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EXECUTIVE SUMMARY

Freshwater ecosystems are under increasing pressure due to anthropogenic activities such
as agricultural practices, urbanisation, and industrial applications. In recent years, there has
been an increase in studies investigating the impacts of these practices on the biological
communities that live in freshwater ecosystems. While many studies have focused on the
biological communities of surface freshwaters, little research has been conducted on
groundwater communities due to the inaccessibility of aquifer ecosystems. However, wells
drilled into an aquifer can provide a suitable sampling window, allowing for the collection of
microorganisms and macrofauna. Macrofauna collected can be identified using traditional
identification methods that use visual (morphological) surveys and taxonomic keys. Traditional
methods cannot be used to identify microscopic organisms, macrofauna inhabiting the
inaccessible aquifer voids and at immature life stages that lack external morphological
features. Instead, environmental DNA (eDNA) methodologies have been proposed to identify
these organisms by detecting the short DNA fragments left behind in environmental
substrates, such as groundwater and sediments (Barnes and Turner, 2016, Sansom and
Sassoubre, 2017).

Environmental DNA has many advantages, including identifying taxa without requiring
taxonomical expertise, a skill that can be particularly scarce for underground organisms.
Moreover, environmental DNA can target a broad set of taxa with only one sample and is a
rapid, cost-effective and non-invasive method. Environmental DNA can also detect low-
density species, has a large sample processing capacity, and offers a high-throughput system
for detecting species' presence and, thus, biological diversity.

While environmental DNA can be a valuable tool in monitoring groundwater species, the
current literature highlights that this methodology is still developing, and our understanding of
optimally conducting and interpreting environmental DNA results is still progressing. The
following report provides an overview of environmental DNA methodology and outlines the
advantages and limitations of this method when used in groundwater research.



1 SCOPE

Environmental DNA (eDNA) is increasingly used to assess the biodiversity of organisms
inhabiting groundwater ecosystems. However, as a developing methodology, there is often
confusion surrounding the interpretation of eDNA results, leading to conflicts among
stakeholders.

This report was commissioned to provide clarity and achieve the following:

1. Offer an overview of the use of eDNA in ecological assessments of groundwater.

2. Discuss the advantages and limitations of eDNA methodology.

3. Provide guidance to stakeholders on interpreting eDNA data and draw informed
conclusions from the results of this review.



APPROACH

A literature search using the search engines Web of Science, Google Scholar, Google,
Science Direct and PubMed and dates between 1980 (the era in which eDNA methods were
developed and applied to detect microorganisms in environmental substrates) and 2024 was
undertaken. Search terms included "environmental DNA" and "eDNA" with combinations of
"traditional assessments”, “biodiversity”, "taxonomic”, and keywords, “freshwater",

"groundwater", "subterranean", "aquifers", "ecosystems", "biological", "function", "limitations",
"advantages", "Aotearoa”, and "New Zealand". The search was repeated using the same
terms, omitting "Aotearoa” and "New Zealand" to capture international research. Each

publication was read for its applicability to this review and referenced where relevant.




2 GROUNDWATER AND
(E)NVIRONMENTAL DNA

Groundwater is a global resource providing essential human services such as drinking water
and irrigation. Biological communities (consisting of microorganisms?, meiofauna and
macrofauna) living within groundwater help sustain its quality and health (Mermillod-Blondin
et al., 2023). Microorganisms play essential roles in water purification through biogeochemical
cycling and degradation of contaminants (Griebler and Avramov, 2015). Stygofauna i.e.
microorganisms, macrofauna and meiofauna, enhance aquifer water transmission (Hose and
Stumpp, 2019, Stumpp and Hose, 2017), undertake organic matter processing (Kinsey et al.,
2007, Simon and Benfield, 2001) and contribute to the subterranean food web (Sacco et al.,
2022a). Macrofauna, particularly amphipods, have been used as bioindicators in groundwater
monitoring due to their sensitivity to certain anthropogenic pollutants (Koch et al., 2021;
RedZovic¢ et al., 2023) and their perceived similarity to surface macrofauna. This has recently
been brought into question as more recent research has indicated that stygofauna may have
a much higher tolerance to contaminants than previously thought (e.g. Di Lorenzo et al., 2021,
(Groote-Woortmann et al., 2024).

