Y 2P A
S

JUR R T MG o 2 —
GRIS

WRK 2 9 4EFERR

(201 7HER

2018%3H



EBOME

2004 FEITHWL R FITEM TR, B4 2005 FEE D 13D, B4 —REBDTET,
Z O, FIHZ T AIUEHIORE L, % 3 OER, 51 - & 2 F5odds, Hiff
ZeA oI 1) i, BAVKIEOEE, JAMBIO OF%sr, HFEFHHERF 7RIS
BE, BIREBAT— a OB, WARENE=y MRER Y, tilat 2 —&
LTCOEAZ K> TE -, HEDL 34051 14 (3LOHNEAEEST) (2L, iE
JRVREAE FIRSE, BT 2 KRR Z1T Y Z LN AIRE L IR o 7o, & U ¥ — DIl
BRAPIZ T EART S B2 ——iAM]) X, BRBL T TIZT8FEL RV EF LT
W5, REEND, B2 —REWRHHEERIIN N F T T 5, B4 —DIH75
FERIZHIRF L7,

KA OEBREAYFE TiX, WEMEOSE Y, Ay, FRFCHEREREZLITO
=AU —F o RRPERRZEHSZ O Rita Colwel l LN ZEH U7~ SFEESEN g
TEAEMS) Thol-Z bbb, ZEIAY VRY Y AOREAEE S, AEEERHO D
Whob &, AARFMERS & OHAET 12 AIZEM Lz, %< OFL4 M EYFE % E
W, WD DIRFFT D2 ENTE, ADBOMAERTRICHEROHH LD TH T, 4
Y X —OFHEB#, Agostini Bh#, Hall-Spencer #d% & 3 L7,

XC, AEEITT7 T A ENT T 2y  iFEERET & O " FREBSHFIEASTRN A 2 —
N7z, BT T v iR O~V AT —2 3 v oRTHE <, 140 T
JEL N IR CTh D, WHFEF LMY - BAEFO 2HMAEZA L T\D, HEREIZH
BRI A A HED TWE 720, B Z—TIHZDIEN, TAV I, A X2 VT, F—
ARNTZVTEDO<Y) AT —Va » ERERIRET > TWAD, WHEEREAB) B L
TWARIT, 29 LIZEBREEITETETEHEEI/RHTHA I, FEFEH D UNESCO-10C D
Global Ocean Science Report (GOSR) DZETEZ 5, AFEE 7 AICHM S V-, FAILHR
D~V AT —a yOBIRGHELS L DN, HRITIE800 225~ v AT — 3
YIMEET HZ ot HRITETOIZERN - TWD, HiIZm L~ AT —
Va NTHEEAEWSEIE O LA R EE A D L L bIc, Ak, ERSEEAE U T, Fhix
INELTE S DU EBR BRI, SRRV 7 0 — OUZER D T e ERDO O E D L 72 D
XTHD, KEENSHT-2ECTHIT S JAMBIO X, 95 LE-EEREEOARDE LT, H
WO~ AT — a VIBIORRERE 725 Z LIRS T 5,

THEEERE 2 —F fE —5



= 5

FTTEHh & BRE%,

X I FHEMTHEE Y E~LE—D 2T, THEOZETh 2 KIFEORIALET 5, BIMNE
EOICEEIE O AMETH DA, BRICITD TR SNBREBE LA S D,
BTSN TV DREML, 70 VI AL EAZXI RIA T AN F e FTH A
TAZ7ZL ., ulizrsay, EYFIHA, A2, A=Y KBV, UIRFL, UITUTHE,
AT I)RIALY IINVI VAT AR = ThHv= N7 y= Ty = Ha)
~I T, IXVLXTALZRY, IYF~AALZRY, VALZRY, A ZHRTRERCKFEOMIATH
%o Fio, FECEETIE 400 FEROUFRES I ST D, FHELOWEIITEEET T A « Y A DO
PRV REEL TR Y, ZUuTEe ERIRETH D,

fERx - BhE

¥ GE 3, 931m)

5 1 PRk PR 3 P (WFZESE 10, 92BR=R 9, BUNHIESR 2, EEASE 2, A 1,
M 1, FEE=E1, KRS, B3, FIRE 1, £ 0fh 5)

55 2 WFFEAR PR 2 B (AF7E=E 3, EBR=E5, ESRITE=E 1, BEMRAT=E 1,
INTE 1, KE=E1)

