (Table S2).
We inferred from trace metal analysis that two of these samples included
high magnesium calcite, perhaps from encrusting organisms such as
bryozoans.

The §23*U; screening criterion was used to assess open-system
behaviour resulting from diagenetic alteration (Cheng et al., 2000;
Robinson et al., 2006). The 6234Ui results (Fig. S3, Table S2) for the
majority of our samples are within 10%. of modern seawater values
(146.8 £ 0.1%o0; Andersen et al., 2010), within the expected variability
range for the seawater over the past 360 kyr (~15%o; Chen et al., 2015;
Henderson, 2002). Three samples (two from Tropic Seamount and one
from Reykjanes Ridge; Table S2) were thought to be affected by diage-
netic alteration because they fall outside the expected variation range of
seawater (+£15%0 from modern seawater; Henderson, 2002) thus they
were excluded from the compilation.

4.2. Temporal distribution of corals at new sites

4.2.1. Reykjanes Ridge

Coral samples from Reykjanes Ridge (n = 141) ranged in age from
110 kyr BP to recent. Colonial corals were found only after 13.9 kyr BP,
while solitary corals clustered in four time intervals within MIS 5, 3 and
1 (Fig. 2). Three samples dated within the interval of 110 to 95 kyr BP,
and eight samples between 80 and 70 kyr BP. In the following age
cluster, the corals fall within 55 to 35 kyr BP (Fig. 3). There are no corals
from 35 to 15 kyr BP. The youngest age cluster extends from the onset of
the Bglling-Allergd (B-A, 14.7 to 13 kyr BP; Fig. 3) to recent, when corals
show distinct peak for both solitary and colonial forms during the last 2
kyr BP (Fig. 2).

4.2.2. Tropic Seamount

Tropic Seamount cold-water corals dated from 148 to 0.1 kyr BP (n
= 36), with two live-collected samples (Fig. 2). Solitary corals were
found at (i) 56 kyr BP, (ii) 34 to 12 kyr BP, and (iii) recent. Colonial
corals comprise four age ranges: (i) 150 to 140 kyr BP, (ii) around 82 kyr
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BP, (iii) 32 to 12 kyr BP, and (iv) recent. The two oldest corals at Tropic
Seamount (142 and 148 kyr BP) are from MIS 6 (Fig. 2). Over the sub-
sequent ~100 kyr, cold-water corals remained sparse with only two
coral samples dated at 82 kyr BP (colonial) and 56 kyr BP (solitary). A
significant increase in coral abundance began at the end of MIS 3 (~32
kyr BP) and extended to the beginning of the Younger Dryas (YD; 13 to
11.7 kyr BP), with a transient peak (n = 11) during the Last Glacial
Maximum (LGM, 22 to 18 kyr BP; Fig. 3). However, there are no corals
recorded from 29 to 24.5 kyr BP (coincident with Heinrich Stadial 2,
HS2) nor from 18 to 15.5 kyr BP (coincident with Heinrich Stadial 1
(18-14.7 kyr BP, HS1); Fig. 3). Next, there is a gap of ~12.5 kyr
throughout the mid-YD and Holocene, including the last African Humid
Period (8.2-5.5 kyr BP; Adkins et al., 2006), followed by the occurrence
of four recent samples younger than 0.2 kyr BP (Fig. 3).

4.2.3. East Equatorial Atlantic sites

In addition to the corals dated in this study (n = 439), 92 previously
published ages from the east Equatorial Atlantic are included in this
discussion (Chen et al., 2015, 2016, 2020; Mangini et al., 1998).
Considered together, the full dataset includes ages that range from 147
kyr BP to present (Fig. 2), and most of the corals are solitary (n = 503,
with 28 colonial specimens). Solitary corals are found in this region
throughout the last 147 kyr, except for the interval 120 to 95 kyr BP,
while there are only three instances of colonial corals dated older than
17 kyr BP: at 146 kyr BP, 140 kyr BP, and 49 kyr BP (Fig. 2 and Fig. S4).