Anthropogenic pollutants originate from agricultural, forestry and urban activities. These
pollutants can cause changes in the physical and chemical properties of groundwater, which
may decrease the biodiversity of the biological communities (Chen et al., 2020, Mateos-
Cardenas et al., 2019, NPSFM, 2020, Pawlowski et al., 2018, Sha et al., 2023, Xiu et al.,
2020). These changes in biodiversity can compromise ecosystem functions, resulting in a
deterioration of groundwater health (Hancock, 2002, Hancock et al., 2005).

Ecosystems with high biodiversity generally have greater stability, are healthier, and are more
resilient than ecosystems with low biodiversity. In recent years, there has been an increasing
demand to monitor biodiversity and species abundance within freshwater communities. While
there has been a large increase in biodiversity monitoring for surface water environments,
biological monitoring in groundwater ecosystems is limited due to their inaccessibility (Korbel
et al., 2017, Steube et al., 2009). As a result, the biodiversity of groundwater ecosystems is
understudied (Couton et al., 2023a).

Groundwater ecosystems can, however, be accessed through wells drilled into the aquifer
from which microorganisms, meio- and macrofauna can be collected using pumps and filtering
methods (Hahn, 2006, Thulin and Hahn, 2008, Weaver et al., 2021). Macrofauna can be
identified by traditional methods using external morphological features and taxonomic keys.
While commonly used in surface water biodiversity assessments, these traditional methods
are limited in groundwater environments as they require specimens with intact anatomical
features (these are frequently damaged during groundwater pumping) (Hahn, 2006).
Additionally, traditional methods are time-consuming, require specialised expertise to identify
species correctly, are biased toward larger, more abundant taxa, have difficulty identifying
juvenile stages that may lack defining morphology and cannot be used to identify microscopic
organisms. As such, there has been a drive to adopt alternative methodologies for identifying
organisms inhabiting groundwater ecosystems.

Over the last few decades, eDNA and sequencing techniques have been increasingly used to
identify species in the environment, including freshwater and, more recently, groundwater
(Sacco et al., 2022b, van der Heyde et al., 2023). eDNA detects extracellular DNA or cell
debris that organisms leave behind in environmental samples, such as water or sediment
(Bohmann et al., 2014, Sacco et al., 2022b). Species presence can, therefore, be detected
without the need for an entire specimen. For example, eDNA analysis detected an

1 Microorganisms consist of bacteria and archaea in this context.



underground species of blind shrimp in bores where specimens had not been previously
retrieved (Oberprieler et al., 2021).

eDNA-based methods target specific host DNA using primers? (short sequences of DNA that
bind to the target DNA). Polymerase chain reaction (PCR) amplifies the DNA to generate
thousands to millions of sequences (next-generation sequencing). eDNA metabarcoding®
enables the characterisation of eDNA from multiple species within a single groundwater
sample (Takahashi et al., 2023). Analysis of the sequence data is performed to assign
taxonomies to the sequence reads so that individual host organisms can be identified. From
this data, species prevalence can be determined, and overall biodiversity can be assessed
(Figure 1).
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Figure 1. How can environmental DNA be used to identify species?

A) Samples are collected from the environment (e.g., water, soil, animal products). B) eDNA is extracted
from the samples. C) Target DNA sequences are multiplied using PCR. D) The sequences are read on
a sequencing machine, showing the order of bases on the DNA strands. E) Sequences are then
matched to known sequences in worldwide databases. F) A list is produced of species found in that
environment (Schallenberg et al., 2020).

2 Primers are short sequences of DNA that are found in specific organisms (barcoding), groups of
organisms or a range of organisms (metabarcoding). The primers bind to specific regions in the target
organisms DNA and are then copied (amplified) many times so the organism can be detected. We can
think of primers as barcodes that you see on food packaging to identify a product.

3 Metabarcoding is the use of a primer sequence (or multiple primers) that enables multiple taxa (types
of organisms) to be identified in one sample.
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Globally, eDNA studies of subterranean ecosystems are still relatively rare, with most
investigations being undertaken in caves located in karst aquifers (Table 1).

