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Theme 2 — Shallow reefs
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Environmental drivers shaping the
Ningaloo shallow water fish communities

Mick Haywood, Damian Thomson, Cindy Bessey, Anna Cresswell & Melanie Trapon

Ningaloo Outlook — A partnership between BHP Billiton and CSIRO

WESTERN COASTAL/OCEAN & ATMOSPHERE
Ningaloo Outlook is a BHP Billiton-CSIRO Industry-Science Marine Research Partnership investing AS5.4 @

million over five years to gather new knowledge on the Ningaloo reef and its important ecological values




Survey sites

Reef fish surveys -

e 72 sites

e Underwater Visual
Census (UVC)

e 25 & 100 m transects

Mangrove
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Biomass -

e 2015: 23,969 fish
recorded

e 2016: 22,373 fish
recorded
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Short

Species
richness

Mangrove

e 268 species from
45 families

Jurabi Mangrove Osprey
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Effect of habitat on species
richness (GAM; mgcv)
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MDS2

Fish community: 2015 100 m transects
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MDS2

Fish community: 2015 & 2016 100 m transects
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Species responsible for dlfferences (SIMPER)

b g
5 B -3";'% : 4
“Chiorurus serdighfs{Gaia Guide)

Ctenochaetus striatus

Acanthurus dussumieri 6.22 2.85
Naso unicornis 5.52 4.32
Scarus rubroviolaceus 4.93 0.56
Chlorurus microrhinos 4.29 0
Chlorurus sordidus 4.14 9.30
Scarus rivulatus 0.60 6.75
Acanthurus triostegus 3.28 6.70
Scarus frenatus 3.49 4.62

Scarus schlegeli . . Cte(rochaetus striatus,

(Ghla Guide) I Salmaad¥
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Correlation between environment & fish

community (envfit; 100 m transects)
. variabe | R | P |

Predicted bottom velocity 0.45 <0.0071 ***
Sand 0.32 <0.001***
Live hard coral 0.25 <0.001***
Soft coral 0.24 <0.001***
Algae 0.20 <0.001***
Status 0.11 <0.001***
Consolidated rubble 0.09 0.005**
Rugosity 0.06 0.014*
Dead hard coral 0.04 0.040*
Urchins 0.00 0.929
Rubble 0.03 0.126
Bommies 0.03 0.109
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MDS2

Long transects
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MDS2

MDS2
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Future work

e Continue multivariate analyses on short transects

* Investigate univariate relationships of family biomass with
environment
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Urchin Dlstrlbutlons Along the Slope
and Inner Habitats of the Ningaloo

Reef
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What Are Urchins and Why Study Them

* Sea Hedgehogs — small marine invertebrates SR =
Actinopterygii- Ray-finned fishes 1256
- PhYIum EChinOdermata, Class: EChinOidea, Anthozoa - Anemones, corals (various) 994
~1000 extant species (World Echinoidea Database) Liliopsida - Seagrasses 5
Malacostraca - Crabs, lobsters, shrimp, krill, amphipods, isopods 233
Magnoliopsida - Mangroves 34
* Integral role in coral reef ecosystems Saliens =R e A L
Gastropoda - Snails, slugs 102
— herbivores that mediate competition for space Echinoidea - Sea urchins, sand dollars (D)
between corals and algae Demospongiae - Sponges 159
. . . Bivalvia - Bivalves 86
— modify the reef substratum; bio-erosion e =
— food source for some species of fish Polychaeta - Segmented worms 68
— used as indicators of coral reef health :::::Z p:i:rz;n e kit ;:9
Asteroidea - Starfish 78
Ulvophyceae - Green algae (sea lettuce) 46
* Fill potential knowledge gaps (risher et al. 2011) Gymnolaemata - Moss animals 77
. Maxillopoda - Barnacles, copepods 40
— analysis of 4098 coral reef ecosystem papers over P e
1957-2009 Ascidiacea - Sea squirts 30
— increased focus of research on fish and corals Insecta - Insects @
Holothuroidea - Sea cucumbers 20
30.6% on fish, 24.3% on corals, 2.8% on urchins i, %

Figure capture from Fisher et al. 2011

Tripheustes gratilla

Linnaeus, 1758 (up ) Peronella orbicularis Leske, 1778 (1 - 2 cm) Nudechinus multicolor Yashiwara, 1893 (1-3 cm)|
Tripneustes ? (1.5 cm)

to 15¢m)

