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Goal & Objectives

A Goal: Understand the vulnerability of Arabian Gulf marine
biodiversity to climate change

n Evaluate the current status of marine biodiversity and fisheries in the
Arabian Gulf;

n Assess the impacts and vulnerability of marine biodiversity and
fisheries to climate change



This talk

Global overviewof climate impact®n marine biodiversity
and ecosysterservices;

ArabianGulf marine biodiversity and their vulnerability
climatechange,;

ArabianGulf marine fisheries and their vulnerability
climatechange,

Options forclimaterisk-reduction.
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Biodiversity in the oceans

A Home to 2,260,008escribed eukaryotic species, includdiy
animal phyla,l4 ofwhich are exclusivelynarine;

A Contributeto vital ecosystenservices.
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Importance of fisheries for human society
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Fisheries landings
generated arourfiiL00
billion USD peryear,
supportindivelihood of
aboutlO1 12% ofthe
w o r Ipapdlagion
directly or indirectly;

Provide 2.9 billion
peoplewith > 20%o0f
their animal protein
needs.



Human impactson marine ecosystem:
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What doesCO, emissiondo to theoceans?
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Climate change impacton marine resources

Climate

m Increasing global
mean temperature

m Ocean acidification

m Change in frequency
and severity of extreme event

m Change in biogeochemical
structure (vertical stability, currents,
physico-chemical composition...)

Effect on spatial
distribution

m Habitat change
(Poleward shift and deepening)

m Species invasion and local
extinction

Effect on phenology

progast =54

t

m Change in producers blooming
m Change in life cycle
m Change in predator prey interaction

Effect
on physiology

m Change in photosynthesis
activity, respiration

m Change in the biological

key parameters (growth,
reproduction, mortality, nutrition)

Effect on structure
and dynamic of food webs

m Change in species assemblage

m Change in trophodynamics
(productivity and catch potential)

m Change in resilience (regime shift)

Human impacts

m Overexploitation

m Pollution and habitat destruction
Introduction of alien species

\

ffect on fisheries

(e

catch, landed value,
food security and
employment




Climate-shifted
Polar distribution

Ocean
Warming

Depth




Projecting climate impactson marine
biodiversity and fisheries

Earth System Model
projections

Biology and ecology of fish stocks

/ A Occurrencerecords
A Fisheries data
Species distribution A Habitat preferences and data

models

Predicted future
distribution,
species richness

and catches




Marine biodiversity pattern explained by temperature
ands peci es Qtrategreg r ma |

A> 103,000=xtantspecies
(> 100 millionrecords)
from phytoplanktongo
marinemammals;

APatternof species richness
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Example: Small yellow croaker
(Larimichthys polyactig

Original (static) distribution Distribution after 50years
(Climate projection from NOAA/GFDL CM 2.1)
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Species invasiorand local extinction

A>1000 spp of
exploited marine
Invertebratesnd
fishes;

ARangeshiftslead
to species
Invasion and
local extinction;

A1000species;

A 2050srelativeto
2000s, RCB.5

Cheunget al. (2009);
Jones and Cheur{g015)




CHANGE IN MAXIMUM CATCH POTENTIAL
(2041-2060 COMPARED TO 1971-2000, RCP 8.5)

<50% -51 1 -30% -31 1 10% -10 7 6% -5--1% T 4% 51 19% 20 7 49% 50 i 100% > 100 %

Cheung et al. Update of IPCC (2014) Wih!




Scaling between atmospheric warmingnd
fisheriesimpacts

Maximum catch potential Speciedurnover
3,400,000 tonne°C-1 - 6.7 % °C-1
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CHANGE IN MAXIMUM CATCH POTENTIAL
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This talk

Global overviewof climate impact®n marine biodiversity
and ecosysterservices;

ArabianGulf marine biodiversity and their vulnerabilitly
climatechange,;

ArabianGulf marine fisheries and their vulnerability
climatechange;

Options forclimaterisk-reduction.



