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Abstract Effects of cervid browsing on timber production,
especially during winter, lead to economic losses in forest
management. The aim of this study was to present an efficient
DNA-based method which allows qualitative assessment of
the winter diet from stools of moose (Alces alces), roe deer
(Capreolus capreolus), and red deer (Cervus elaphus). The
preliminary results of the diet composition of the three cervids
from Poland were also presented with a special emphasis on
moose. The electropherograms of the chloroplast intron #nL
(UAA) P6 loop amplification products using g (fluorescence-
labeled) and / primers revealed differences in the length of
PCR products among various plant species eaten by these
herbivores. In addition, the usage of species-specific primers
allowed unambiguous identification of different gymno-
sperms and angiosperms. The preliminary moose diet analy-
sis, based on winter fecal samples from the entire range of
moose occurrence in Poland, revealed the presence of 15 to 24
tree, shrub, and herbaceous species. This fast, cost-efficient,
and simple method proved also to be reliable for the diet
analysis of red deer and roe deer. It may be a valuable tool
in forest and conservation management, as well as a way of
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enhancing ecological studies focusing on the impact of herbi-
vores on the ecosystems and their possible food niche overlap.
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Introduction

The large herbivores, as keystone species, have a significant
impact on ecosystems (Graham et al. 2010). Feeding on trees
and shrubs affects the composition of plant communities,
plant productivity, and nutrient flow (Danell et al. 1994).
Cervids, especially moose (Alces alces), red deer (Cervus
elaphus), and roe deer (Capreolus capreolus), cause consid-
erable damage to tree stands by browsing, trampling, and bark
stripping (Bobek et al. 1992; Graham et al. 2010). This leads
to economic losses in forest management. Extensive knowl-
edge about diet and feeding habits of particular species of
cervids is required to prevent this damage. It also allows
understanding of relationships between herbivores and plant
communities, which in return will enable the design of effec-
tive management strategies and/or protection of these ungulate
species (Putman 1996).

So far, studies of the herbivorous diet have been primarily
based on methods of direct observation in the field, observa-
tion of feeding traces along transects, microscopic analysis of
rumen contents, and identification of plant species from feces.
However, all these methods may lead to erroneous results. The
first method is feasible on a small group of animals only, and
despite the immense work involved, it is not accurate in
estimating the list and the amount of consumed species.
During the observations of feeding traces along transects, it
is often difficult to distinguish signs of use of the plants by
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different species of herbivores (Gebczynska 1980; Wam and
Hjeljord 2010). The analysis of the diet using microscopic
examination is time consuming and requires appropriate train-
ing and an extensive reference database of food items
(Holechek et al. 1982). In addition, a significant amount of
the material is too fragmented and cannot be identified
(Gebcezynska 1980). The development of molecular biology
techniques allowed the use of DNA isolated from feces to
determine the composition of the diet of the organism. In recent
years, researchers focused on chloroplast #7nL. (UAA) intron,
especially its P6 loop, to study the diet of herbivores as the P6
loop is a relatively short sequence that usually varies in length
and nucleotide composition among different plant species
(Taberlet et al. 2007). The use of high-throughput parallel
pyrosequencing of DNA from feces can identify the plants in
the diet of these animals (Valentini et al. 2009; Kowalczyk et
al. 2011). Although next-generation sequencing (NGS) tech-
nology is currently the best solution and has become increas-
ingly more accurate, it requires specialized equipment found in
a limited number of laboratories and is still relatively expen-
sive. Thus, there is a need, in research practice, especially in
forest management for a fast, easy, and inexpensive method
that can be used in laboratories with basic equipment for
molecular biology for a general qualitative analysis of the diet
composition in terms of the content of tree and shrub species.