55 3 WFZEHR BRA 2 MR (BFZE=R 4, EBR= 1, HERO= 1, EFEFFEA—2 1,
St - B F—E L, HERRRE 1, Zofh 3)

FEER PR (RFEE= 1, BNMEE 1)

HEEBLAIER AR GEFEBLINE 1, EEMRFE 1, FE=E1, vy U—%1)

(ERIELE BRA 3 MR (FE=R 24, FiE 3, RE 1, W=E2, K=

fin A SEIT (19t, 612 B AX2, FE 40 4)

v (0.5t, 9.9, EE 64)
SMRC (F&aFR—1h, 8/, EE44)
F~_Y7  (FRP FEEHR— |, EH24)
MK KIEES m D SFHEAVEK 2R 13m 128 % 56 b o & o 7 TR A b
. BPOERE iR L OB O ERRE IS e AR LT D,



MM

FIRAEE T o —FIAFIAE R OREEEICLEFEAZGEA L, FIFAELGA O 2 BFETE Tl
W X —HHEREH T Email /2% Fax TED, F4 - KERAEDPFIAT2561E, fFEHE X
D LiATe, FIRAOHESIZOWTIEL, #7Y KL E-mail F7-1% Fax THEET 5, FIHBAEIIHR—A
R=TUhbHFA U rr— RaETHS, FAIIKRKE OFIRIXTE vy, £z, IBAE D WIRIEHIH
72 ERBITIRA 2N L bbb, FAESCKEFAEDHAT 255101, FAEBBEI S E G TR
B (b L<ITZAUTHY T D) [CIAL TS Z EREE L, RIERSOH 581T, B
oA —ICBVADETIZELY, BEEEO-OOFAE2AET 2541, AiEED 1 2 AE T
toa—R LHEE & OFIHFFRIOWNFEE SR T IUE e by, X5, EEBBBEO—» AUE
AN FERNAFICBE L TR 2 —HYHE CHE L0 b, FIAE LIAREZTITR Y, 2B, < U N
A A HLEHEMERRE (JAMBIO) TlE, FEEILFERIN - SRR ZAZE L TV D, FELIX
A—2b~3— (http://www. shimoda. tsukuba. ac. jp/” jambio/) & ZE&TEX7-U),



¥ —E

#HE At
K

#HE Btz

#HE Btz

#HE ez

#HE = e

HE Bh#

HE Bh#

HE Bh#

HE Bh#

HE Bh#

HE Bh#

BE

B E

i a=

i a=

i a=

i a=

Bfhre 8

HHE  WEA

HHE WA

HHE WA

HHE) WEA

HHE  FHER

R FHMLER

IEE  ERHEE

IEE  ERHEE

IEE  ERHEE

IEE  ERHEE

) B R

HHE  BARmER

HHE  BARER

HHE  BARER

HHE  BARmER

V=T RAE T

HES

TR

Jason Hall-Spencer

Za
HhEp
g'lé
Fnm
T
AN
/s

Sylvain Agostini

3
i
/NS
kst
e
I

Ben Harvey

RS
Veie
%M
RAE
AN
By

Kot
RN
I
TR
SR
R
TR

1353
K

?

S
158
URIZES
e
ez
R
T3
(CE=a
BEEEYSY
g
pEE
N
A
Hid 7
s+
Y
LGS
THEIT
R’F

578 - R
Gy F-Hfa e

FEAE T
BRBLA R
A
M LFAEF
e A=
AW
[ok7EsEiEs
MR RR
M
BRBLARE

email address
inaba@shimoda. tsukuba. ac. jp

sasakura@shimoda. tsukuba. ac. jp

j. hall-spencer@shimoda. tsukuba. ac. jp
yag@shimoda. tsukuba. ac. jp

h. nakano@shimoda. tsukuba. ac. jp
kogiku@shimoda. tsukuba. ac. jp
swadasbm@shimoda. tsukuba. ac. jp
horie@shimoda. tsukuba. ac. jp
kon@shimoda. tsukuba. ac. jp

agostini. sylvain@shimoda. tsukuba. ac. jp
ben. harvey@shimoda. tsukuba. ac. jp
urume@shimoda. tsukuba. ac. jp
sato@shimoda. tsukuba. ac. jp
shibata@shimoda. tsukuba. ac. jp
ooue@shimoda. tsukuba. ac. jp
kodaka@shimoda. tsukuba. ac. jp

takano@shimoda. tsukuba. ac. jp



SEHNFEBE - PEY 7 R

irRE e a7kt s 1) 0l S e e S

EH

—5 %
N B

*{,
|

b
ES

E3

(AF7eit 2]