Table 1. Examples of overseas research using eDNA methodology in subterranean ecosystems

groundwater fauna in a
large range of habitats
and for all life stages

Author and Location Target Aquifer Outcome

year

West et al. Australia Eukaryotes Karst Characterised eukaryotic*

(2020) subterranean diversity from
sediment and water collected
from caves and springs.

Boyd et al. Alabama, USA | Rare groundwater Karst Detected crustacean DNA from

(2020) crustacean water samples collected from
caves and springs.

Goricki et al. Europe Cryptic cave-dwelling Karst Concluded that eDNA

(2017) amphibian methodology provided a rapid
detection of a rare subterranean
species inhabiting karst
groundwater.

Niemiller et al. Washington, Amphipod Shallow Demonstrated the ability of eDNA

(2018) USA groundwater- to detect rare and endangered

fed seepage groundwater amphipods.
spring
Voros et al. Croatia, Rare and elusive cave- | Karst Confirmed the presence of a
(2017) Southeast dwelling amphibian cave-dwelling amphibian in ten
Europe caves and detected the species

for the first time in five others.

White et al. Australia Rare, blind cave eel Karst Results demonstrated that the

(2020) newly designed assays
effectively detect this rare and
vulnerable subterranean species.

Korbel et al. Australia Community-level Alluvial This study used DNA community

(2017) detection of profiling (metabarcoding) of 16S

rDNA and 18S rDNA, combined
with traditional stygofauna
sampling methods, to
characterise groundwater biota
from four catchments within
eastern Australia.

4 Eukaryotic — organisms where the cell contains a nucelus and other membrane-bound organelles e.g.
Protists, fungi, all animals, plants. Eukaryotes can be single-celled or multicellular.
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While studies using eDNA in surface freshwater have been conducted in New Zealand, the
use of eDNA in groundwater research is very limited. Table 2 summarises the extent of eDNA
studies in groundwater research across New Zealand (to 2023).

Table 2. Examples of New Zealand research using eDNA methodology in subterranean ecosystems

Author and Location Target Aquifer Success
year
University of Auckland, Denitrifying Alluvial Examined the genomic novelty
Auckland-led Waikato, microorganisms and functional capacity of typical
MBIE Smart Wellington, and groundwater ecosystems and the
Idea research Canterbury impact of nutrient gradients on
project that the groundwater communities.
included ESR,
2017 to 2020
Fenwick et al. North and Stygofauna Alluvial High biodiversity and short-range
(2021) South Island endemism were found across the
North and South Islands.
ESR, 2013 to Otago, Bacteria, eukaryotes Alluvial, marble, | eDNA has been used to monitor
present Canterbury, and fungi fractured basalt | the spatial and temporal diversity
Takaka, Nelson and coarse of microorganisms across New
Waikato, sand Zealand.
Hamilton, and
Auckland
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The following sections provide an overview of the advantages and limitations of eDNA-based
methods in groundwater ecosystems.

2.1 ADVANTAGES OF ENVIRONMENTAL DNA METHODOLOGY:

eDNA methods are advantageous in biodiversity studies of groundwater ecosystems as
multiple species (micro to macrofauna) can be detected simultaneously using a single
groundwater sample. Detecting multiple species is advantageous for studying complex aquifer
systems where numerous species may co-exist.

The use of wells allows replicate sampling to be undertaken, enabling in-depth studies to
capture more accurate data for community analysis and species diversity (Dickie et al., 2018).

Collecting groundwater samples is typically non-invasive and minimally disruptive to the
environment (Couton et al., 2023b, Nakagawa et al., 2018, Shaw et al., 2016).

eDNA analysis has benefits for identifying groundwater macrofauna and has been found to
detect soft-bodied stygofauna species more efficiently than haul-net sampling (van der Heyde
et al., 2023). It is much easier and less time-consuming to compare macrofauna species
sequences through online databases rather than define and describe morphological
characteristics where highly specialised taxonomic expertise is required (Deiner et al., 2017,
Shaw et al., 2016).

In some cases, eDNA can provide higher taxonomic resolution, especially when species
cannot be distinguished based on morphological characteristics, such as microorganisms and
juvenile life stages of some macrofauna species.

eDNA methodology can detect very small protozoans as well as rare and inconspicuous
species in groundwater ecosystems (Shogren et al., 2018) and can clarify the genetic
difference between morphologically similar specimens (ZakSek et al., 2007).

