
Mol Ecol Resour. 2022;00:1–3.	﻿�   | 1wileyonlinelibrary.com/journal/men

The eDNA sampling community has been deeply interested in ex-
tracting population genomic inferences from environmental sam-
ples. Different sampling and analysis designs will be best suited 
to different types of questions. We foresee there being three 
general types of population-level inferences from eDNA samples: 
Metaphylogeography, noninvasive sampling of individuals, and tar-
geted environmental sampling of populations.
Metaphylogeography: Environmental samples contain genetic mate-
rial from potentially hundreds of taxa, opening the door to “meta-
phylogeographic” studies of biogeographic connectivity such as the 
effect of dispersal barriers and environmental gradients across many 
taxa and their pathogens simultaneously (Turon et al., 2020). For ex-
ample, Shum and Palumbi (2021) used amplicon sequencing of 106 

cobble samples from kelp forests to reveal small-scale ecological 
gradients in 527 species of animals and algae.
Noninvasive sampling of individuals: Studies may use environ-
mental samples to noninvasively sample single individuals, which 
may be desirable for species that are of conservation concern 
or difficult to capture. This is essentially noninvasive genetics 
(Schwartz et al., 2007), but allows researchers to collect genetic 
material from sign alone, without requiring capture of a vis-
ible portion of the individual of interest (e.g., hair, scat). Farrell 
et al.  (2022) were able to isolate trails left by individual turtles 
for sand sampling, similar to how scientists have extracted DNA 
from animal tracks in snow (e.g., Franklin et al.,  2019). Both 
mother turtles and their hatchlings left genetic material behind 
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Environmental DNA (eDNA) sampling uses genetic material in the environment to 
infer species presence sight-unseen. The method has rapidly become a powerful 
tool for monitoring biodiversity. However, biological diversity, as per the Convention 
on Biological Diversity definition of “diversity within species, between species and 
of ecosystems” is more inclusive than most eDNA studies cover: The vast majority 
focus only on between-species and ecosystem-level biodiversity. However, a tanta-
lizing prospect, as illustrated by Farrell et al. (2022) in this issue of Molecular Ecology 
Resources, is that we might also be able to unlock information about individual and 
population-level diversity via population genomic analysis of these environmental 
samples. Farrell et al.  (2022) found that targeted samples of beach sand contained 
genetic material not just informative about sea turtle presence, but also indicated 
the presence of pathogens and genome-wide mitochondrial and nuclear sequences 
that could accurately infer individual turtle source population. Moving from proof-
of-concept to robust, population genomic inference will require a growth of genomic 
resources for nonmodel organisms and careful study design considerations, some of 
which have already been pioneered by related fields.
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at nest sites, but Farrell et al.  (2022) were able to leverage the 
maternal inheritance of mitochondrial DNA to make inferences 
about population membership of the mothers based on mito-
chondrial reads.
Targeted environmental sampling of populations: Finally, eDNA 
studies may retrieve nuclear data from a group of individuals si-
multaneously by targeting aggregations of a taxon for environmen-
tal sampling and thus mimic a pooled sequencing approach (e.g., 
Ferretti et al., 2013). For example, Andres et al. (2021) showed how 
microsatellite loci could be informative in estimating allele frequen-
cies and identifying numbers of contributing individuals using water 
samples from experimental mesocosms and natural settings. In a 
natural setting, Jensen et al. (2021) used capture enrichment to se-
quence environmental samples for nuclear whale shark (Rhincodon 
typus) DNA and achieved 0.55% on-target reads, covering 61.6% of 
the targeted regions, albeit with low coverage. Capture efficacy was 
limited by cocapture of highly abundant mackerel tuna, leaving room 
for optimization of molecular methods and more targeted sampling 
approaches, taking closely related, co-occurring taxa into account.

Of these three approaches, metaphylogeography is an application-
ready tool and suitable data sets are already available from metabar-
coding, but scaling up to population genomics from environmental 
samples will require some careful thought and more extensive ge-
nomic resources (Figure 1).

A particularly important consideration for population genomics 
from environmental samples will be correct mapping of rare target 
sequences within the larger suite of DNA found in environmental 
samples. Reads might map to the target taxon genome, but actually 
be derived from a closely-related taxa or even a distantly-related 
taxa if they occur at either a highly conserved or highly repetitive 
locus, particularly when working with short reads. This was a consid-
eration highlighted by Jensen et al. (2021) where, even with capture 
enrichment, careful attention was required to ensure that mapped 
reads only came from the species of interest. In Farrell et al. (2022) 

only mitochondrial reads were interpreted, but the authors suggest 
the potential to leverage thousands of reads mapping to the nuclear 
genome to make even more powerful population inferences. Farrell 
et al. (2022) may not have had the genomic resources necessary to 
confidently filter and map these reads, but genomic resources are 
on the horizon. Large-scale efforts such as the Earth Biogenome 
Project (Lewin et al., 2020) are generating the multiple, well-curated 
genomes that we need for making environmental population ge-
nomic inferences.

Where these genomic resources exist, ancient DNA studies 
have pioneered the potential to make robust population genomic 
inferences just from a bit of dirt. For example, Pedersen et al. (2021) 
retrieved low-coverage environmental bear genomes (0.03–0.04x) 
from cave sediments dated 14–16 thousand years BP, and used 
newly generated bear genomes to separate sequences of closely 
related species copreserved in environmental samples. With these 
data the authors were able to make new inferences about the evo-
lutionary relationships and ancient dispersal of both extant and ex-
tinct bears. Studies such as Farrell et al.  (2022) suggest that, with 
careful study design, modern eDNA samples may be an equally 
viable source of genetic material for population genomic inference 
on contemporary populations. Researchers looking to leverage this 
contemporary DNA may benefit from the tools, approaches, and 
best practices pioneered by ancient DNA researchers, who have 
spent the last decade(s) developing tools for such inferences from 
complex sample mixtures. Further, careful consideration will be 
required before attempting to apply these tools. Beyond novelty, 
focus should remain on applying the best tool for the specific re-
search question. In some cases noninvasive environmental genet-
ics may match or outperform invasive tissue sampling. In others, 
eDNA-based approaches may not provide the same resolution as 
is possible from invasive tissue sampling. When conceptualizing a 
new study, researchers should carefully consider potential trade-
offs between the data resolution needed for their question and the 
conservation costs of invasive sampling, particularly for species of 
special conservation concern.
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