Q@ejB

Flgure captures‘from WAMSI Node 3.2.2b Black et al. 2011 (collected 2007-2010 on intertidal areas of Ningaloo Reef ) nin Q O

ouﬂook
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The Overlooked But Abundant Mole Urchin

E.MOLARIS FROM SPECIMENS & LIFE . . o
e iona v o arrow) Class: Echinoidea

Family: Echinometridae

LONG TUBE FEET
ABORAL TUFT

(Blainville, 1825)

Figure capture from Tokeshi & Tanaka 2010 Site 69747: Mangrove Slope, May 2016 ninaa |O

_ S
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Methods to Determine Relative Abudance

Benthic photos taken
every 50cm along a 25m
transect

Estimate area of picture

Estimate area for
transect

-Area: ~10.5m?

Quantified most
abundant urchins

-Echinometra mathaei

-zoom in; observe criteria

~7ocm Site 69427: Mangrove Slope, May 2016

nin@lo

& tlook
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Urchin Survey Sites and Predictor Variables

Benthic surveys (n=126, 3780 photos)

Legend
— May 2015 (71) & May 2016 (55) .
Habitat
e Three main regions o Inner
. ® Slope
— Jurabi (n=23) Zones 150
— Mangrove (n=54) Sanctuary
[ | Intertidal
— Osprey (n=49) Mainland ~ Mangrove
* Reef Habitat — st
— Outer (slope, n=74) vs. Inner habitat (n=52) -22.00
- Inner incl. bommie, lagoon, flat, inshore
* Management Zone -
— Sanctuary (n=49), Non-Sanctuary (n=77)
-22.10
e Rugosity — index of structural complexity >
/
* % Algal Cover —index of food availability
* % Hard Coral Cover — index of competition benre -22.20
for space with corals Prey R
e Water Velocity (Model Prediction) - 2;::5=:5=1|0 km
index of bottom water movement i ‘ j
113.80 113.90 114.00 ninaalo

. Ouﬂook
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Analysis of Urchin Data

e GAM with negative binomial distribution and log link function; fit full subset of predictors
with penalization for a total of 74 models (Fisher pers. comm.)

Echinometra mathaei

I 7 Y 73 R () I3 77 7

Algae + Zone + Rugosity 587.93 0.23 0.36 Habitat + Region + Rugosity x Region 646.56 0.49 0.67
Region + Region x Water Velocity 588.69 0.76 0.16 0.42 Habitat + Hard Coral + Rugosity x Habitat 649.53 2.97 0.11 0.65
Region + Rugosity + Water Velocity x Region 589.66 1.74 0.10 0.42 Habitat + Rugosity + Region 650.02 3.46 0.09 0.64
Rugosity + Zone + Algae x Zone 589.85 1.93 0.09 0.36 Habitat + Region + Rugosity x Habitat 650.15 3.60 0.08 0.65
Algae + Zone + Rugosity x Zone 590.03 2.10 0.08 0.36 Habitat + Rugosity x Habitat + Hard Coral x Habitat  650.85 4.29 0.06 0.65

Algae
Management Zone
Rugosity

ningalo

. ouﬂook
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Abundance (inds 10.5m )
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Urchin Distributions at Ningaloo Reef

Echinometra mathaei 22 Potential Urchin Predators
R o c ©
S -
8- ® °
o - Kruskal-Wallis x2=5.68
3 —_—a df=1, p=0.017
=]
8 58
g 8 =
8o i °
g7 ¢ 5ol 5
S 5
= 8 )
o O O
] 1
o ;
E N ®) %
- | ’ |
o o ' !
Non—Sénctuary Sanétuary Non—Salnctuary Sancltuary

Predators Inc. (>35cm):
Tetradontidae(n=6), Balistidae(n=4)
Labridae(n=6), Lethrinidae(n=6)

ey ningalo
Figure captions from www.fishesofaustralia.net.au
outlook
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Urchin Distributions at Ningaloo Reef
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Direction of Further Studies

mngobg
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Acute Climatic Disturbances: Inertial
and Elastic Resilience
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Inertial and Elastic Resilience

Inertia: Tendency to remain Elasticity: Capacity of an object
unchanged to return to its original state
following disturbance

ELASTIC I INELASTIC

Mount Fuji in Japan
iS on inert velcono
with inertia .
I haven't ervpted
Since \708. Y

Inertia + Elasticity = Resilience

mngobg:

outlook
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1. Meta-analysis

How does the resilience
of key marine habitat
formers differ for
different acute climatic
disturbances?

