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Short communication

The development of a molecular assay to distinguish droppings of

black grouse Tetrao tetrix from those of capercaillie Tetrao
urogallus and red grouse Lagopus lagopus scoticus

Stuart W. A’Hara, Mark Hancock, Stuart B. Piertney & Joan E. Cottrell

Counts of faecal droppings are a useful approach for the non-invasive monitoring of species presence and abun-

dance. However, for game birds, it is often difficult to determine unequivocally the species origin of the droppings.

Here, we compare the utility of two molecular approaches which exploit variation in the cytochrome b region of

mitochondrial DNA to distinguish the droppings of black grouse Tetrao tetrix from those of red grouse Lagopus

lagopus scoticus and capercaillie Tetrao urogallus. A sensitive detection method is required as DNA extracts from

droppings tend to yield poor quality DNA in low copy number. The first approach adopted a real-time PCR meth-

od in which primers were used to amplify a small fragment in the mitochondrial cytochrome b region, and fluoro-

genic probes complementary to species-specific SNPs were designed. The success of this test was compared with that

of conventional, end point PCR followed by DNA sequencing of a 346 bp mitochondrial cytochrome b region con-

taining the shorter sequence used in the real-time PCR test. In samples which produced results with both the real-

time and sequencing approaches, the results were always in agreement. However, the sequencing approach, when

used in conjunction with hot-start Taq PCR, proved superior as it worked in a greater number of samples than the

real-time method. The length of clear sequence generated allowed secure identification based on several species-

specific SNPs. The development of a molecular approach based on a commercially available DNA extraction kit

followed by off-site sequencing now offers a secure method of identifying the species origin of field-collected

grouse droppings and requires only basic knowledge of molecular techniques and inexpensive molecular equipment.
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Tetrao tetrix
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The black grouse Tetrao tetrix is a large game bird
closely related to the capercaillie Tetrao urogallus.
Although widespread in Britain until the latter half
of the 19th century, it is now one of themost rapidly
declining bird species in the UKwith a distribution
confined to some upland areas of Scotland, Wales

and the North of England (Gibbons et al. 1993).
Black grouse has now been identified as a species of
high conservation concern in theUKand conserva-
tion activities have centred on improving black
grouse habitat. This has involved activities to en-
courage black grouse such as reducing herbivore
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impacts onmoorland edges, aswell as thinning trees
in commercial plantations to create patchy forest
edges and more open ground. Attention has also
beenfocussedonunderstandingwhether techniques
such as heather burning and cutting can benefit this
species.
Monitoring the success of these conservation ac-

tivities is difficult because black grouse are both rare
and reclusive.Todate, populationmonitoring relies
on counting males during the display period when
they are at their most visible (Hancock et al. 1999).
However, this is time-consuming and the number of
actively displaying males can vary with time of day
and weather (Cayford & Walker 1991). An alter-
native approach is to count the faecal droppings of
black grouse, but this has proven somewhat pro-
blematic as it is sometimesdifficult todistinguish the
droppings of black grouse from those of other
tetraonid bird species (Ball et al. 2000). In studies of
other species in which similar difficulties in identify-
ing the species origin of samples have been encoun-
tered, improvements in the efficiency of DNA ex-
traction have allowed modern molecular methods
based on the PCR reaction to be used to improve
accuracy of discrimination. These methods have
frequently been based on mitochondrial DNA
(mtDNA) due to its multiple number of copies per
cell and robust circular structure (Mugue et al.
2008). For species discrimination in forensic, food
and faecal samples, a range of PCRmethods based
on species-specific singlenucleotide polymorphisms
(SNPs) in mtDNA have been used. These include
methods based on: species-specific primers (Mugue
etal.2008),universalprimers followedbyrestriction
digest (Borgoetal.1996)orsequencing(Kitanoetal.
2007) of the product to reveal species-specific vari-
ation, or universal primers combined with species-
specific probes in real-time PCR (O’Reilly et al.
2008).Thedisadvantageof someof thesemethods is
that theyrelyongel-basedelectrophoresisandstain-
ing for detectionof thePCRproduct, and therefore,
they require a large quantity of PCR product for
effective visualisation.This is also a limitation of the
sequencing approach which also requires sufficient
amplifiedDNA for generation of a clear sequencing
trace. In contrast, the real-time PCR approach is
reported to be several orders of magnitude more
sensitive (Valasek & Repa 2005). Real-time PCR
may, therefore, be an appropriate method for field-
collected faecal samples, which tend to yield poor
quality DNA in low copy number (Regnaut et al.
2006). The superiority of the real-time PCR ap-