The occurrence of solitary corals in the Equatorial Atlantic is semi-
continuous from 95 kyr BP, with increasing abundance from 50 kyr
BP and a distinct peak between 16 and 14 kyr BP (HS1 and B-A). The
latter peak is also observed for colonial corals. Subsequently, both sol-
itary and colonial coral populations show a decrease from 12 to 4 kyr BP,
and a recovery after 4 kyr BP (Fig. 2). The east Equatorial Atlantic
dataset is distributed across three locations (Fig. 1): Carter Seamount
(total n = 363 ages; 307 new ages and 56 published); Knipovich
Seamount (total n = 167 ages; 132 new ages and 35 published); and the
mid-Atlantic ridge at 2300 m depth aged 14.1 kyr BP (total n = 1; 1 age
published; Mangini et al., 1998). Corals from both Carter and Knipovich
seamounts show peak abundance during the HS1 and the B-A transition,
and after 4 kyr BP (Fig. 2 and Fig. S4). A notable observation is that there
are very few corals reported between 8.5 kyr BP and 4 kyr BP during the
last African Humid Period (Fig. 3).

Another feature observed in the east Equatorial Atlantic is an
apparent deeper coral occurrence (below ~1600 m) during warm cli-
matic phases (MIS 5, 3 and 1) as well as during mid-MIS 6 and the last
deglaciation, contrasting with shallower occurrences during glacial in-
tervals (MIS 6, 4 and 2, Fig. 3). Intriguingly, the “deepening” in coral
occurrence down to ~2000 m during the last deglaciation occurs at the
same time as an increase in depth range (1800 m-2600 m) of coral
populations at seamounts in the Northwest Atlantic (Thiagarajan et al.,
2013). However, given few sites with sampling across a wide depth
range we do not make any further interpretations on depth distribution
in this study.

5. Discussion

5.1. North to south differences in coral occurrence across the Northeast
Atlantic

A key observation from previous publications in the Northeast
Atlantic is the latitudinal difference in coral occurrences over time
(Frank et al., 2011). Corals from low and mid latitudes flourished during
glacial and deglacial periods, whereas corals from higher latitudes were
abundant during warm climate intervals — expanding their northernmost
extent to the Norwegian margin after the Younger Dryas (Lopez Correa
etal., 2012). Our new dataset allows us to explore whether this feature is
also apparent across the wider basin, and for solitary coral species which
are underrepresented in the fossil record of the Northeast continental
margin. Our data show that open-ocean habitats also exhibit distinct
differences between high (Reykjanes Ridge) and low latitudes (east
Equatorial Atlantic and Tropic Seamount), with the same warm/cold
periods see-saw pattern observed in shelf settings (Frank et al., 2011).

Open-ocean corals from the Reykjanes Ridge are typically found
during warm climate intervals at MIS 5, 3 and 1. During MIS 5, these
ages are similar to those from coral mounds from the Porcupine Seabight
and Rockall Trough (Dorschel et al., 2007; Frank et al., 2009, 2011; van
der Land et al., 2010, 2014; Wienberg et al., 2020). During MIS 3,
however, solitary corals are present at Reykjanes Ridge (n = 13 from 55
to 35 kyr BP), while they are largely absent on the continental margin
north of 45°N (Fig. 4) with the exception of one coral age at Porcupine
Seabight (53 ka; Dorschel et al., 2007). After a gap of 20,000 years,
coinciding with the LGM and early deglaciation, solitary and colonial
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corals re-occur at Reykjanes Ridge during the B-A and show an
increasing abundance through the Holocene (Fig. 4). Thus, the data
suggest that during warm climatic phases prior to the Holocene (MIS 5,
MIS 3 and B-A) the Reykjanes Ridge (~60°N) represented the north-
ernmost limit of corals in the Northeast Atlantic (Figs. 4 and 5). During
the Holocene corals re-occur at Porcupine Seabight and Rockall Trough,
and as far north as the Norwegian margin (Fig. S5; Frank et al., 2011;
Lindberg and Mienert, 2006; Lopez Correa et al., 2012; Raddatz et al.,
2016; Schroder-Ritzrau et al., 2005; Titschack et al., 2015; Wienberg
et al., 2020) and at the Faroe Islands (Schroder-Ritzrau et al., 2005)
pointing to a more northerly distribution.