2.2 LIMITATIONS OF ENVIRONMENTAL DNA METHODOLOGY:

While eDNA can offer valuable insights, it is essential to recognise its constraints. Two
important errors in eDNA methodology are false positives and false negatives.

2.2.1 False positive errors

False positives occur when the species is “detected” but is not present in the ecosystem.
They can result from (1) contamination, (2) incomplete reference databases, or (3) non-
specific amplification.

(1) Field sampling is often undertaken in non-sterile and challenging conditions. DNA can
easily be transferred to a sample from aerosols (microscopic droplets of fluid), skin,
gloves, clothing, shoes, and environmental influences. Groundwater samples typically
have very small amounts of DNA, and any contamination will significantly affect the
seguencing results.

(2) The lack of reference sequence availability in public databases is a challenge for
studies using eDNA (Couton et al., 2023a, Korbel et al., 2017, Korbel et al., 2022,
Oberprieler et al., 2021, West et al., 2020). Public databases do not contain sequences
for all groundwater species, as many have yet to be identified (Couton et al., 2023a).
False positive identification of a species can occur when an unknown sequence cannot
be matched exactly to a sequence in the database and is instead assigned to the
closest matching sequence, which can sometimes be a completely different organism.
To mitigate the occurrence of a false positive error, specific criteria are used so that
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only sequences with a defined similarity (e.g., 97% alignment at the species level for
bacteria) are considered.

(3) eDNA samples contain the DNA of many organisms, and the slightest amplification of
any non-target organism's DNA has the potential for non-specific false positives.

2.2.2 False negative errors

False negatives occur when taxa are present in the ecosystem but not detected and can result
from (1) low DNA vyield, (2) non-specific primer design and lack of suitable primers, (3)
inhibition and (4) degraded DNA.

(1) eDNA is typically present at low concentrations in groundwater samples and the
eDNA of interest may not be captured during sample collection.

(2) The accuracy of eDNA metabarcoding relies heavily on the choice of primers for PCR
amplification. If incorrect or poorly designed primers are used, the target DNA will not
be amplified, resulting in a false negative error. Additionally, there is a lack of suitable
primers for groundwater organisms (Sacco et al., 2022b), especially macrofauna,
which are generally not well-amplified by primers traditionally used in metabarcoding
(Brantschen et al., 2022; Elbrecht and Leese, 2017; Leray et al., 2013).

(3) Humic and non-humic substances can inhibit PCR amplification, leading to a failure of
DNA amplification (Opel et al., 2010, Williams et al., 2017).

(4) Degraded eDNA is often highly fragmented, which affects the efficiency of PCR
amplification. DNA can rapidly degrade to sub-detectable levels within days to weeks
due to environmental factors such as temperature, pH, microbial activity (including
predation), microbial enzymes (nucleases), and oxygenation reactions (Shogren et al.,
2018).

2.2.3 Bias

Sampling methods may bias the types of organisms collected. For example, when pumping
water from a well, the sample may be biased against the larger, sessile, or more active
macrofauna species that may evade extraction by the pump.

The depth at which samples are taken can also cause bias as species richness decreases
with depth due to the lower levels of oxygen and nutrients in deeper groundwater.

Deposits of organic sediments can result in a disproportionate representation of single-source
DNA material from dominant taxa if sampling is concentrated around these sediments.

Different bacterial groups (gram-negative, gram-positive) may resist the chemical agents
applied during DNA extraction (von Wintzingerode et al., 1997). In some cases, the chemical
agents cannot completely break the bacterial cell walls, preventing the DNA from being
released into the solution. In contrast, the chemical agents might lyse the cells well but
damage the DNA. These factors could lead to underestimating or overestimating different
species present in the groundwater community (Mthethwa et al., 2022, Shapiro et al., 2019,
Valeix et al., 2020).