=L OWIEETIX, S S ERIFEEY %
MW THEE - B ORNE, #AE. EILIZBIT 2 hF
FeaATo TCWET, iR - EDOHIEZE L T,
NG PRI, Ak, &SI ER LS V-
T NSRRI AFAE S D A T =R I, WRJAV
STEF ORI D X WIFEEHED TWE T,
We study on the structure, function and evolution of
cilia and flagella by using marine organisms. Our
goal is to elucidate a universal and common
mechanism in fertilization, morphogenesis, evolution
and ecology through the study of cilia and flagella.
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We revealed that an axonemal protein, calaxin is
essential for coordinated movement of sea urchin
embyos in collaboration with Associate Prof.
Shunsuke Yaguchi and Dr. Junko Yaguchi at
Shimoda Marine Research Center and research group
at the Villefranche-sur-mer Developmental Biology
Laboratory, France. These results were published
online in Scientific Reports.
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Ciliary movemen of normal and calaxin. Morphant
embryo. Morphant showed disorganized ciliary
beating directions.
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1.  Werevealed an inverse relationship of a
regulatory mechanism in flagellar motility
between animal and plant. They analyzed the
flagellar Ca?*-response of sperm flagella of the
sea urchin Anthocidaris crassispinathe and
prasinophyte Pterosperma cristatum. Their
results support the idea previously proposed
that the difference in flagellar response to Ca?*
attributes to the evolutional innovation of
calcium sensors of outer arm dynein in
opisthokont or bikont lineage.

Sea urchin sperm Prasinophyceae
TZHEF TS5/ EO—E
Straight ( Turn
EiEE) FEE)
/\_/ ‘1/
Low Ca?* Low Ca*
BhIL T LLF BALYTLLF Y
Turn — Straight
(./1—) - .@SHU
High Ca# High Ca#
whny s hq4Fy mhny b4ty

X 2. @G LT Ty EEEDROH T T A
{RIFA) MBSO T /L & 2 Wi B3R

Inverse relationship of Ca2*-dependent flagellar
response between animal sperm and prasinophyte
algae.
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Yasunori Sasakura, Professor

[Research Summary]
The tunicate Ciona intestinalis is splendid
experimental model for genetics, because of its
relatively short generation time (2-3 months) and
established in-laboratory culturing systems that are
essential for isolating genetically modified organisms
from the ocean. The genetic group uses this tunicate
to pursue molecular mechanisms underlying
development and physiology of chordates.

Ciona intestinalis has been selected in the National
BioResource Project (NBRP), Japan. This project is
purposed to support researchers by providing genetic
resources. Our group is the core center of Ciona
NBRP, and together with Kyoto Univ. and Univ.
Tokyo we are engaged in the project collecting
trangenic lines, mutant lines of Ciona and DNA
constructs for providing them to researchers upon
request.

Figurel. Ciona intestinalis

[Topics)
1) Establishing the thyroid gland-homologous
organ in Ciona.
Tunicates possess the endostyle. This organ is
homologous to the thyroid gland of vertebrates.
Although recent studies have revealed the
transcription factor genes that are expressed in the
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endostyle, the molecular mechanisms for
constructing endostyle has not been known.

Our group recently found that Hox1 is expressed
in the posterior region of the endostyle. In Hox1
mutants, the posterior part of the endostyle is
malformed, suggesting that Hox1 is essential for
forming the posterior endostyle. Another
transcription factor gene Otx is expressed in the
anterior end of endostyle. We found that Hox1
represses expression of Otx and vice versa to create
the anterior-posterior axis of the endostyle.
Expression of Hox1 requires retinoic acid signaling.
At the larval stage, retinoic acid is synthesized in the
tail muscle and endodermal tissue near the endostyle
primordium. The larval retinoic acid signaling is
necessary to initiate Hox1 expression in posterior
endostyle. Hox1 activates expression of Raldh2, the
gene encoding synthase of retinoic acid, in the
endostyle. This mechanism reinforces Hox1
expression in the posterior endostyle.

