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Tropical Biodiversity:

Fishes, their function and the future of coral reefs
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The Coral Reef Economy

sector Coral Triangle
Tourism Direct $3484 | $3a13
Indireet san |$3a13
N Towl | s | so28
| Commercial fisheries Direct 5240 [ 52,925
Indirect $240 $2925
Total $480 $5,850
lc Direct $o75 $1,323
Indirect $837 $1,094
Total $1,813 $2,417
Al sectors Direct $4,700 | 57,361
Indirect §1,949 |s1am
Total 6,649 | $14,093

Figure 1. Direct and Indirect Economic Returns from Coral Reefs in 2017: Coral Triangle and Mesosmerican Reef (US$ Billion, 2017 prices)
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The Coral Reef Economy

Scenario Toursm | Commercial | Coastd | Total
Fisheries | Development
Westhy ReefScenario. Avmwallsed | 5,153 | S84 S2041 | 51e8s
' Estimated20m | SLO | S0 | s2645 | $10245
Degraded Reef (Anoualised | 3219 | saes | si46 $5,209
e Estimated 2080 | $2,069 s sape | 53596
Wet-Banefit of (Amncalied | sLBA | $15 | 8586 52475
Wesithy Reef Scenarlo | eyimated20m | ss01 | sm s1577 $6.649

Figure 2. Present Reef 20172030 (US$ Billion, 2017 Prices)
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The Coral Reef Economy

Scenario | Tourism | Commercial { Cosstal | Total
| | Fisheries

Healthy Reef Scenario | Annualised 57,040 96,365 $2,675 516,081

Estimated2030 | $8520 | $6942 | $3124 | 518,586
Degraded Reel | Annustised ssan | ssem | saam $13,461
Boesarie [Estimated2030 | $4345 | 6,004 | S18e6 | $12,05
Net-Benefit of | Annuatisea sus | sis | se6 | S2620
Healthy Reef Scenario ' yinaved2030 | 4375 | S84 |  $1288 | $6a81

Figure 4 Annualised Present Value of Economic Returns from the Coral Triangle 2017-2030 (USS$ Billion, 2017 Prices)
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~ $56b

economic, social and icon asset

value

$6.4b

contributed to the Australiar

economy annually

The Great Barrier Reef

64,000

jobs supported
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The Coral Reef - Functions

Corals as bio-constructors
Primary framework builders
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The Coral Reef - Functions

Bio-constructors

Secondary framework builders

Non-framework builders

The Coral Reef - Functions
Modifiers:
Consumers:
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Functional group

A group which interacts with ecosystem functions (=processes)
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Functional group

Scrapers:
Scarus

Hipposcarus

Excavators:

Bolbometopn
Cetoscarus
Chlorurus

Browsers:
Clatomus
Leptoscarus

Bellwood and Choat 1990 Env. Biol. Fish
Bellwood 1994 Rec Aust Mus
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Confronting the coral crisis
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Figure 3 Functional composition of Caribbean and Great Bamier Ree! assemblages of
fishes and corals. The fourteen fish and eleven coral functional groups are identified by

Bellwood et al 2004
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Functional Diversity - Economics

600,
500
T 400
£
4
E
Hﬂﬂﬂﬂmm
b —
[ ——] - er’
€.000
2
@ 4,000
2,000

g PP

Bellwood et al 2004
Figare 5 The mismatch between the economics of censumpticn and the ecological
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Understanding the need for functional
groups... wrongly
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Understanding the need for functional
groups... wrongly

b
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We recognize the need to understand functions but we don’t have enough of well understood groups...
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In desperation... started to look at traits

Functional over-redundancy and high functional .
vulnerability in global fish faunas on tropical reefs Body size

