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Where Coral ?
-

1 oy

> 100 Countries

) . o F . Mllllons of people live near reefs
3 ﬂ H and depe.nd on them
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Fishes = How many battalions ?

COASTAL
SPECIES

11000

Species

REEF ﬁ
NON OBLIGAT

REEF SPECIES 1200

\ Mangroves

None of their life cycle] Seagrass & Algae Beds
occurs on coral reefs | pelagic

\

v




Life cycle of a reef fish

s —

| 10 000 000

= ._~.ouuction
— e

Recrutment

the duration of the larval cycle is called
Pelagic Larval Duration (PLD)



No of SPECIES

Wihyv were we interested
B Fish glelbal eiversity ?

SAD

RAD

ABUNDANCE (log)

ABUNDANCE SPECIES RANK

Explain local abundance according to both LOCAL & REGIONAL factors

Include intrinsic factors (Life-history traits)



ABUNDANCE

SMALL ISLAND

_____ MEDIUM ISLAND

—— LARGE ISLAND

e
A
i

SPECIES RANK

ABUNDANCE

X — LOW LATITUDE
N —.—.- HIGH LATITUDE

ABUNDANCE

" —

SPECIES RANK

SMALL ISLAND LOW LATITUDE

LARGE ISLAND HIGH LATITUDE

pre—— | — e . e

SPECIES RANK



ABUNDANCE

ALL SPECIES
CARNIVORES
HERBIVORES
PISCIVORES
PLANKTON FEEDERS

ABUNDANCE

LARGE ISLAND

SMALL ISLAND

SPECIES RANK

1

@

Knowing the Life History Traits of species

Finding out about assembly rules for species & traits

Access reliable abundance data

SPECIES RANK

3 year
program
. GASPAR

Access data on the physical, biogeochemical and human factors

—
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Checklists (165) — 6300 teleost species

.J‘ To)
% o'
o 8 ®8o0
® %% .« ©
o .. “? Aj’:'i( e
b C °s8
= L o
o ©° Ly
LHT: Diet, Size, Schooling, Home Range, Level in the water
Other traits for some species (PLD; growth; depth range and so on)
Physical , biogeochemical & human related data
Island and coral reef size SST, salinity, chlorophyll and so on

Island isolation Human density

Geomorphological diversity of coral reefs MPAs : location, surface, status




Field Observations (UVC) (1.5 million records + ~ 1 million additional )

O REGIONS FOR WHICH THE TEAM HAS DATA O OTHER REGIONS POTENTIALLY AVAILABLE
Q °C 5 o © o0o0g
O 0. o° 80 00 © o
o © %@ SO A > %

»12 000 transects Species composition

—_—

Abundance
— Biomass ; ~ Production

Size distribution

—

Benthic landscape



Biogeogra J:ﬂjﬂ@c <

81

t

Heigh

i |

Need for a globalframework to organjze o

:’. § ’_‘,-Ib
Existing limits (e.g/ Spalding &t'al

¥
; ¢V
6300 species
Indo-Pacific realn R: 4810 E: 4639 Tropical Eastern Pacific realm  Rr.s570 E: 432
Disimilarit
Y gsfern Indian region R:2241 E: 537 I Tropical Eastern Pacific region  R:570 E: 432
gk North-western Indian province R: 1184 E 113 s Offshore TEP province R: 401 E 8
¢ Westem Indian province Ri2047 E:297 & Continental TEP province R450  E:152
I Central Indo-Pacific region R: 3689 E: 990 .
3 Realms Atlantic realm R: 1151 E: 1056
6 re IOhS B  Central Indo-Pacific province R: 3689 E:990
g - [ Western Atlantic region R:891 E:719
14 provinces B Central Pacific region R:2911 E:516 & BBy s e
% Central Pacific province Ri2305 E: 116 B Atantic islands province R E 24
@  Polynesian province R1076 E: 66 ©  south-western Atlantic province R:35 E: 67
#  South-western Pacific province R:1809 E: 104
#  Hawaiian province R 564 E 74 Il Eastern Atlantic region R:403 E: 241
A  Easter province R: 146 E: 36 @  Eastern Atlantic province R:403 E: 241