Data collection T Fish species in Arabian Gulf

A Wehavecharacterizedmarine [ wwfishbaseorgidentiicaion/fegionSpecieststphpre code=10¢
biodiversity for 834 fish species,based
on initial discussionswith stakeholders,
and have incorporatedthis information
into anonline databaséor easyaccesdy

stakeholders theregion

Class: Actinopterygii
Order:Perciformes
Class: Actinopterygii Family: Acanthuridae
Order:Perciformes
thuridae

Class: Actinopterygii
Order:Perciformes
Family: Acanthuridae

Family: Acan

A The databaseincludes pictorial
depictions, whergossible;

Acanthurus xanthopterus

A The database cen be sored by family, o s oo
speciespr phylogenetidree; 7

thuridae

Family: Acanthuridae Family: A

A Seleded 50 spedes with consulgtion il i
with stakeholder$or furtherstudy.

o s
Order:Perciformes Order:Perciformes Qrder-Perciformes

33



Data collection T Non-Fish species in Arabian Gulf

A We havealso characterizednarine biodiversity
for 558 non-fish species, based on initial
discussions with stakeholders,and have
Incorporatedthis information into a separate
online databasdor easyaccesdy stakeholders
In theregion

A The databaseincludes pictorial depictions,
wherepossible;

A Available at the following website:
http://www.sealifebase.org/

A Seleded 7 nonfish spedes with consulttion
with stakeholder$or furtherstudy.

Modfispre  Legegs | Fesdek Citsion Uloxd | Refstespecies.  Search e
Dugong dugon
dugong

Upload your g

Classification
Mammalia | Sirenia | I
Common names | $ynonyms | CoL | ITIS | WoRMS

Main reference
of. 936)
References | Biblio

tor | Collaborators

Size | Weight / Age
Max length : 303 cm TL male‘imsexed; (Ref. 1394); max. published weight: 400.0 kg (Ref. 1394)

Environment
Benthopelagic; depth range { - 200 m (Ref. $1173), usmally 1 - 40 m

Climate / Range
Tropieal; 30°N - 37°8, 32°E - 178°W

Distribution

Indo-Pacific: Dngong dugon hemprichii: Red Sea, Aqaba, Snez Canal; Dugong dugon dugon: Gulf of Aden,
Mozambique, Persian Gulf, Pakistan, India, Myanmar, Malay Penmsnla, Gulf of Thailand, Vietnam, Gulf of
Tonkm, Comoros, Madagasear, Maunts, Rodnguez, Sn Lanka, Andaman [slands, Indonesia, Byukyn

Biology Glossary Search | s

36); m bays and channels (]

areas with warm shallow water, mshore and reafal seagrass J .
£20.5 m recorded from Aunstralia (Ref. 81173).

1394). Feeds on seagrass (Ref. 926), hMaxmum dis
Found i mehore waters, m bays and chanmels (Ref 5 areas with warm shallow water, mshore and
reefal seagrass beds (Ref. 936), particularly on fme sand (Ref. §6921). Occnrs m small groups of up to &
mdrviduals; thongh, an exception of 2 herd of to 600 individnals was once recorded between Bahram and
Qatar (Ref. 801). Feads on 2 vanety of seagrasses (Ref. 936). Prayed npon by tizer sharks (Ref. 49338)

IUCH Red List Status (Ref. 06402) CITES status (Ref. 04142) Threat to humans
. Vulnerable (VU) (A2bed) Appendix [;

International trade banned
Human uses

Fisheries: of no interest
FAO(fisheries: | FisheriesWiki | Sea Aronnd Us

More information

Internet sources
HL |BOLD Systems | Che



http://www.sealifebase.org/

Data collection T Habitats

A We have also focused on _' Mangroves
certainhabitats,namelycoral B coral reet
reefs,seagrassemangroves L EE Seagrass

A N

A We have developeda series -~ N
of maps, basedon publicly -
available sources and local b %
data tha characterizethe Y : :
spetial  distribution of these B s S A
habitats; g"‘{g e i

A ”f { V4

A These maps are used as (A F . A

iInputs in modeling the M"‘."g;,‘(w\m«,!

distributionof i p r 1 dighi -
andcharismatispecies



Materials andMethods

Environmental datasets

Global coverage

120°W60'W 0 60 E120 E

120 W60 W 0 60 E120 E

1200 W60'W 0 60 E120' E

Bottom

120 W60 W 0 60 E120 E

Bottom

Parameters: temperature, salinity, Chl a, POC, bathymetry, oxygen concentration,
euphotic depth, nutrients concentration

Resolution: annual average (1950-2010) for a grid of 0.25A0f resolution. Vertical

resolution: Surface and Seafloor (if available)
Source: GEBCO, NOAA (World Ocean Atlas 2013b), NASA



Materials andMethods

Environmental datasets

Regional coverage

~
9V Tsuface temperature (°C) Bathymetry (m)