2.2.4 Other limitations

eDNA does not provide phenotypic information (e.g., sex, life stage) nor differentiate between
DNA from live and dead organisms, as both shed DNA into the environment, contributing to
the eDNA pool. Additionally, while eDNA methodology aids in identifying the different species
found in a groundwater community, it cannot determine how many individual members of that
species are present in the ecosystem (i.e., their abundance). Even if more eDNA from a
particular species is found, that does not necessarily mean more organisms are present. As a
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result, eDNA cannot be relied upon to accurately assess the number of organisms in a
community. However, estimations of relative abundance by eDNA can be helpful when
evaluating multiple and temporal samples, providing researchers with an understanding of a
species' contribution to a groundwater ecosystem (Couton et al., 2023b).

The limited understanding of local hydrogeology at most sampling locations complicates the
interpretation of eDNA detections. eDNA can be transported through an aquifer system via
the passive movement of intra-, extracellular, or particle-bound DNA in the environment (e.g.,
by flow). As such, eDNA can be sampled at a different place than where it was produced,
affecting inferences about fine-scale spatiotemporal trends in species and communities
(Deiner et al., 2017, Eichmiller et al., 2016, Goldberg et al., 2016, Hering et al., 2018,
Pawlowski et al., 2020, Taberlet et al., 2012).

Groundwater organisms vary within an aquifer system, with a high endemism. Therefore,
eDNA detected at one sampling well may not be indicative of the entire aquifer, requiring a
larger number of sampling points to obtain representative results (Gibert and Deharveng,
2002, Hahn and Matzke, 2005, Mésslacher, 1998, Thulin and Hahn, 2008).

The description of new species, which generally depends on the identification of actual
specimens using traditional morphological methods, is limited due to the numerous
undescribed species in the subterranean environment (Couton et al., 2023b, Goldberg et al.,
2020). Undescribed species are present in databases due to the lack of taxonomic expertise
required to identify them morphologically.

Estimating DNA longevity and persistence in environments is difficult. DNA can absorb onto
particles, such as sands, clays, and minerals, which protect eDNA from nuclease degradation.
This allows the DNA to persist for longer in the environment, making it harder to determine
reliably if the detected DNA belongs to recent or historical populations (Foucher et al., 2020).

Results can be confusing to interpret, for example, when soil organisms such as earthworms
or above-ground creatures such as spiders are detected in a groundwater sample.
Therefore, eDNA results must be used with expert knowledge of the taxa and their biology.
In some cases, it may be concluded that the genetic traces of surface-dwelling organisms
have likely been washed down into the groundwater by rain (Couton et al., 2023a).

It can be difficult to extract enough DNA from groundwater organisms with delicate
exoskeletons that degrade relatively quickly and are often present in small numbers (Perina
et al., 2018).

Some organisms shed low amounts of DNA, resulting in low DNA concentrations and low
detection rates. (Deiner and Altermatt, 2014, Korbel et al., 2024). Crustaceans shed less DNA
in their environment than soft-bodied organisms, which may cause biased results against
these taxa (Andruszkiewicz Allan et al., 2021).
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3 DISCUSSION

eDNA is highly sensitive and allows for cost-efficient, rapid, and non-invasive assessment of
species biodiversity. It is increasingly used in short- and long-term biomonitoring programs,
biodiversity assessments, and conservation (Lodge, 2022). Within groundwater ecosystems,
eDNA can detect traces of DNA left behind by large, active macrofauna, even if they occur at
low densities. Taking groundwater samples for eDNA metabarcoding is faster, less work-
intensive to process, and is thus easier to scale up spatially (i.e., sample at the regional or
national level) and temporally (e.g., yearly monitoring) than the traditional biodiversity
assessment methods. Moreover, it gives information on the whole community, not only a
restricted set of species of interest. However, eDNA appears to be not as efficient as traditional
sampling in detecting rare macrofauna (Keck et al., 2022) and fails to detect some key
organisms, such as amphipods or syncarids that are collected with net samples (Korbel et al.,
2017). Several reasons have been suggested to explain these discrepancies, either related to
the nature of eDNA (e.g., shedding rates, eDNA degradation, low concentration of eDNA) or
to technical difficulties (e.g., primer bias, sampling bias) (Andruszkiewicz Allan et al., 2021,
Brantschen et al., 2022). Many studies suggest that eDNA and traditional morphological
identification methods should be integrated when identifying macrofauna specimens, as this
would allow both methods' benefits without being hindered by the drawbacks of using only
one. More effort is also required to improve specific aspects of DNA methodology, including
reducing contamination, improving database references and PCR design, and gaining a more
thorough understanding of DNA's behaviour in groundwater ecosystems.