proachover conventional gel-baseddetectionmeth-
ods for poor quality DNA has been demonstrated
previously in studies which aimed to distinguish be-
tween red foxVulpes vulpes and pinemartenMartes
martes scats. O’Reilly et al. (2008) obtained a 95%
rate of successful amplification using real-time
PCR, which is much higher than the 53% success
rate achieved using a different set of similar samples
by Davison et al. (2001) using conventional PCR
basedmethods.However, there are examples where
a traditional PCR approach based on universal
primers followed by sequencing have been success-
fully used to identify the species of origin of DNA
fromfaecalsamples (Parsonsetal.1999,Vermaetal.
2003, Green et al. 2007). Here, we describe the de-
velopment of a real-time PCR assay to distinguish
between faecal droppings from black grouse and
two other tetraonid species that can occur sympa-
trically in the UK; red grouse Lagopus lagopus
scoticus and capercaillie. We then compare the
results from this assay with those obtained using
conventional hot-start, end point PCR followed
by sequencing. Both assays were designed around
species-specificvariation in the cytochromebregion
of mitochondrial DNA.

Methods and results

In silico search for DNA sequences

Several candidate DNA sequences from a number
of mitochondrial regions were obtained for black
grouse, red grouse and capercaillie from the NCBI
nucleotide sequence database (Available at: http://
www.ncbi.nlm.nih.gov/). Homologues were aligned
usingCAP3 sequence assembly software (Available
at: http://deepc2.psi.iastate.edu/aat/cap/cap.html).
A region in the cytochrome b sequence was selected
which contained species-specific SNPs that allow-
ed common primers and species-specific real-time
probes to be designed in silico which should enable
species identification when applied in practice.
The NCBI accession numbers for the aligned
sequences are as follows: black grouse (AF230174,
EF571183), red grouse (AF230170, EF571187) and
capercaillie (AB120132, AB120133, AB120134,
AB120135, AB120136, AB120137, AB120138,
AB120139, AB120140, AB120141, AB120142,
AB120143, AB120144, AB120145, AB120146,
AB120147, AB120148, AB120149, AB120150,
AB120151, AB120152, AB120153, AB120154,
AB120155, AB120156, AB120157, AB120158,
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AB120159, AB120160, AB120161, AB120162,
AB120163).

DNA sequencing, primer and probe design

Toassesswhether intra-specificvariationcouldcon-
found the species-diagnostic assay, we sequenced
the cytochromeb region in a further 11black grouse
(sevenfromtheUK,twofromFinlandandtwofrom
Sweden), 10 red grouse (from the UK), three Swe-
dish willow grouse Lagopus lagopus and one caper-
caillie (fromGermany).For thesequencingexercise,
DNAwas extracted frommuscle or feathers using a
Qiagen Tissue Extraction kit (Qiagen Inc.) accord-
ing to the manufacturer’s instructions for muscle
samples, and according to Segelbacher (2002b) for
feathers. A 346 bp region of the cytochrome b gene
wasPCRamplifiedusing theprimers 5’-cttcagtmgc-
ccacacatgc-3’ and 5’-aagaatcgggtaagggttgg 3’. The
PCR was carried out in a total volume of 20 ml
containing 1ml of DNA (20 ng). The reaction mix
contained 10 mM KCl, 10 mM (NH4)SO4, 20 mM
Tris-HCl, 2 mMMgSO4, 0.1%TritonX-100 at pH
8.8, 0.2 mM of each dNTP and 0.5 unit Taq poly-
merase (New England Biolabs, UK). Primers were
at a concentration of 0.4 mM.PCRconditionswere:
94xC for 3minutes followed by 33 cycles of 94xC for
40 seconds, 55xC for 30 seconds and 72xC for 30
seconds.Afinal extension stepof 72xCfor 6minutes
was then carried out. An aliquot of PCR product
was checked on an agarose gel and if a single clean
band of appropriate size was obtained the sample
was sequenced off-site on an ABI3730 using a Big-
Dye v3.1 kit (The Gene Pool, School of Biological
Sciences,UniversityofEdinburgh,Edinburgh,UK).
The sequences obtained were high quality and

