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We need good data to understand the state of our 
environment and how it is changing, so that we can 

then make wise management decisions 



Transforming data into wisdom 
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1. eDNA basics 



What is environmental DNA (eDNA)? 
= DNA extracted directly from an environmental sample 
 
 
 
 
 
 
 
 
 
 
 
 

 

• trace DNA left behind by organisms (e.g. skin cells, faeces) 
• undifferentiated micro-organism DNA (microbiomes) 
• DNA samples from many pooled organisms (e.g. insects from light traps)  

 



Biodiversity assessment using eDNA 

1. Collect sample 2. Extract DNA 3. Amplify target DNA 

4. Sequence target DNA 5. Match DNA to species 

CGGCTAGCTGGATCGATCGTTG 



The power of eDNA 



2. How does eDNA fit within 
environmental reporting? 



Biodiversity is a cross-cutting theme 



Focus on land environment in this talk 



Ecological Integrity framework for 
biodiversity reporting 

• “ecological integrity means the full potential 
of indigenous biotic and abiotic features and 
natural processes, functioning in sustainable 
communities, habitats, and landscapes” 
– Environmental Reporting Act 2015 

Indigenous 
dominance 

Species occupancy 
Environmental 
representation 



How does eDNA data fit? 
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3. eDNA data 
 - what does it look like? 
  



DOC eDNA pilot study 



A comparison of two approaches 

Landcare 

DOC & Landcare 

Landcare 

Allan Wilson Centre 



Our questions 

Is it practical to collect eDNA data 
from Tier 1 plots? 

 

What sort of data do we get?  

 

Are there patterns between forest 
and non-forest plots? 

 

Are the results from the two very 
different approaches consistent?  



Results (eDNA) 

• DNA data – Alan Wilson centre (Illumina 
MiSeq) 

– ~12,000 unique OTUs 

– ~ 1.2 million sequences 

 

• DNA data – Landcare (454) 

– ~5,500 unique OTUs 

– ~ 0.4 million sequences 

 

 

What is 
an OTU? 



Operational Taxonomic Unit (OTU) 

• Groups of similar sequences 

 

• Typically clustered with 97% 
similarity  

 

• ~ DNA equivalent of a species 



Results (Conventional data) 

• Conventional field data from same plots 

– 33 bird species 

– 352 plant species in total; 311 native, 41 exotic 

 



Taxonomic scope of the data - birds 



Plants (field data) 



Animals (eDNA data) 



Fungi (eDNA data) 



Bacteria (eDNA data) 



Results – relative richness 



Results – relative richness 



Results – relative richness 



 



Results – relative richness 







Results – relative richness 





Results – relative richness 





Results – relative richness 



 



Results – relative richness 





Results – relative richness 
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Comparison of two eDNA approaches  
(richness) 



Comparison of two eDNA approaches  
(richness) 



Comparison of two eDNA approaches  
(richness) 



Composition comparison 



Conclusions from T1 eDNA pilot 

• Is it practical to collect eDNA data 
from Tier 1 plots?  
 

• What sort of data does the method 
generate?  
 

• Are there patterns between forest 
and non-forest plots? 
 

• Are the results from the two very 
different approaches consistent?  
 

YES 

LOTS 

YES 

Somewhat 



4. Field validation of eDNA data 
    



Field data vs DNA data 

• Plants as test-case 

 

• Initially trialed sampling from 
soil cores but results were poor 

– Sampling not optimal for plants 

– Low sequence count 

– Poor reference data 



Plant field data vs DNA data 
Phase 2 NGBA project 

• MBIE Smart Idea 
 

• 125 locations sampled 
2015/2016 
 

• Uses 8km grid 
 

• 5 different land uses 
 

• Updated primers and 
sampling method for plants 
 



Plant field data vs DNA data 
RESULTS 

 

• Field data 

– 671 species in total; 
406 native, 265 exotic 

 

• DNA data 

– 787 unique OTUs 

– ~ 1.8 million 
sequences 

 



Community composition comparison 



Relative richness comparison 



Species Genus Family 

Raw match 26% 53% 62% 

Species identification 

How many of the field-identified species do we 
detect on the same plot using eDNA?  



But how good is our reference data? 

Species level 

• 412 species (64%) have 1 or more sequences 

• 200 species (36%) have none.  

 

Genus level  

• 279 (92%) have genus matches 

• 25 genera do not 

 



Species Genus Family 

Raw match 26% 53% 62% 

Species with reference data 37% 64% 77% 

Species identification 

How many of the field-identified species do we 
detect on the same plot using eDNA?  



Detection issues? Long tail of rare species 



Species Genus Family 

Raw match 26% 53% 62% 

Species with reference data 37% 64% 77% 

With reference data 
and abundant 

47% 78% 91% 

Species identification 

How many of the field-identified species do we 
detect on the same plot using eDNA?  



What does this tell us about the data? 

• eDNA identifies similar compositional patterns but 
richness not so well 
 

• Species level matches can occur but are not the 
norm 
– Treat name assignments with caution! 

 
• Plant data are a difficult test-case 

– High field data standards 
– Funky genomes 

 
• More accurate matches at higher taxonomic levels 

– these are more meaningful for other diverse taxa 

 



5. Using eDNA to report on 
genetic diversity (example) 
 



Genetic diversity in a reporting context 
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(Phylo)genetic diversity as a potential 
indicator 

A measure of evolutionary relatedness 

 

 
Community A 

Community B 

Community (B) has 
higher genetic 
diversity compared 
with community (A) 

Community (B) has 
greater evolutionary 
potential 





Strengths of phylogenetic indicators 

• Robust to taxonomic (name) uncertainty and 
change 

 

• Capture information about the entire 
community 

 

• Can be calculated directly from eDNA data 

 

 

 



Results – relative richness 



Results – Phylogenetic diversity  



Results – Phylogenetic diversity  



Which has the highest Phylogenetic diversity? 





But what about endemism? 

• Species found in a small number of locations are a greater 
conservation priority than widespread species 
 

• Areas of endemism are where components of biodiversity 
with restricted ranges are concentrated 
 

• Can quantify this within our dataset using phylogenetic 
endemism - Rosauer et al. 2009  

 
• Calculation combines presence/absence (range size) data 

with data on phylogenetic relatedness 
 

• Can be calculated using OTUs – you do not need to have a 
name or know if a species is native or exotic 
 

 



Which has the highest phylogenetic endemism? 



Results – Phylogenetic endemism 



Results – Phylogenetic endemism 



How reliable is phylogenetic endemism as 
an indicator?  



How is land use impacting genetic diversity? 

We have the 
data to tell a 
national story 
 
….. But that’s 
for another day 
 



6. Key take home messages 



Key take home messages 

1. eDNA studies generate deep, complex datasets 
with many potential uses but they also have 
limitations 
 

2. Analysis and interpretation is very much a work in 
progress – and is by no means straightforward or 
well developed, yet. 
 

3. We need to properly understand the information 
content of eDNA data so that we are confident in 
its application  
 

4. Genetic diversity indicators calculated using eDNA 
data show promise for environmental reporting 
 
 



From Data to Wisdom (or policy)? 
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