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Australia and New Zealand’s Bathyal 

Environments 
 

• Bathyal environments are characterised by their 

high species richness and varied biota, that to date 

is largely undescribed. 

• Commercial interest, especially for future 

endeavours 

• Critical knowledge gaps impair our ability to 

evaluate impacts, and manage deep-sea 

biodiversity.  

 

 

 

 

 

Shelf and slope profile 



Beta-diversity in the deep-sea 

• Do deep-sea 

biogeographical patterns 

correlate with those 

described in shallow marine 

environments? 

 

• Which areas are most 

dissimilar to all other 

regions (Uniqueness, 

endemism)? 

 

 

 

 



Conceptualising beta-diversity 

• Classic approach 

– Capture change of turnover 

based on community 

composition data. 

– Sampling/Data issues ~ 

lack of data. 

• My approach 

– Capture change of turnover 

based on presence-only 

data. 

– Sample unit created from  

spatially predictive models.  

(Anderson et al., 2011) 

Replace 

sample unit 

with 

probabilities 

derived from 

predictive 

models 



Creating prediction points from 

spatial models 

• 249 ophiuroid species are modelled using Poisson Point Models (PPM), Maximum 

Entropy (MaxEnt) and Spatial Auto-covariate models.  

• Only spatial variables and common species used in model fitting. 

Distribution of Ophiactis profundi 

base on spatial variables in 

MaxEnt. 

Distribution of Ophiactis profundi 

base on spatial Poisson Point 

models. 



Model prediction 

• MaxEnt predicts well into regions were data is sparse (over predicts?), due 

to more complicated λ (lamda) structure. 

• Poisson Point Models are simpler in lamda structure, so tend to have a 

more constrained prediction area. But, build on a GLM framework so can 

provide error along with prediction. 

 

Distribution of Ophiactis profundi base on spatial 

Poisson Point models. 
Standard error of Ophiactis profundi  distribution 

(between 0.000 and 0.020). 



Sample sites per depth layer 

• Fitted models are then 

predicted to stratified 

depth layers (50 to 2500m) 

to create sample sites 

based on model 

probabilities. 

 

• Sample sites created at 

0.5 degree cells across 

Australia and New Zealand 

 

Cells with 1000m bottom depth 

interpolated from etopo1_ice bathymetry 

layers 



  Pair-wise dissimilarities     

• Random realisation run on PPM probabilities to obtain binary values 

based on a negative-binomial distribution. 

 

• Sørensen and Simpsons pair-wise dissimilarity (between sites) run 

at stratified deeps of 50 to 2500m. 

                                      

• Results in a total of 105424486 pair wise dissimilarities! 

 

• Mean, standard deviation and median calculated for all pair-wise 

dissimilarities. 

I really do 

admire 

species 

richness 

Species 

richness... 

D’oh! 

Thorvald Sørensen Mr Simpson 



Mean neighbour dissimilarity 



Beta-diversity in a bioregional context 

Tropical species 

that are similar 

between sites 

Temperate species 

that are similar 

between sites 

Transition zone 

where species are 

dissimilar between 

sites 



Dissimilarities stratified by depth and then  

layered together (PPM model). 

Each site represents  dissimilarity based on mean to 

neighbours within 5° degrees; stratified deeps of 10, 50, 

200, 500, 1000, 1500, 2000 and 2500m . 

 
 

 

10 – 50m 10 – 200m 10 – 500m 10 – 1000m 10 – 1500m 10 – 2000m 10 – 2500m 



The effects of sampling effort on 

dissimilarities. 



Bathyal dissimilarities at a first glance. 

• There is large regional variation, 

compared to existing bathyal 

bioregionalisation. 
 

• Biogeographic break across depths 

resembles existing bioregional patterns 

(O’Hara et al 2011) 

 

•Preliminary results so caution is 

required when making biological 

statements. 

 Ophiuroid bioregionalisation for 

coastal and bathyal species 

(O’Hara et al 2011) 



Near future endeavors 

• Improving predictive models: 

– Collection effort  in presence-only models  

 eg: log(λᵢ) = ƒ(Lat²; Lon²;Depth²) + ƒ(Distance to sample site; Gear type) 

– Spatially explicit models. 

 

• Compared dissimilarity maps derived from MaxEnt and spatial auto-

covariate models. 

 

• Attempt to highlight endemic regions and unique assemblages. 

 

• Test to see if I gain similar results from General Dissimilarity Modelling 

(GDM) methods.   
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