


Phylum: Cnidaria

Subphylum: Anthozoa (“flower animals”)

+* Octocorallia (soft corals)

** Hexacorallia (stony corals)

sessile (attached to seabed/hard structure)
colonial or solitary = polyps are individuals
warm-water vs. cold-water corals
zooxanthellate vs. azooxanthellate

filter feeders (plankton, nutrients, trace elements)

vV V YV V V V

hermatypic (reef-builders) or ahermatypic

© Andreas Metz
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* More than halfofall =~ ™ “«o
coral species in
water depths > 50 m

Source: UNEP/GRID-Arendal Maps & Graphics Library

Cold-water corals Warm-water corals
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* More than half of all |
coral species in
water depths > 50 m

* ~500-1,100 m
* 6.5-10.5°C

4+ ~150-350m
« 7-8°C
* ‘Coral gardens’ to
large deep-water
framework reefs

- 17 framework
forming species
(Scleractinia)

* 39t0>3,000 m

* 4to14°C

Zoanthidea ® Filifera Pennatulacea @ Scleractinia

 Salinity ~ 35 to 38

® Antipatharia Octocorallia @ Alcyonacea

. . JAGO-Team, GEOMAR
Freiwald et al. (2021), UNEP-WCMC dataset version 5.1
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N} Lophelia pertusa

kerana
Bazin

@t ° tab ol

Rockall®
Rise ‘s
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| Anthipatharia' (Black corals)

60° N
celanda
Aasin

°
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Octocorallia

60° N

kelana

©Marine Institute
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Forde et al. (2024). Reef habitat in Irish Offshore Waters — A synthesis

of current knowledge. Irish Wildlife Manuals, No. 152. NPWS, Ireland.
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* ‘Coral gardens’ to
large deep-water
framework reefs

- 17 framework
forming species
(Scleractinia)

* 39t0>3,000 m
* 4to 14°C

 Salinity ~ 35 to 38

£t

R

Gass & Roberts, 2006
Marine Pollution Bulletin

Zoanthidea ® Filifera Pennatulacea @ Scleractinia

Antipatharia Octocorallia @ Alcyonacea

Freiwald et al. (2021), UNEP-WCMC dataset version 5.1
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> Livecoral zone ..
- Ty - — :"
e densest accumulation of live

corals (~ 20 generations)

 diverse fauna (primarily

mobile species)

N,

Bl calcification / carbonate

» Dead coral framework

* highest species richness

* very diverse fauna (many

permanent species)

- " accretion = reef growth

ol 2

B physical, chemical, biological

» Coral rubble

* most degraded state

* diverse fauna (permanent

and mobile species)

‘ * ‘biodiversity hotspots’ : "‘ T
70% of known CWCs in un

— u . : o )
Illustration: Fossa et al. (2000)

B erosion = reef degradation

Photos: J. Bischer, JAGO Team
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dersaturate
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432.34 ppm
in May 2026

2014-2024
Global Carbon Project

51% above
pre-industrial
EVEN

Global Carbon Budget

https://essd.copernicus.org/
preprints/essd-2024-519/

Fossil Fuels

Land-Use Change
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» One of the major gases taken up 0o G C yrl

2014-2024

s i ] Global Carbon Project
432.34 ppm N oa J

+1.1°C in May 2026 46.0%

in 2011-2020
(IPCC, 2023)

51% above
pre-industrial
levels!

Global Carbon Budget

3.2 +0.9 Gt Cyr

8 (Gt C)
7 per year
L6 28.3%
> https://essd.copernicus.org/
preprints/essd-2024-519/
Land:tse Change 25.7% 2 \_ . g o, . _ g ? the S i "S|xthAssassmentReporT

Session held in Interlaken, Switzerland from 13 - 19

©2004, ACIA

https://www.ipcc.ch/
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Recent Monthly Mean CO; at Mauna Loa Observatory

Atmospheric CO; at Mauna Loa Observatory

E
(=9
T o
&
| Scripps Institution of Oceanography ] §
420+ NOAA Global Monitoring Laboratory i <
' °
L 1 =
o
E 400l l
S 4001 {
= L
g | ‘ .
2022 2023
= 3801 .
¥ L
©
| -
Y
o L 425
- 360 B - Mauna Loa Atmospheric CO, (ppm)
o | Aloha seawater pCO, insitu (patm)
E ~— Aloha seawater pH (insitu)
é\' I 4001 160°w  158°W  156°W
© 3401 : @ Station Aloha >3 ™
20
J | S5 G 21°
I Y Cs(RTIW[}LJ WsTirer N ar | -. Station Mauna Loa 4
320 B R, OCEANOGRAPHY @ T -
Y UC San Diego 1=