The moose prefers moist or wet environments such as
wetlands, alder (4/nus spp.) wood forests, and moors. It is
usually present on marshes that are overgrown with willow
(Salix spp.) (Dzigciotowski and Pielowski 1975). Moose is a
concentrate selector, i.e., it needs easily digestible and nutri-
tious food. Its morphological and anatomical structure is
adapted for high selectivity (Hofmann 1989), which means
that they actively search for the most preferred plant species
(Dzigciotowski 1974). Previous studies show that during sum-
mer, moose mainly eats herbaceous plants, leaves of trees, and
shrubs while winter is dominated by browsing (Dzigciotowski
and Pielowski 1975). The species’ diet composition varies
between seasons, and it is also variable in different parts of
Europe. For example, in Norway, the winter diet was predom-
inantly rowan (Sorbus aucuparia), birch (Betula spp.), and
pine (Pinus sylvestris), whereas pine was not found in the
summer diet, instead the willow was browsed (Wam and
Hjeljord 2010). In Sweden, the winter diet was dominated by
pine and birch, while in summer, birch, willow, and herbaceous
plants were most abundant (Cederlund and Nystrom 1981).
The study of Morow (1976) in the Augustéw Forest in NE
Poland showed that from December to March, at least 92 % of
the consumed biomass was dominated by pine. In September,
more species were recorded (at least seven), especially willow,
hazel (Corylus avellana), and poplar (Populus spp.).

The most abundant population of moose in Poland is
located in the Biebrza Valley in NE Poland. As the animals
found in this region exhibit typical seasonal migrations
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(Gebcezynska and Raczynski 1989) in winter, they are
suspected to cause significant damages to managed forests,
especially pine stands (Komenda 2001).

The roe deer is the most common cervid in Poland. It has
similar nutritional requirements to moose, as it is also a
concentrate selector (Hofmann 1989). Its spring and summer
diet is dominated by herbs (about 80 %) (Ggbcezynska 1980).
In winter, more than 80 % of the diet consisted of shoots of
trees and shrubs (Siuda et al. 1969). The proportion of spruce
(Picea abies) was high, as well as pine, and hay taken from
feeding stations during this season (Siuda et al. 1969;
Cederlund and Nystrom 1981).

The red deer is a widespread species in Poland, but it has
only been recorded in the Biebrza Valley since the late se-
venties of the twentieth century (Gebezynska and Raczynski
1993). In comparison to moose and roe deer, it has much
lower nutritional requirements, being of “intermediate type”
(Hofmann 1989). In summer, its principal foods were grasses,
herbaceous plants, young shoots, and leaves of trees and
shrubs. In winter, the diet was dominated by shoots, the bark
of shrubs, conifers, and deciduous trees (Bobek et al. 1992).
As well as moose, both roe deer and red deer show variation in
diet according to the season and location of the population
(Siuda et al. 1969; Gebezynska 1980; Bobek et al. 1992).

The aim of this study was to find a method for efficient
DNA-based qualitative assessment of the winter diet from
feces of three cervids: moose, red deer, and roe deer. We
also present the preliminary results for winter diet compo-
sition of these three herbivorous species in Poland with a
special emphasis on moose and also compare the obtained
results with traditional methods.

Materials and methods

For this study, we used 29 samples of moose feces collected
in winter (December to March) over the years 2006-2011
from nine different sites within the species’ range in Poland.
We also collected 11 red deer and 11 roe deer stools in
March and December 2012. To distinguish stools of these
species, we considered their shape and size according to
Jedrzejewski and Sidarowicz (2010). Stool droppings were
frozen at —20 °C or stored in silica gel until processed. DNA
was isolated by QIAamp DNA Stool Mini Kit (QIAGEN),
and to assure accurate species identification, a fragment of
mitochondrial DNA control region was amplified using
primers from Hundertmark et al. (2002). mtDNA-cr ampli-
fication from stools of three herbivores and sequencing
conditions were consistent with the descriptions provided
by Swistocka et al. (2008).

In order to obtain a basic database for tree and shrub
species that could be eaten by the studied cervids, we analyzed
samples of 36 plant species: shrub, trees, and herbaceous
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plants (Table 1) collected from March to May in 2012 in the
Biebrza River Valley. The majority of these plant species were
previously identified as moose food by microscopic examina-
tion of their gut contents or by direct observations of herbi-
vores (Dzigciotowski 1974; Morow 1976; Belovsky 1981).
Whole DNA was extracted from leaves and buds using
Genomic Mini AX Plant (A&A Biotechnology) with elution
in 50 uL of QIAGEN nuclease-free water. For each plant
sample, we amplified the fragment of the chloroplast intron

trnL. (UAA) P6 loop using g and /4 primers (Taberlet et al.
2007) as they work extremely well with degraded samples
such as stools (Valentini et al. 2009). The primer g was
fluorescence-labeled using FAM as a dye. The PCR was
carried out in a final volume of 5 uL with GeneAmp PCR
System 9700 (Applied Biosystems). The PCR mixture
contained 2 pL of extracted DNA as a template, 1.7 uL
QIAGEN multiplex PCR master mix, 1 pL QIAGEN
nuclease-free water, and 0.3 pL mix of primers (0.2 uM of

