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Outline 

• Applications of SAR 

 - estimating number of species in areas of different sizes 

 - estimating extinction debt 

 - understanding how communities are structured 

 

• Applications of neutral theory 

 - predicting how populations and communities will be affected by 

  area and connectivity 

 

• Applications of phyologenetic approaches 

 

• Detecting changes before they happen 

 



Species extinction 

• Every decade 10 million species are led to 

extinction due to habitat loss, degradation 

and fragmentation 

 

 

• Species-area relationship 
 

 



Species-area curve and Island Biogeography 
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Extinction debts and relaxation times 



Relaxation time 

Brooks et al. 1999 



Using SAR to detect extinction debt 

Kuussaari et al. 2009 TREE 



Ribeiro et al. (2009) 

The  
Atlantic 
Forest  

of Brazil 



SA = cAz Sa = caz 

SAR entire area SAR portion of area 

SA-a = c(A-a)z 

 

SAR species loss in A-a 

Number of species endemic to a 

Sloss = SA – SA-a = cAz- c(A-a)z 

 



SAR versus EAR method of estimating extinction rate 

He and Hubbell 2011 Nature 





SAR assumptions: species loss is random and directional  

Island biogeography 
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Species loss and species gain 



Species-area relationship: assumptions 

Species richness = 

A B 

C 

D E 

F 

Species indentity ≠ 

Species richness is not an informative community metric 



Community changes or “community dissimilarity”  

• Community composition 

 Species richness 

 Species abundance 

 Species identity 

 

1. Build a similarity matrix (e.g. Euclidean Distance, 

Bray-Curtis) 

2. Build an ordination 

3. Obtain the main ordination axes  



Research questions 

 

1- Is which species richness an appropriate proxy for species loss? 

 

 

 

2- Is the species-area relationship structuring communities in 

fragmented landscapes? 

 

 



3 fragmented landscapes 
 
10, 30 and 50% forest Cover 
 

53 forest patches 
 
Patch sizes: 
2 to 8 ha – small  
10 to 40 ha – medium 
50 to 150 ha – large  
 
 
 
3 continuous landscapes 
 

12 sites 
 
 
Total  = 65 sites sampled 

Study areas 



Sampling method 

•  10 mist nets (12 m length, 31 mm mesh) at each sampling point 

 

•  540 to 720 net-hours at each sampling point (summer/winter) 

 

•  Sunrise to sunset 

 



Empirical dataset: birds from the Atlantic Forest of Brazil 

2001 – 2007: 140 species captured from 65 sites (2 to  
           10,000 ha) 



Biodiversity responses to habitat loss at several spatial scales 

10%  30%    50%    90% 10%  30%    50%    90% 



Simulated dataset: matrices of species by sites 
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65 sites 

          

          

          

          

          

          

          

          

          

          

          

          

          

S = c*Az 

Maximum patch size: 10,000 ha 
Maximum observed species richness: 31 species/site 

Z-values: varied from 0 to 1 (increments every 0.025) 
> 8 million simulated matrices 



Simulating communities 

Random community (RAND): species loss is 
independent of species indentity 

Nested community (NEST): rare species are lost 
first and only common species are found in 
small areas 

Specialised community (SPEC): species are specialised 
in parts of gradienbt from large to small patches 
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Is species richness an appropriate proxy for species loss? 

RAND 

model 

NEST 

model 

SPEC  

model 

Bird 

community 

Correlation 1.0 (0.00) 0.99 (0.02) 0.72 (0.2) 0.73 

Underestimation 0 0 9.5 (0.5) 9.3 

• Species richness and number of forest species 



Is the SAR responsible for observed changes in community 

composition observed in fragmented landscapes? 

Correlation of ordination scores obtained from simulated matrices and bird 

community (PCoA – Sørensen Index) 

 

RAND model NEST models SPEC model 

Total 0.59 (0.21) 0.63 (0.17) 0.81 (0.05) 



Is the SAR responsible for observed changes in community 

composition observed in fragmented landscapes? 

r = 0.87 r = 0.87 r =0.89 

r = 0.60 

r = 0.02 r = 0.02 

1% strongest correlation 

1% weakest correlation 

NEST 

Unrealistic z-values 



Results 

0.81|0.65|0.33|0.21 0.65|0.44|0.21|0.15 0.18|0.27|0.16|0.30 

0.17|0.12|0.18|0.44 0.10|0.07|0.17|0.74 

0.22|0.46|0.46|0.87 

Lands|10%|30%|50% 

1% highest correlation 

1% weakest correlation 



Take home messages 

1- Is species richness an appropriate proxy for species loss? 