have been deposited on theNCBI databasewith the
following accession numbers: black grouse
(EU590829, EU590830, EU590831, EU590832
EU590833, EU590834, EU590835 EU590836,
EU590837, EU590838, EU590839), red grouse
(EU590841, EU590842, EU590843, EU590844,
EU590845, EU590846, EU590847, EU590848
EU590849) and capercaillie (EU590850). The three
willow grouse sequences were homologous to the
red grouse in the region used for primer and probe
design in the real-time test (EU672842, EUE-
U672843, EU672844).
These new sequences and those previously used

for the in silico design of the real-time PCR testwere
aligned using CAP3 software. These aligned se-
quences contained species-specific SNPs of which
six, five and two were specific to black grouse, red

grouse and capercaillie, respectively (Appendix 1).
Nointraspecificvariationwasapparent intheregion
used for the real-time PCR test among the 13 black
grouse, 12 red grouse, or 33 capercaillie sequences
that were aligned. Primers and probes for use in the
real-time PCR test were designed using Primer Ex-
pressVersion3software (AppliedBiosystems,UK).
The primers (Primer pair 1=F5’-gcaaacggcgcttcat-
tc-3’ andR5’-tttctttrtayarrtaggagccgtagt-3’) ampli-
fied an 85 bp region containing the species-specific
SNPs located within the original 346 bp sequenced
fragment (Fig. 1).The reverseprimercontained four
degenerate bases to allow it to amplify DNA from
the three study species. A second set of primers
(Primer pair 2=F 5’-gcaaacggcgcttcattc-3’ and R
5’-agattactcctgtgtttcaggttt-3’) which amplified a
110 bp region was also tested (see Fig. 1). This pri-
mer pair contained no degenerate bases andwas de-
signed to amplify DNA from black and red grouse,
but not capercaillie. The species-specificTaqMan1
MGB probes (Applied Biosystems, UK) were de-
signed and fluorescently labelled as follows: black
grouse 6FAM - CTT CAT CTG TAT TTT C, red
grouse VIC - TTT ATC TGCATT TTC CTC, and
capercaillie NED -CTTCATCTGCATTTTC.A
second probe for red grouse (Probe II), VIC - CTT
TAT CTG CAT TTT C, was also tested in an at-
tempt to improve stringency. The real-time PCR
reactions were performed inMicroamp Optical 96-
well reaction plates using an ABI Prism 7300 se-
quence detection system and the following Applied
Biosystems default PCR programme: 2 minutes at
50xC,10minutes at 95xCand40 cycles of 15 seconds
at 95xC and 1 minute at 60xC. PCR reactions were
set up as follows: 2x TaqManUniversal Mastermix
(Applied Biosystems), 0.2 mM each of forward
and reverse primer, 0.2 mM each of black grouse,
red grouse and capercaillie probe and 5 ml diluted
DNAinafinalvolumeof25 ml.Whenthedegenerate
reverse primer was used, the concentration of this
primer added to the reaction was increased by a
factoroffive.Filteredpipettetipswereusedthrough-
out to reduce the potential for sample cross-con-
tamination through aerosol.