Table 1 The basic database of

plant species with the absolute No. Species Absolute fragment Size read (bp) Detected in studied moose
fragment length (in base pair) length (bp)
and size reads (in base pair) and Traditional Molecular
the comparison of plant species methods methods®
in the moose’ diet obtained using
different methods 1 Abies alba 86 ~84 -
2 Acer spp. 95 ~92 3
3 Alnus glutinosa 100 ~97 1,2 +
4 Betula spp. 100 ~97 1,2 +
5 Calluna vulgaris 86 ~82 1,2 +
6 Carex remota 121 ~124 2 -
7 Carpinus betulus 100 ~97 1,2 +
8 Corylus avellana 100 ~97 1 +
9 Euonymus europaea 90 ~86 1,2 +
10 Fagus sylvatica 103 ~100 1 +
11 Frangula alnus 104 ~101 1,2 +
12 Fraxinus excelsior 78 ~74 1
13 Juniperus communis 79 ~77 1,2 +
14 Larix decidua 85 ~84 - -
15 Ledum palustre 85 ~81 1
16 Ligustrum vulgare 78 ~74 -
17 Padus spp. 90 ~87 2 +
18 Phragmites australis 91 ~88 - +
19 Picea abies 93 ~91 1 +
20 Pinus sylvestris 84 ~82 1,2 +
21 Poa pratensis 93 ~118 2 -
22 Populus spp. 107 ~103 1,2 +
23 Prunus spp. 90 ~86 3 +
24 Quercus spp. 93 ~89 1 +
25 Ribes spp. 101 ~97 1,2 +
26 Rubus spp. 91 ~88 1,2,3 +
27 Salix spp. 95 ~91 1,2 +
28 Sambucus racemosa 89 ~85 - +
29 Sorbus aucuparia 90 ~87 1,2 +
30 Syringa vulgaris 78 ~74 -
31 Tilia spp. 98 ~95 1,2 +
32 Urtica dioica 73 ~70 -
33 Vaccinium myrtillus 86 ~83 1 +
1 Dzigciotowski (1974), 34 Vaccinium uliginosum 84 ~81 1 -
2 Morow (1976), 35 Vaccinium vitis-idaea 89 ~86 1 +
3 Belovsky (1981) 36 Viburnum opulus 79 ~74 - -

*This study
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each primer). The DNA polymerase was activated at 95 °C for
15 min, followed by 15 (plant DNA samples) or 35 (stool
samples) cycles with denaturation at 94 °C for 30 s, annealing
at 57 °C for 90 s, extension at 72 °C for 60 s, and final
extension at 60 °C for 30 min. The PCR products were dena-
tured with 10 pL Hi-Di formamide (Applied Biosystems) and
0.2 uL GeneScan 500-LIZ size standard (Applied Biosystems)
at 95 °C for 5 min and immediately cooled in ice. Detection
was carried out on ABI 3130 Genetic Analyzer (Applied
Biosystems) using 36-cm capillaries and POP-7" polymer.
The fragment lengths were interpreted using the GeneMapper
4.0 software. PCR products for different plant species were run
in separate wells/capillaries. In order to precisely estimate the
possible peak overlap between several plant species, their PCR
products were run separately and then mixed and run in a
single capillary (Fig. 1a). After peak size detection (Fig. 1b,
¢), the number of fragments and their sizes for different stool
samples were compared to our reference database that was
constructed using the studied plant species.