50 B suface Salinity

Parameters: temperature, salinity, bathymetry from regional model (of spatial
Resolution), Chl a, POC, oxygen concentration, euphotic depth, nutrients
concentration

Regridded using a spline interpolation with regional model values

Resolution:

Space: 0.0275A
Time : mean values for 2 0 0 0260s5, 2 ® ® OCatdsannual value (1950-2000)
Vertical resolution: surface and bottom (if available)



Materials andMethods

Biotic datasets

Source: Ocean Biogeographic information system, Global Biodiversity Information
Facility and Fishbase

Type: Occurrence data

Metadata: For each species: Taxonomy, habitat, size, trophic level, IUCN index



Materials andMethods

Concept of the environmental niche: (Hutchinson, 1957)

= A

Frequency of occurrence
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Value of ecogeographical variable
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v

Environment experienced
by the species

All the environmental
possibilities offered by the
biosphere



Materials andMethods

Concept of the environmental niche: (Hutchinson, 1957)

Frequency of occurrence

mg mg
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Value of ecogeographical variable

= Environment experienced__
by the species

o

All the environmental
possibilities offered by the
biosphere

Y A Species abundance

Ymax:

>

G
f Reproduction
Inferior | : Range : Superior

Lethal Range Growth Range

Feeding Range

Tolerance Range



Materials andMethods

Environmental envelope models:

Example for Chelonia mydas

1)

Observation of the species

Characterisation for each
observation of the most accurate
environmental conditions
influencing the distribution of the
species

x10°

3) Quantification of the environmental
range of the species for each

parameters

Bathymetry (m)

SaNWEOOD

3132 33 34 3536 3738
Salinity



Materials andMethods

Environmental envelope models:

4) Modelisation of the fundamental niche of the species:
Prob (occurrence)=f(Environmental condition)

£ g x10° > g_;
g 4 B 02
g : — £
‘ 031 32 33 34 35 36 37 38 9.9,,,:3210 2233
Salinity Mo, !
Model: NPPEN, ENFA, Bioclim In a multivariate environmental

l dimension

5) Projection of the niche at a global
scale to test and calibrate de

i~~~ Al Al

Rescale at a
regional level

for2 0 0 0280s5,0 6
and2 090606s.

~ Prob ioccurrence) ’ l

0 0.1 0.2 03 0.4 0.5 0.6 0.7 . £ 1




Modeling results- Current day species richness (earlys@lentury)

Model simulation®f current day species richness vabgsnodel,with the
NPPENpredictingthelowest level per area aitNFA thehighestlevel.

BIOCIM NPHEN ENFA

Species Richness(BIOCLIM): Beginning of the century

Species Richness(NPPEN): Beginning of the century Species Richness(ENFA): Beginning of the century

Speciegichness



Modeling results T Shifts in spatial distribution
of priority fish species

2000 (CurrenbDay)

spe

A Projected mapf habitat suitability
under curren(2010)andfuture
(2050and2090) distributiongor
each species under climate change
(multi-modelaverage);

A E.g.,Spanish mackerel
Scomberomorousommersominder
thel P C Bépmesentative
Concentration Pathwag.5
(RCP8.5).

Habitatsuitability



Modeling results - impactsto s p e c ihabgabs

e in Habitat suitability for Biodiversity : 2050s

A Most of theArabianGulf is
predictedo experiencedecrease
In habitat suitabilityfor the priority
species under climatihange;

A Deteriorating habitats are
particularly focusedn the south
and southwestern areafsthe Gulf.

Loss  Habitatsuitability Gan



Modeling results i turnover of priority species
by 2050 and 2090

2050s

Change in Specie:

A Themodeloutputspredicted
high ratesof local extinctionn
the ArabianGulf due taclimate
changeaoy the 2090s in the
RCP8.5scenario;

A By 2050,local extinctionis
concentrated alonitpe
southwest coasthile species
gains are predictad the
northerncoast.

<= ExXNncNon Invasion ==

46



Climate change impacts on Dugong hablt@EBCPS 5)

,__,; -

Habitatsuitability

A Decreasén habitat suitabilityfor dugongparticularly
In southwestern padf its range.



Climate change impacts on green turtle habitglRCP8.5)

Habitatsuitability

A Deaesse in habitat suitability for green turtle, particularly in
southwestern padf its range;

A Howeverthese maps mainly represéimé foraginghabitat.