The real-time-assay was initially tested using
primer pair 1 on DNA extracted from tissues of
black grouse (N=11), red grouse (N=10) and cap-
ercaillie (N=1) and mixtures containing equal
amounts of DNA from two or three of the test
species. In every casewhere only black grouseDNA
was present in the test, the species was correctly
identifiedbasedontheaccumulationoffluorescence
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from the black grouse probe. Therewas no accumu-
lation of fluorescence from the red grouse or cap-
ercaillie probes in the presence of only black grouse
DNA. Similarly, when red grouse DNA alone was
present, there was only fluorescence from the red
grouse probe. However, with capercaillie DNA
alone, therewas a rise in the fluorescence of both the
capercaillie and the red grouseprobes, but therewas
no rise in the fluorescence from the black grouse
probe. The black grouse and capercaillie probes
were therefore species-specific, but the probe de-
signed for red grouse fluoresced in the presence of
both red grouse and capercaillie DNA.Attempts to
redesign the red grouse probe to make it more
specific were unsuccessful in resolving the lack of
specificity (seeFig. 1,probeRedII).Whenusingpri-
mer pair 1, the rise in the fluorescence was slow so
that the Ct threshold (i.e. the point when fluores-
cence surpasses a set baseline)was crossed relatively
late (35 cycles).
As the test failed to differentiate between red

grouse and capercaillie, we tested a second primer
pair (primer pair 2), which contained no degenerate
bases and which was specifically designed to differ-
entiate black grouse from red grouse DNA. Al-
though this primer pair did not increase the number
of species identifications achieved, the development
of fluorescence occurred much faster and the Ct
thresholdwascrossedmuchearlier thanwithprimer
pair 1 (31 cycles). However, when this primer pair
was tested with capercaillie DNA, once again there
wasnon-specific amplification andfluorescencewas
observed from both the red grouse and capercaillie
probe. This was despite the fact that neither the
reverse primer sequence nor the red grouse probe
was exactly complimentary to the capercaillieDNA
primer and probe site. However, given that the un-
derlying aimof the assaywas to allowunambiguous
identification of black grouse droppings, a lack of
specificity between red grouse and capercaillie was
relatively unimportant.

DNA extraction of droppings for validation of

the molecular tests

TenDNAextractionswere performed from10 fresh
droppingsofeachofthethreespecies.Thesewereob-
tainedfromsinglespeciesenclosures intheHighland
Wildlife Park, Kincraig, Kingussie, Invernessshire,
Scotland. Eight field-collected droppings of un-
known species origin collected from Balmoral
Estate, Scotland were also assayed. The Highland
Wildlife Park droppings were known to be fresh

and were processed within two days. Those from
Balmoral Estate appeared to be relatively fresh and
DNA was extracted from both sets of droppings
within two days of collection. Two extractionmeth-
ods were tested, because the high concentrations of
uric acid andotherPCRinhibitors contained inbird
droppings can result in poor amplification (Segel-
bacher 2002a). In the first method, DNA was ex-
tracted by placing 0.2 g of dropping into a 2 ml
eppendorf tube containing 1 ml S.T.A.R (Stool
Transport and Recovery) buffer (Roche Ltd). The
tube was vortexed for 15 seconds and left at room
temperature for at least 30 minutes, after which
100 ml of chloroformwasadded.Each tubewas then
vortexed and centrifuged at 1000 g for 1minute and
asub-sampleof thesupernatantwastransferred into
a clean 1.5 ml tube.DNAwas then extractedusing a
Roche High Pure PCR Template Preparation kit
following the manufacturer’s instructions.

In the second method, the QIAamp DNA stool
kit (Qiagen,UK)was used following the protocol of
Regnaut et al. (2006). The final elution volume was
200 ml in both methods. The second method was
used in all subsequent extractions because it de-
creased the Ct number by one cycle compared to
DNA extracted from the same sample using the
first method. The second method also produced a
stronger amplicationproduct,which facilitatedbet-
ter sequencing results.Forbothmethods, tubeswith
no faecal sample were taken through the whole
process from extraction to PCR in order to act as
negative extraction controls.

Using theQiagenextractionkit, a further set of 31
field-collecteddroppingswereextracted.Thesewere
the product of collections performed once per year
by RSPB staff along a transect in Abernethy For-
est, Scotland. Consequently, some of these samples
could have remained on the forest floor for several
months prior to collection. Eleven and 20 samples
were analysed from the 2007 and 2008 collections,
respectively.