Figure2. (Upper raw) Hox1 and Otx are respectively
expressed in the posterior (bracket) and anterior
(arrow) region of the endostyle. (Lower raw) Otx
expresses in both anterior and posterior ends of the
endostyle in Hox1-knockout animal. The
photographs are derived from Yoshida et al.,
Development 144, 1629-1634 (2017)



The anterior-posterior identity of endostyle is
necessary for the correct formation of the body wall
muscle. For example, retinoic acid secreted from
posterior endostyle via Hox1 is capable to attract
body wall muscle to elongate toward endostyle.
When Hox1 in the endostyle becomes absent, body
wall muscle fails to elongate.

Figure3. Body wall muscle (BWM) elongation. In
control animal, BWM is elongated toward the
posterior endostyle (green), which is left-bottom area
of the photo. In Hox1 knockout animal, such an
elongation was not seen. The photographs are
derived from Yoshida et al., Development 144, 1629-
1634 (2017)

In this experiment, genome editing technology was
very powerful particularly for the investigation of
Otx function in endostyle. Otx is expressed in the
nervous system at the embryonic stage, and this
expression is essential for embryogenesis. When Otx
function is disrupted, the embryos die before the
endostyle-forming stage. For investigating Otx
function in the endostyle, we needed to disrupt Otx
while keeping its function at the embryonic stage.
This was achieved by expressing TALEN that targets
Otx in the tissue- and stage-specific manner.

2) National BioResource Project.

The fourth stage of this project started from 2017.
The project about Ciona intestinalis was continued in
this stage. As the new attempt, we include plasmid
DNA s as the resource project in addition to
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transgenic/mutant lines. Because multiple plasmid
DNAs have been used to create and analyze the lines
in NBRP, plasmid resource will generate synergistic
effects on the usability and sustaining of Ciona
project. This year we provided transgenic lines 44
times and DNA resource 24 times. The manuscript
that describes positions of cell bodies and axon
projection patterns in the adult Ciona was published,
in which our transgenic line (PC2>Kaede lines) was
used (Osugi et al., PLoS One 12, €0180227). As this
manuscript suggests, our resource project is crucial
for advance of tunicate researches. Detailed
information can be seen in the following URLS:

http://marinebio.nbrp.jp/
http://marinebio.nbrp.jp/ciona/

Figured. Transgenic line of Ciona intestinalis that
expresses Kaede fluorescent protein in the nervous
system.
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Department of Marine Molecular Biology, Developmental Biology group
Shunsuke Yaguchi, Associate Professor

Our group focuses on understanding the axis
specification and the development of nervous system
in sea urchin embryos/larvae.

[Topics)
In this year, we read the draft genome of a sea urchin,
Hemicentrotus pulcherrimus, and made a database
HpBase (http://cell-innovation.nig.ac.jp/Hpul/).
This database includes “Gene Search”,

“Homology Search”, “Genome Viewer”,

“Data Download”, and “Protocols”. Transcriptome
data is also available in Gene Search and Homology
Search. Protocols will be updated with accumulation
of posts from sea urchin scientists.
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Department of Marine Molecular Biology, Evolution and Phylogeny group

Hiroaki Nakano Associate Professor

[Research Summary]

We are performing research on less studied non-
model animal groups, with the aim of gaining new
insights on the origins and evolution of metazoans
and bilaterians. This year, we described a new
species of Xenoturbella from Japan and also reported
the genetic diversity and distribution of placozoans in
Japan.

[Topics)
1)

Xenoturbella is a marine worm with a very simple

New species of Xenoturbella from Japan.

body plan, lacking brain and anus. It is a member of
the Xenacoelomorpha, a clade now accepted as the
earliest branching phylum within extant bilaterians.
Therefore, Xenoturbella occupies an important
phylogenetic position for the understanding of
metazoan and bilaterian evolution. But due to
difficulties in its collection, research on the animal is
not active.

In 2017, we reported a new species of Xenoturbella,
X. japonica, off the Japanese coast, and discovered a
new organ, the frontal, previously not known from
Xenoturbella.

We hope to gain new insights into bilaterian origins
through further research on this species.

(In collaboration with NIG, OIST, Hokkaido
University, and University of Tokyo).
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Figure 1. Xenoturbella japonica, collected off Japan.