David Mouillot*"'?, Sébastien Villeger™', Valeriano Parravicini“®*", Michel Kulbicki®, Jesus Ari alez”, Moblhty
Mariana Bender"', Pascale Chabanet®, Sergio R. Floeter’, Alan Friedlander”, Laurent Vigliola', and David R. Bellwood™! . .
Period of the day that the fish is
'(nol(-gw- des Systémes Maring Cotiers, Unité Mixte de Recherche 5119, Contre National de la Recherche Scientifique dnst2ut de Recherche pour le
Université pellier 24nstitut Francais de Recherche pour IExploitation de 1a Mer, Université Montpelier 2, 34095 Montpeliier, France; active
9 Amlval-lﬂ Research Coundil Centre of Excellence for Coral Reef Studies, James Cook Unwversity, Townsville, QLD 4811, Australia, “Institut de Recherche pour
le Développement, Unité de Recherche 227 Biocomplexité des écosystemes coralliens de I'indo-Pacifique, LABEX Corail, Laboratoire Arago, BP 44, 66651 :
Banyuls s Mor, France: “Centar for Synthesis and Anaiyss of Biodivaraty Fondation pour 1a Recherche s s Bodversé immeuble one paincare, bomane  LEVEL IN the water column
du Petit Arbols, 13857 Alx-en-Provence Cedex 3, France; “Laboratorio de Ecologla de Ecosistemas de Arrecifes Coralinos, Departamento de Recursos del Mar, :
Centro de Investigacidn y de Estucios Avanzados del Instituto Politécnico Nacional, Unidad Mérida, 97310 Merida, Yucatan, Mexico; "Marine Macroecology Gregarlousness
and Biogeography Laboratory, Universdade Federal de Santa Catarina, Floranopolis, 88040-500, Santa Catarina, Brazi. "institut de Recherche pour le
D op, L Unité de 227 des Y corallens de I'indo-Pacifique, LABEX Corail, BP 50172, 97492 Ste. Clotilde 18 Cedex,
Reunion Island, France; "Fisheries Ecology Research Laboratory, Department of Biology, University of Hawaii at Manoa, Honolulu, HI 96822 Ynstitut de

Recherche pour le Développement, Unité de Recherche 227 Biocomplexité des écosystemes coralliens de I'indo-Pacifique. LABEX Corail, 98848 Nouméa Cedex,
New Caledonia, France; and School of Marine and Tropical Biology, James Cook Univeruty, Townswille, QLD 4811, Austratia
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High diversity, but lots of redundancy and

high s1ngle -species entities
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Coral reefs listed as World Heritage sites have been increasingly
affected by regional and global bleaching since 1980.
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We are living in a different world, we have different functions, different priorities, we have to recalibrate the
way we understand our world if we are going to be able to manage it in a useful way for all of us.
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Indo-pacific Caribbean

If we want to deal with current problems we have to do it in different ways
because solutions might differ from where you are

Bellwood and Goatley 2017
Current Biology

"HROSA "

Can we save the Caribbean?

Major reason: humans have eaten most of the large fishes

"HROSA "
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Humans have eaten
the big fishes

Lionfishes have eaten
the small fishes
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Can Rabbitfishes Save the Caribbean?

a) Don’t move them!
b) It’s not gonna happen!

Two ecological disasters: Too much algae and no algae
Bellwood and Goatley 2017

_ Current Biology
“{ [HROSA

Can Rabbitfishes Save the Caribbean?

All species were removed from the Caribbean
after introduction from the aquarium trade

Bellwood and Goatley 2017
Current Biology
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Can Rabbitfishes Save the Caribbean?

Bellwood and Goatley 2017

Current Biology
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Can Rabbitfishes Save the Caribbean?

2008
Breeding population in South America

Bellwood and Goatley 2017

Current Biology
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Rabbitfishes are coming!

Bellwood and Goatley 2017
~ Current Biology

A future with rabbitfishes:

The pros:

1. Eat macroalgae

Have seen lionfishes

Can sustain fisheries (tasty and easy to catch)
Do not need corals

Do not bioerode

The cons:

1. They are not natural inhabitants

2. Unknown interactions/consequences

3. Irreversible — but its already irreversible

ke

Will they save the Carribean?

Bellwood and Goatley 2017
Current Biology
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Future of the Caribbean

i) MARE
What about the Indo-Pacific?
TN e NS ] GBR coral mortality
& A g T 1‘\{\ & ' Atleast 50%
2016 & 2017 Major bleaching events
@ Most severe bleaching @ Most severe bleaching
@ No or negligible bleaching @ No or negligible bleaching 1998, 2002’ 2016, 2017
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Samoa

Since 2003 — Annual bleaching season
A

Extra nutrients

Overfishing of herbivores
Extra nutrient

Overfishing of echinoid
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What about the Indo-Pacific?

