A .

THE SEA FL
BIODIVERS
HYDROTHER®

YOF

Daphne Cuvelier

o ! J- _h.
(@), PSS N
. ,‘.": .‘_" | -

f 3 -'#_ i . |.. I Lo 1 : L d ¥ b . T 2 - : - _:. " - i



* Hydrothermal vents: What? Where? How?
* Introduction to Biodiversity
* Hydrothermal vents of the Atlantic’

s Hyd?othermal vents of the Azores




Hydrothermal vents- What ?
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Vents- Where? nforred

Inactive

Jyun-Nai Wu (UCSD), S. Beaulieu (WHOI), and K. Szafranski{InterRidge),-2019; funding from U.S. National Science Foundation #1829773.
InterRidge Vents Database Version 3.4, accessed 2019-12-24, with bathymetry from NOAA ETOPO1.



Charactersitics of deep-sea hydrothermal vents

* Mostly associated with Mid-Ocean Ridges (MOR) => expanding seafloor and movement of the tectonic
JELES

* Difference in Spreading rate

Fast Spreading Show Sproading

Courtesy of WHOI —

* All hydrothermal vents are ephemeral or transient, but catastrophic events such as volcanic eruptions
happen more often on fast-spreading ridges.

* ~Frequency of venting (1 hydrothermal vent field every 5 km on a fast-spreading ridge (EPR, Haymon et al.
1991) to one field every 100-350 km (Murton et al. 1994, German et al. 1996) on the slow-spreading MAR

Colour of the smoke depends on metals in solution and temperature of the fluids
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Life based on chemosynthesis- How?

E;:: Hydrothermal

e vent
Fauna:

Seamount - Specific, unique and emblematic
- Endemic
- Chemosynthesis-dependent
- Symbiosis
. .. - High biomass
SEA FLOOR

6CO, + 6H,0 + 3H,S ——~ C,H 0, + 3H,SO,

Carbon + Water + Hydrogen ——» Sugar + Sulfur
dioxide sulfide compounds

rtesy of AED_Iey Rowden, 'Sea floor - Vents and seeps', Te Ara - the Encyclopedia of New

Tttp://www.TeAra.govt.nz/en/diagram/8960/photosynthesis-and-chemosynthesis



Colonisation according to gradients

Zonation of resident fauna

ACTIVE HYDROTHERMAL VENT % ﬁa@wgﬁg &g

Vestimentiferan Bivalve suspension feeder Periphery

zooplankton productivity

1000

Vent fluid flux/ FuuHE:J_II :fll_ér:t;.iif}"f Production

neutrally buoyant plume

microbial P
productivity 7

Plume Facilitation:
: Sessile species focilitote sessile colonists '%;E% %%‘t

connectivity

plume entrainment

- larvae
- nutrients

Positive interactions

diffuse flow background Inhibifion:
. ¥ habitat Fish consume mokbile species at threshold size

-~ Mobile species disrupt all colonists and compete with mobile ones for resources
» Sessile species occupy space ond inhibit grozing of mobile colonists

o

e 1 @05 St
L0 o s oL LR

100 1000 10000 I Negative inferaction s

Mullineaux et al. 2003 Ecol.
Monogr., 74, 523-542




Faunal dispersal

1. Plume and currents 2. Subsurface

- p _ seawater
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LY Self-recruitment
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Larval release/spawn it
Brooding
Gametogenesis

Settlement &
rectruitment

Larval transport distance
{rreters to 100s of kilometers) GU - GIFT 204

Courtesy of lvan Hernandez Bright et al. 2024 Nature Communications volume 15



Fauna: Tubeworms
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Fauna: Crustacea

©OFrancois Lallier
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...and many others:

© C. Fisher/Ridg82000 * 1§

’ From Desbryuéres et al 2006/ Ifremer/ATOS = . ' i 53

E %
‘Courtesy: Natignal Science Foundation ™ *




Biogeography
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Menez Hom Menez Gwen
Saldanha ~ Lucky Strike

Lost City Rainbow
Broken Spur

onpy TAG
“rIEN Snake Pit
Puy des Folles

Krasnov Zenith-Victory

% 15°05'N—3— Logatchev
§emyunw
Ashadze

From Lartaud et al. 2011

o Basalt, volcanic rocks
Gabbros and peridotites

Lost City®
Broken_Spur®

TAG®

Snake Pite

Logatcheve
Ashadze-1@

* Visualised (confirmed)
* Visited more than once (studied)
* Species lists



Fauna of the MAR hydrothermal vents
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Lucky Strike —1700m depth
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Broken Spur —3100m depth
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Logatchev— 3050m depth
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Cross profile MAR — Environmental characteristics

Distance km
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Similarities along MAR
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Bipartite networks for the Atlantic vent fields

“Ecological connectivity” (species overlap)

Within module degree

Module | Network
Hubs Hubs

Periphery | Connector
nodes | nodes

04 0.8

G
Participation Coefficient



Modelling simulation and shutting of nodes — Module Based Attacks

Loss of species

Possible increased fragmentation

Does not take into account distances or barriers or dispersal ranges
Importance of not yet discovered sites




Stll so much to learn- New discoveries

* In 2023, 3 new hydrothermal vent fields were discovered

* New species discovered (after more than 40 years of research on the MAR)

. : .
Falkor EMARK Puy des Folles - Hydra Ly
(~3900m)

(~1950m) (~3740m) = ~ ’
i : . £

Courtesy of Joan Alfaro-Lucas
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Why does this matter?