Comparison of real-time PCR vs conventional

end point PCR followed by DNA sequencing

In order to compare the real-time PCR approach
with that based on conventional end point PCR
followed by sequencing, samples of DNA extracted
from the HighlandWildlife Park and Balmoral Es-
tate droppings were also subjected to PCR using
primer pairs that either amplified the 346 bp or the
110 bp fragments followed by DNA sequencing.
TheendpointPCRreactions forsequencingwereset
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up using either standard or hot-start Taq polymer-
ase. The PCR reaction using standard Taq was car-
ried out in a total volume of 25 ml. The reactionmix
contained5 ml undilutedDNAsample, 10 mMKCl,
10 mM(NH4)SO4, 20 mMTris-HCl, 2 mMMgSO4,
0.1 % Triton X-100 at pH 8.8, 0.2 mM of each
dNTP and 0.5 unit Taq polymerase (New England
Biolabs, UK). For the hot-start Taq PCR reaction,
5 ml undiluted DNA sample, 16 mM (NH4)2SO4,
67 mM Tris-HCl pH 8.8, 0.1% Tween 20, 2.5 mM
MgCl2,0.2 mMofeachdNTPand0.5unitSuperhot
Taq polymerase (Bioron International) was used.
Primers were at a concentration of 0.4 mM in both
reactions. For the standard PCR, the cycling con-
ditionswere94xCfor3minutes followedby35cycles
of94xCfor40seconds,57xCfor54secondsand72xC
for 40 seconds. A final extension step of 72xC for
6 minutes was then carried out. The hot-start PCR
protocol was the same, but with a 7-minute initial
denaturation at 94xC. An aliquot of each PCR pro-
duct was run on a 1.4 % agarose gel and visualised
under UV light. Those samples which produced a
single, clean band were sequenced off-site on an
ABI3730 using a BigDye v3.1 (The Gene Pool,
School of Biological Sciences, University of Edin-
burgh, Edinburgh, UK).
Amplification of faecal DNA samples prior to

sequencing always failed when standard Taq poly-
merase was used and successful amplification was
only observed with hot-start Taq. Clear sequence
traces of sufficient quality to enable species dis-
crimination were often achieved when the 346 bp
fragmentwasused (Table1). Incontrast, traceswere
of poor quality when the short 110 bp fragment
was amplified and sequenced. For every extract of
fresh droppings taken from captive birds of known
species the sequencing approach correctly identified
the species of origin. The real-time PCR test also
efficiently distinguished black grouse from the
other two species. In the field-collected samples
from Balmoral Estate of unknown species origin,
there was agreement between the real-time PCR
and the sequencing approaches which identified
that none of the samples were black grouse (see
Table 1).
In order to examine the application of these

tests on potentially older samples, a further set of 31
field-collected droppings from Abernethy Forest,
Scotland, were analysed with both methods. A suc-
cessful identification was achieved in only slightly
over half of these field-collected droppings (see
Table 1). The lower percentage of successful identi-

fications in this set compared with the fresher
samples tested previously demonstrates that the
time from pellet deposition toDNA extractionmay
be a factor in determining the success of the tests.
Of the Abernethy samples, 29% tested using real-
time PCR crossed the Ct threshold, whereas 55%
provided sequence data of sufficient quality to allow
secure species identification. The species identifica-
tion always agreed across the two test approaches.
In addition to identifying the origin of a greater pro-
portion of samples, the sequencing approach had
the added advantage of effectively discriminating
between red grouse and capercaillie. Where species
identification was obtained, the diameter range of
the black grouse droppings (6-12 mm) overlapped
the size range of those from red grouse (7-8 mm).

Discussion

The observation that the size range of the red and
black grouse droppings overlapped demonstrates
that size alone cannot be used as an indicator of
species origin, and this highlights the need for a
molecular approach to tetraonid species identifi-
cation. Although some authors state that amolecu-
lar approach canbeprohibitively expensive in terms
of time and equipment, the ever decreasing cost of
molecular techniques now make this approach a
viable option. The cost consists of two major com-
ponents: theDNAextractionstepandthemolecular
means of species discrimination. CommercialDNA
extraction kits have now become mainstream and,
although they remain a significant part of the cost,
theiruse is justifiedbythe improvement inconsistent
quality and yield of DNA they provide. Our study
demonstrated that, although the two commercial
extraction kits that were tested provided a level of
success, themodifiedprotocol for theQIAampkit in
ourstudygeneratedsuperiorextractsforPCRampli-
fication. For the subsequent species identification
stage, the sequencing and real-time approaches do
not differ greatly in termsof cost once the probes are
developed , and thechoiceofdiscriminationmethod
is therefore based on the one which provides the
highest success rates and the most reliable results.