-  Depends on the community structure  

-  It can be weakly correlated to species loss and strongly underestimate 

specie loss 

 

2- Is the SAR responsible for observed changes in community 

composition and for structuring communities in fragmented 

landscapes? 

 

-  Strong species turnover across the gradient of habitat loss 

-  No strong evidence of species-area relationship  

-  Species reach their individual extinction threshold rather than global 

effect of habitat area determining the maximum number of species 

coexisting in a community 

 



Lessons from neutral theory to landscape ecology and 

biodiversity conservation 

Neutral theory uses just three parameters: 

 

• Fundamental biodiversity number (θ) 

 

• Immigration rate (m) 

 

• Local community size (J) 

 

 



The role of patch size at the population level 

Small patches/islands 

or communities: more 

likely that species i will be 

absent and more variable 

the species composition of 

the community. 

 



The role of immigration at the population level 



The role of immigration on relative species abundance 

Low m: tendency of 

dominance by one or 

more species 

 

High m: more diverse 

communities (higher 

evennness) 



Implications of neutral theory to biodiversity conservation in 

fragmented landscapes 

• By lowering immigration rates, fragmentation can 

promote persistence of rare local endemics. 

 

• Common and widespread species prior to 

fragmentation are more likely to persist in habitat 

fragments. 

 

• Fragmented landscapes should present higher beta-

diversity among patches than continuous 

landscapes, where m is high. 



Fragmented landscapes should present higher beta-diversity among 

patches than continuous landscapes, where m  is high. 



Forest cover in the landscape (% forest) 
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Fragmented landscapes should present higher beta-diversity among 

patches than continuous landscapes, where m  is high. 

PCoA: Principal Coordinate 

Analysis performed on Bray-

Curtis dissimilarity index 

 

Degree of variation in PCoA scores 

represents beta-diversity 



Common and widespread species prior to fragmentation are more 

likely to persist in habitat fragments 
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10%FC  30%FC  50%FC  Controls 

More forest Less forest 

Common and widespread species prior to 
fragmentation are more likely to persist in 
habitat fragments 



Phylogenies as tools to understanding species sensitivity to 

environmental change  

Morphological and ecological traits as predictors of 

species sensitivity to change 

 

Newbold et al. 2012 ProcB: 

 

 

 

 

 

 

 

Birds: 

- Life span 

- Body size 

- Migratory behaviour  

- Feeding guild specialisation 

 

 



Detecting changes before they hapen 

• Gradual change leads the system to a bifurcation 

point, a tipping point, causing loss in resilience and 

promoting a shift to alternative state 

 

Dakos et al. 2012 Plos One 



Detecting changes before they hapen 

• Gradual change leads the system to a bifurcation 

point, a tipping point, causing loss in resilience and 

promoting a shift to alternative state 

 

• Critical thresholds are difficult to detect and acquire 

 

• Early warning signals, mathematical indicators, can 

help detect the proximity of a system to a tipping 

point 



Metric and model-based methods 

Dakos et al. 2012 Plos One 



Rising memory 

• Critical slowing down: rate of return to equilibrium 

following a perturbation slows down as the systems 

approach a tipping point, detected by changes in the 

correlation structure of the time series. 

 

• Critical slowing down causes an increase in short-term 

memory (correlation at low lags) of a system prior to 

transition. 



Rising variability 

• Drift: slow return rates back to a stable state close to a 

transition can make the system drift widely around a 

stable state 

• Flickering: strong disturbances can push the system 

across boundaries of alternative states 

• Skewness: slow dynamics near the boundary of either 

stable state lead to rise in the skewness of a time-series, 

the distribution of values series will be asymmetric.   

 



Early warning signals 



Early warning signals 

Dakos et al. 2012 Plos One 

 

• No single best approach to identifying early warning 

signals 

• Al methods required specific data-treatment to yield 

sensible results 

• Combination of methods is the best way 



Reference Manipulation 









Carpenter et al. 2011 Science 

Return rate =0, indicates 

autocorrelation near 1 

Dramatic changes in skewness 

are associated with shifts 

between alternate states 



Carpenter et al. 2011 Science 

Return rate =0, indicates 

autocorrelation near 1 

Dramatic changes in skewness 

are associated with shifts 

between alternate states 



Summary 

• Current theory can give us guidelines but none allow us to predict how 

communities will change, or which species are most sensitive to 

environmental change. 

 

• Species-area relationship is a well-established pattern in unmodified 

habitats but does not have high predictive power under habitat loss. 

 

• Neutral theory generates several predictions, many of which are still to 

be tested. 

 

• Evolutionary approach can help us upscale predictions. 

 

• Early warning signals is data hungry but should be the focus of future 

research. 