Vents in international Waters it .
Deep-sea mining in the Atlantic? : ; o g BRS E co
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3 new discovered vent
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Hydrothermal vents of the Azores- Vents in National waters
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Lucky Strike — one of the most visited hydrothermal vent
ﬁelds In the World " Area of seismic activity™ 1km?

" Localised on top of an axial volcano at 1690m depth

n cruises " Afossil lava lake with >20 active sites surrounding it
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Lucky Strike vent field

TaMER 2S00

new eruptions cover vents

v\

Lava lake

SW vent sites SE vent sites

fluids

fluids

—

Adapted from Ondréas et al. 2009 younger older vent sites

Courtesy: Marjolaine Matabos (Ifremer)
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Fauna and activity at

P Y 0. ¢

Lucky Strike

..-{

Black smoker
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First time series 2D (1994 — 2008)
— edifice-scale

North side
Assemblage 3 Assemblage I 3

— M,

East side

2a
5 South side
+ periphe
da
s 8
.
Subla

Immersion/depth (m)

1681

1682

1683
1684
1685
1686
1687

1688

- Cuvelier et al. 2011 L&O







Shrimp

Second time-series 3D: 2015 + 2018 + 2020 o e
— edifice-scale

- -

Eiffel Tower
~450m?, <15 cm

Girard et al. 2020 — Courtesy Marjolaine Matabos (Ifremer)
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Principal results (1)

. * Perception of stability
‘ Habitat ‘ * Variation in hydrothermal activity

\ssess
High stability
E * Stable % coverage over 25 years
* Climax community
* Variable next to the fluid exits

Mussel cover [%]

>+ Seismic event
Dike intrusion i (Ballu et al. 2019)
(Dziak et al. 2004)

[%]

GLJ -
8 \
2l \\
— Tae>; Overall decrease in coverage over 25 years
S
Z'\
.l'._'ﬂ,
| . 00( 2010
élr-j' Cuvelier et al. 2011 L&O Van Audenaeghe et
;.'Jﬁ. == al. 2024 L&O Courtesy: Marjolaine Matabos (Ifremer)



Principal Results (2)

* Proximity to hydrothermal fluids drive the spatio-temporal faunal distribution

Change in habitat

—

Change in habitat

Closer to fluid exits

£
53
8
c
:
o
[=]

% Measurements

(a) Proximity to Black Smokers

Distance cm

4-45 455 555 556 665 6.5-7

(b) Proximity to Flanges and Diffusion zones

Assemblage 1
Assemblage 2a
Assemblage 2b
Assemblage 3
Assemblage 4a
Assemblage 4b
Mean Mussel Range
Shrimp Range

7-75 758 885 859 9985 9510

T°C Range



Principal Results (3)

* Currents and topography influence faunal distribution

L.

o

o

Secondary smokers Main smokers

Assemblages
LIEmpty shells
Bl Hydroids

B Anemones

Mean cumulative daily exposure
to favorable currents (day)

o
Q
>
(o}
v
i
o
Q
W
o
Q
Q.

South West North East South West North

Tower “Periphery”
Faces

Mean velocity of favorable
current (cm/s)

Girard et al. 2020, courtesy of Marjolaine Matabos (lfremer)
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EMSO Acores — Observatory (wireless)@ Lucky Strike

Data centre

EMSO

Communication

© MoMARSAT2023/Ifremer.

Q =
. 20:56:05

Geophysical platform
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Yearly maintenance cruises




Instruments EMSO-Azores
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TEMPO — Hydrothermal vent community dynamics

Nl Caou 7 ..; s

2006 — 2008
Sarrazin et al. (2014)

2011
Cuvelier et al. (2014)

2012 - 2019
Vanaudenaeghe et al. (2024)



Main results from the observatories

Day-to-day information on a hydrothermal vent community at 1680m depth
Relative stability from fauna and environment

Influence of the tides in the deep sea! Mexilhdes - Mat et al. 2020

006 008
Mussel proportion (%) T

11/8 16/8 21/8 26/8 31/8
Date

Whittaker-Robinson stat,
000 002 004

Whittaker-Robinson ©

Cuvelier et al. 2017

Pressure 28 days (random) 2007-2008 Temperature 28 days (random) 2007-2008

36 48
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Unexpected things

Temperature (°C)

06 01/11/06 0O 7 010307 31/0307 30/04/07 30/0507

N A S Dates

0
%]

Fe concentrations (uM)

I
|
I
1
|
1
i
|
i
|
|
1
1
[
1
1
1
|

" 2] : o111/06 2111/06 1112106 2 5 20/01/07
Dates




Unexpected things (part 2)
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