Amolecular approach to species identification of
faecal samples is dependent on a DNA extract of
sufficient quality and quantity for further analysis
with PCR. With only a few exceptions, a species
identification was achieved when fresh droppings
were used as the source of DNA, and this supports
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the findings of Marrero et al. (2008) who published
the only other mtDNA-based test for identification
of congeneric bird species based on faecal samples.
However, when extractions were made from field-
collected droppings of uncertain age, the success
ratewasconsiderably lower.This ispossiblydue toa
combination of both physical weathering, e.g. UV
exposure, rainorwarm temperatures (Murphyet al.
2007, Hájková et al. 2006) and enzymatic degrada-
tion, e.g. microbial DNase (Regnaut et al. 2006).
Therefore, frequent field visits to collect droppings
in as fresh a state as possible followed by storage in

anultra-low temperature freezer is recommended in
order to maximise the chances of successful PCR
amplification (King et al. 2008).

The sequencing approach proved to be more
successful than that of real-time PCR both in terms
of thenumberof identificationsmadeand,concomi-
tantly, its ability unambiguously to discriminate all
three species. The greater number of identifications
achievedvia sequencingcompared toreal-timePCR
was anunexpected result, given the reported greater
sensitivity of the latter approach (Yang et al. 2006),
as well as the difference in size of the amplified

Table 1. The size and species identification based on real-time PCR or sequencing of a fragment of the cytochrome b gene in
mtDNA (NR=not recorded, bg=black grouse, rg=red grouse, cp=capercaillie).

Sample number

Diameter of

dropping (mm)

Species identification
--------------------------------------------------------------------------------------------------------------------------------------------

