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Abstract Distribution data for elusive species are often
based on detection of field signs rather than of the animal
itself. However, identifying field signs can be problematic.
We present here the results of a survey for American mink,
Neovison vison, in the northern highlands of Scotland to
demonstrate the importance of verifying field sign identi-
fication. Three experienced surveyors located scats, which
they identified as mink scats, at seven of 147 sites surveyed
and “possible” mink scats at a further 50 sites. Mitochon-
drial DNA was successfully extracted from 45 of 75 (60%)
scats, collected from 31 of the 57 “positive” sites;
sequencing of amplified DNA fragments showed that none
of these scats was actually of mink origin. We consider the
implications of erroneous survey data and the potential
waste of resources and misdirection of conservation/
management actions. We discuss potential methods that
may be useful to verify field sign identification, including
the use of DNA analysis, and stress that verification is
crucial to ensure rigorous and reliable survey data.
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Introduction

Accurate knowledge of species distribution is vitally
important for wildlife conservation, protection, and man-
agement. However, recorded distributions can reflect the
distribution of recorders rather than of the species.
Furthermore, for many elusive species, it is often possible
to survey only for indirect indices (such as hairs, scats
(faeces), or footprints; Gibbs 2000), but these depend on
identification of field signs that may be uncertain or
inaccurate. Basing management strategies on data subject
to these inaccuracies may diminish their efficacy and prove
both logistically and financially costly. It is possible to
improve the accuracy of distribution data through system-
atic surveys and now, due to developments in genetic
analysis techniques, through DNA identification of field
signs (e.g. Darling and Blum 2007). This study demon-
strates the importance of using DNA analysis to verify field
sign identification when surveying for an invasive mustelid
species in the Scottish Highlands.

American mink Neovison vison (formerly Mustela vison;
Wilson and Reeder 2005) were introduced to Britain in the
1930s for fur farming (reviewed in Macdonald and
Harrington 2003). As a result of escapees, mink are present
as feral populations throughout most of the country, with
the apparent exception of the northernmost highland region
of Scotland (National Biodiversity Network: data.nbn.org.
uk). However, prior to this study, it was not clear whether it
was mink or recorders that were absent from the north
highlands.

Traditionally, there have been no species-specific sur-
veys for American mink in the UK, rather, mink signs are
recorded as part of national surveys for otters Lutra lutra
(e.g. Strachan 2007) and water voles Arvicola terrestris
(e.g. Jefferies 2003). Recent otter surveys (Green and Green
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1997; Strachan 2007) reported a low incidence of mink
signs in the north of Scotland, but because survey protocol
dictated that the search of a particular site was terminated
when otter sign was located, it is possible that mink sign
went unobserved (this is particularly likely in areas such as
the north of Scotland where otters and their signs are at
relatively high density; Kruuk 2006; Strachan 2007).

The north of Scotland, with its associated islets and
offshore islands, provides habitats for several bird species
of conservation concern (e.g. common gull Larus canus,
black grouse Tetrao tetrix, RSPB 2002). The northern
highlands also host some of the last remaining extensive
populations of water voles in the UK (e.g. Fraser et al. 2005).
Mink predation has had devastating impacts on the breeding
success of seabirds on the west coast of Scotland (Craik
1997) and is largely responsible for the near extinction of the
water vole in England (Strachan et al. 1998; Jefferies 2003).
There are, therefore, important conservation reasons for
controlling American mink in this region.

To inform regional management plans, we designed and
carried out a survey to assess the distribution of American
mink in the northern highlands of Scotland. We used sign
survey methods (cf. Bonesi and Macdonald 2004) as this is
the most practical technique for large-scale, one-off
surveys. Standard sign survey methods for mink involve
searches for both footprints and scats along riverbanks.
Finding footprints is dependent on substrate (Bonesi and
Macdonald 2004), and therefore, over all areas, scats tend
to be the most frequently found field sign. Given the
presence of otters, pine martens Martes martes, polecats
Mustela putorius, and feral ferrets Mustela furo in the
region and the potential for misidentifying scats, we used
DNA analysis of scats to verify the species of origin (see
Hansen and Jacobsen 1999).

One limitation of scat surveys is that the distribution and
abundance of scats depend not only on the abundance of the
animal but also on its marking behaviour. In mink (as in many
other animals), marking behaviour is poorly understood and
may be affected by the presence of competitors (Harrington
2007; Garcia et al. 2009). To validate our sign survey results,
we used tracking rafts (described in Reynolds et al. 2004) as
an additional, independent method, at a subsample of survey
sites. Tracking rafts comprise a tracking plate beneath a
tunnel floating at the rivers' edge and therefore, depend only
on the mink passing through the raft tunnel.