Further south, corals from Tropic and east Equatorial Atlantic sea-
mounts are more abundant during glacials (MIS 3 to 2; Figs. 2 and 4),
similar to the Gulf of Cadiz (Wienberg et al., 2009, 2010), temperate
latitude seamounts (Schroder-Ritzrau et al., 2003, 2005), and off
Mauritania (Fig. 4; Eisele et al., 2011; Wienberg et al., 2018). All of these
sites also share the following similarities: sparse or no coral occurrence
during MIS 6 and 5, a reduction at the onset of the Holocene and a
re-appearance in the last thousand years (Fig. 4). Of course, the sparse
occurrence of corals during MIS 6 and 5 might be related to sampling
limitations, for instance the use of short sediment cores on coral mounds.

Together, these observations from the combined coral dataset
highlight basin-scale controls on both solitary and colonial corals from
the continental shelf and slope as well as open-ocean habitats (e.g.,
seamounts and mid-ocean ridges). In the next sections we explore the
controls in more detail.

5.2. Environmental drivers of coral distribution in the cold-temperate and
high latitudes

The occurrence of coral mounds in cold, temperate latitudes has
previously been linked to enhanced bottom water hydrodynamics as a
main control of food and sediment fluxes (Frank et al., 2009, 2011;
Wienberg et al., 2020). Additionally, corals from these locations and
high latitudes were found to be situated within a narrow band of water
density constraining the importance of oceanic circulation (De Mol
et al., 2011; Dullo et al., 2008; Flogel et al., 2014). In this section, we
first discuss the mechanisms associated with the higher (lower) coral
abundance at these locations during warm (cold) climate intervals.
Then, we compare the timing of coral occurrence at these sites and
discuss the associated mechanisms during the last 15 kyr.

5.2.1. Comparison of warm and cold climatic intervals

During warm intervals, warm waters transported by the NAC
reached the Nordic Seas and recirculated within the seas south of Ice-
land, and the Polar Front is thought to have shifted northward compared
to colder intervals (Fig. 5; de Vernal et al., 2005; Pflaumann et al., 2003;
Toucanne et al.,, 2021). This displacement would have diminished
regional sea-ice formation, stimulating primary productivity and
increasing food availability for benthic communities (Matul et al.,
2018). Analogous to the modern day, the waters transported by the NAC
would also have acted as an additional source of biomass through
advection of phytoplankton towards the Nordic Seas and Arctic Ocean
(Vernet et al., 2019). Therefore, we argue that these changes in oceanic
circulation together with the associated increase in temperature and
food availability would have affected coral communities, driving high
coral abundances in the northern Northeast Atlantic during MIS 5 and 1
(Fig. 4; for discussion of MIS 1 see Section 5.2.2). During the MIS 3, a
similar mechanism is expected to be associated with the occurrence of
corals at Reykjanes Ridges. This is supported by evidence of a decrease
in polar waters and an increase of temperate waters occurring south of
Iceland during early and mid-MIS 3 (Bashirova et al., 2014). However,
the contrasting low occurrence or absence of corals at Porcupine Sea-
bight and the Rockall Trough point towards additional forcing, for
instance hydrodynamic processes controlling food and sediment flux
(Wienberg et al., 2020).
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The opposite mechanism likely explains the sparseness of corals in
cold-temperate and high latitude locations during glacial intervals (e.g.
MIS 4 and 2, Fig. 4). During these cold periods, primary productivity was
likely limited by enhanced sea-ice cover following a southward shift in
the Polar Front (Fig. 5; Lofverstrom et al., 2014). This shift would have
been particularly important at latitudes north of 45°N when the NAC is
thought to have shifted towards to a nearly zonal position around 40°N -
50°N (Fig. 5; Eynaud et al., 2009). Supporting this frontal shift, re-
constructions of sea surface temperature and salinity south of Iceland
suggest a large winter sea-ice expansion during the LGM (Thornalley
et al.,, 2011), paired with the absence of corals at Reykjanes Ridge
(Fig. 5). In summary, coral occurrences from cold-temperate and high
latitudes have been responding to intervals of increased food availability

