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eDNA Results 2019

Summary

Environmental DNA (eDNA) is increasingly being used to assess the presence of
target species and the diversity of target taxonomic groups in aquatic environments.
eDNA surveys do not require specialist knowledge and the methodology is relatively
simple. This makes eDNA an excellent survey tool for volunteers, who are often
pivotal to monitoring and surveying efforts. In this project, a team of dedicated
volunteers obtained eDNA samples using multi-species eDNA kits from 28 sites in
and around the proposed Oxford Flood Alleviation Scheme area. All 28 samples were
analysed by eDNA company NatureMetrics for vertebrate eDNA, and two samples
were analysed for freshwater mussel eDNA.

A total of 78 species were detected across the 28 sites: 23 fish, 4 amphibians, 4
freshwater mussels, 33 birds (of which 10 were water birds) and 14 mammals (of
which two were aquatic). Species detected that are of particular conservation interest
included Great Crested Newt, Common Toad, Water Vole, Water Shrew and
lampreys (brook, river and sea lampreys cannot currently be separated by eDNA).
The richest sites for fish were the Bulstake and Seacourt streams, where between 17
and 19 species were recorded. 16 fish species were detected in the main Thames
using eDNA. The most widely recorded fish species were Roach and Perch, recorded
at 57% of sites, followed by Pike, which was recorded in 47% of waterbodies. Tench,
Barbel and Nine-spined Stickleback were the least frequently recorded fish, being
detected at 10-15% of sites. We recorded four common species of freshwater mussel,
but not the rarer Depressed River Mussel, which is known to occur in the area. As has
commonly been seen in other projects, more species of fish were detected using
eDNA than were recorded in traditional electrofishing surveys from the same area.
This probably reflects the effect of DNA being sampled from a larger area than is
covered by electrofishing surveys, and the ability of eDNA kits to detect small and
cryptic species (such as lampreys) which may be harder to catch in traditional
surveys.

Amphibians were recorded at half of the sites, but evidence from other surveys shows
that they are probably under-represented by multi-species eDNA tests (unlike the
single-species test for Great Crested Newts, which is slightly more effective than
traditional surveys). Of the four amphibians species present, none were found in more
than 30% of sites, and for the two widespread species (Common Frog and Smooth
Newt), this is almost certainly lower than their true frequency in the waterbodies in this
landscape (respectively Smooth Newts: 30%; Common Frogs: 22%; Common Toads:
17% and Great Crested Newt: 9%). The most widely detected water birds were
Moorhen and Mallard, detected in 85% of the waterbodies.

eDNA surveys have the potential to revolutionise monitoring of freshwater
biodiversity. Entire aquatic communities can be surveyed by obtaining a simple water



sample. Such samples provide a snapshot of an entire ecosystem, offer an easy way
to survey species that are elusive or difficult-to-survey using traditional survey
methods, and are both time and cost-effective compared to traditional survey methods
(such as electrofishing or standard amphibian surveys with torches and bottle traps).
However, there are a number of caveats which concern the validity of the eDNA data
presented in this report. Firstly, no one has yet conducted a systematic comparison of
multi-species eDNA kit data and data collected using traditional survey methods, so
records obtained using eDNA surveys are difficult to interpret. How many species did
we miss? Are all the species we recorded truly present, or were someso-c al | ed
positives? Secondly, whilst DNA technology is advancing rapidly, not all eDNA can be
identified to species level, and there is still some uncertainty over the veracity of
certain records. For example, is the Atlantic Salmon record in the Thames really true?
Lastly, as eDNA can travel downstream, drop into waterbodies or be washed into
waterbodies from surrounding land, there is still quite a lot of uncertainty over where
eDNA originated from, and whether a species has been present at the sampling point,
or if the genetic material originated from elsewhere. We expect that further
development of eDNA survey methods, and careful comparisons with traditional
methods, will increase the value of landscape-wide eDNA surveys. eDNA has the
potential to be a highly cost-effective and accessible survey technique that could lead
to a paradigm shift in the way freshwater biodiversity is monitored.
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1.0 Introduction

Freshwater Habitats Trust undertook multi-species environmental DNA surveys, as
partoftheSavi ng Oxf ordds Wetl and Wistribditiom df fesh,pr oj e ct
amphibians and aquatic mammals around the proposed Oxford Flood Alleviation

Scheme area. The surveys form part of a monitoring programme that is helping to add

to baseline data from the flood scheme area, which will be used to underpin the long-

term monitoring of the flood scheme.