Methods

Survey area

We surveyed the coastline and inland area of the northern
highlands of Scotland, north of Ullapool (57° 56′N, 5° 11′W)

on the west coast, and the Dornoch Firth (57° 52′N, 4° 21′W)
in the east (Fig. 1), between March and June 2008.

The coastline differs between the west and the east,
being predominantly rocky on the west coast, characterised
by high mountainous ground and moorland, and sandy on
the east, where the land use is largely agricultural. Inland
areas are predominantly high mountainous ground, alpine
heath, open heather moorland or rough grassland, and
blanket bog, rising to >1,000 m above sea level, inter-
spersed with numerous streams, rivers, freshwater lochs
(lakes), and lochans (small lakes). Sea lochs are also found
on the coast. Rivers and streams are typically fast-flowing,
oligotrophic, and prone to spate after heavy rainfall.

Otters are present throughout the northern highlands
(Strachan 2007); foxes Vulpes vulpes, stoats Mustela
erminea, and pine martens are also present (National
Biodiversity network: data.nbn.org.uk). Polecats and feral
ferrets are patchily distributed and thought to be at low
density (Birks 2008).

Temperatures in the area vary between <16–19°C (mean
daily maximum in summer) to 2°C to −1°C (mean daily
minimum in winter), with a mean of <40 to >100 days of
snow per year, on the coast and the highlands, respectively,
between November and April. Average annual rainfall is
1,700 mm in the west and 700 mm in the east (www.
metoffice.gov.uk/climate/uk/ns/).

Survey strategy and methods

Surveyors Surveys were carried out by ALH and two other
experienced surveyors. All surveyors had several years
experience carrying out mink (and otter) surveys in a
variety of habitats, in the UK, Estonia, and Patagonia. A
trainee accompanied the surveyors but did not identify field
signs.

Scat surveys We surveyed 2-km stretches of waterway
(coastline, river, or lake edge) at each survey site. We chose
2-km survey sites (rather than the standard 600 m used in
national surveys, e.g. Strachan 2007), because this
corresponds with the average home range size of a mink
(Dunstone 1993; Yamaguchi and Macdonald 2003;
Harrington and Macdonald 2008), thus, increasing the
chance of locating signs if mink are present. One survey
site was selected per stretch of 8×1-km consecutive
national grid squares. The grid squares were measured
around the coastline for the coastal survey sites and along
roads for the inland survey sites (in the latter case, the
nearest waterway to the selected point on the road was
surveyed). Roads in the region tend to follow river valleys
and therefore, provide relatively easy access to the main
rivers and their tributaries for the majority of the inland
area. Survey sites were not located systematically but were
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selected to target sites deemed to be optimal for detecting
mink signs (i.e. at the confluence of streams and rivers,
or for coastal sites, at river inlets) within each stretch of
8×1-km squares. On the coast, we did not restrict survey
sites to a linear stretch of coastline because mink are likely
to use a variety of aquatic habitats in coastal regions, such as
freshwater lochs, ponds, and nearby streams and rivers
(Dunstone 1993). Therefore, coastal surveys covered a
2-km stretch of waterway that occurred within a 1-km band
from the coastline from the designated survey point.
Wherever possible, we covered a variety of habitat types
in any one 2-km survey site. The sample strategy allowed
the necessary flexibility in site selection to target survey

efforts in such a way as to increase the probability of
detecting signs (if they were present), whilst also maintain-
ing independence among sites (one mink is unlikely to be
detected at two sites). To ensure even and complete
coverage, we divided the northern highland inland area
into 10-km squares and checked that, using this sampling
strategy, at least one survey site fell within each 10-km
square (this was the case for approximately 75% of 10-km
squares within the general survey area). We then designated
additional survey sites along the main waterway in each of
the 10-km squares that did not already contain a survey site
using the “road” method. Survey site locations are shown in
Fig. 1a.