paced by warm climate intervals.

5.2.2. The last 15 kyr

During the last 15 kyr corals re-occur at Reykjanes Ridge during the
interstadial B-A, followed by a re-aggradation of coral mounds at Por-
cupine Seabight and Rockall Trough, and a northward migration of
corals up to the Norwegian shelf (Bonneau et al., 2018; Dorschel et al.,
2007; Douarin et al., 2013; Eisele et al., 2008; Frank et al., 2004, 2009,
2011; Mienis et al., 2009; Schroder-Ritzrau et al., 2003, 2005; van der
Land et al., 2010, 2014; Victorero et al., 2016; Wienberg et al., 2020).

The re-occurrence of cold-water corals (both solitary and colonial) at
Reykjanes Ridge during the B-A (Fig. 4 and Fig. S5) parallels a regional
increase of organic matter (high abundance of benthic foraminifera
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Cassidulina teretis; Matul et al., 2018) and an increase in the export of
dense, oxygen-rich overflow waters from the Nordic Seas (1179 m; Ezat
et al., 2017). These findings suggest that the coral community at Rey-
kjanes Ridge benefited from the enhanced food supply and likely
enhanced oxygenation of subsurface waters promoted by the increased
flow of the deep waters.

The timing of the coral re-occurrence at Reykjanes Ridge around
14.5 kyr BP aligns with an increase in abundance of corals in the Bay of
Biscay (Fig. 5; note there are only 12 ages available from the Bay of
Biscay; De Mol et al., 2011; Schroder-Ritzrau et al., 2003), however,
coral mound formation at Porcupine Seabight and Rockall Trough
remained inactive until 11.3 kyr BP (Dorschel et al., 2007; Frank et al.,
2009, 2011; van der Land et al., 2010, 2014; Wienberg et al., 2020). One
potential reason put forth for this inactivity is related to sluggish bottom
currents (Wienberg et al., 2020). Later on, during the onset of the Ho-
locene, it has been suggested that the location of the coral mounds
within a highly dynamic transition zone may have promoted hydrody-
namic conditions favourable to coral growth, such as enhanced food and
sediment supply (Fig. 5; Wienberg et al., 2020). This could have been a
result of the invigoration of the MOW, and the establishment of its
modern depth and intensity flow pattern (Rogerson et al., 2005; Wien-
berg et al., 2020).

Further north, the onset of coral growth at the Norwegian shelf
occurred at 10.9 kyr BP, around 400 yr after re-growth at coral mounds
in the Porcupine Seabight and Rockall Trough suggesting a rapid climate
driven coral migration (Frank et al., 2011; Lopez Correa et al., 2012).
The start of the Norwegian coral ecosystems is contemporaneous with
the establishment of modern-like warm climatic conditions and ocean-
ographic patterns (Lopez Correa et al., 2012). Additionally, evidence
based on genetic traits of modern coral communities has been used to
suggest that coral larvae were coming from the Mediterranean Sea and
out into the British Isles and Norwegian shelf at the onset of the Holo-
cene (Henry et al., 2014). This evidence has been supported by Boavida
et al. (2019) who demonstrated a northward expansion of cold-water
corals after the end of the last glacial from the Mediterranean Sea to
the North Atlantic, with a nearly homogenised genetic signature of
Desmophyllum pertusum (Lophelia pertusa) from the Bay of Biscay to the
Iceland margin. Overall, the overflow waters from the Mediterranean
Sea may play an important role in the Northeast Atlantic coral com-
munity by influencing regional hydrodynamics, food supply and larvae
dispersion.