Environmental DNA

Environment al D genetic material ee2asAdtby aniogyanism into
its surrounding environment. Sources of eDNA include faeces, shed skin and
hair, mucous and gametes (eggs and sperm). In ponds, lakes, rivers, streams and
ditches, eDNA can persists for up to one month, depending on environmental
conditions, leaving a unique trace of the plant or animal in the water.

Advances in DNA technology mean it is now possible to detect freshwater

animals by collecting and analysing a simple water sample. Freshwater Habitats

Trust have partnered with Nature Metrics, an eDNA specialist company, who have

undertaken analyses for multiple projects by Freshwater Habitats Trust, including

the Saving Oxforddés Wetldharede Wil dlife results

A Novel Technique

The following results provide some of the very first examples in Britain of
simultaneous sampling of fish, amphibians and aquatic mammals, all obtained
from a single water sample. Owing to the novelty of this sampling method,
Freshwater Habitats Trust is still in the process of understanding how best to interpret
these data. As these surveys become more commonplace, we expect our
understanding of how eDNA data compares to data from current traditional survey
methods (such as electrofishing or standard amphibian surveys with torches and
bottle traps) to improve, giving a better understanding of the reliability of the eDNA
records.

Freshwater Habitats Trust believes that environmental DNA surveys have the
potential to revolutionise monitoring of freshwater biodiversity worldwide,
given that many aquatic species are typically elusive, difficult to identify or time-
consuming and costly to survey. We are excited to be at the forefront of the
application of this new survey method. Many thanks to our fantastic volunteers for
their hard work and enthusiasm when undertaking the eDNA surveys for Saving
Oxforddés Wetland Wildlife.



2.0 Methodology

A total of 28 survey sites were selected by Freshwater Habitats Trust (see Figure 2

for a site location map). The sites were primarily located in and around the Oxford

Flood Alleviation Scheme area, and encompassed five waterbody types: ponds,

streams, rivers, lakes and ditches. Sampling was undertaken between April and

July 2019 by ourteamofdedi cat ed vol unteers. nulilspretce ersd
kits from NatureMetrics.

At each site, a total of 20 x 50 m| water samples were collected using a plastic
sample pot attached to a bamboo cane (total volume collected 1 litre), and placed into
a collection bag. For linear waterbodies (streams, ditches and rivers), samples were
taken at 20 equidistant points along the length of the waterbody (one sample per 5
metres). For ponds (up to 1 hectare in size), samples were taken at 20 evenly-spaced
points around the pond edge.

The collection bag was shaken to mix the water. Water was then drawn up using a
50 ml syringe, and pushed through the filter to trap any DNA. This was
repeated until the entire 1 litre sample had been processed, except in infrequent
situations where the filter became clogged due to silt (at which point filtering was
stopped). Following this, the total volume of water filtered was recorded.

Air was then repeatedly pushed through the filter using the 50 ml syringe, until
residual water had been expelled. A preservative solution was pushed through the
filter to stabilise the DNA, and the lock caps were fitted to each end of the filter. Each
filter and accompanying data sheet was then sent to NatureMetrics for analysis using
metabarcoding, to enable the detection of a range of vertebrate species from low
concentration DNA.

Figure 1.(a) A filter fitted with lock caps from a NatureMetrics multi-species eDNA kit.
(b) Volunteers filtering a water sample to trap DNA for analysis.
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Figure 2.Locat i ons of the 28 sites sampled using eDNA kits for —Savimg OxXfordos

Sites 27 and 28 are featured on separate maps due to their distance from the rest of the sample
sites. See Table 1 for site names. Maps were created using Google MyMaps.
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3.1 Overview of Sample Sites

The total number of vertebrate species recorded using eDNA kits across all 28 sample sites
was 74: 23 fish, 4 amphibians, 14 mammals and 33 birds. The number of vertebrate
species recorded at a single site ranged from 1 to 32, and the median humber of species
recorded per site was 14.

The four sites with the highest recorded number of vertebrate species were:

Bulstake Stream 3 (site 20) with 32 species
Hinksey Heights Stream (site 11) with 30 species
Bulstake Stream 2 (site 17) with 26 species
Seacourt Stream (site 18) with 26 species
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Although worldwide research suggests that fish eDNA results are quite well aligned with
traditional fish data i and we know that single species eDNA tests for Great Crested Newt
are very reliable i at present much less is known about how much weight to put on mammal
and bird eDNA data.
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Figure 3. Locations of the four sites with the highest recorded number of vertebrate species (green
markers, numbered) and the remainder of the eDNA sampling sites (grey markers).