1960 1970 1980 1990 2000 2010 2020
Year

. NOAA PMEL Carbon Progra g 1.noaa.gov/co2/
https://gml.noaa.gov/ccgg/trends/mlo.html NOAA PMEL Carbon Program: vowwpmel noaa. gov/co
275 8.03

ALOHA data adapted from Dore et al. 2009
1958 1968 1978 1988 1998 2008 2018
Year
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CO, Time Series at
L e ‘“_

420
—— Atm. CO2, MLO Hawaii
®e Atm. CO2 Mace Head, Ireland

w
(0]
o

== MLO Atm CO2
*+ Atm. CO2 Mace Head
= pCO2 in Seawater (sensor) Mace Head Obs.
€ ¢ pCO2 Seawater (Water sample) Mace Head Obs.

Atmosphere CO2 ppm

1965 1976

Month-Year

Blischer et al. Chapter 4 — Ocean Chemistry In: Nolan, G., Cusack, C.,
Fitzhenry, D. (Eds.) (2023). Irish Ocean Climate & Ecosystem Status

Report. Marine Institute, Galway, Ireland, pp 192.

https://www.marine.ie/site-area/areas-activity/oceanography/irish-ocean-and-
climate-status-report
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Ocean acidification late 1800s é1 00 (projected) A L - # #
seawater pH reduced acidity increased acidity - CO, T H,CO, T HCO; + H* ﬁ_ C032- + 2H*

lower concentration higher concentration

9 of atmospheric CO, of atmospheric CO, Carbonic acid Bicarbonate Carbonate
8 CO,
J carbon dioxide
! o J
carbon dioxide q Q
e ) . H2003
 W— :20_03 = sawar = N carbonic acid N
carbonate ions Sl i carbonate ions N H —l pH
| 5 H* : J : y H*
free hydrogen ions ] N\ free hydrogen ions
[ | 2.
| CO;~ — QCaco3

-~ HCO; \ 4 ~  HCO;
bicarbonate - X ‘ bicarbonate

mollusks and other fewer, smaller

marine calcifiers marine calcifiers © Encyclopaedia Britannica, Inc.

Ocean acidification refers to a reduction in the pH and carbonate ion concentration of the ocean over
an extended period of time, caused primarily by uptake of CO, from the atmosphere
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K*

sp, phase
Ca*+ CO,> = (CaCO, Carbonate precipitation Qcaco, > 1
CaCO; =—> Ca**+CO;* Carbonate dissolution Qcye0,<1

» Calcium carbonate crystallises in three anhydrous polymorphs:

¢ calcite — thermodynamically most stable
¢ aragonite — slightly less stable

** vaterite — least stable

Madrepora  Solenosmilia  Desmophyllum Lophelia
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"What happens to calcium carbonate
shells/skeletons under ocean acidification?’

Second Year CaCO; => Ca?'+ CO,>

Carbonate dissolution
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' controls E manipulated replicates 8—-15°C
T1l: Warming =) i [R1] [R2]| [R3] [Rr4| [R5 [Re ]| [R7 400 — 1800 patm

I +1°Cevery 6 weeks

1
1
1
T2: Acidification === [c1]|[c2] [c3]i R1 R2 R3 R4 RS R6 R7
1
| +200 patm every 6 weeks
1
|

T3: Combmed == [c1] [c2] [c3]} [ra] [2] [Rs] [Ra] [s] [e] [r7]

; + 1°Cand + 200 patm every 6 weeks

calcification rates,
%1 « respiration rates, & - live L. pertusa
mortality of live corals

[ 3

bioerosion/dissolution } naturally eroded dead coral framework =

Thresholds & optima under gradually increasing tempe_
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—o— White_control
—&— White_manipulated
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temperature [°C] pCO, [patm] temperature [°C] + pCO, [patm]

Conditions for 6-weeks intervals

Blscher et al., 2022 Limnology & Oceanography

» slightly increasing growth » decreased growth » breakdown in growth rates
with temperature under elevated pCO, from 14-15°C

—> effect amplified by T~ CO,

-:> Live corals can counteract the effect of OA under warmer conditions, but likely at a cost (energy imbalance)
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Blscher et al., 2022 Limnology & Oceanography

