
  1  

 

 
 
 
 
 

An investigation into prey selection in the 
Scottish wildcat 

(Felis silvestris silvestris) 
 
 

 

 

 

 

 

Keziah Jane Hobson 

September 2012 
 

 

 
A thesis submitted in partial fulfilment of the requirements for the degree of 
Master of Science and the Diploma of Imperial College London 
 
 
 
 
  



  2 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                  

 
Scottish wildcat, photo courtesy of Kerry Kilshaw, WildCRU, University of Oxford 

 
 
 
 
 
 
 
 



  3  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

"NA BEAN DO'N CHAT GUN LAMHAINN" - 
- "Touch not the cat without a glove" 

(Motto of Clan Macpherson) 
 
 



  1 

CONTENTS 
List of acronyms………………………………………………………………………..... 4 

Abstract…………………………………………………………………………................ 5 

Acknowledgements……………………………………………………………............... 6 

1. INTRODUCTION……………………………………………………………………. 7 

1.1. Problem statement………………………………………………………….............. 7 

1.2. Aims and objectives………………………………………………………………...  9 
1.3. Hypotheses…………………………………………………………………………... 10 

2. BACKGROUND…………………………………………………………………........ 11 

2.1.Carnivore conservation…………………………………………………………....... 11 

2.2. Wildcat Felis silvestris………………………………………………………..……. 11 

2.3. Domestication of the cat……………………………………………………..…….. 11 

2.4. European wildcat - Felis silvestris silvestris……………………………….......... 12 

2.4.1. Distribution & Protection…………………………………………........... 12 

2.4.2. Habitat use…………………………………………………………............. 12 

2.4.3. Scottish population of Felis silvestris silvestris…………………......... 12 

2.4.4. Hybridisation and introgression………………………………................ 13 

2.5. The diet of Felis silvestris silvestris ………………………………………........... 15 

2.5.1. Preference for rabbits (Oryctolagus cuniculus)……………………........ 15 

2.6. Prey availability in Scotland…………………………………………………......... 17 

2.6.1. Wild rabbits, myxomatosis and rabbit haemorrhagic disease……….. 17 

2.6.2. Small mammal populations………………………………………............ 18 

2.7. Ecological relationships……………………………………………………............. 19 

2.8.  Investigating food habits of a species………………………………………........ 19 

2.8.1.  Scat content analysis……………………………………………….......... 20 

2.9. Prey selectivity ………………………………………………………………............ 21 

2.10. Study sites…………………………………………………………………….......... 22 

3. METHODOLOGY……………………………………………………………………. 25 



  2 

3.1. Conceptual and methodological frameworks ………………………………….. 25 

3.2. Scat collection and identification………………………………………………… 25 

3.2.1.  Scat collection…………………………………………………………….. 25 
3.2.2. Scat identification……………………………………………………........ 25 

3.2.3. DNA analysis…………………………………………………………........ 26 

3.3. Scat content analysis…………………………………………………………........... 26 

3.3.1. Scat preparation………………………………………………………........ 26 
3.3.2. Identification of prey items………………………………………………. 27 
3.3.2.1. Cuticular slides………………………………………………………...... 27 
3.3.2.2. Medullar slides………………………………………………………....... 27 

3.4. Small mammal trapping ………………………………………………………....... 28 
3.4.1. Survey areas and traps……………………………………………………. 28 
3.4.2. Processing small mammals………………………………………………. 29 

3.5. Rabbit latrine counts using line transects……………………………………….. 29 

3.6. Statistical analysis - contents of scats…………………………………………….. 30 
3.6.1 Two frequency of occurrence methods…………………………………… 30 
3.6.2. Mass and volume methods……………………………………………...... 30 
3.6.3. Biomass calculation method……………………………………………... 30 

3.7. Statistical analysis - small mammal trapping data……………………………... 31 
3.7.1 Small mammal abundance…………………………………………........... 31 
3.7.2. Density estimates for dominant habitats………………………............. 32 
3.7.3. Density estimates for study sites…………………………………........... 32 
 

3.8.  Prey selection………………………………………………………………….......... 32 

4. RESULTS…………………………………………………………………………......... 34 
 
4.1. Objective 1: To examine prey consumption in the Scottish population of  
F.s. silvestris at three different sites. ……………………………………………………… 34 

4.1.1. Frequency of occurrence of prey types ………………………….............. 34 
4.1.2. Mass and volume of food items ……………………………………......... 35 
5.1.3. Consumed biomass……………………………………………………..…. 36 