Turf dominated system

When corals disappear ...
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What about the Indo-Pacific?

When corals disappear ...

or

turf rl or turf
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What about the Indo-Pacific?

When corals disappear ...

Extra sediment
Extra nutrients
]

turf - orMacro algae

turt turl turt
~ p A or
= Stressed turl
AN Sea urchin
N\ turf  turt barren
'Healthy' \ or
reef \ turf
\ rock
P>

Fishing

Two kinds of turfs:
Long sediment laden algal turfs (LSATSs)
Or

Short productive algal turfs - (SPATs)

Goatley et al 2016
) Ecol. Soc.

[ [DROSA
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What about the Indo-Pacific?

Bad turfs Good turfs
Short productive algal turfs - (SPATs)

Long sediment laden algal turfs (LSATSs)

Algae full of sediment

Nothing eats that Corals thrive on them

Goatley et al 2016
Ecol. Soc.

JARME ) mare

What about the Indo-Pacific?

So.. when we have macroalgae, do we know who can control it?

Welsh and Bellwood 2014
Hoey and Bellwood 2009

I FHROSA
AR &) rare

20



10/30/19

What about the Indo-Pacific?

So.. Can we recognize the relevant functional groups? Do we know who to control it?

Tebbett et al 2018
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What about the Indo-Pacific?

So.. Can we recognize the relevant functional groups? Do we know who to control it?

Brushes the sediments out of
the reef

.c...,

Tebbett et al 2018
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What about the Indo-Pacific?

So.. Can we recognize the relevant functional groups? Do we know who to control it?

(A) Ctenochaetus striatus

124
ST
M

$E
zj Py .
04—

75 150 225 300 375 450 R— Tebbett et al 2017

Sediment load (a m“) -
ARAE &) NaRE

What about the Indo-Pacific?

So.. Can we recognize the relevant functional groups? Do we know who to control it?

Functional groups that are
dependent on these turfs but
are also shaped by them!

Tebbett et al 2017
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What about the Indo-Pacific?

Does it matter? If there’s good turfs or bad ones?

Increased

Algal Turfs

JU [DROSA
AR &) rare

What about the Indo-Pacific?

Does it matter? If there’s good turfs or bad ones?

a Algal turf biomas:

20 Potential

Yield
2x more sediment
154

2000%! Less algal biomass yield!

104 Adding sediment wipeout the algal production

that fish could feed.

Tebbett et al 2018

Algal turf biomass (g OC m?; Mean + SE)
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This changes the way of managing a
reef...
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This changes the way of managing a
reef...

12 million ha
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But herbivory its not the only important
function!
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Brandl et al 2019
Science
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Cleaning mutualisms
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Video: Simon Gingins
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Cleaning mutualims are essential for coral reefs

A) Casuarina Beach

® With cleaner fish (control reef)
© Without cleaner fish(removal reef)
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Removal
duration

Removal

Fish response variable (s) Change | Reference

Parasitic gnathiid (caged H. melopterus)  400%*/0% ®  Grutter 1999 .
Parasitic corallanid (caged H. melapterus) B Grutter & Lester 2002
Fish abundance. Pomacentrus moluf:censls NS et a0
Total parasites P. moluccensis NS
Fish abundance (residents +visitors) NS Grutter 1997
Fish richness & abundance (visitors) 3
‘ g X Grutter et al. 2003
Fish richness (residents) Ns | DA

Grutter 2012

Y

Pargsntlc copepod £ molucceqs:s 4+ Clague et 2011
Fish growth P. moluccensis 3
Fish size P. moluccensis & P. amboinensis : 2
Fish abundan: juv. visitor
T anuntance GUvYEHos) ¥ Waidie etal. 2011
Fish richness & abundance (visitors) 3
Fish richness & abundance (residents) 3
Fish abundance common & uncommen ®  cunetal 2015
damselfish, C roflandi, P amboinensis (u. maisens 3
' Also Gorlick et al. 1987: 2 y, Marshall Is., copepod parasite size L
' Bshary 2003: 4 to 20 months, Red Sea, fish richness 2
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2016

@ Most severe bleaching
@ No or negligible bleaching
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@ Most severe bleaching
@ No or negligible bleaching
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