5.3. Environmental drivers of coral distribution in the low and mid-
latitudes

The temporal distribution of corals from low and mid-latitudes in the
Northeast Atlantic contrasts with the distribution of corals further north
by having the most prolific growth during the last glacial interval, and a
strong decrease in abundance at the onset of the Holocene. Previous
studies attributed this pattern to productivity, shifts in oceanographic
fronts, and hydrological conditions such as temperature and dissolved
oxygen (Eisele et al., 2011; Frank et al., 2011; Wienberg et al., 2009,
2010, 2018). The similar occurrence pattern observed for corals from
the east Equatorial Atlantic and Tropic Seamount point towards
basin-scale mechanisms paced by climatic shifts. In this section we
present a discussion of the mechanisms associated with this coral pattern
during four time intervals: the last glaciation, HS1, early-Holocene, and
African Humid Period and present.

5.3.1. Last glacial interval and LGM

During the onset of the MIS 4, an increase in coral population in the
east Equatorial Atlantic (Fig. 2 and Fig. S4) is associated with higher
total organic carbon (TOC) and biogenic opal compared to interglacials
(Wagner, 2000). At the same time, coral mounds off Mauritania
re-initiated as a response to an increased in food supply (Eisele et al.,
2011; Portilho-Ramos et al., 2022; Wienberg et al., 2018). In addition to
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productivity, Wienberg et al. (2018) suggests that a southward
displacement of Cape Verde Frontal Zone would have placed these coral
mounds within the oxygen-rich North Atlantic Central Water, promoting
favourable conditions for coral growth.

During the LGM and deglaciation, high coral abundances at Gulf of
Cadiz, temperate latitude seamounts, Tropic Seamount and Mauritania
margin occur at the same time as aeolian fluxes were up to two times
higher than the present (Fig. 6; McGee et al., 2013; Middleton et al.,
2018; Rowland et al., 2021). The high aeolian fluxes and the increase in
coastal and frontal upwelling (Adkins et al., 2006; Romero et al., 2008)
resulted in high productivity off Northwest Africa (Bradtmiller et al.,
2016) and in the Gulf of Cadiz (Wienberg et al., 2010) providing addi-
tional food resources to corals. The contemporaneous high coral abun-
dance at Tropic Seamount suggests that these organic-rich waters
reached the offshore location of the seamount, increasing food supply
and sustaining favourable conditions for corals (Fig. 5). Contrasting to
this prolific coral growth, corals from the east Equatorial Atlantic show a
reduced occurrence. In fact, there was a reduction of the organic matter
export to the sea floor (e.g., low TOC) in the Equatorial Atlantic during
the LGM (Zarriess and Mackensen, 2010), further demonstrating the
strong link between productivity and east Equatorial Atlantic corals.

5.3.2. Heinrich Stadial 1

While productivity seems to be the dominant driver of coral abun-
dance (Section 5.3.1), a different mechanism may have dominated
during Heinrich Stadial 1. At this time, reconstructions of productivity
from the Equatorial Atlantic and NW African margin show a pronounced
increase (Bradtmiller et al., 2016; McKay et al., 2014; Romero et al.,
2008; Zarriess and Mackensen, 2010), which occurred during the most
pronounced coral abundance peak in the east Equatorial Atlantic
(Fig. 6). By contrast, corals were absent at the Mauritanian margin and
Tropic Seamount (Fig. 6 and Fig. S5).