Mouillot et al. . 2013 The challenge of delineating biogeographical regions: nestedness matters. Journal of Biogeography



Total richness

[57,218)
[218,417)
[417,587)
[587,735)
[735,923)
[923,1117)
[1117,1446)
[1446,1910)
[1910,2354]

EO000000O0OM@

For each cell:  Species composition
Life-History Traits distribution
Physical and biogeochemical factors

Human associated data



Global patierns and prediciors of reer fish diversity

Few and easily accessible variables are enough to accurately predict the richness

of reef-fishes at global scale
Observed

-
_éé E.a
\

I3

B ) B I B e

<200  201-240 241-314 314-440 441-560 561-650 651-800 801-930 931-1300 >1300




Coral reef area was the most inflential variable, followed by evolutionary history,
energy, connectivity and the mid-domain effect

Relative influence (%)

0 10

20

30 40

Basin

—

i

Coast length -
Connectivity -

Distance to MD HH

SST range HH

mean SST i

Area hypothesis (47%)
Evolutionary history (27%)
Energy hypothesis (11%)
Connectivity hypothesis (9%)
Mid-Domain effect (6%)



More about interactions.... direct and indirect effects

Results of a Structural Equation Model (SEM) which allows to disentangle direct

effects from indirect ones by combining several equations within the same model

0.01

Basin
-0.05
I
‘ 0.27
0.22 l 0.16
. -0.14 .
Richness Distance MD
0.12

mean SST k—>{SST range

0.02

0.07

Area hypothesis
Evolutionary history
Energy hypothesis
Connectivity hypothesis

Mid-Domain effect



The role of live-history traiis
Several of the previous hypotheses imply
an important role for:

1- dispersal capacities

2- colonizing capacities

These capacities were known to be linked to

SIZE
PLD
GEOG RANGE (AOO)

We analyzed the relationships between
these parameters taking biogeographical
realms into account

Maximum linear distance in geographic range (km x 109)

a Indo-Cenfral Pacific 4 . 20 o°°

Log body size (cm)



Two major strategy types for Dispersion + Colonisation

S N

SR
Island A Island B
Strategy | Strategy 2
Massive but rare egg batches I:> Small but frequent egg batches
—

Long PLD Short PLD
Adults: Habitat Generalists ) Adults : Habitat Specialists ()
Adults : Diet Generalists Adults : Diet Specialists




The role of evolutionary history

During ice-age periods coral reefs « shrink », sea level goes down

d =

Today Lowest Sea Level during the quaternary

conditions favorable to coral reefs too cold
unfavorable salinity




A Past coral reef area

N
o

Frequency of refugia
(there were many
changes during the last 3
MY — 1 value each 1000
years)

Square degree

B Isolatlon from refug|a
Distance of each cell to B B -
the nearest refugia.
Average over 3 MY

Kilometers

N

Number of species §°

Today’s distribution of
reef fish

w0
~1



A All Species s B Labridae

Species richness S &
7] [aN)
decreases with distance to -3 .
O 3 i 3
refugia. This distance s 2 .
explains™~ 60% of the ° s o~ o |
] : ; : 8 87 ® -
spatial distribution of £~
today’s reef fish < g S°INS gty 2
P I .
. vl v ) Rl X R

' 7(‘3 160 2(50 360 4(50 560 6[I)0 760 _(l) 1(|)0 260 360 4(I)0 560 660 7(IJO
D Damselfish

Colonizing capacity is S -
essential to explain the

present day diversity
distribution

s > " “-,: \ ;
R “’.«“N‘_l“

"\

* Short PLDs

Number of species
30

T T T T T T 1 I I T T T T 1
0 100 200 300 400 500 600 700 0 100 200 300 400 500 600 700

Isolation from refugia (km) Isolation from refugia (km)



Age difference (Myr)

Pl

Long PLDs Average PLDs Short PLDs

A Labridae B Butterfly fish ¢ Damselfish
o Y - 10 o 2 !‘.i... .