2) Genetic diversity and distribution of placozoan

in Japan
Placozoans, lacking neurons and muscles, are the
simplest extant free-living animals. Due to their
simple morphology, classification within the phylum
is still unresolved. 19 groups, called haplotypes, are
known to be present within the phylum, but whether
they are different species remain unknown.
We invented a new method, alcohol method, for
placozoan collection, and surveyed the placozoan
population around Japan. We found that at least 7
haplotypes inhabit 12 locations, with 5 haplotypes
being first reported from Japan.

Figure 2. Placozoa sp., collected at Shimoda.
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Department of Marine Molecular Biology, Neurophysiology group

Takeo Horie, Assistant Professor

In the neurophysiology group, we are conducting the
research to elucidate the development and function of
individual neurons with the primitive chordate
ascidian as a model system. In this year, we studied
the cell linage and differentiation mechanisms of four
sensory neurons present in the ascidian larva. In
particular, we studied the differentiation mechanisms
of Bipolar tail neurons (BTNSs) present in the tail
region.

[Topics])

1) The differentiation mechanisms of sensory
neurons in ascidian larvae.

Ascidians have 4 sensory neurons derived from the
lateral plate ectoderm: palp sensory cells, PSCs (Palp
Sensory Cells), aATEN (Anterior Apical Trunk
Epidermal Nurons), pATENS (Posterior Trunk
Epidermal Nurons)and BTNs (Bipolar Tail
Nueonrs). The PSCs and aATENSs were previously
shown to possess properties of placode-derived
sensory neurons. The aATENS were previously
shown to possess dual properties of placode derived
chemosensory neurons (olfactory neurons) and
GnRH expressing neuro- secretory neurons derived
from pituitary plaocode.The BTNs and pATENS are
thought to share properties with neural crest-derived
dorsal root ganglia.
We use a combination of lineage tracing with
fluorescent dye, Dil and reporter gene expression, we
elucidated the detailed lineage of individual sensory
neurons derived from lateral ectoderm in the
ascidian, Ciona intestinalis. (Collaboration with
Princeton University in UAS).

-25

Figurel. Sensory neurons in ascidian larva
Ascidians larvae have 4 sensory neurons derived
from the lateral plate ectoderm

2) The differentiations mechanisms of sensory
neurons

The transcription factor Mab/Vab-15 is essential for
specification of lateral plate ectoderm in vertebrates.
We analyzed the Msxb/Vab-15 expression and
Max/Vab-15 is expressed in
Max/Vab-15 knock
down larvae showed completely loss of BTNSs.

function in ascidians.
the BTNs progenitor cells.
We
also analyzed Max/Vab-15 function in C. elegans,
Max/Vab-15 is
expressed in mechano sensory neurons and essential

Drosophila and Xenopus.

for differentiation of mechano sensory neurons in all
animals. These results suggested that Msxb/Vab15 is
essential for differentiation of sensory neurons across
bilaterians..

(Collaboration with Tsinghua University in China
and Princeton University in UAS)

Figure2. Expression of Msx/Vab-15 in the bilaterians.
Msx/Vab-15
bilaterians.

is expressed sensory neurons in



Figure3. Msxb/Vab-15 knock down larvae showed
loss of BTNs. Upper panels: wild type larva. Lower
panel: Msx/Vab-15knock down larva. BTNs were
labeled by the GFP reporter gene expression. White
arrows indicate BTNs. Msx/Vab-15 knock down
larva lost differentiation of BTNSs.

Publications

1. Li Y*, Zhao D*, Horie T*, Chen G*, Bao H,
Chen S, Liu W, Horie R, Liang T, Dong B, Feng
Q, Tao Q, Liu X. *Equal contribution.
Conserved gene regulatory module specifies
lateral neural borders across bilaterians.
Proceedings of the National Academy of Sciences
of the United States of America 114, E6352-
E6360 (2017)
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Tomatsuri M, Kon K.

The long-term effects of ocean acidification on
the prey searching behavior of muricid
gastropod Reishia clavigera.

The 3rd Asian Marine Biology Symposium,
Kumamoto, November 3-5, 2017.

Tomatsuri M, Kon K.

The effect of ocean acidification on the prey
searching behavior of the carnivorous
gastropod.

Tsukuba Global Science Week 2017, Tsukuba,
September 25-27, 2017.
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Tomatsuri M, Kon K.

