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• Approximately 45 reef-associated 
range-extending species observed

• Warming rates 3-4x faster than global 
averages

Introduction
Species

Year-
round

Functional 
Role

Potential Impact
Documented 

Impact

Achoerodus viridis No Carnivore Outcompete other predators Nil

Aplodactylus lophodon No Herbivore Overgraze / Impact kelp recruitment by grazing EAM Nil

Arothron firmamentum No Carnivore Outcompete other predators Nil

Arripsis georgianus No Carnivore Outcompete other predators Nil

Atypichthys strigatus No Carnivore Outcompete other predators Nil

Bodianus flavipinnis No Carnivore Outcompete other predators Nil

Centroberyx affinis No Carnivore Outcompete other predators Nil

Centrostephanus rodgersii Yes Herbivore High (Andrew & Byrne 2007)
Realised (Ling 

2008)

Cheilodactylus nigripes No Omnivore Overgraze / Impact kelp recruitment by grazing EAM Nil

Chironemus marmoratus No Carnivore Outcompete other predators Nil

Chromis hypsilepis Yes Carnivore Outcompete other predators Nil

Chrysophrys auratus No Carnivore Outcompete other predators Nil

Cristiceps aurantiacus No Carnivore Outcompete other predators Nil

Dactylophora nigricans No Omnivore Overgraze / Impact kelp recruitment by grazing EAM Nil

Enoplosus armatus No Carnivore Outcompete other predators Nil

Eubalichthys mosaicus No Carnivore Outcompete other predators Nil

Eupetrichthys angustipes No Carnivore Outcompete other predators Nil

Girella elevata No Omnivore Overgraze / Impact kelp recruitment by grazing EAM Nil

Girella tricuspidata No Omnivore Outcompete other predators Nil

Girella zebra Yes Herbivore Overgraze / Impact kelp recruitment by grazing EAM Nil

Haletta semifasciata No Omnivore Overgraze / Impact kelp recruitment by grazing EAM Nil

Heterodontus 
portusjacksoni

No Carnivore Outcompete other predators Nil

Heteroscarus acroptilus No Omnivore Overgraze / Impact kelp recruitment by grazing EAM Nil

Hypoplectrodes
maccullochi

Yes Carnivore Outcompete other predators Nil

Kyphosus sydneyanus No Herbivore Overgrazing (Verges et al. 2016) Nil

Olisthops cyanomelas No Herbivore
Overgrazing (Andrew & Jones 1990) 

Kelp canopy consumed leading to bare patches (S. D. Ling pers. obs.)
Nil 

Tropicalization at a high latitude?
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• Which species have the greatest 
influence?

Are tropicalizing Northeastern Tasmanian reefs now structurally 
and functionally equivalent to NSW?



Kelp bed vs. Unvegetated Reef

Experimental Design
Location*Habitat*Orientation*Algal Species
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Taxonomic Biomass Latitudinal Equivalence

Fish

Kelp Bed NO

Unvegetated NO

Benthic

Kelp Bed NO

Unvegetated YES

Functional Group Biomass Latitudinal Equivalence

Fish

Kelp Bed YES

Unvegetated YES

Benthic

Kelp Bed YES

Unvegetated YES

Results
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Assay Species P = 0.011320 

Habitat*Orientation 
P = 0.000194 

Location P = 0.027182 

Ulva (A)

Ecklonia (AB)

Sargassum (B)

Function - Herbivory
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Evidence to suggest that they could be used as bioindicator 

• Browsing herbivorous fish 
biomass showed no evidence of 
predicting herbivory

• Urchins are primary driver of 
herbivory

• Bioindicator

Predicting Function From Structure
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• Equivalence in community structure, functional community structure and 
measured patterns of herbivory on unvegetated reefs b/w NE Tas and NSW 

• Therefore tropicalised unvegetated Tasmanian reefs are structurally and 
functionally equivalent to NSW reefs

• Coastwide resurvey of eastern Tas reefs showed an increase from 3% to 
15% unvegetated, tropicalised reef-scape in the past 15 years (Ling & Keane 
2018)

• Centrostephanus is the primary driver of ecosystem function, should 
therefore be utilised as a bioindicator in Tas and NSW

Concluding Points
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Questions?Questions?
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• Photo-quadrats

• Habitat structure (macroalgage/ 
sponges/CCA).

• Kelp beds same across 
location…therefore good logic to 
compare them

• Differences in barrens, > turfing 
algae in NSW barrens, > CCA in Tas. 
Perhaps driven by mesograzers. But 
same in regards to lack of 
macroalgae cover, therefore good 
logic to compare.



Structure
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Analyses

Multivariate + Univariate 
on Species:
Abundance
Density
Biomass

Patterns
Consistent across each 3 
multivariate analyses

Univariate:

• > biomass centros on barrens (same across locations)
• > biomass helios in kelp beds (same across locations)
• > Olisthops cyanomelas biomass in Tas, in kelp beds (range-extender)
• > Parma microlepis biomass on barrens, associating with coral reef-like habitat structure.