3.1 REDUCTION IN CONTAMINATION

There is a high likelihood of contamination influencing the DNA result, especially during non-
sterile field sampling, a common cause of false positive results. Negative controls should be
included simultaneously with the field sampling to assess for possible contamination leading
to false positives. An appropriate field negative control for microorganisms is a clean, ultra-
pure water sample brought into the field and filtered at the same time and location as the
collected field samples (Sepulveda et al., 2020). However, it is more difficult to control for net
and pump samples as, inevitably, the environment cannot be sterilised, and there are
pathways from which surface organism DNA can enter groundwater.

3.2 DATABASES

False positives due to incomplete reference databases are also a major challenge (Abbott et
al., 2021), with the gaps in reference databases especially pronounced in under-studied
ecosystems such as groundwater (Weigand et al., 2019). Expanding the reference databases
for groundwater species would increase precise taxonomic assignment and knowledge,
reducing the likelihood of assigning a sequence to an incorrect species (Emilson et al., 2017,
Maggia et al., 2017, Yang et al., 2017). Globally, work is underway to help improve the gaps
in online databases. For example, an online database dedicated to subterranean taxa, called
Stygofauna Mundi, is in development (Martinez et al., 2018), which could stimulate the
discovery of new species and help future eDNA metabarcoding works. In 2024, researchers
from the University of Waikato, ESR, Massey University, Wilderlab, the University of Auckland,
and NIWA undertook a project to optimise the extraction of DNA and generate barcodes of
recent and historical New Zealand stygofauna that could be deposited into online databases
(van der Reis et al., 2024).
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3.3 PRIMER DESIGN?®

A molecular primer is a short sequence of nucleotides (usually DNA or RNA) that serves as a
starting point for DNA synthesis. Synthetic oligonucleotide primers are designed to amplify a
region of DNA on a sequence of interest during processes like polymerase chain reaction
(PCR) or DNA replication. Primers are designed to be complementary to specific sequences
on a target DNA strand, allowing enzymes like DNA polymerase to bind and begin copying
the DNA at the correct location. Primers for eDNA metabarcoding need to be short enough to
amplify degraded samples, identical within but variable between species, and flanked by highly
conserved regions to amplify a variety of species without sacrificing the specificity of the target
group (Epp et al., 2012). Primer choice has the potential to bias results by preferentially
amplifying some target sequences more than others, as well as amplifying non-target groups
(Cristescu, 2014). One potential solution is using multiple primer sets, particularly
evolutionarily independent primer sets coinciding with standardised barcodes for the target
taxonomic groups (Drummond et al., 2015). Although it can reduce primer bias and increase
taxonomic coverage, this method suffers from being more costly and time-consuming (Alberdi
et al., 2018, Creer et al., 2016, Cristescu, 2014). Another important factor in PCR and primer
design is in replicates; multiple PCR replicates increase species detection and decrease the
likelihood of false negatives, but the number of replicates used often differs between studies
and depends on detection probabilities, research objectives, sequencing depth, primer choice,
cost constraints, and the sequencing platform (Alberdi et al., 2018, Ficetola et al., 2015).

3.4 LOW-YIELD EDNA

Increasing the number of collected groundwater samples (replicates) could enhance the
likelihood of capturing eDNA. Large volumes of water may need to be filtered (compared to
surface freshwater) (Couton et al., 2023a) since the genetic material in groundwater is even
more diluted.

A recent mesocosm study comparing recovery of (€)DNA from a range of specimens found
that crustacean species DNA was detected sporadically and unpredictably compared to non-
crustacean stygofauna. They suggest that crustacean species shed very little DNA compared
to other taxa (Korbel et al 2024).

The number of replicates taken at a sampling point has been found to impact the detection of
taxa (Rees et al., 2014, Shaw et al., 2016, Takahashi et al., 2023). In a groundwater
ecosystem, replicates are particularly crucial due to the inherent randomness of sampling
heterogeneous aquifer habitats and the possibility of uneven distribution of eDNA molecules
(Hunter et al., 2015).