The effect of ocean acidification on the prey
searching behavior of the carnivorous
gastropod.

International Workshop Assessing the Effects of
Ocean Acidification on East Asian Ecosystems,
Shizuoka, July 25-26 2017.
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Department of Marine Ecology, Biodiversity group

Koetsu Kon, Assistant Professor

[Research Summary]
Our group is trying to elucidate community
organization mechanisms in various coastal habitats,
including rocky shores, sandy beaches, mud flats, salt
marshes, and mangrove forests. This academic year,
we assessed the role of sessile bivalves in rocky
shore communities and the impacts of ocean
acidification on the behavioral ecology of
gastropods.

[Topics)

1) Role of sessile bivalves in community
structuring in intertidal rocky shores.

The present study aimed to clarify the habitat
function of empty shells from dead oysters
Saccostrea kegaki for the benthic faunal community
of an intertidal rocky shore. We evaluated whether
macroinvertebrates used the shells as a habitat.
Results demonstrated that limpets (the dominant
macroinvertebrates at the study site) did so more
frequently than they inhabited live oysters, other
sessile organisms, or rock surfaces. The dead oyster
shells successfully functioned as a refuge from
predation and as a nursery for limpets, because of
their structural complexity (the presence of a
depression on the inner side of the shell). Therefore,
our study demonstrates the importance of dead S.
kegaki, a shell-forming foundation species, and
illustrates that the structural complexity of such
species might result in habitat functions upon their
death.
2) Impact of ocean acidification on feeding/refuge
behaviors of Vayssierea felis.
This study aimed to examine the impacts of ocean
acidification on feeding/refuge behaviors of
Vayssierea felis. We compared the effects of
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acidified and controlled seawater conditions on their
accessibility to food and the escape rate from
predators. Results revealed that both behaviors
declined significantly under the acidified seawater
condition. Accordingly, our findings demonstrated
that ocean acidification could disrupt not only shell
calcification but also sensory and behavioral
responses of gastropod species.
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Our laboratory studies the eco-physiology of marine
organisms, especially under present and future
conditions. Special attention is ported to warm
temperate coral communities as these are rapidly
changing under climate change and ocean
acidification. We use a combination of field studies
including long term monitoring, natural analogues
and field experiments and laboratory experiments.

[hE> 7 2]
1) Monitoring of Warm Temperate Coral
Communities in lzu and around.

Since 2013, we have been monitoring several warm
temperate coral communities in 1zu and elsewhere.
These communities may represent a future thermal
refuge for scleractinian corals that are under
increasing threats in the low tropical and subtropical
latitudes where recurrent high temperature has been
causing massive bleaching events and mass mortality
of corals. But our knowledge of the eco-physiology
of already established communities in higher
latitudes is still poor. By monitoring established
communities, we identified physiological processes
such as cold stress induced bleaching, ecological
drivers such as competition with algae and other yet
undescribed drivers such as recurrent disease
outbreak, that will certainly play an important role in
determining the future evolution of these
communities in a high CO world. Monitoring is
being done in collaboration with the local
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communities to increase the awareness on the
importance of warm temperate coral communities
and to develop effective conservation strategies.

1. Warm temperate coral community in
Katsuyama, Chiba, Japan where corals and kelp
cohabit. Photo by Nicolas Floc’h, artist aboard Tara
during the Japan Leg.

2) Tara Pacific Expedition and the Japan Leg.

The Tara Ocean Fondation (formerly Tara
Expedition Fondation) is a French NPO dedicated to
the study and conservation of marine ecosystems.
After conducting several successful project in the
Arctic (Tara Arctic Expedition), on plankton (Tara
Oceans Expedition), and on marine microplastics
(Tara Mediterrannee), the foundation organized the
Tara Pacific Expeditions in partnership with the
French CNRS, CEA and many others international
institute including the University of Tsukuba. This
expedition is dedicated to the study of coral and coral
reefs under increasing pressure from climate change
and increasing human population. The Pacific
expeditions includes sampling of coral, plankton and
seawater along two transects crossing the Pacific
Ocean. In Japan, the sampling was performed in
Ogasawara and Sesoko Isld (Okinawa).