4.2. Objective 2: Investigate the diversity, abundance and density of small 
 mammal species in areas occupied by F. s. silvestris. …………………………………….. 37 

  4.2.1. Diversity of small mammal species………………………………........... 37 



  3 

4.2.2. Abundance of small mammals - modelling using  
mark-recapture techniques…………………………………………………........ 38 

 4.2.3. Density of small mammal species……………………………………...... 39 

4. 3. Objective 3: To explore the prey selectivity of F. s. silvestris, taking into 
 account the availability of prey species (with a focus on small mammals)……………….. 40  

  4.3.1. Rabbit presence/absence………………………………………………….. 40 
  4. 3. 2. Prey Selectivity Analysis……………………………………………….. 40 
   4.3.2.1. Scat production………………………………………………….. 40 
   4.3.2.2. Prey selection…………………………………………………….. 40 

5. DISCUSSION……………………………………………………………………....….41 

5.1. Prey consumption in the population of wild-living cats in Scotland…...........41 

5.2. Diversity, abundance and density of small mammals ………………................42 

5. 3. Prey selection in wild-living cats in Scotland………………………….............. 43 
 5.3.1. Rabbit presence/absence………………………………………….............. 43 
 5. 3. 2. Prey Selectivity ………………………………………………….............. 43 

 
5.4. Limitations of this investigation ……………………………………………......... 45 

 5.4.1. Identification of Felis silvestris silvestris in Scotland…………........... 45 
 5.4.2. Sample size ..……………………………………………................……... 45 
 5.4.3. Individual wild-living cat’s preferences………………………………... 45 

5.4.4. Scat content analysis - sources of bias and identification 
difficulties………………………………………………………………………… 46 

 5.4.5. Small mammal abundance and density estimates…………………...... 46 

5.5 Conservation implications ………………………………………………………… 47 

6. REFERENCES……………………………………………………………………......... 49 

7. APPENDICES……………………………………………………………………......... 60 

 

 

 

 

 
 



  4 

List of acronyms 
 

AIC - Akaike Information Criterion 

EC - European Commission 

FCS – Forestry Commission Scotland 

GPS - Global Positioning System 

IUCN - International Union for the Conservation of Nature 

MNA - Minimum Number Alive 

mtDNA - Mitochondrial DNA 

OSGB - Ordnance Survey Great Britain 

PCR - Polymerase Chain Reaction 

RHD - Rabbit viral haemorrhagic disease  

SE - Standard Error 

SD - Standard Deviation 

SNH – Scottish Natural Heritage 

UKBAP - UK Biodiversity Action Plan 

WildCRU - Wildlife Conservation Research Unit, University of Oxford 

 

 

 

 

 

 

 

 

 

 

Word count: 12 871 

 



  5 

Abstract 
The Scottish wildcat (Felis silvestris silvestris) is the only native felid species still 
present in Britain. The species faces numerous threats including direct persecution, 
habitat loss, and risk of hybridisation and introgression with the domestic cat (Felis 
catus). The current population is estimated to be as low as 400 individuals 
combined with concern over the genetic purity of the Scottish wildcat could lead to 
the species being re-classified as Critically Endangered. 

To enable species recovery efforts must be made to reduce the risk of hybridisation 
with the domestic cat, and facilitate the species to re-establish its former range. This 
requires up-to-date information on habitat and prey requirements of the species in 
order to inform management decisions. This study aimed to investigate the 
relationship between prey availability and consumption in the Scottish wildcat, in 
order to elucidate which prey species are being selected.  

A total of 30 scat samples were collected from three sites located on FCS land 
throughout Scotland. Prey remains were identified to the following prey types; 
Microtinae, Murinae, avian and lagomorph species and 5 scat analysis techniques 
were applied to determine the most frequent and important prey type within the 
diet. Prey availability was assessed through small mammal trapping and rabbit 
latrine count surveys in the dominant habitats at each site. Mark recapture 
techniques were applied to the small mammal data to estimate abundance and 
derive density estimates of prey species at each site. This information was then 
used to test for prey selectivity in the wild-living cat population.  