During HS1, the presence of the oxygen-poor South Atlantic Central
Water on the Mauritanian continental shelf and slope may have reduced
coral mound growth (Wienberg et al., 2018). A similar pattern of coral
growth observed at our new Tropic Seamount site suggests that deoxy-
genation of the water column at this time may also have occurred further
offshore and at deeper depths (between 1000 m and 1500 m in contrast
with corals off Mauritania at ~500 m). It is unlikely that the same
mechanism (e.g., coral site location within the central waters) would
explain this lowering in seawater oxygen content at Tropic Seamount.
Instead, we argue that the high input of organic matter onto the sea floor
may have promoted low benthic oxygen conditions. In agreement with
this idea, an increase in abundance of local benthic foraminifera tolerant
to low oxygen is described at the continental slope (~2500 m) off
Mauritania during the HS1 (McKay et al., 2014).

5.3.3. Early-holocene

During the early-Holocene, a pronounced decrease in coral popula-
tion is observed in the east Equatorial Atlantic, Tropic Seamount, Gulf of
Cadiz, temperate latitude seamounts and Mauritania margin (Fig. 6). In
fact, the abundance pattern of corals in the east Equatorial Atlantic
mimics the pattern of dust fluxes and productivity, with a coral gap of
more than 12 thousand years at Tropic Seamount coeval with low values
for these two parameters (Fig. 6). The reduced dust fluxes during the
early Holocene (e.g., McGee et al., 2013; Middleton et al., 2018; Row-
land et al., 2021) could have directly impacted primary productivity
decreasing “iron fertilization” of surface ocean (Mark Moore et al., 2009;
Wienberg et al., 2010). Furthermore, the associated weakened trade
winds are thought to have reduced coastal upwelling intensity as sug-
gested by low opal flux and organic carbon observed at the entire
Northwest African margin between 19°N and 27°N (Bradtmiller et al.,
2016). In addition, diatom assemblages from the continental slope off
Mauritania also indicate low productivity during the Holocene in
agreement with a reduced coastal upwelling (McKay et al., 2014).
Recently, Portilho-Ramos et al. (2022) demonstrated that coral
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Fig. 6. Age distribution of cold-water corals from the
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occurrences on the Mauritania margin and Gulf of Cadiz are strongly
associated with food supply. They attributed the lack of coral occurrence
during the onset of the Holocene to a decrease in organic matter flux and
weakened bottom currents (Portilho-Ramos et al., 2022).

In addition to coastal upwelling, the absence of corals on the upper
slope off Mauritania in the Holocene has been attributed to the presence
of the oxygen-poor South Atlantic Central Water due to the northward
shift of the Cape Verde Frontal Zone (Fig. 5). At the same time, the
southward position of the Azores Front (~30°N; Fig. 5) displaced the
higher productivity area away from the Gulf of Cadiz, thus decreasing
food supply (Wienberg et al., 2010). In addition to these oceanographic
and hydrological changes, warmer seawater temperatures after the
Younger Dryas was thought to be a potential extra stressor for the local
coral community (Wienberg et al., 2010, 2018). However, the recent
Mauritania margin and Gulf of Cadiz study suggests that temperature
played little role in coral demise during the Holocene (Portilho-Ramos
et al., 2022).
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corals from the Mauritanian margin (Eisele et al.,
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(TOC) from core ODP 108-663 (Wagner, 2000). (H)
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BP); AHP (African Humid Period, 8.2 to 5.5 kyr BP).
For site location references see Fig. S1.
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5.3.4. African Humid Period and present

In the east Equatorial Atlantic, the coral population sharply de-
creases from the onset of the Holocene until it reaches the lowest coral
abundance during the last African Humid Period (Fig. 6). During this
interval, African vegetation and precipitation combined with weaker
trade winds led to low dust flux and a pronounced decrease in coastal
upwelling (Fig. 5; Adkins et al., 2006; Bradtmiller et al., 2016). Simi-
larly, corals are absent on the Mauritania margin, Tropic Seamount, Gulf
of Cadiz and temperate seamounts throughout the last African Humid
Period (Fig. 5). Our data indicate that the influence of these changes in
productivity extended across the basin, and that this interval, together
with the shifts on oceanographic fronts and hydrological conditions
(Section 5.3.3), represents the most unfavourable conditions for coral
growth at mid to low latitudes within the Holocene.