The preliminary analysis showed that the willow and
spruce had identical size reads (91 bp), despite obvious
differences in sequence composition and absolute fragment
lengths (95 and 93 bp, respectively, Table 1). A similar
problem with peak overlap occurred for pine and heather
(Calluna vulgaris) and several other species (Table 1). To
overcome this, we designed species-specific primer pairs for
the following gymnosperms: the spruce (PAF_#nL and
PAR trnL), the pine (PSF_#rnL and PSR #rnl), and the
juniper (Juniperus communis) (JCF_trnL and JCR_#rnL,
Table 2) with the FastPCR software (Kalendar et al. 2009).
The same was done for angiosperms: the heather
(CVF_#trnL and CVR_trnL) and the birch (BeF _#rnL and
BeR _#rnL). The PCR procedure using species-specific
primers from stool samples was the same as for g and &
primers, but with 42 cycles and annealing at 57 °C for
spruce and juniper and 59 °C for pine, heather, and birch
(Table 2). The PCR products were visualized on 2 % aga-
rose gel after the 30-min electrophoresis, while DNA se-
quences were obtained according to Swistocka et al. (2008).

We also designed a primer pair (SaF_#nL and SaR #rnL,
Table 2) to selectively amplify willow. The primer SaF #rnL
was fluorescence-labeled using VIC as a dye to test possible
multiplexing using universal and species-specific primers in a
single PCR. First, we performed PCR using the SaF #nL and
SaR_#rnL primer pair under the same conditions as with g and
h primers. Then, we simultaneously amplified DNA in a single
reaction with the same conditions as before but with 0.2 uM of
gand & as well as 0.6 uM of SaF_#nl and SaR_trnL primers.
The presence of willow was visualized as a green peak (VIC)
and interpreted using the GeneMapper 4.0 software (Fig. 1d).

The repeatability of the methods using universal and
species-specific primer pairs was verified by two indepen-
dent DNA isolations for different feces using two different
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droppings for a given stool and at least two independent
PCRs. We also compared consistency of PCR results for two
samples of the same stool: one frozen and one dried in silica
gel. Samples stored for 2 weeks and up to 2 years in silica
gel were analyzed. These extractions were carried out with
QIAamp DNA Stool Mini Kit (QIAGEN). In this way, we
compared different storage method of feces and their sensi-
tivity to time lag between sampling and DNA isolation.

Results
Reference database

We obtained expected products for all 36 studied plant
species (Table 1). The amplified sequences generally dif-
fered in absolute length. Their range varied from 73 bp for
nettle (Urtica dioica) to 121 bp for Carex remota. The peak
size reads obtained after capillary electrophoresis corre-
sponding to the fluorescent PCR products of the studied
plants ranged from 70 to 124 bp.

When the absolute length of the sequence for several spe-
cies was the same, size reads of these fragments overlapped
(for example, spindle [Fuonymus europaea), cherry [Prunus
spp.], and lingonberry [Vaccinium vitis-idaea)) and such spe-
cies were not distinguished (Table 1). On the other hand, the
plant pairs willow and maple (4cer spp.) as well as spruce and
oak (Quercus spp.), despite the fact their sequences had the
same absolute length, still could be distinguished from each
other as they showed different mobility during electrophoresis
resulting from different nucleotide composition (Fig. 1a).
Several plants had the same size reads of the P6 loop, despite
their sequences differing in the absolute length and base pair
composition (for example, spruce and willow, pine and heath-
er; Table 1). In such a case, the species-specific primer pairs
were successfully used to detect plant species in winter diet
analysis of herbivores from their stools. For example, we
obtained PCR products of 172 bp long for DNA isolates from
pine needles using the pine-specific primer pair while there
were no such products for other plant species, including heath-
er, which overlapped with pine using g and % primers. Thus, for
the stool samples, PCR products using species-specific primer
pair were only obtained and visualized on agarose gels if the
DNA of a given plant species was present in the studied stool
sample. Species-specific primers that were designed in this
study (Table 2) allowed the unambiguous detection of juniper
(260 bp), pine (172 bp), spruce (113 bp), birch (194 bp),
heather (99 bp), and willow (136—137 bp) in the studied
herbivores’ diet that was not possible using g and /4 primers.
Using willow-specific primers, white poplar (Populus alba)
and aspen (Populus tremula) were occasionally visible; how-
ever, PCR products for these species differed from willow in
size reads (125 and 124 bp, respectively).
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Fig. 1 Examples of multipeak profiles obtained after capillary
electrophoresis of the PCR products of P6 loop amplified using
fluorescence-labeled primers. a Amplified DNA of several plant
species mixed and run in a single capillary. b, ¢ Examples of
plant species present in moose winter diet based on DNA analysis
from feces. d An example of multiplex PCR products using g
(FAM) and 4 and SaF _#rnL (VIC) and SaR trnL primers. Filled
peak represents willow (Salix spp.). 1 Juniperus communis; 2