a

b

Ullapool
Dornoch Firth

Fig. 1 Mink survey sites.
The map shows sign survey sites
(a) and tracking raft locations
(b). Each sign survey site
(shown by a circle) was a
2-km stretch of waterway and
searched for footprints and scats
deemed to belong to American
mink. Rafts (shown by a square)
were left in situ for approxi-
mately 6 weeks and checked for
tracks at least twice. Surveys
were carried out between March
and May 2008
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Survey sites were searched for mink signs (scats and
tracks) using standard methods (e.g. Strachan 1995). Foot-
prints were identified as belonging to mustelids by their
characteristic shape and track pattern (Sidorovich 1999) and
were distinguished from otter tracks on the basis of size
(Strachan 1995). Mink scats were identified in the field on
the basis of size, shape, and smell (Dunstone 1993;
Strachan 1995). Because we expected mink signs to be at
low density and because we were using DNA analysis to
verify field results, we adopted a conservative approach and
recorded all signs detected that were similar in size and
shape to those of mink. On this basis, each site was
provisionally classified as either positive or negative for the
presence of mink sign and the type of sign found (footprint
or scats), and confidence of identification was recorded.

Raft surveys A total of 55 rafts was deployed at approxi-
mately 1 km intervals (following methods in Harrington et
al. 2008a) on six rivers (seven to ten rafts per river) and at
nine additional sites in coastal regions (Fig. 1b). Full
descriptions of the rafts and operation methods are given in
Reynolds et al. (2004) and in Harrington et al. (2008a).
Rafts were installed towards the end of the survey period at
the end of April, they were checked for tracks 4 weeks later
at the end of May, and again, after a further 2 weeks, in
mid-June. Mink footprints were distinguished from otter
footprints on the basis of size (Strachan 1995) and from
polecat or ferret footprints using methods in Harrington et
al. (2008b).

Genetic identification of mink scats

All scats found that were provisionally identified as being
of mink origin were collected, stored in 96% alcohol, and
sent to the Department of Haematology, Royal Infirmary of
Edinburgh for DNA analysis.

DNA was extracted from scat material using the
QIAamp DNA stool mini kit (QIAGEN, Crawley, West
Sussex, UK). Aliquots of the samples (~10% of solid
material) were first centrifuged at 1200×g, and the alcohol
removed, before the addition of sterile distilled water and
subsequent processing as per the kit procedure. Where
polymerase chain reaction (PCR) amplification subsequent-
ly failed, the entire remaining sample was processed. For
this large-scale extraction, the sample was first centrifuged
and resuspended in water, before being extracted with
chloroform, and precipitated with 0.1 volume 3 M NaOAc
and two volumes of ethanol. The subsequent pellet was
resuspended in 200 µl sterile distilled water and extracted
as per the kit protocol.

Extracted DNA was amplified with consensus PCR
primers capable of amplifying a portion of the mitochon-

drial cytochrome b gene from stoat, weasel, polecat, mink,
pine marten, otter, and fox (Cytochrome-b-ups—TRG
GAG ACC CAG ACA A; Cytochrome-b-dow—ATV
CYH CGT TGT TTT GA). These primers were designed
on an alignment of the cytochrome b genes from each of
the species of interest and were checked to confirm
amplification of the appropriate fragment from a sample
of genomic DNA from each species.

The resultant amplified DNA fragments were sequenced
using the reverse oligo as sequencing primer, using ABI
“Big Dye” dye terminator chemistry and an ABI 3130
instrument (Applied Biosystems, Foster City, CA, USA).
Amplified DNA fragment sequences were subjected to a
“BLAST” search (http://www.ncbi.nlm.nih.gov) to deter-
mine the correct species of origin and were, additionally,
checked against our own “reference” sequences, obtained
from DNA of known origin.

Results

A total of 147 sites was surveyed (71 coastal sites and 76
inland sites). We found signs confidently deemed to belong
to mink in seven (4.8%) survey sites and “possible mink”
signs in a further 50 (34%) survey sites. All but one of the
signs found were scats, only one track was found.

None of the 55 rafts registered tracks at the first check at the
end of May. A single raft in June had a single incomplete
track that appeared to belong to a mustelid and to be of the
correct size for mink. The incomplete nature of the track,
however, rendered identification uncertain.

Scats from 46 of the 57 sites provisionally recorded as
positive, or “possibly” positive, for mink, were sent to the
lab for DNA analysis (n=75 scats in total). DNA was
successfully extracted and amplified from 45 of the 75
(60%) scat samples, covering 31 of the 46 sites (67%).
None of these scats was identified as originating from
mink. Most of the scats were of pine marten (47%) or fox
(41%) origin, others were otter (6%), polecat (3%), or stoat
(3%.).

Discussion

DNA analysis of scats detected in this survey, coupled with
the absence of tracks on rafts, suggest that it is highly
unlikely that there is a large, resident population of
American mink in the northern highlands of Scotland. If
there are mink in this region, their presence is most likely
restricted to lone, transient individuals.

