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Rare, threatened, or endangered species oc-
cupying a complex environment, which are also 
cryptic, or shy, are often difficult and expensive 
to survey. Various types of survey techniques and 
statistical analyses have been developed to help 
compensate, and better detect elusive species, 
but at the end of the day, absence of evidence is 
not necessarily evidence of absence!

It’s now common to hear biologists talk of 

using environmental DNA (eDNA) to locate some 
invasive or rare aquatic animal. The technol-
ogy has gained popularity in recent years as an 
increasingly effective tool for sampling difficult 
to collect aquatic organisms, particularly some 
aquatic turtles. 

Environmental DNA refers to the DNA col-
lected from the general surrounding environ-
ment, used as a means of determining the 

F E AT U R E

presence of an organism that is particularly chal-
lenging to sample by other means. As organisms 
move about their habitat and perform biological 
functions, they shed cells and DNA. These DNA 
fragments can be collected, isolated, and identi-
fied as to species. 

Much of the public became familiar with this 
technology by watching crime scene investiga-
tion TV programs. Unlike a crime scene, an 
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aquatic environment does not require a forensic 
specialist to find and collect samples; only a 
pump to filter water samples is needed. The filter 
must have pores that are smaller than the sought 
after DNA fragments. Many studies over the last 
decade have relied on this simple principle, with 
eDNA sampling done on both native and exotic 
species, including invertebrates, fish, amphibians 
and mammals; in marine and freshwater envi-
ronments that include rivers, streams and ponds. 

An eDNA study takes place in both the field 
and lab. The first step is to collect water samples. 
We use decontaminated Nalgene bottles for sample 
collection, taking precautions to avoid contamina-
tion. Once a sample is collected, the water is filtered 
to capture the DNA by placing a filter on top of a 
vacuum flask. Vacuum pressure is applied, pulling 
water through the filter. When the process is com-
plete, the filter is placed in a vial with a buffer. DNA 
captured by the filter is extracted by using species-
specific primers, and the DNA mix is tested for the 
specific DNA of the target species using quantita-
tive polymerase chain reaction (qPCR).

Although the general technology and applica-
tion are not new, eDNA is increasingly being con-
sidered as a valuable tool by wildlife biologists 
because capture of a genetic marker from a water 
sample can substitute for capture of an indi-
vidual. Factors such as low population density, 
cryptic behavior, or a challenging environment, 
contribute to the difficulty of sampling with stan-

dard survey methods such as visual encounter 
surveys, basking point counts, or trapping. 

Environmental DNA is expected to improve 
detection of many aquatic turtle species and fur-
ther reduce survey costs by replacing the need for 
standard survey methods. Adding to the savings 
realized from advances in processing technology 
and computing power over the last decade, the 
approach promises to grow in use. As with any 

other sampling method, it requires further use 
and validation to understand rate and causes.

Environmental DNA survey advantages in-
clude reduced field time; allowing more samples 
to be collected, or a larger geographical area to be 
sampled within a given time period. Field equip-
ment is minimal, and there is no need to return 
to a sampled site, as compared to the multiple 
disturbances required when setting and retriev-
ing traps. Also, a smaller field crew is required, 
since intense searches are not necessary, and no 
traps must be managed. Additionally, detecting 
a species with eDNA is often more sensitive over 
conventional techniques.

Initial eDNA studies should be conducted 
alongside standard survey methods so that 
detection of eDNA can be validated by capture of 
individuals. All studies should be conducted in 
a standard scientific framework, as in the use of 
replicates and controls.

In our research on the distribution of the 
Flattened Musk Turtle (Sternotherus depressus) 
in Alabama, the goal was to use this method 
to resample historic sites and survey for new 
localities based simply on detection of eDNA. We 
confirmed five historic localities, extended the 
range in known occupied streams, and added 
four new localities. 

We successfully used eDNA with both the 
Wood Turtle (Glyptemys insculpta) in Virginia, 
and the Flattened Musk Turtle (Sternotherus 
depressus) to confirm the presence of the two 
species in streams and rivers. We entered into 
this two-year study as skeptical field biologists, 
but we’ve become optimistic concerning the 
potential use of eDNA in surveys.

Understanding the natural history and biology 
of the turtle species being investigated remains an 
important consideration when using eDNA. While 
it can be a powerful tool for surveying aquatic 
turtles, the outcome may be flawed without inclu-
sion of a knowledgeable turtle biologist in the 
work. If the need is only to detect the presence of 
a freshwater turtle, and field conditions or other 
factors inhibit use of other accepted methods, then 
employment of eDNA may be appropriate.
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