Pinus sylvestris/Calluna vulgaris; 3 Quercus spp.; 4 Picea abies/
Salix spp.; 5 Alnus glutinosa, Betula spp., Carpinus betulus,
Corylus avellana, and Ribes spp.; 6 Populus spp.; 7 Vaccinium
myrtillus; 8 Frangula alnus; 9 Euonymus europaea, Prunus spp.,
and Vaccinium vitis-idaea; 10 Sorbus aucuparia and Padus spp.;
11 Solanum tuberosum; 12 Urtica dioica; 13 Sambucus racemosa,
14 Poa pratense; 15 Salix spp.

Table 2 Sequences of the

species-specific primer Name Sequence 5'-3’ Amplified species Amplified sequence
pairs for gymnosperms length (bp)
and angiosperms species
PAF_trnL ATACTGTATTTATAGAACGCTC Picea abies 113
PAR_trnL TCTTACGAATAGATGCTTGG Picea abies 113
PSF_trnL TGTTTCTTCTCCTAAGATAGGAAGGG  Pinus sylvestris 172
PSR_trnL AACGAGTTCTGATCGCCAG Pinus sylvestris 172
JCF_trnL ACGAATCAACATAATTTGGATTGG Juniperus communis 260
JCR_trnL GAAGAGAAGCAGACATTGGTC Juniperus communis 260
CVF_trnL TCGCAAACAAACAAAGATTCCGA Calluna vulgaris 99
CVR_trnL. CTTCTACCAACGTAGCCAAATCG Calluna vulgaris 99
BeF_#rnL GGATAGGTGCAGAGACTCAATGG Betula spp. 194
BeR_#rnL GTCGGTATTGACATGTAGAATGGGAC  Betula spp. 194
SaF_zrnL? TAATGACAACCGACCCAAATCTGT Salix spp. 136-137
“Fluorescence-labeled primer SaR #rnL  ATCCTTTCGTCAACTTGGAATCGA Salix spp. 136-137

using VIC
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The repeatability of the method

Two independent DNA isolations from two different drop-
pings from one moose stool gave identical results. Two inde-
pendent PCRs conducted, using DNA from each of those two
isolations, allowed us to obtain the same plant composition in
the diet. However, a time and a method of samples storage
proved to be an important factor in the qualitative diet analy-
sis. The analysis of DNA from feces stored for a relatively
long period of time (over 2 years) in silica gel that was not
changed showed that the resulting number of plant species
seen as peaks on electropherogram was reduced by a half
when compared to samples isolated shortly after sampling
from the field (samples frozen and stored no longer than
1 month). For example, if we obtained six peaks from a given
moose stool sample that was frozen, as few as three peaks
were usually obtained in the corresponding sample that stayed
in silica gel for 2 years prior to DNA extraction. If samples
were stored for a short period of time, freezing or drying did
not affect the plant species composition as revealed by PCRs.

Analysis of the winter diet

PCR products of plant DNA using g and % primers that were
obtained after 35 cycles for each stool sample (moose, red
deer, and roe deer) gave in total 26 different peaks correspond-
ing to 26—40 plant species (Tables 1 and 2 of the
Supplementary Material). By making the reference database
of size reads for the studied plants, we were able to identify at
least 72 % of peaks that were amplified from the cervid
samples. Seven peaks (55, 59, 72, 78, 79, 80, and 90 bp) were
not assigned to any plant species present in our database
(Tables 1 and 2 of the Supplementary Material). However,
for as many as 93 % of moose samples, all peaks were
identified. The peak of 76 bp was detected on electrophero-
grams for all the analyzed droppings of moose, red deer, and
roe deer. This peak most likely corresponds to the potato
Solanum tuberosum that came from a pill included in
QIAamp DNA Stool Mini Kit (QIAGEN) as suggested by
Valentini et al. (2009). In addition, the potato gave a faint
additional peak of 70 bp that fully overlapped with the nettle
peak. The potato and nettle peaks were ignored in diet assess-
ment of cervids. Since potato and juniper peaks were very
close (76 and 77 bp, respectively), to avoid the risk of possible
errors, it was necessary to perform another PCR using juniper-
specific primers.