Real-time method

using primer pair 1

Real-time method

using primer pair 2

Sequencing of

346 bp fragment

Balmoral 1 NR rg/cp rg/cp rg

Balmoral 2

Balmoral 3 NR rg/cp rg/cp rg

Balmoral 4

Balmoral 5 NR rg/cp rg/cp rg

Balmoral 6 NR rg/cp rg/cp rg

Balmoral 7 NR rg/cp rg/cp rg

Balmoral 8 NR rg/cp rg/cp rg

Abernethy (2007) 1

Abernethy (2007) 2 7 rg/cp rg/cp rg

Abernethy (2007) 3

Abernethy (2007) 4 7 rg

Abernethy (2007) 5 7 bg bg bg

Abernethy (2007) 6

Abernethy (2007) 7

Abernethy (2007) 8

Abernethy (2007) 9

Abernethy (2007) 10

Abernethy (2007) 11 9 bg bg bg

Abernethy (2008) 1 6 bg

Abernethy (2008) 2

Abernethy (2008) 3 6 bg

Abernethy (2008) 4 6 bg

Abernethy (2008) 5

Abernethy (2008) 6 7 bg

Abernethy (2008) 7 7 bg bg bg

Abernethy (2008) 8 7 bg

Abernethy (2008) 9 7 bg

Abernethy (2008) 10

Abernethy (2008) 11

Abernethy (2008) 12 8 bg

Abernethy (2008) 13 8 bg bg bg

Abernethy (2008) 14

Abernethy (2008) 15

Abernethy (2008) 16 8 rg/cp rg/cp rg

Abernethy (2008) 17 9 bg bg bg

Abernethy (2008) 18 10 bg bg bg

Abernethy (2008) 19

Abernethy (2008) 20 12 bg bg bg
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fragment.Thesequenced fragmentwasmuch longer
than that amplified for the real-time PCR test, and
this might be expected to amplify less well due to
degradation of the DNA in the field-collected sam-
ples. However, previous studies have reported that,
for fragments of mtDNA <400 bp, there was no
effect of length on ability to provide clean sequences
(Frantzenetal. 1998).Therefore, lengthof fragment
seems to be less important in determining PCR
success in mtDNA compared to nuclear DNA
(Frantzenetal.1998).Thereasonforthegreaterpro-
portion of species identifications achieved by the se-
quencing approach is unclear, but it may be due to
several factors.ThePCRamplification stepwasper-
formed at a lower temperature for the sequencing
compared to the real-time method, and this may
have allowed greater primer binding which, in turn,
resulted in more PCR product. The annealing
temperature in the real-time PCR reaction was not
reduced as this may have lowered the specificity of
probe binding. Given that lack of probe specificity
was already an issue for identifying red grouse and
capercaillie DNA, lowering the annealing tempera-
ture was therefore not considered a viable option. It
is also possible that the buffer suppliedwith the hot-
start Taq provided greater protection against PCR
inhibitorspresent in the extract than thebuffer in the
real-time PCR master mix.
The specificity of the probe in the real-time PCR

test relies on a maximum of two species-specific
SNPs. In contrast, species identification using good
quality sequence is based on a greater number of
species-specific SNPs thereby allowing very secure
identification. Furthermore, the sequencing ap-
proach offers the added advantages that it may
reveal the cases where the droppings are not from
oneof the suspected species, andsimilarly, themeth-
odcouldbeapplied toabroader rangeof gamebirds
such as rock ptarmigan Lagopus mutus without
further development work. The sequence infor-
mation for the cytochrome b region that is now
available for a large number of species should, in
manycases, enable the speciesoriginof anunknown
scat to be determined (Parson et al. 2000).
The primer/probe combinations used in the real-

time test only distinguished DNA of black grouse
from that of red grouse and capercaillie and as these
two species do not tend to coexist in the same hab-
itat, this lack of specificity may not be a problem.
The three willow grouse sequences were homolo-
gous to the redgrouse sequencesused forprimerand
probe design, indicating that this test could also be

useful for distinguishing willow grouse from black
grouse in a broader European context. If the appli-
cation of the real-time test is solely to differentiate
black grouse from red/willow grouse, then primer
pair 2, designed to amplify only red/willow or black
grouse DNA, proved to be the most appropriate
choice of primers as these result in faster accumu-
lation of fluorescence so that the Ct threshold is
crossed much earlier. This is presumably due to su-
perior amplification of the PCR product resulting
fromtheabsenceofdegeneratebases inprimerpair2.

The real-time probe could unambiguously dis-
tinguish black grouse in amplified samples, whereas
the red grouse probe failed to differentiate caper-
caillie from red grouse. The specificity of the black
grouse probe may be due to the centrally located
base, which was different between black grouse and
both redgrouseandcapercaillie. Incontrast, despite
the fact that the red grouse and capercaillie probes
differed by up to two SNPs, they were unable to
differentiate between these two species. The failure
of either of the red grouse probes to be species-
specific when presented with capercaillie DNAmay
be explained by the location of the SNPs within the
probe. It is recommendedthat theSNPsite is located
in themiddle third of the sequence or towards the 3’
end, but not in the last two bases of the 3’ end
(Anonymous 2004). As the sequence in the central
part of the red grouse and capercaillie probes was
identical, the SNPs that distinguished these two
species fromeachothermaynothavebeenoptimally
positioned.Although this particular real-time assay
did not distinguish effectively between red grouse
and capercaillie, there are other regions of mtDNA
whichcontain species-specificSNPsaroundwhich it
shouldbepossible toconstructprobeswithcentrally
positioned SNPs. However, the high cost of fluo-
rogenic labelled probes makes the development
of such a test expensive because probes designed
in silico do not always work in practice.

In conclusion, the sequence information from the
346 bp fragment of the cytochrome b gene allowed
the unambiguous identification of the three tetra-
onid species from amplified DNA extracted from
field-collected droppings of unknown age. In com-
parison to the real-time test, this offers a better ap-
proach for identification for these species, and in
addition, has the potential to be utilised for the
identificationofdroppings fromanumberof related
species. Bothmethods require exploratory sequenc-
ing to find species-specific SNPs, and this is a re-
lativelyinexpensiveexercise.However,theconstruc-
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tion of a real-time test requires development and
testing of fluorogenic probes, and the expense of
these may restrict the extension of this approach to
other species. Another advantage of the sequencing
approach is that, with the commercial, off-site se-
quencing services that are nowwidely available, the
molecular laboratory work is relatively simple and
can be done using very basic molecular equipment.
In contrast, the real-time method requires highly
skilled staff and an expensive real-time PCR ma-
chine.
The ability to identify black grouse DNA from