All four species groups i fish, amphibians, mammals and birds i were detected at just 6 of
the sites (refer to Figure 4). The most commonly detected species group was fish (185
records across all 28 sites), followed by birds (154 records), mammals (50 records) and
amphibians (18 records).
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Figure 4. The total number of vertebrate species recorded, and the species group composition of these totals i the number of fish,
amphibian, bird and mammal species i for each of the 28 sites sampled using eDNA kits.



3.2 Amphibians

A total of 4 amphibian species were recorded across the 28 sample sites:

Common Frog
Common Toad
Smooth Newt

Great Crested Newt.
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The most commonly detected amphibian species was Smooth Newt, which was recorded at 25%

of sites, followed by Common Frog (17%) and Conm
commonest newt species, so we would expect it to be the most frequently recorded by eDNA.

Palmate Newt was not recorded at any of the sites, which is in line with what one might expect,

given that this species is the rarest native amphibian in the Oxford area. None of the sites

surveyed are known to support Palmate Newt.

N/ ‘-
Smooth Newt Common Frog Great Crested Newt

25% 17% 14% 7%

Figure 5 The percentage (%) of the 28 sample sites where each of the four amphibian species i

Smooth Newt, Common Frog, Common Toad and Great Crested Newt - were recorded using eDNA Kits.
Smooth Newt and Great Crested Newt images © Neil Phillips.

Great Crested Newt

Great Crested Newt was recorded at 7% of sites. This is lower than
might be expected i Great Crested Newts were recorded at 24%
of 131 randomly selected 1 km grid squares spread across
England in 2019 using eDNA (Freshwater Habitats Trust,
PondNet). This difference can partly be explained by the nature of
the landscape in the Oxford area, much of which is urban or
floodplain (and thus typically unsuitable for Great Crested Newt). - e
Figure 6. Great Crested Newt
However, the relatively low number of records may also be linked (left) and Smooth Newt (right) for
to the use of multi-species kits, as opposed to single-species kits.  size comparison.

The multi-species kits use DNA analyses technology called

metabarcoding, whereas the single-species kits use gPCR (quantitative Polymerase Chain
Reaction). It is not yet clear how accurate metabarcoding analysis is T in fact, there is evidence

to suggest it is not as accurate at detecting Great Crested Newts as qPCR, although this may not
be the case for other vertebrate species. For example, in 2017, Newt Conservation Partnership
undertook Great Crested Newt eDNA surveys across the South Midlands using single-species

kits, and Great Crested Newt was detected at 31% of the 629 ponds sampled. However, when

the same samples were re-analysed using metabarcoding, the detection rate of Great Crested
Newt was just 20% (Newt Conservation Partnership, unpublished data).



Comman Frog

Rana temporaria

Common Frog was recorded at 5 sites:

1 Hinksey Heights Stream (site 11)
1 Chilswell Stream (site 13)

1 Seacourt Stream (site 18)

1 Raleigh Park (site 19)

1 Shire Lake Ditch (site 25)
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red markers). Maps created using Google MyMaps.



Common Toad
Bufo bufo

Common Toad was recorded at 4 sites:

1 Kennington Pit (site 4)

1 Rivermead Pond (site 7)

1 Bulstake Stream 3 (site 20)
1 Hinksey Stream (site 21)
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Figure 8 The 4 locations where Common Toad, Bufo bufo, was recorded as present using eDNA

by red markers). Maps created using Google MyMaps.
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Smooth Newt
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Lissotriton vulgaris
Smooth Newt was recorded at 7 sites:
1 Hinksey Heights Golf Club Pond 1 (site 8)
1 Hinksey Heights Golf Club Pond 3 (site 10)
1 Worcester College Pond (site 15)
1 Seacourt Stream (site 18)
1 Raleigh Park Pond (site 20)
1 Oxford Botanic Gardens Pond (site 22)
1 Chandlings School Pond (site 28)
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Figure 9. The 7 locations where Smooth Newt, Lissotriton vulgaris, was recorded as present using

eDNA kits (indicated by green markers), and the 21 locations where the species was not recorded

(indicated by red markers). Maps created using Google MyMaps.
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Triturus cristatus

Great Crested Newt was recorded at 2 sites:

1 Hinksey Heights Golf Club Pond 1 (site 8)
1 Hinksey Heights Stream (site 11)

It would be very unusual for Great Crested Newt to be present in a stream. This may be a case
of eDNA being washed in from surrounding land or other ponds.

Figure 1Q The 2 locations where Great Crested Newt, Triturus cristatus, was recorded as present
using eDNA kits (indicated by green markers), and the 26 locations where the species was not recorded
(indicated by red markers). Maps created using Google MyMaps.



