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Transfer functions 

Transfer functions for inferring 
past environmental conditions 
from fossils using modern 
species-environment 
relationships allow 
• quantitative, repeatable 

reconstructions 
• estimation of reconstruction 

uncertainties 
But risk 
• uncritical application 
• neglecting ecological 

knowledge 
• spurious reconstructions 



Assumptions of transfer functions 
1. Taxa in the calibration set systematically related to their environment. 

2. Environmental variable reconstructed is (linearly related to) an ecologically 
important determinant. 

3. Modern and fossil taxa are same biological entities and their ecological 
responses have not changed.  

4. Mathematical methods adequately model species responses and produce 
calibration functions with sufficient predictive power to allow accurate and 
unbiased reconstructions. 

5. Nuisance environmental variables had negligible influence, their joint 
distribution with the variables of interest has not changed, or their effect 
did not lead to assemblage changes resembling shifts in the variable of 
interest. 

6. In model validation and in the estimation of prediction errors, the test data 
are statistically independent of the calibration set. 

Serious violation of assumptions → dubious reconstruction  

Adapted from Birks et al. 2010. The Open Ecology Journal, 3, 68-110 



What is an ecologically important determinant? 

Traditional answer 

An environmental variable that: 

• Is a statistically significant predictor of the modern species 
distribution 

• Explains a large fraction of the variance in the modern species data 

• Gives a large eigenvalue for the constrained axis relative to the first 
unconstrained axis in ordination 

• Has good cross-validation performance in a transfer function 



Many Environmental Variables Reconstructed 

Proxies Environmental Variables 

Water temperature 

Salinity 

Air temperature 

Precipitation 

Sea-ice duration 

Carbonate ions 

Lake pH 

Productivity 

Lake depth 

Nutrients 

Sunshine 

Water-table depth 

Wind 

Beetles 

Silicoflagellates 

Testate amoebae 

Cladocera 

Radiolarians 

Chrysophytes 

Chrionomids 

Dinoflagellates 

Benthic foraminfera 

Diatoms 

Pollen 

Planktonic foraminifera 

Oxygen 

All transfer functions appear to have good performance and variables explain a 
significant proportion of the variance in the species data 



An ecologically important determinant? 

Data from Birks et al 1990 

pH explains 6.8% of variance 
p < 0.001 

1/2 = 1.29 

WAPLS component 2 

RMSEP =  0.29  r2 = 0.86 

SWAP: Lake-pH for diatoms 



Ecological importance and calibration set design  

Calibration sets often designed (explicitly or implicitly) to  

•have a long gradient of interest 

•minimise nuisance gradients 

Design maximises the proportion of variance explained by the variable 
of interest 

Traditional tests are a measure of how successfully this design was 
implemented 

Calibration set statistics are insufficient to determine if a variable is 
ecologically important 

Environmental variables that are important in space might not be 
important in time. 



Diagnostics for fossil data 

Two traditional diagnostics 

•Analogue quality – do the fossil samples have close analogues in the 
training set 

•Chi-squared goodness-of-fit – fit the fossil data passively in a 
ordination of the calibration set. Are the data well explained by the 
first, constrained, axis, or are there large residual distances? 

 

Both tests are useful – indicate potentially dubious reconstructions 

Both use rules-of-thumb to determine if fossil samples are poor 

Poor reconstructions are possible even with good results 



Problems 

• Many variables appear to be possible to reconstruct 

• Multiple reconstructions appear possible 

• Significance tests for the calibration set are a property of the 
calibration set 

– Calibration set can have far larger environmental gradient 
than is expected for the reconstruction 

– Shows which variables are potentially possible to 
reconstruct 

– No guarantee for any particular site   

• Assumption of ecological importance applies to both modern 
and fossil data 

• No test of reconstruction significance 

 



Why we need a significance test 

• Hypothesis testing 

– Are reconstructions better than expected by chance 

• Reality check 

– Some reconstructions have dubious ecological basis 

• Robust science 

– Vital if palaeoecology is to be policy relevant 



Two Tests of Reconstruction Significance 

Test 1 

• If environmental variable is important, its reconstruction should 

explain a large part of the variance in the fossil data 

•Use constrained ordination to find how much variance the 

reconstruction explains using the observed and random 

environmental variables 

•Reconstruction is significant if observed  

environmental variable explains more  

variance than most reconstructions of  

random environmental data 

•Transfer function method independent 

 



Test 2 

• If an environmental variable is important, species optima in the 
calibration set and species scores in a constrained ordination of the 
fossil data should be correlated. 

•Test by comparing the correlation found using the observed and 
random environmental variables. 

•Useful for  
weighted averaging  
and maximum  
likelihood 



Interpreting Significant Results 

•Compilation of late glacial – early Holocene chironomid 
stratigraphies and Norwegian chironomid calibration set 

•9 of 10 have significant (p=0.05)  
July air temperature reconstructions 



Interpreting Significant Results 

With the same late-glacial chironomid compilation 

• 9 of 10 total organic carbon reconstructions are significant 

 

log(TOC) and July air temperature are highly correlated in 
calibration set (0.85) 

 

If variables are co-linear in the calibration set, significance tests 
cannot tell which is important 

Not an escape from Juggins (2013) "sick science" problem 

 



Interpreting non-significant results 

With the same chironomid compilation 

1 of 10 late-glacial chironomid-pH  reconstructions are significant 

• pH not expected to be driving variable at this time 

 

 



Interpreting non-significant results 

Foram-derived sea level (Kemp et al 2013; JQS) from a New 
Jersey saltmarsh 

 

 

 

 

 

 

 

 

 

Saltmarsh accumulation kept pace with sea-level rise 

 



Interpreting non-significant results 
4 of 12 Holocene chironomid-July air temperatures are significant 

0 of 11 Late Holocene chironomid-July air temperatures are significant 

•Holocene temperature variability is small relative to uncertainty 

•Variables other than temperature are important?  

•Tests have low power? 

•cf. Velle et al (2010, 2012) 

 

 



Low Power? 

• When species diversity is low (especially WA, WAPLS etc) 

– MAT more robust to low diversity 

• When there are few fossil observations 

• When the variable of interest only varied slightly  

Late Glacial Holocene 



Conclusions 

The statistical significance of palaeoenvironmental reconstructions can 
be tested 

• Apparently significant results can arise from colinearity in the 
calibration set 

• Reconstructions where variability is small relative to the transfer 
function model uncertainty are unlikely to be statistically significant 

• Variability in reconstructions that are not statistically significant 
should be interpreted with caution 

• Is the trend or the high-frequency responsible for significance? 
Might not be both 

• Mean of non-significant reconstructions can still be reliable 

Tests implemented in R package palaeoSig  

 