faecal droppings represents a major step forward in
being able to assay the presence of blackgrouse, and
by doing so, allow the effect of habitat management
on black grouse presence and retention to be re-
corded.
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Appendix 1. Cytochrome b sequences in mtDNA of black grouse, red grouse and capercaillie samples showing in grey highlight the
location of the primer sites for the 346 bp fragment and as boxed letters the location of the species-specific SNPs.

>gi|6970190|gb|AF230174.1|AF230174 Tetrao tetrix cytochrome b (CYTB) gene, partial cds; mitochondrial gene for 
mitochondrial product 
ATCATTACCGGCCTCCTACTGGCCATACATTACACCGCAGACACCTCACTCGCATTCTCTTCAGTAGCCC
ACACATGCCGAAACGTCCAATACGGCTGACTTATCCGCAATCTCCATGCAAACGGCGCTTCATTCTTCTT

CATCTGTATTTTCCTTCACATCGGACGTGGACTTTACTACGGCTCCTACTTATACAAAGAAACCTGAAAC

ACAGGAGTAATCTTACTTCTCACACTCATAGCAACTGCCTTCGTGGGATATGTTCTTCCATGAGGACAAA

TATCATTCTGAGGGGCCACTGTCATTACAAACCTATTCTCAGCAATCCCCTACATTGGACAAACCCTAGT

AGAGTGAGCCTGGGGGGGATTCTCAGTTGATAACCCAACCCTTACCCGATTCTT

>gi|6970182|gb|AF230170.1|AF230170 Lagopus lagopus cytochrome b (CYTB) gene, partial cds; mitochondrial gene 
for mitochondrial product 

ATCCTCGCTGGCCTCCTACTGGCCATACACTACACTGCAGACACCTCTCTTGCATTCTCTTCAGTCGCCC

ACACATGCCGAAACGTCCAATACGGCTGACTTATCCGCAATCTCCACGCAAACGGCGCTTCATTCTTCTT

TATCTGCATTTTCCTCCACATCGGACGTGGACTCTACTACGGCTCCTACCTGTATAAAGAAACCTGAAAC

ACAGGAGTAATCTTGCTTCTCACACTCATAGCAACTGCCTTCGTAGGATATGTTCTCCCATGAGGACAAA

TATCATTCTGAGGGGCCACCGTCATTACAAACCTATTCTCAGCAATCCCTTACATCGGACARACCTTAGT
GGAATGAGCGTGGGGGGGATTCTCAGTAGATAACCCAACCCTTACCCGATTCTT

>gi|42557324|dbj|AB120132.1| Tetrao urogallus mitochondrial cytb gene for cytochrome b, complete cds 
ATGGCACCCAACATCCGAAAATCACACCCCCTTTTAAAAATAATTAACAATTCCCTAATTGACCTCCCCG
CCCCATCCAACATCTCTGCTTGATGAAACTTTGGCTCCCTACTAGCAGTATGTCTTACCACCCAAATCCT
CACTGGCCTCCTATTGGCCATGCACTACACCGCAGACACCTCACTCGCATTCTCTTCAGTAGCCCACACA
TGCCGAAACGTCCAATACGGCTGACTTATCCGTAATCTCCATGCAAACGGCGCTTCATTCTTCTTCATCT

GCATTTTCCTTCACATCGGACGTGGCCTTTACTACGGCTCCTATCTATATAAAGAAACCTGAAACACAGG

AGTAATCCTGCTTCTCACACTCATAGCAACTGCCTTCGTAGGATATGTCCTCCCATGAGGACAAATATCA

TTCTGAGGAGCCACTGTCATCACAAACCTATTCTCAGCAATCCCCTACATTGGACAAACCTTAGTAGAAT
GAGCCTGAGGCGGATTCTCAGTTGACAACCCAACCCTTACCCGATTCTT
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