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Ongoing research & regional management focus on the 
range-extending long-spined sea urchin… 
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Ling et al., 2009 (PNAS) 

Tracey et al., 2015 (Bio. Inv.) 

Flukes et al., 2012 (MEPS) 

Southern rock lobster 

Long-spined  
sea urchin 

Ecosystem modelling Field experiments 

To test management strategies 
• Culling or harvesting sea urchin 
• Restoring natural predators 

 Reduction in fishing 
 Marine reserves  
 Translocation experiments 
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To understand reef dynamics 
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Sensitivity To Model Structure Uncertainty 

Marzloff et al., 2011. Ecological Modelling 
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TRITON model (Temperate Reefs In Tasmania with lObsters and 
urchiNs) 

Size-structured predation 
with density-dependence 

Grazing 

Reduced lobster 
recruitment as barrens 
form 

Marzloff et al., 2013. Ecological Modelling 
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Parameterisation 
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Parameterisation 

from translocation experiments 
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Simulation characteristics 
% algal cover 

100 

0 
Time (year) 

0 
0 10 20 30 40 50 

 Monthly outputs of seaweed, sea urchin  
and rock lobster 
 
 Mean biomass densities over the last 10  
years as ‘final state’ of the simulation 
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Extended FAST (Saltelli et al., 1999) 
n Input parameters 

X1 Xn 
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Extended FAST (Saltelli et al., 1999) 
n Input parameters p Model outputs 

X1 Xn 

… 

n * 500 M
onte-Carlo sim

ulations  

Yi with i in [1;p] 
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Global sensitivity analysis 

Seaweed bed 
biomass density 
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Global sensitivity analysis 
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Global sensitivity analysis 

Rock lobster 
biomass density 
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Global sensitivity analysis 

1 axis of PCA 
on simulated 
biomasses 
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Sensitivity analysis of model’s 
ability to shift forward 
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Sensitivity analysis of model’s 
ability to shift backward 

Context– The Model – Sensitivity Analysis – Calibration/Validation – Perspectives  

Marzloff et al., 2013. Ecological Modelling 

26 



Sensitivity analysis of model’s 
ability to shift backward 
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Sensitivity analysis of  
model’s ability to shift 
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2005 2015 

Prevent rather than cure canopy loss! 

Marzloff et al., 2013. Ecological Modelling 
Marzloff et al., 2015. Ecosystems 
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Model calibration 

•    Model’s ability to shift from seaweed bed to urchin barren 
under historical fishing conditions (i.e. long-term depletion 
of sea urchin predator) 

•    50% of inshore reef habitat exposed to the long-spined  
sea urchin turn into urchin barren in the long-term 
(e.g. NSW; Kent Island group in Bass Strait; Northeast Tas.) 
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Model calibration 
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Pattern-oriented model validation 
Frequency of community states 

Observations (2002-2011 Surveys) 
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Pattern-oriented model validation 
Frequency of community states 

Observations (2002-2011 Surveys) Simulations 
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Back-estimating parameter space? 
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Optimising parameter space based on simulated Vs. Observed reef states  
  as sea urchin population builds up  
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Back-estimating parameter space? 
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Observed evolution of reef states as sea urchin settles in 
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