In the absence of DNA analysis, however, we could have
concluded from our survey results that at least seven (4.8%)
sites were positive for mink, and possibly up to 50 (34%;
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depending on the level of conservatism), and suggested that
mink were present (albeit at relatively low densities) and
widespread throughout the northern highlands. If this infor-
mation had been used to inform future management plans in
the region, it could have led to costly, time-consuming, and
fruitless eradication programmes. In contrast, the DNA results
indicate that there are very few, if any, mink in the highlands
and efforts can, therefore, focus on preventing and under-
standing the spread of mink populations from the south. Our
DNA results show that the ability of even experienced
surveyors to accurately identify mink scats, in the presence
of other mustelids or small carnivores, is questionable. Two of
the three surveyors in this study had previously, over several
years, carried out numerousmink surveys in southern England
where pine martens are absent, polecats, at the time of the
survey, occurred at low density, and the predominant scat-type
found along the riverbank were otter spraints—in that study,
and in stark contrast to this study, 100% of a random sample of
61 “mink” scats were confirmed, using DNA analysis, to have
been correctly identified in the field as mink scats (Harrington
et al. 2008a). The difference, in this case, appears to be at
least partly due to the presence of pine martens. Foxes were
present in both areas, and it is unclear why fox scats (which
are normally much larger than mink scats; Strachan 1995)
would be misidentified as mink scats in northern Scotland
but not in southern England, but perhaps the habitat differs in
such a way that foxes do not use the riverbanks in southern
England in the same way that they do in Scotland (several of
the fox scats were also found along the coast) or perhaps diet
affected their appearance. The survey was carried out in the
spring, and so, it is also possible that the fox scats
encountered were from young foxes and thus, were smaller
and similar in size to typical mink scats.

Another striking difference between the two studies (this
and Harrington et al. 2008a) was the success rate for DNA
extraction and amplification. In the Scottish study, only 60%
of the scats yielded DNA from which the cytochrome b gene
could be successfully amplified. There are several possible
explanations for this difference that could be ruled out.
Firstly, the Scottish study used a different set of primers from
the previous study to allow for the amplification of fox along
with the previous target species, however, these primers still
amplified all the species targets efficiently, and samples
which failed to amplify with the new primers were
reanalysed with the primers used in the previous study and
still failed. Secondly, efficiency of extraction may have
contributed to the difference as there is no established quality
control material for this DNA extraction method from scats.
Yet, a proportion still failed even though each “difficult”
DNA was repeated using an altered protocol. Finally, it is
possible that sequence variation exists within the cytochrome
b gene that results in a portion of the population not being
amplified. However, this would appear to be unlikely as two

distinct sets of primers were used, and this gene is generally
well conserved within species. The most likely explanation
for the failures is degraded DNA (due to samples that were
not fresh, or that had been subject to adverse weather
conditions, cf. Kalz et al. [2006]). Other studies have found
similar success rates (e.g. Davison et al. [2002] were only
able to successfully extract and amplify DNA from 53% of
pine marten scats).

Davison et al. (2002) tested the reliability of experienced
naturalists in identifying pine marten scats and found that,
at normal densities, up to 30% of scats collected were
incorrectly identified. In low density areas, errors were even
higher, with 97% of 30 scats identified as being of pine
marten origin actually belonging to fox or polecat. For pine
martens, as we found for mink in this study, scat surveys
are unreliable without genetic verification (Birks et al.
2004). The problem is not limited to mustelids: in recent
sign surveys for snow leopards, up to 54% of scats
identified as putative snow leopard origin were found to
be from red fox (Janečka et al. 2008). Similar errors have
been found when attempting to identify canid scats (e.g.
Reed et al. 2004; see also Long et al. 2007) and macropod
scats (Bukinski and McArthur 2000) on the basis of size
and morphological characteristics. Observer bias and
inaccurate identification of field signs are also problematic
for snow-tracking surveys, and McKelvey et al. (2006)
recommend that DNA analysis of scats and hairs found
alongside snow tracks are used to verify identification.
Prugh and Ritland (2005), in contrast, found surveyors to
be highly accurate in identifying coyote scats in winter
when identification could be further substantiated by the
presence of tracks in the snow. Indigenous people were also
able to identify a number of felid and canid scats in forests
in Paraguay (although they were unable to distinguish
between the three species of small spotted cat—margay,
Leopardus wiedii, oncilla, Leopardus tigrinus, and
Geoffrey's cat, Leopardus geoffreyi—Zuercher et al.
2003). Examples of high success rates in identifying field
signs do not, however, negate that fact that identification of
scats in the field can be (and often is) unreliable. We
recommend that all studies reliant on scats incorporate
molecular testing to verify the accuracy of identification
during the pilot stage of the project, or on a subsample of
scats, and that the need for further molecular work is
established on a case-by-case basis. The implications of
potentially inaccurate field sign survey results, when
identification is not verified, may be significant and may
lead to flawed scientific conclusions and misdirection of
conservation and/or management efforts, with consequen-
tial waste of time and resources.