All scat analysis techniques found Microtinae species to be the most consumed prey 
type across all sites. Murinae species were the most abundant species at the east 
coast sites whereas Microtinae were most abundant at the west coast site. Rabbit 
populations were either absent or low at all study sites. A significant selection on 
any prey type was not found, however wild-living cats did not consume the species 
found in the highest abundance, suggesting some level of selectivity.  
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1. Introduction 

1.1. Problem statement 

The Scottish wildcat suffers from similar threats as mainland European populations 
including direct persecution and illegal killing, accidental mortality (i.e. road traffic 
accidents) and habitat loss (McOrist & Kitchener, 1994; Balharry & Daniels, 1998; 
Macdonald et al 2004). The Scottish population in particular appears to be suffering 
from high levels of hybridization and introgression compared to other populations 
throughout Europe, with the exception of Hungary (Beaumont et al, 2001; Daniels 
et al, 2001; Pierpaoli et al, 2003).  Based on the seemingly high levels of 
introgressive hybridization and the resulting difficulties in distinguishing wildcats 
from wildcat x domestic cat hybrids and domestic tabby cats in the field, Daniels et 
al. (2001) coined the term ‘wild-living cats’ as an appropriate way of referring to the 
variation found in felid populations within Scotland. Currently an estimated 400 
wildcats are thought to remain in the Scottish felid population (Kitchener et al., 
2005), although this estimate is based on extrapolation of museum data and may 
not be accurate. Although the European wildcat is classified as Least Concern by 
the IUCN (Driscoll & Nowell, 2010), if few genetically pure individuals are found 
to remain in Scotland then this population would be re-classified as Critically 
Endangered (Driscoll & Nowell, 2010). In this case the population would need to be 
managed to facilitate the species re-establishment of some of its former range and 
prevent further hybridization with the domestic cat.  

The reasons for hybridization and introgression, and the severity of the impact of 
these on the species is currently unknown but is likely to result in genetic extinction 
if left unmanaged (Hubbard et al, 1992; Rhymer & Simberloff, 1996). One of the 
factors considered to exacerbate the threat of hybridization is habitat loss and the 
reduction of prey availability that often results, and are thought to increase the 
chance of interactions with domestic cats (Driscoll & Nowell, 2010).  Therefore 
understanding prey and habitat requirements of the Scottish wildcat is essential in 
mitigating the impact of these interactions.  As a result of the difficulties in 
identifying the Scottish wildcat, much of the research over the past 20 years has 
focused on how best to distinguish this species from hybrids and tabby domestic 
cats (Hubbard et al, 1992; Daniels et al, 1998; Beaumont et al, 2001; Yamaguchi et al, 
2004; Kitchener et al, 2005; Kilshaw et al, 2010; McEwing et al, 2012). Futhermore, 
few studies have investigated the species’ ecology or dietary requirements and prey 
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selection in Scotland, with these aspects studied to varying degrees across the rest 
of its range (Corbett 1979; Scott et al. 1993; Daniels et al., 2001). 

Throughout Europe the wildcat is described as a facultative specialist; preferring 
the European rabbit (Oryctolagus cuniculus) when present, but able to utilize other 
prey species including small mammals, invertebrates and birds (Moleón & Gil-
Sánchez, 2003; Malo et al, 2004; Lozano, Moleón & Virgós, 2006). In eastern 
Scotland, a study conducted by Corbett (1979) found rabbits were identified as the 
main prey type.  

Within Scotland there are two diseases that impact rabbit populations- 
myxomatosis and rabbit viral haemorrhagic disease (RHD) (Trout et al, 1992; Fuller 
et al, 1993; Trout et al, 2000). These diseases can cause huge fluctuations in rabbit 
populations and can lead to the species being wiped out from areas, resulting in a 
patchy distribution. Battersby (2005) estimated a 57.3% decline in the rabbit 
population of Scotland between 1995 and 2002. It has been suggested that these 
fluctuations in the rabbit population may be affecting the wildcat population, 
which raises concern over the availability of other prey species (Kilshaw pers 
comms, 2012).  

Dietary studies on the wildcat in Europe show small mammals to be either the most 
important or second most important prey type (Sunquist & Sunquist, 2002; Moleón 
& Gil-Sánchez, 2003; Biró et al, 2005; Sarmento, 2006; Germain, Ruette & Poulle, 
2009). A review of dietary studies found the consumption of Microtinae (voles) and 
Murinae (mice) species varied with latitude, with Microtinae being consumed more 
at higher latitudes (Lozano, Moleón & Virgós, 2006). Small mammal populations, in 
particular Microtinae species, are known to demonstrate extreme population 
fluctuations, both cyclic (Krebs & Myers, 1974, Lambin, Petty & MacKinnon, 2000) 
and non-cyclic (Hansson & Henttonen, 1985; Korpimäki & Krebs, 1996; Huitu, 
Norrdahl & Korpimäki, 2003). Microtinae population cycles are known to occur in 
Scotland, however there are few studies showing the geographic range or 
magnitude of the cycles (Dyczkowski & Yalden, 1998). It is currently unknown as to 
whether the Scottish wildcat shows a preference for a particular small mammal 
species. If Microtinae species are preferred, there is a possibility that cyclical 
population variations may impact the Scottish wildcat population.   
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Management of different habitats may affect prey populations; for example, many 
forests within Scotland are managed for timber extraction (mainly sitka spruce 
Picea sitchensis).  Mature pine plantations are generally considered less suitable for 
small mammals (Easterbee, Hepburn & Jefferies, 1991), although young pine 
plantations support a higher density and diversity (Harris et al. 1995). Management 
practices on land being used for deer and grouse shooting may also impact prey 
species, with the presence of deer, particularly at high densities, having negative 
impacts on biodiversity including small mammal and lagomorph species 
(Flowerdew & Ellwood, 2001; Fuller & Gill, 2001; Lozano et al, 2007).  