20

15

5

0

YO % oo oo ° Qo) oy
° ° ® . o %o ¢
o - (] ° w0 - ° [ ] [ °
T T 1 I T T T T 1 [ I T I T !
100 200 300 400 500 600 700 0 100 200 300 400 500 600 700 0 100 200 300 400 500 600 700

olation from refugia (km) Isolation from refugia (km) Isolation from refugia (km)

Measure of the dispersion of species ages (différence between the 95t
and the 5% percentile for each site) within each geographical cell

The further away from refugia and more ages tend to be similar

The slope is proportional to average PLD



Hypothesis: all reef fish assemblages function along the same principles
and therefore should have the same structure on any reef in the world

-

The proportion (% of all local species) of a group — e.g. herbivores — is
the same everywhere

x Limit of Neutral (null) model
e (random sample) ] ,
= Site or region
> O or geographical cell
8 o ‘ ” / o
(72)
T O ® © O o o
@ ©e0 ¢ S AP, B i
=l et e el e s e e YT,
e o % ® o & 3 o g ©
O @)
(0] P Distance to the Neutral model

Species Richness

Unpublished work — submission end 2014



Some example from the Indo Pacific

o _|
2
Plankton Feeders Herbivores
L ONE S
O p—
I I I I I | [ [ I I
0 500 1000 1500 2000 0 500 1000 1500 2000

Number of Species / Site

Species <7 c¢m Species 50-80 cm

20

I [ [ | [
I [ [ | I
0 500 1000 1500 2000 0 500 1000 1500 2000

Number of Species / Site



Family based

Size-dominated deviation

Diet based

|| Diet-dominated deviation

IT"FH_@'&&%%YH?H@AHW“ of all
deyiatigntrortdisitalwasyy
mgapeed &preaerrsallly

%" within a realm

=’"  Trophic structure is the
furthest from the Neutral
model in regions with

= high div ersity

= 001

S "® Size Structure is the furthest
from the Neutral model in

= isolated and peripheral regions

E 0.01

Trophic and Size Structures have
1 geographically distinct distributions



a)

Reef< 125 D .',5%{’ : b % “i, :‘7.
Atlantic/TEP ' o “ A \ P

Reef > 125 . ' ? - A G| I ! Ty
ar LT e m {

SST <284 i
Indo-Pacific

SST>284
0 0O O O 1—|—|
0 Rz 53 59 fcdh iisopk fcd h iis opk fc d h iis opk fcdh iis opk

FC: Piscivores D: Detritus H: Herbivores I: Carnivores

Feeders

IS : Sessile carnivores O: Omnivores PK: Plankton Feeders

No significant effect of island size or isolation, therefore of physical
connectivity, on trophic structures



b)
Reef < 202

Atlantic/TEP |:| T
Reef > 202 |:| ! - :
SST<25.7 0
Reef < 155 [] pt -
SST>25.7 |:| P o
Indo-Pacific Iso > X37 1 >
Reef > 155

0 29 38 46 51 54 57 123456 123456 123456 1234,56 12345¥ 123456
1 ¥

RZ
1:<7cm ;2:8-15cm: 3:15-30cm§_4:30-50cm; 5:50-80cm; 6: @

« Isolation » : combinaison of distance and size of the nearest
islands, therefore a proxy of physical connectivity

Physical connectivity plays a significant role in the size structure
of reef fish assemblages in the Indo-Pacific



Froim Species ©o Function

Why are we interested in functions ?

Do functions have the same distribution as species ?