A database search of research involving mammal
surveys published in the last 5 years in five of the major
conservation/management journals (Biological Conserva-
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tion, Animal Conservation, Journal of Wildlife Manage-
ment, Wildlife Society Bulletin, European Journal of
Wildlife Research) revealed a total of 50 studies (see
Appendix 1 for a list of papers considered). Of these, 34
(68%) were based on sign surveys but only 11 (22%) of
these included genetic analysis to verify species identifica-
tion. Genetic verification of a sign may not always be
necessary, for example, if there are no other similar species
in the region, however, it is an underutilised, powerful tool
for increasing the accuracy of surveys that currently rely
solely on surveyor experience.

The problem with DNA analysis is the cost, which, at
between 15 and 50 GBP (~US $25–82, €18–59) per
sample, may be prohibitive. The approach we have taken
has been to amplify a portion of a conserved mitochondrial
gene and sequence it. This allows one set of reactions to be
used to identify all target species, rather than having to
generate distinct primer sets or probes for each species (as
would be the case for real-time (RT) PCR). Although
sequencing is regarded as the “gold standard” for DNA
analysis, where greater numbers of samples are required to
be analysed, RTPCR would offer a significant cost
advantage. DNA would have to be extracted for both
procedures, but costs for RTPCR could be as low as a 2–3
GBP per sample for studies with several hundreds of
samples. RTPCR instruments cost a few thousand pounds
(GBP) compared to 50,000–100,000 GBP for sequencing
instruments, and their operation is generally simpler.
However, great care has to be taken over both the design
and validation of the RTPCR system and the analysis of the
data, as the differing templates can yield very similar
results. Further, the costs of verifying survey results must
be balanced against the cost of the survey itself (which are
usually considerable: this survey required ~70 man-days to
complete, plus the fuel and associated transport costs
required to drive an average of 100 km/day) and the risk
that this cost may be wasted if identification of field signs is
not verified. The downstream costs of action based on
incorrect data could obviously be immense.

Other potential methods for verifying the species identifi-
cation of field signs include thin-layer chromatography of
faecal bile acids (e.g. Major et al. 1980; Johnson et al. 1984;
Fernandez et al. 1997), chemical characterisation (by gas
chromatography) of vapour emissions (volatile organic
components) of scats (Burnham et al. 2008), microscopic
analysis of groomed hair in scats (e.g. Harrington et al.
[2008a] found polecat hairs in putative mink scats indicating
that they were, in fact, polecat scats), and trained sniffer dogs
(e.g. Smith et al. 2003; Wasser et al. 2004). The use of dogs,
in particular, may be used for prescreening (as well as for
efficient scat location) and to reduce the number of samples
(and hence cost) for DNA analysis. The disadvantage of the
use of bile acids is that they are soluble in water and

therefore, exposure to rain may render scats unidentifiable by
this method. Gas chromatography of vapour emissions is
generally considered to be better and potentially (albeit
expensive) portable technology exists that might allow field
analysis of samples (zNose®, Electonic Sensor Technology:
www.estcal.com), although it has not yet been adapted for
this purpose. Secondary methods that provide verified
records of a species presence (e.g. camera traps, Zielinski
and Kucera 1995) may also be useful.

Conclusions

Our results suggest that there are very few, if any, American
mink in the northern highlands of Scotland. This, in itself,
raises interesting ecological questions but these are beyond the
scope of this paper. Most importantly, our results have serious
implications for any study that is based on collection of scats
where scat identification may be uncertain. This study
demonstrates that, in systems with multiple similar, sympatric
species, field signs (in particular, scats) may easily be wrongly
identified and may not be a reliable indicator of specific
species presence. We stress that secondary supplemental
methods (DNA analysis and others) that are available to
verify species identification are essential in any such survey to
ensure reliable data collection.
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