The modern coral communities at all mid to low latitude sites are
characterized by a patchy occurrence and low numbers which seems to
be controlled by specific and local conditions (e.g., enhanced hydrody-
namics supplying food and oxygen), differing considerably from the
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thriving glacial/deglacial reefs. For instance, modern corals at Tropic
Seamount are mostly observed on the eastern and western flanks, where
higher current and energy may increase food supply. And at the Maur-
itanian margin, late-Holocene corals are observed exclusively within
canyons, where episodic events can deliver food and well-oxygenated
surface waters into the deep (Wienberg et al., 2018). In summary, pro-
ductivity seems to be the main driver of coral abundance across the
region. Other parameters as oxygen concentration and temperature
however may still act as stressors controlling coral growth, with local
factors also influencing coral distributions.

6. Conclusions

We have combined >600 new U-series dates of fossil scleractinian
cold-water corals from the tropical and high latitude Northeast Atlantic
Ocean with previous published data to yield a database of over 1300
coral dates. Systematic analysis of the temporal distribution of the coral
population shows that the corals are affected by basin wide climate-
driven oceanographic and hydrologic change. We demonstrate that
the timing of colonial and solitary cold-water coral occurrence is similar,
suggesting similar survival needs. Furthermore, we reveal an analogous
temporal distribution between coral population from continental shelf,
slope and open-sea regime. This extensive database includes equatorial
regions, where corals show contrasting distribution patterns compared
to the high latitude Northeast Atlantic.

Sites in the cold-temperate and high latitude Northeast Atlantic
reveal peak coral occurrences during warm climate intervals over the
past 150 kyr BP, and the Reykjanes Ridge (~60°N) represents the known
biogeographical limit of cold-water corals during MIS 5 and 3. Region-
ally, cold-water coral success is thought to be controlled by oceanic
dynamics, especially the inflow of warm Atlantic waters by NAC, the
Polar Front position, and the influence of MOW at coral mounds on
continental margins, all mechanisms associated with food and sediment
supply. During the early Holocene, the biogeographical limit of cold-
water corals expands from Reykjanes Ridge (~60°N) to the Norwegian
shelf (~70°N), a time when full interglacial conditions and modern-like
circulation patterns were established.

A contrasting pattern is observed in the low and mid latitude
Northeast Atlantic, where corals show prolific growth during the last
glacial and deglacial intervals, and a pronounced decline during the
early and mid-Holocene. This finding had been based mainly on obser-
vations of corals mounds on the continental slope off Northwest Africa
(Eisele et al., 2011; Frank et al., 2011; Wienberg et al., 2010, 2018). Our
new and extensive record of Equatorial Atlantic corals however confirms
the broad scale of this pattern. We find the glacial/deglacial large scale
coral occurrence is linked to surface water productivity driven by
enhanced dust fertilization and stronger upwelling systems. Addition-
ally, water column oxygenation is shown as an important factor to coral
growth mainly driven by frontal zone positions or organic matter
remineralization. The collapse of central and equatorial Northeast
Atlantic coral populations during the Holocene occurs with a drastic
decrease in wind strength and aridity in Africa. Moreover, lower con-
centrations of dissolved oxygen and higher temperatures, may have
acted as additional stressors to corals inhabiting the continental slope.

Past climate-driven shifts in cold-water corals towards higher lati-
tudes during warm intervals mean that future warming and associated
sea ice reduction, if moderate and gradual, may open new niches for
corals. However, the fast rates of warming have already impacted key
regions of the ocean declining primary productivity (Capuzzo et al.,
2018) and oxygen concentration (Santos et al., 2016). These factors
combined with ocean acidification/aragonite saturation horizon shoal-
ing (Carvalho-Borges et al., 2018; Guinotte et al., 2006) will doubtless
present challenges to calcifying organisms with unknown consequences
for the future of cold-water corals and the important habitats that they
engineer.
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