A

-*5‘ l Al: 1 species €—2> 1 function

2

ke % B: increasing redundancy as

S % A, species richness increases

]

5

- C: ecological threshold beyond
C which functions are more

Low Medium High diversified

Species diversity

from Michaeli & Halpern 2005

Kulbicki et al. in press Patterns and processes linked to body size. C.Mora ed. "Ecology of fishes on coral reefs". Oxford Univ. Press



400 -

— 350 -
3
‘S 300 -
._g
;’So 250 - < Atlantic
Q. %
gfo 200 - O Indian O.
] A Pacific
o P
2 i O East Pacific
o
T 100 -
(=
i
50
0 [ | T |

0 500 1000 1500 2000 2500
Species per geographical cell

Relation B from previous slide, at large scale, for all realms

Same is true at a local scale

Guillemot et al. (2011) Functional Redundancy Patterns Reveal Non-Random Assembly Rules in a Species-Rich Marine
Assemblage. PLoS ONE 6(10): e26735.



Functional richness

P

No major mismatch

O
l‘.E O T
T . [
5 Y
Total richness
@ [57,218)
@ [218,417)
[Eﬁﬁ O [417,587)
o O [587,735)
sasnian O [735,923)
i : 0O [923,1117)
TR 0 [1117,1446)
| @ [1446,1910)
s @ [1910,2354]




PCoA 2

Functional Volumes

with N Life-History traits = multispace volume
e.g. an assemblage with H, Pis & Carn. has a larger
Fvl_f{llsgtaﬁ\eassessembalge with only H

- Poor region (e.g. Eastern Atlantic)

- Rich region (e.g. Central Indo-Pacific)

A

Different Functional richness

Different Functional structure

PCoA 1l

PCoA 2

A

Different Functional richness

Nested Functional structure

PCoA 1l

PCoA 2

PCoA 1l

Similar Functional richness

Overlapping Functional structure



Despite large differences in species richness, all biogeographical regions share the

same functional space

4 W 0
= fur- 63
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Species richness packing within functional entities reveals high functional

vulnerability of reef fish assemblages

A

Functional vulnerability

# of species per FE

[N

Rank of functional entity

Functional vulnerability: The percentage of functional entities with no redundancy, i.e.
composed by only one species



# species per funclL entity

# species per funct. entity

& species per funcl entity
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Species richness packing within

functional entities reveal high

functional vulnerability of reef
fish assemblages

Even the richest regions shows an
extremely high functional
vulnerability (at least 36%)

The local extinction of those species
may have dramatic effect on the
functional structure of assemblages

Functional attributes and functional
vulnerability, in  particular, are
important criteria to be taken into
account for conservation

What is the functional vulnerability of
local communities?
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IUCN richness IUCN vulnerable Species

[0,2)
[2:4)
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[8.9) VULNERABILITY
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Endemic Species f ( SENSITIVITY; THREAT)
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Exposure to human threats

ED00000ODE EEDDODODOO EREDODODODOO
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Some other sides of Vulnerability

So far we looked at presence/absence but vulnerability involves also
abundance and connectivity

Reef fish
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The proportion of predators increases as islands become smaller & isolated
Vulnerability to fishing increases similarly as predators are 1st targets



First analyses on the local effects of man

Are functions more robust than species
to perturbations ?
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Little effect of man on
Species Richness

Man important for both
Phylogenetic &
Functional Diversities

FISHED Parrotfish Butterflyfish
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« PRISTINE » ZONES
do they represent

a baseline for MPAs ?
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Wihat mext 2

We have so far mainly focused on diversity (taxonomic & functional)
Need to integrate more Abundance, Biomass and Production
Need to integrate the social & economical aspects to a much larger extent

Need to build robust, pragmatic and transferable predictive models

Reef Fish prove to be an excellent model for general questions in Ecology
Comparative analyses with other vertebrates (birds, mammals, FW fish)

Increasing interest from theoretical ecologists because unique Data Base

Small is at times beautiful
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