Coral

Kelp

Covariates

e Fishing level

e History of disturbance

e |solation from other reefs

e Human pressure

 Reef type and zone

e Intensity, scale and duration of
disturbance

31 | Ningaloo Outlook Symposium 2017 | Anna Cresswell | @A_K_Cresswell
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Meta-analysis for
disturbance impact and recovery
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Meta-analysis for Measure of

disturbance impact and recovery the inertia of
the system

50 -
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30 - IMPACT O

25 - @)
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10 Effect size = In(X,/X,)
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Meta-analysis for Measure of

disturbance impact and recovery the elasticity
of the system
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Disturbance
type

Cyclone
Flood

Elevated sea
temperature

Number of
survey years

n=25

outlook
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2. Inertia and elasticity of coral morphologies
to hydrodynamic disturbances

-*.-‘--_—_

Mngabg:

outlook
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High hydrodynamic Low hydrodynamic
stress stress

<- Pecp Slope Crest Flat Back reef  Lagoon ->

pllale]g Iog :
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Ningaloo Reef morphology profile

69759
69431 &

69430 F 953
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Hydrodynamic driven morphology?

Complex coral  Encrusting coral  Massive coral Tabular coral

—_
o

Coral cover (%)
[4)]

Reef 'slope Reef flat

Flat

9\/0?6 k

Coral
Il Complex.coral
B Encrusting.coral

D Massive.coral
[ Tabulate.coral

o

Vet
.
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Morphological trade-offs in a changing climate
Growth versus fragility

<- Pecp Slope Crest Flat Back reef  Lagoon ->

ningalo
_éﬁ&ouﬂook
bhpbil.l.fo‘n %
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Morphological trade-offs in a changing climate
Growth versus fragility

<- Pecp Slope Crest Flat Back reef  Lagoon ->

ningalo
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Functional structural coral (FSC) modelling

A
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Preliminary FSC Model development

Manth 91

ningalo
outlook
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Summary

* Meta-analysis ongoing to put the resilience of Ningaloo Reef in
context

 Model development in progress

* |[nterested in any thoughts/ comments
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Unique aspects of the program

e Extend long term datasets for fish, corals
and invertebrates on the reef flat

 Provide critical baseline data for fish,
corals and invertebrates on the reef slope

* Integrate physical and biological datasets
i.e. fish, benthos, wave model and
carbonate budgets

. <
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Carbonate budget = balance between
production and erosion

Production Erosion




Why look at carbonate budgets

e Climate change on coral reefs a
fundamental research priority

e Positive carbonate budgets essential for
structural maintenance of corals reefs

 Prolonged negative budgets linked to
declines in coral cover, structural

complexity and fish abundance (sardneret al.

2006 Nature, Paddack et al. 2009 Cur. Biol., Graham et al. 2012 Coral
Reefs)

ningalo
_é&ombok
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Objectives

1. What are the important producers and
bioeroders?

2. Spatial arrangement of production and
bioerosion

3. Is production a good predictor of
bioerosion?

4. Spatial arrangement of net budgets

ningalo
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1. Important producers and bioeroders

Mean production 3.3 kg/CaC03/m2/yr

° ACVOp Mean bioerosion 2.9 kg/CaC03/m?/yr

IS Acropora Digitate/Tabulate
Acropora branching

Others

I

I

I Acropora corymbose
I Coralline Algae

- Montipora

g Pocillopora

g Porites

] Turbinaria

] Leptoria

H Goniastrea

H Favia

. Platygyra

Faviites

Microborers

Diadema

Chlorurus sordidus
Echinostrephus molaris
Echinometra mattei

HEl
HIll
Hill
Hi
i
— Chlorurus microrhinos

kg/CaCO3/m2/yr _
ningalo
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2. Spatial arrangement of production and
bioerosion

mmolo .
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3. Is production a good predictor of
bioerosion?
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4. Spatial arrangement of net budgets
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4. Spatial arrangement of net budgets

Linear mixed-effects model with 7 covariates ~ Year + Depth + Reef + Region + MPA Zone +
Reef Complexity + Water Velocity
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4. Spatial arrangement of net budgets

Linear mixed-effects model with 7 covariates ~ Year + Depth + Reef + Region + MPA Zone
+ Reef Complexity + Water Velocity
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Conclusions

What are the important producers and
bioeroders?

Prod = Acropora

Bio. = C.microrhinos, E.mathaei

|s production a good predictor of
bioerosion? No

Spatial arrangement of net budgets
Negatively related with depth
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Theme 2 Question Time
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Coffee time....

Session 2 starts at 3:40....
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