The moose diet analysis was based on 29 winter fecal
samples from the entire range of occurrence of moose in
Poland. Fifteen peaks were found that correspond to at least
15 plant species (24 maximum). Among plant species
detected from stools, there were gymnosperms and angio-
sperms that have been previously reported in moose diet
(Dzieciotowski 1974; Morow 1976; Belovsky 1981) by
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traditional methods (Table 1). One peak (59 bp) was not
identified. The number of peaks differed between individual
stool samples, from 2 to 8. The most common were droppings
with two and seven peaks, and plant species composition
differed between samples (Table 1 of the Supplementary
Material). The most frequent species was pine and five species
that had the same size reads: alder (Alnus glutinosa), birch,
currant (Ribes spp.), hazel, and hornbeam (Carpinus betulus,
present in 69 % of the stools), followed by spruce (65.5 %). In
about half of winter fecal samples (55.2 %), willow and alder
buckthorn (Frangula alnus, 51.7 %) were present. Other
commonly occurring species were also oak (44.8 %), birch
(37.9 % estimated using species-specific primers), and blue-
berry (Vaccinium myrtillus, 34.5 %). Species of moderate
occurrence were Padus spp. with rowan, juniper, and poplar
(27.6 %). The least frequently consumed species were rasp-
berry (Rubus spp.) and/or reed (Phragmites australis), and
red-berried elder (Sambucus racemosa)—occurring in single
fecal sample each (Table 1 of the Supplementary Material).

In roe deer diet, we distinguished 19 peaks that correspond
to at least 19 plant species (32 maximum). The most frequent
was pine (90.9 %) and blueberry (81.8 %). Heather, spindle,
cherry, and lingonberry were present in half of the stools. Four
peaks (78, 79, 80, and 90 bp) were not identified. In the case of
red deer, we also found 19 peaks that correspond to 19 plant
species (29 maximum). Again, pine had the highest frequency
of occurrences, and it was found in 81.8 % of the stools. The
same frequency was found for heather, blueberry, spindle,
cherry, and lingonberry. In 63.6 % of the stool samples, there
occurred red-berried elder, oak, and species with 97 bp read
lengths: birch, hazel, hornbeam, alder, and currant. Birch,
distinguished by species-specific primers, was present in
45.5 % of the red deer samples (Table 2 of the
Supplementary Material). Six peaks (55, 59, 72, 78, 79, and
90 bp) were not identified.

Discussion

Our study showed that the multipeak profiles obtained after
electrophoresis of the fluorescent PCR products using the g
and 4 primers (the P6 loop #rnL (UAA) intron) (Taberlet et al.
2007) for fecal samples can be successfully used to identify
the winter diet composition of the three cervids. This simple
method proved to be reliable and consistent among different
PCRs using DNA isolated from the stools of moose, red deer,
and roe deer. The method is qualitative, and it allows a quick
identification of the majority of tree and shrub species eaten
by those herbivores. Due to low costs, it may be an appropri-
ate method for any pilot study that will allow better decision
making concerning the necessity (or not) of much more
advanced (and expensive) analyses such as NGS (Pompanon
etal. 2012). This cost-efficient method could be also a primary
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step in herbivore diet analysis when no data are available for a
given species in a new study area and a large number of
samples have to be studied. It could be especially important
that if at least two cervid species occur together, it might be
interesting to survey if they browse on the same number of
tree and shrub species to test the possibility for food niche
overlap.

In this method, multiple plant species were successfully
amplified within the same PCR from fecal samples because
primers used to amplify the P6 loop (g and %) are very well
conserved from gymnosperms to angiosperms (Taberlet et al.
2007; Valentini et al. 2009). Moreover, the fragments ampli-
fied using these primers for the identified species are very
short (70-103 bp, Table 1). Indeed, Taberlet et al. (2007)
suggested that the P6 loop will become the marker of choice
for degraded DNA and diet studies based on feces (see also
Kowalczyk et al. 2011; Pompanon et al. 2012). As many as 15
different peaks were identified from moose stools that corre-
spond to 15-24 plant species (Table 1 of the Supplementary
Material), including gymnosperms and angiosperms that have
been previously reported in its diet (Dzigciotowski 1974;
Morow 1976; Belovsky 1981). Different plant species were
also successfully identified in the roe deer and red deer stool
samples (19-32 and 19-29, respectively). After electrophore-
sis of PCR products, none of the samples gave a single peak,
indicating diverse diets and providing evidence for the sensi-
tivity and utility of the method.