2. Japanese sites visited by Tara in 2017 for
educational events and scientific studies.

In addition, topical studies were organized including
in Japan where in collaboration with Kochi
University, Miyazaki University, the University of
Tokyo and the CRIOBE, France, we studied the
evolution of coral, algal and fish communities along
a latitudinal temperature gradient and a CO; gradient
by making use of the CO- seep of Shikine Island and
Iwotori Island, to gain insight on the extent to which
warm temperate ecosystems may be tropicalized.
The visit of Tara in Japan was also the occasion for
various events across Japan including scientific
symposia and outreach events towards children and
adults. Tara projects also includes an arstistic
component and one Japanese artist, Maki Ohkojima
was on board of Tara from Guam to Kobe and
Nicolas Floc’h, French artist and underwater
photographs joined the scientific team on board of
Tara during the Japan Leg.

3) Response of coral communities to ocean
acidification.
The increase in atmospheric CO; is leading to an
increase in temperature but also a reduction in
seawater pH and a shift in the ocean carbonate
equilibrium towards conditions unfavourable for
coral growth. This phenomenon is referred to as
ocean acidification. The study of the physiological
response of corals to ocean acidification on a short
time scale is possible in the laboratory but the study
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of their chronic responses and indirect effects on
their growth and recruitment is not possible. The
discovery of a CO> seep in Shikine Isld, a natural
analogue for ocean acidification allowed us to study
the chronic and indirect effects of ocean acidification
on corals.

During 2017, we identified physiological
characteristics of coral species resilient to ocean
acidification. We showed that resilient species had
higher mitochondrial activities per biomass
suggesting that these species are able to allocate
more energy towards skeletal growth than less
tolerant species. This result was confirmed for
tropical coral species at a CO; seep in Papua New
Guinea in collaboration with a team from the IRD
New Caledonia.
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1. Agostini S.

“Tara Pacific - Japan Leg: Insights on the
Tropicalization Mechanisms of Marine
Ecosystems’.

Oral presented at the Japanese Coral Reef
Symposium 20th meeting, Tokyo, November
24.2017.

Agostini S.

“Tara Pacific Japan Leg’.

Panel Discussion presented at the
Mainstreaming Biodiversity Towards Achieving
Aichi Biodiversity Targets and SDGs, Tokyo,
June 21. 2017.



Agostini S.

“Tropicalization of Coastal Marine
Ecosystems: From Macroalgae to Corals?’
33rd International Biology Prize, Tsukuba,
December 5-6 2017.

Agostini S, Nakamura Y, Nugues M, Roux N,
Fukami H, Kitano Y, Yamamoto S, Lecchini D.
“Tara Pacific Japan Leg: Tropicalization of
Marine Ecosystems under Climate Change and
Ocean Acidification’.

COAST Bordeaux 2017, Bordeaux, France,
October 10. 2017.

Yamazaki W.

“Thermal Limits of the High Latitude Coral
Porites Heronensis’.

Oral presented at the Japanese Coral Reef
Symposium 20th meeting, Tokyo, November
24. 2017.
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Poster presented at the Japanese Coral Reef
Symposium 20th meeting, Tokyo, November
24.2017.
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Our investigations aim to elucidate the mechanisms
that underpin the effects of living in a *high CO»
world’. Our laboratory is using a combination of
field surveys and in situ experiments at CO, seeps in
Japan and Europe to investigate the effects on marine
organisms and their habitats. In this year, we focused
on the effects of ocean acidification on calcification
mechanisms and community succession.

[FEwY 7 R]

1) BEMAb 5| & 23 OBMRITAE RO A7
IZE > TEBE D

Biomineralisation is the process by which calcifying
marine invertebrates construct calcium carbonate
shells and skeletons. Now while this process is
biologically controlled, environmental factors such as
pH can potentially affect it as well. The impact of
ocean acidification on the ability of individual
species to calcify has remained elusive, partially
because previous studies have only reported net
calcification. Consequently, this often makes it
unclear whether reduced levels of calcification are
being driven biologically (e.g. reducing calcification)
or by the physical environment (e.g. aragonite
undersaturated waters causing passive dissolution).

In this research we investigated the large predatory
“Triton shell’” gastropod Charonia lampas in
acidified conditions near CO, seeps off Shikine
Island (Japan) and compared them with individuals
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from an adjacent bay with seawater pH at present-
day levels (outside the influence of the CO- seep).
D E

X 1.
reference site, pHr 8.14 (D), and at the elevated

Representative Charonia lampas at the

pCOs; site, pHr 7.81 (E). Note extensive coverage of
encrusting organisms and intact apex region. At the
elevated pCO:; site shells had a smooth bare shell
surface and severely eroded apex regions (arrow).