In New Zealand, eDNA metabarcoding validation trials have shown that six groundwater
sample replicates at a single site for macrofauna provide the most robust data (Melchior and
Baker, 2023).

3.5 EDNA PERSISTENCE

A better understanding of DNA longevity and persistence in groundwater ecosystems will help
improve our knowledge and understanding of the origin and fate of eDNA in groundwater, the
likelihood of its detection over time, and the reliability of eDNA as an indicator.

5 Primers are short sequences of DNA or RNA that are specific to an organism/group of organisms or
a wide range of taxa. Primers initial building of DNA/RNA within an organism and are used to bind
specifically to DNA/RNA found and can then be amplified (copied) many times.

Primer design is undertaken in Laboratories to be used in molecular methods such as sequencing of
eDNA. To design a primer, DNA is scanned to look for specific and unique regions that the primer will
bind to. The primer is then manufactured and used in sequencing.
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3.6 FOREIGN DNA

Other challenges of eDNA methodology include the difficulty of interpreting whether DNA truly
originates from the sample or has migrated into the groundwater ecosystem from another
location. For example, eDNA from surface-dwelling organisms can be washed from surface
locations into deeper subterranean ecosystems. As such, interpreting eDNA results should
consider all available biological information on habitat ecology, eDNA behaviour, and the
transport of DNA through the aquifer system.

3.7 EDNA APPLICATIONS IN NEW ZEALAND

eDNA methodology has many uses, including in the conservation of New Zealand's endemic
and distinctive flora and fauna. For example, eDNA is used to assess declines in biodiversity
due to habitat loss and fragmentation, invasive species, disease, hunting, and climate change.
Most New Zealand eDNA studies have been conducted on lake and river water and sediments
to detect tuna, crayfish, and mussels to preserve their cultural value and ecological importance
(Thomson-Laing et al., 2021). eDNA has also been used in biosecurity efforts to detect pests
and other unwanted species (De Brauwer et al.,, 2023) and to examine distribution or
biogeographical patterns of organisms of interest (von Ammon et al., 2023). Commercial
companies such as Wilderlab and Cawthron now offer eDNA analysis to detect thousands of
species of fish, macroinvertebrates, birds, mammals, reptiles, amphibians, plants, fungi,
protists, bacteria, and other organisms.

While research using molecular techniques to assess the biodiversity of groundwater across
New Zealand is increasing, only a small percentage of this has been submitted for scientific
publication. The largest New Zealand study using molecular techniques (not eDNA) from
Fenwick et al. (2021), who researched the diversity of New Zealand groundwater crustaceans.
They collected 186 amphipods and 42 isopods from wells, of which DNA from 154 of these
specimens was successfully sequenced and identified as amphipods or isopods (68% overall
success rate).

The use of eDNA in groundwater samples has recently been compared with taxonomic
identification in New Zealand through funding at ESR (Bolton and Weaver, 2023). Initial
analysis points to a difference in the diversity and abundance of species when using traditional
taxonomic identification compared to eDNA sequencing which are similar findings to studies
overseas. This research is in preparation for publication at present, but the data suggests that
taxonomic identification has a bias to larger, crustacean taxa whereas eDNA has a bias to
smaller single cellular eukaryotic taxa such as Protists and soft-bodied taxa such as worms.
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4 CONCLUSION

eDNA is a new and rapidly developing field that is opening new avenues for biodiversity
assessments in groundwater and emerging as a powerful tool for ecological research and
environmental monitoring. eDNA is a non-invasive and cost-effective method of identifying
species in their natural habitat. The ability of eDNA to detect cryptic and rare groundwater
species and its use as a bioindicator of ecosystem health are some of the advantages of
eDNA. eDNA is not, however, without limitations and in order to effectively interpret eDNA
data, it is important to understand the key factors outlined in Section 3, such as contamination
sources, database completeness, primer design and use, eDNA quality and quantity, and
eDNA persistence and transport.

While continued advancements and decreasing costs of eDNA make it a useful method for
assessing groundwater biodiversity, it is still an emerging technology. More research is
therefore needed before it can be confidently implemented as a routine sampling method for
assessing groundwater biodiversity and be included into New Zealand groundwater policy and
planning documentation.
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