[«]

&

+*

Q

H
temperature [°C] pCO, [pnatm] temperature [°C] + pCO, [patm]
» no effect » significantly increasing » significantly increasing
dissolution/bioerosion dissolution/bioerosion

» promoted by warming at
lower pCO, levels than under
acidification alone

-:> dead/eroded coral parts significantly impacted by OA!
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Laboratory: i

‘ 4 \ \-- T
Warming' | Growth

9-13°C 12-14°C (Calcification)

W S W e x
€a
/'46/-' 0/7/}7 .
ﬂﬁiﬂ:t < ﬂm e ¢ in
g/’@e ,70@
Degradation o t
(Bioerosion/Dissolution) >
¥ Decrease Yy
ey
‘Acidification ‘ Warming Combined acidification + warming = No effect ' n"'e'r%iq,
Ecosystem level:
|.. - - -
Jsl‘y
e
/nfog ar
a,o/)/.

accretion v reef |OSS,

biodiversity loss
Current reef state under nat_
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Monitor environmental conditions in a fjord compared to an of_
> Leza!eea " B §

*inshore
2‘6 2(:.5 2.7 27‘.‘5 ) 0:3 ) 0 0:1 0:2

*~150-200 m
S, kg™ 7 [kgm™) 0, [mL L] fluor, [mg m™) turb, [NTU)

e currents and tides

» Sula Reef Complex

Depth, [m]

» offshore Sula Ridge
* 300 m

stable environment Trondheimfjord

63°36'25"N  63°36'30"'N  63°36'35"'N

9°22'25"E 9°22'40"E 9°22'55"E 9°23'10"E

e Temp.:~7.9°C
e Sal: 34.8

* Flow speed: ~20 cm st s e T
Sula (P455)
\ Nord-Leksa (P455)
8‘(‘)0‘5 8°02'E 8°04'E 8°06'E 8’1)8'E 8°10'E = > Inshore reefs
« Temp.:~7.5°C influenced .more
* Sal:35.1 » Offshore reefs bathed by Norwegian

Coastal Water

Flow speed: ~ 8 cm st in Atlantic Water

Potential temperature 6 [°C]

Blischer & Juva et al., 2024 Frontiers in Marine Science

32 33 34 35 36
Salinity
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° 8= southern canyons ® Feb 2017 —across RT

- 2018 — northern canyons May 2019 — across RT

CE18011 — August, 8t 2018
August, 13t—16t 2018

- compare water masses north and south
of the eastern flank of the Rockall Trough

-
w
o
=]

Depth [m]

CE18012

CE18011
= CE18012

CE17002 shelfedge
= CE17002 offshelf
e CE19009 shelfedge
== CE19009 offshelf

2 4 6 8 10 12 14
Potential Temperature [°C]

A CE17002

— February 2017

RT — Rockall| Trough : — May 2019

RB Rockal
D

Bank
NOCKaHbdRK

— Irish Shelf
PB — Porcupijne Bank

Potential Temperature [°C]

- ‘Ocean Climate Section’ surveys
of the Marine Institute in Ireland

Biischer et al., in prep. (unpublished data)

CE18011
CE18012

\

Ocean Data View

F %

20°w 18°W

Salinity
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~PlottiNgiOCeaogaphic data
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o using’ g @b datasets

Final Year

L= GLODAPv2.2023

Ocean Data View

DEPTH [M]

DEPTH [M] @ PRESSURE [DBAR]=first

DEPTH [M]

e https://odv.awi.de

© 2021 Reiner Schlitzer SR
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¥
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GLODAPv2.2023

»

PRESSURE [DBAR]
& Web e D View

352 354 . ? DEPTH [M]
SALNTY [PS5-78]

|
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jme o® oo

PRESSURE [DBAR]
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» Abiotic conditions control distribution of marine species
> Effects of ocean change (ocean acidification & warming) on benthic marine ecosystems

» Aragonite saturation horizon and the effects of calcium carbonate dissolution
(protective shells and skeletons)

Effects of climate change
- on Scottish deep seas

https://explore.webodv.awi.de/ https://www.geomar.de/en/discover/ocean-and- https://storymaps.arcgis.com/stories/
climate/climate-change-in-the-ocean/ocean-acidification 11db7a539c3e4cbf80e703c31f04ef7c
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Any questions?
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