Unfortunately, the method has several drawbacks. Taberlet
et al. (2007) pointed out that the resolution of the trnL. (UAA)
intron is relatively low. Indeed, we were not able to distinguish
between, for example, hazel, hornbeam, currant, and alder due
to peak overlap of identical sequences. Moreover, despite
some sequences differing in both size and nucleotide compo-
sition, we observed peak overlaps for spruce/willow,
pine/heather, and reed/raspberry species pairs. Although reed
and raspberry rarely occurred in the studied cervids’ diets, the
pine/heather and spruce/willow overlap challenges moose diet
analysis considerably.

The moose affects timber production by browsing on pine
stands, and reliable data on diet analysis are of primary im-
portance. Due to large uncertainty associated with peaks
overlapping when using universal (g and /) primers, we
strongly recommend performing agarose gel electrophoresis
of PCR products and/or classical sequencing approaches
based on plant-specific primers designed for pine, heather,
spruce, willow, and birch as well as for juniper due to the
proximity of the potato peak on electropherograms. In order to
further simplify this method, one should consider a multiplex
PCR approach using a set of g and / and species-specific
primers (fluorescence-labeled with different dyes) in a similar
way as it was successfully applied in this study for willow
(Fig. 1d). This may allow proper estimation of the percentage
of occurrences in stools for the above-mentioned problematic

plant species. Such traditional approaches are still used to
complement the NGS methodology (Pompanon et al. 2012).

Another difficulty comes from the fact that kits for DNA
isolation from stools may often contain plant DNA. Indeed, in
all the studied samples of moose, red deer, and roe deer isolated
using QIAamp DNA Stool Mini Kit (QIAGEN), we found a
peak of 76 bp that most probably corresponds to the potato.
Since the size of a peak of juniper is 77 bp, the presence of
potato makes the peak count more difficult, especially when
the juniper peak is not very high. The potato peaks (70 and
76 bp) were absent in PCR products on electropherograms
when plant DNA was isolated from stools using DNeasy Blood
& Tissue Kit (QIAGEN). Thus, caution should be taken when
QIAamp DNA Stool Mini Kit (QIAGEN) is used as it may
cause a potato peak (Valentini et al. 2009) overlap with other
plant species eaten by a given herbivore. Caution should also
be taken as DNA isolated from stools stored in silica gel, which
were stored over 2 years and did not change, always yielded
considerable losses of peak numbers (up to 50 %) when
compared to stools that were isolated immediately after collec-
tion or frozen. Due to utilization of degraded DNA from stools
and peak overlap among some plant species, we strongly
recommend to perform at least two independent multiplex
PCR reactions with g and % and species-specific (fluores-
cence-labeled) primers to obtain reliable results.

This study is the first DNA-based approach of moose, red
deer, and roe deer winter diet in Poland. As the number of
species eaten from spring to autumn may be larger and the
method was not tested for other stools than those collected in
winter, future work is needed to test its applicability for diet
analysis in other seasons. The method seems however to be a
very valuable tool in forest and conservation management as
the vast majority of forest damage is done by herbivores in
winter (Dzigciotowski and Pielowski 1975; Bobek et al.
1992). In addition, in winter, the studied species occupy the
same habitats; thus, one should expect more niche overlap
among them. Indeed, our study demonstrated that pine was
one of the most frequent plant species eaten by all three
herbivores: moose, roe deer, and red deer. This study based
on a limited number of stool samples may confirm moose
preferences to pine in winter (Morow 1976). However, the
number of deciduous plant species in winter moose diet seems
to be surprisingly high. Future research should concentrate on
moose diet analysis in different areas of the species’ occur-
rence, including those with extensive forest damage and those
without any apparent damage made by the species. Since the
method offers fast and cost-efficient investigation of several
issues concerning the impact of herbivores on ecosystems, it
may be used for the rapid collection of sound data sets from
different ecosystems and on large spatial scales. Adjusting
forest management to the occurrence of moose will be of
primary importance in lowering the conflict between abundant
moose and timber production.
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