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What is environmental DNA?
BS: This is best explained with 

an example. When you go to the 
swimming pool, you’re usually glad 
that the water there has been 
cleaned as it would otherwise be full 
of stuff like traces of skin, mucus or 
faeces. But as a biologist you can 
use all these traces because they 
contain DNA, i.e. genetic material. 
Samples of the water can be taken 
to determine the species that is the 
source of the DNA in them (see In-
fographic, p. 14). Most of the DNA 
sampled in a swimming pool would 
come from humans, whereas the 
DNA from a pond would include 
all species that visit or live in it. 

AG: But it’s not only with water 
that this works. The DNA can come 
from any environmental sample, in-
cluding from water, soil, river sedi-
ment or a glacier core. All these 
samples contain genetic material – 
hence the name environmental 
DNA, or eDNA from the English 
‘environmental DNA’.

What sort of research questions can 
be clarified in this way?

BS: The question is always 
whether certain organisms occur in 
a particular habitat. It could be 
about whole groups or individual 
species.

AG: This is why one possible 
field of application for eDNA is  
species monitoring, which involves 

finding out which species occur 
where. Such data is needed for the 
Red Lists, for example, which rely 
on observation data to estimate a 
species’ endangerment status.

Can’t you just go out to the field and 
look for the species?

AG: In principle, yes, and that’s 
what people are doing at the  
moment. But the fungi kingdom, 
which is the focus of my research, is 
extremely species-rich. In Switzer-
land alone, almost 10,000 species 
have been identified so far. The  
actual number is probably much 
higher. So eDNA has huge poten-
tial. When you are in the field doing 
monitoring work, you don’t see 
many fungal species because they 
are too small. As for the rest – you 
need at least five specialists to  
identify them. The effort involved is 
enormous. It’s different with 
eDNA: in just one environmental 
sample you can – with very little  
effort – detect hundreds of species 
simultaneously.

BS: eDNA also helps save time 
and money when monitoring am-
phibians. For example, we collect 
distribution data on amphibians to 
see how well they are doing in  
Switzerland. It can be difficult to see 
into a pond if it has a wide belt of 
reeds and is full of water plants. 
This makes searching tedious. If, 
however, you work with eDNA, you 

ONE -T WO “Environmental DNA has huge potential.” Need 
to identify lots of fungi quickly or find unknown species? 
With environmental DNA you can. The myco logist Andrin 
Gross and the amphibian expert Benedikt Schmidt discuss 
when it makes sense to use it. 

Benedikt Schmidt is an 
expert on amphibians 
at the Coordination 
Centre for Amphibian 
and Reptile Conserva-
tion in Switzerland  
(info fauna karch) and 
head of a research 
group at the University 
of Zurich.

Andrin Gross works 
as a mycologist at 
WSL and is responsi-
ble for the national 
data centre ‘Swiss-
Fungi’.P
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SwissFungi:  
swissfungi.wsl.ch

can just take a water sample and see 
if there is any amphibian DNA in it. 
That is much easier.

Are there any other advantages?
BS: Yes, for animal welfare, for 

example. Suppose we want to know 
if a skin fungus that is dangerous 
for amphibians is present in a pond, 
we can use eDNA to analyse a wa-
ter sample instead of catching the 
amphibians and taking skin swabs. 
With eDNA you can potentially 
also obtain a lot of information in 
one go, whereas in classical moni-
toring we collect only data on am-
phibians. When you take eDNA  
water samples, on the other hand, 
you could also identify the dragon-
flies living in them. That’s some-
thing I’d like to do.

AG: Another advantage is that 
you sometimes find more unknown 
species in a particular fungal group. 
In our eDNA studies, for example, 
we have found many more coral 
fungi – fungi with coral-like fruiting 
bodies – that are genetically  
distinct but that have not yet been 
described. Apparently there are 
more species around than we know, 
and we should have a closer look.

BS: Among amphibians, the wa-
ter frog is one such example. There 
are four or five invasive water frog 
species and two native ones. One of 
them is the result of a cross between 
two other frog species, and they can 
all mix with each other. You can’t 
get anywhere using just their exter-
nal characteristics. Using eDNA 
methods is very valuable because 
you can get much clearer classifica-
tions than would be possible in the 
field with conventional methods.

If eDNA has so many strengths,  
is classical monitoring still needed 
at all?

BS: For us it is. eDNA is for us 
simply another tool which it makes 
sense to use in certain situations, 
such as with the water frogs or in 
an overgrown pond. If you can see 
well into a pond, classical monitor-
ing is still better. It provides valua-
ble additional information, for ex-
ample about whether there are 
juveniles or how large the popula-
tion is. 

AG: This limitation is less rele-
vant for us because counting fungal 
individuals with classical methods is 
difficult.

Can eDNA be used to discover very 
small populations that would 
otherwise have been overlooked?

BS: No. Rare species and small 
populations are sometimes even 
harder to find with eDNA than with 
classical methods. If you have spent 
a lot of time catching a single newt 
in a pond, its genetic material may 
not be detectable at all. One reason 
is that the DNA is not evenly dis-
tributed in the water and therefore 
there may be no DNA in the sample 
you have taken.

AG: Yes, that’s a problem for us 
too. When we catch fungal spores 
from the air in a spore trap, we of-
ten don’t find the rare species either. 
This is because the vast majority  
of spores fall to the ground within  
a few metres of the fruiting bodies  
of the fungi. You therefore have  
to think carefully about where to 
place the spore traps. 

“eDNA helps save time and money.”
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Spore traps like the passive one on the left in the photo and the active one on the right are used to 
‘catch’ fungal spores from the air. The genetic material they contain is then analysed in the laboratory.

Are there sometimes surprises in 
eDNA detective work?

BS: Yes, we’ve certainly had sur-
prises. For example, you get the spe-
cies list from the lab and see a newt 
species listed that you’ve never seen 
before at this location. But then the 
question is whether the finding is 
correct. How many DNA sequences 
of this presumed newt species do I 
need to feel confident that the iden-
tification is correct? We are working 
on defining such threshold values. 
When I have a newt in my hand, 
such questions do not arise, even 
though misidentifications do occur.

AG: There may also be surprises 
if the eDNA data is evaluated again 
at a later date with better reference 
databases. The reason is that we can 
only identify species with the help 
of eDNA if their genetic fingerprint 
is stored in a database. So far, how-
ever, we are a long way from having 

the fingerprints of all species of fun-
gi. We are currently working on a 
WSL project to compile the genetic 
fingerprints of all the fungi on the 
Swiss Red List, i.e. over nine hun-
dred species. Once we have these, 
we can examine earlier eDNA re-
cords to see whether a species was 
already present at that time. You 
can, so to speak, go back in time. 
This is a huge advantage of eDNA 
and means that the data sets have 
added value.  (kus)
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