Location 0.0004

Habitat 0.0001

Loc*Hab 0.4469

Pairwise

Barren 0.0732

Kelp 0.0147

Location 0.0001

Habitat 0.0121

Loc*Hab 0.02

Pairwise

Barren 0.0071

Kelp 0.0074
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Location 0.2073

Habitat 0.0001

Loc*Hab 0.956

Location 0.0013

Habitat 0.0006

Loc*Hab 0.2628

Pairwise 0.2073

Barren 0.3804

Kelp 0.65

Pairwise

Barren 0.0314

Kelp 0.024

Inferred FunctionAnalyses

Multivariate on Functional 
Groups:
Abundance
Density
Biomass

Patterns
Benthic – same patterns for 
biomass but suspension 
feeders not as important

Water Column – opposite for 
biomass, equivalence shown

Univariate:

• Benthic Grazing and Scraping Herbivores  Biomass > Barrens, same across locations.
• Planktivore biomass > in Tas, concentrated on barrens



4-way ANOVA Testing Herbivory



Measured Function – each marcoalgae species
Tested against Location*Habitat*Orientation
Sargassum Ecklonia Ulva - Standard

Habitat*Orientation = 0.011Location = 0.043
Habitat = 0.005
Orientation = 0.0004

Habitat*Orientation = 0.042
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• Poleward range-extensions of 
thermal range niches 
(Parmesan, C. & Yohe, G., 2003 
Pecl et al., 2017; Stuart-Smith et 
al., 2017)

• Reef community structure

• Change in ecosystem
function

Introduction

Tropicalisation

(Re-drawn from Vergés et al., 2014)
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(Vergés et al., 2014)

• Occurring globally

Introduction

Tropicalisation around the globe

• Overlaps with hotspots

• Tropicalisation at high 
latitudes?

(Re-drawn from Hobday and Pecl, 2014)

• Rabbitfish

• Drummer

Introduction Aims & Hypotheses Methods Design Results Conclusion
ITRS 2023
Matthew Rose



Introduction

Oceans as a heat sink

• Temperature

• Changing ocean currents

• Hotspots

• Novel species interactions
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(Re-drawn from Hobday and Pecl, 2014)



Excluding quantitative measurements of
function misrepresents ecosystem leading

to weaker conclusions

Analysing community structure 
in relation to functional traits, 
then making inferences 
regarding ecosystem function.

Directly measuring functional 
processes of ecosystem, e.g. 
herbivory and carnivory.

Analysing community structure, 
ideally at the species level.

The structure of a community 
dictates the functional processes

Introduction
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Line between / Measured function + structure

Move link from structure to measured function to stay
inside the circle structure can only infer function once you
have measured the function and formulated a bioindicator

Otherwise inferred functional analysis can lead to wrong 

Include line referring to observed consumer(s), observed 

go around loop many times to increase confidence

keep as slide to keep up sleeve in question time 

Reduce down to just Structure and Function for talk, much easier to 
should be able to fit it all in



REMOVING OUTLIERS WORSENS FIT



REMOVING OUTLIERS WORSENS FIT
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Tell this story using
the correlation plots
of centro biomass
to reduce stuff 
on screen



Scott LingScott Ling

Scott Ling

• Two geographic regions; spanning mid-latitude 
temperate to high-latitude cold temperate.

• 5 Kelp bed habitats and 5 unvegetated reef 
habitats within each location.

• Structure and function within these habitat 
types was compared between locations.

Scott Ling

Methods
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• 20 PQs per transect, 200 per 
location.

• 10 transects per location.

• Reef community structure data 
was collected using standardised 
RLS methodology.

• M1: Fish.

• M2: Mobile benthic 
invertebrates and cryptic fish.

• M3: PQs, macroalgae and 
sessile benthic invertebrates.  

Methods

Edgar et al., Bio. Cons. 2020

Introduction Aims & Hypotheses Methods Design Results Conclusion

• Herbivory: 2 x 7cm pieces, Assayed at 
1-hour and 24-hour mark.

• Carnivory tested using dried squid

• 10 stakes per orientation at each 
habitat within each location.
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• Herbivory: 2 x 7cm pieces, Assayed at 
1-hour and 24-hour mark.

• Carnivory tested using dried squid

• 10 stakes per orientation at each 
habitat within each location.
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Analytical Methods
Overarching Question

• Are tropicalising North eastern Tasmanian
reefs now structurally and functionally
equivalent to NSW?

• Compared the community structure in 
regards to species biomass and biomass 
of species functional groups.

• Location*Habitat

• For herbivory a 4 way ANOVA was used testing 
Location*Habitat*Orientation*Algal Species

• Multiple regression to investigate if I could then 
predict function from structure

• Carnivory was tested; no significant variation
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Results
MDS + PERMANOVA

Benthic Species Biomass Equivalence?

Kelp Bed NO

Unvegetated YES

Latitudinal Equivalence?

P Values
Location = 0.0002 
Habitat = 0.0013
Location*Habitat = 0.339

Pairwise
Unvegetated = 0.0834
Kelp Bed = 0.008
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Aims & Hypotheses

Overarching Aim

Hypotheses

H1 – Taxonomic structure of reef 
communities between NE Tasmania 
and NSW are not significantly 
different.

H2 - The ecological functioning of reef 
communities, in relation to herbivory 
between NE Tasmania and NSW are not 
significantly different.

H3 – Magnitude of herbivory from urchins 
will be larger to that of fish
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