By using computed tomography, we show that
acidification negatively impacts their thickness,
density and shell structure, causing visible
deterioration to the shell surface. Periods of aragonite
undersaturation caused the loss of the apex region,
exposing body issues. While gross calcification rates
were likely reduced near CO; seeps, the corrosive
effects of acidification were far more pronounced
around the oldest parts of the shell. As a result, the
capacity of C. lampas to maintain their shells under
ocean acidification may be strongly driven by abiotic
dissolution and erosion, and not under biological
control of the calcification process.

2) A sstudy into the role of community succession in
determining community-level responses to ocean
acidification

Anthropogenic global change has given rise to a

wide variety of processes that can bring about

dramatic, abrupt changes in the structure and
function of ecological communities (termed regime
shifts). These shifts result in habitats that typically
possess less ecological, functional and human value
compared to the pre-existing habitat.

We had previously assessed the responses of
coral and algal habitats along a gradient of CO, using



natural CO- seeps at Shikine Island, Japan. We had
found that the study area is comprised of rocky reef
habitat with the reference pCO; area being
characterised by a mixture of both canopy-forming
fleshy macroalgae and zooxanthellate scleractinian
corals, whereas the elevated pCO; area (that is under
the influence of the CO; seep) was characterised by a
mat of turf algae. In order to understand the
mechanisms driving these ecological community
shifts, this year we used settlement plates to
investigate the role of early-stage community
succession in determining climax communities found
under high-CO, conditions.

2. (Top) Example settlement plate from
reference (300 ppm), mid-CO; (400 ppm) and high-
CO- (900 ppm) site, showing the changes in
alternative trajectory for species under ocean
acidification. This shows a loss of calcified algae,
and an increase in microalgae under increasing COs.
(Below) The change in communities as illustrated by
an nMDS plot based on Bray Curtis distance.

Our research suggests a profound shift away from
important calcareous species, towards more
simplistic ecosystems dominated by microalgae and
turf algae. This suggested that the trajectory of
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communities during succession will differ when
under present-day conditions and future predicted
conditions of pCO.. Such changes will have
important implications for ecosystem functioning.
as well as the goods and services that we derive from
our oceans.
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1.  Brown NE, Milazzo M, Rastrick SP, Hall-
Spencer JM, Therriault TW, Harley CD.
Natural acidification changes the timing and rate
of succession, alters community structure, and
increases homogeneity in marine biofouling
communities.

Global Change Biology 24, 112-127 (2018)
Castro MCT, Hall-Spencer JM, Poggian CF,
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Ten years of Brazilian ballast water
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Journal of Sea Research 133, 36-42 (2018)
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Elucidating the small regulatory RNA repertoire
of the sea anemone Anemonia viridis based on
whole genome and small RNA sequencing.
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(2018)
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Assessing larval connectivity for marine spatial

planning in the Adriatic.

Marine Environmental. Research 125, 73-81
(2017)
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Agriculture production as a major driver of the
Earth system exceeding planetary boundaries.
Ecology and Society 22, 8 (2017)
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Ecophysiological responses to elevated CO2
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Climatic Change 142, 67-81 (2017)
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Inorganic carbon physiology underpins

macroalgal responses to ocean acidification.
Scientific. Reports 7, 46297 (2017)
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Effects of ocean acidification on the shells of
four Mediterranean gastropod species near a
CO2 seep.

Mar. Pollution Bulletin 124, 917-928 (2017)
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Ocean warming and acidification prevents
compensatory response in a predator to reduced
prey quality.

Marine Ecology Progress Serries 563, 111-122
(2017)
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North Atlantic rhodolith/maerl beds.

In: Rhodolith/maerl beds: A Global Perspective.

(eds. Riosmena-Rodriguez, R., Nelson W. and
Aguirre J.)

Springer, Coastal Research Library. (2017)
Lemasson AJ, Fletcher S, Hall-Spencer JM,
Knights AM.

Linking the biological impacts of ocean

acidification on oysters to changes in ecosystem
services: A review.

Journal of Experimenta Marine Biology and
Ecology 492, 49-62 (2017)
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Sensory qualities of oysters unaltered by a short

exposure to combined elevated pCO2 and
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