 An up-to-date assessment of the diet of F. s. silvestris in Scotland is needed to 
identify the prey species being consumed and selected for in light of their 
availability. This will enable suitable land management strategies and conservation 
interventions to be adopted that aim to increase the abundance of the selected prey 
species in areas where rabbits are absent or found at low densities. The availability 
of prey can be key in determining population size, density and distribution of 
carnivore species (Fuller & Sievert, 2001; Karanth et al, 2004; Marker & Dickman, 
2005), and in the case of the Scottish wildcat, it could be a limiting factor for the 
recovery of the population.  

1.2. Aims and objectives 

Aim 
To contribute to the understanding of the relationship between prey availability 
and consumption of the Scottish population of the European wildcat (F. s. silvestris) 

and provide information on prey use that can be used to inform  management 

decisions. 

Objective 1:  
To examine prey consumption in the Scottish population of F. s. silvestris at three 
different sites. 

Objective 2: 
To investigate the diversity, density and abundance of small mammal species in 
areas occupied by F. s. silvestris. 
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Objective 3: 
To explore the prey selectivity of F. s. silvestris, taking into account the availability 
of prey species (with a focus on small mammals). 
 

1.3. Hypotheses 

Hypothesis a: In areas where rabbits are present, this species will be selected for 
over other available prey and therefore consumed more frequently by F. s. silvestris. 

Hypothesis b: In areas where rabbits are absent, F. s. silvestris will consume small 
mammal species most frequently. 

Hypothesis c: In areas where rabbits are absent, F. s. silvestris will consume prey 
species that are most abundant.  

Hypothesis d: F. s. silvestris will consume more Microtinae species in comparison to 
Murinae species, due to Scotland being located in the higher latitudes of Europe 
(based on Lozano, Moleón & Virgós, 2006). 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2. Background  
2. 1. Carnivore conservation 

Carnivores have been highlighted as potential keystone or umbrella species for 
conservation efforts due to their high trophic level and large home range 
requirements (Noss et al, 1996; Gittleman et al, 2001). Often regarded as charismatic 
species or ‘flagship species’ they are able to enthuse and encourage the public to 
financially support and be involved in conservation (Leader-Williams & Dublin, 
2000). Usually these projects will benefit a wide range of species or ecosystems, but 
use a particular species to raise public awareness. Carnivores are considered key to 
many areas due to their impact on shaping ecological communities and ecosystem 
structure (Reznick, Ghalambor & Crooks, 2008). As carnivores are mainly 
predators, their distribution, population size and density within landscapes can be 
highly dependent on the availability of food resources (Fuller & Sievert, 2000; 
Karanth et al, 2004; Marker & Dickman, 2005).  

2.2. Wildcat Felis silvestris 

F. silvestris is one of the most widespread species of the felid family, found 
throughout Africa, Europe, and parts of India, China and Mongolia (Nowell & 
Jackson, 1996; Driscoll & Nowell, 2010).  The taxonomy of species F. s. silvestris is a 
topic of great discussion and debate, however as research techniques have 
improved in recent years a consensus is likely to be reached in the near future.  

2.3. Domestication of the cat 

It was thought that domestication of the cat (F. catus) occurred in Egypt, from the 
African subspecies around 4000 years (Driscoll et al, 2009).  Recently genetic 
analysis suggests that wildcats in the Near East are closest relatives to the founding 
population of the domestic cat (Driscoll et al, 2007). This analysis supports the 
conclusions of other authors that the origin of cat domestication took place in the 
Fertile Crescent coinciding with the domestication of grains and cereals for 
agricultural purposes, around 4000 - 6000 years before the Egyptian dynasty 
(Clutton-Brock, 1999; Driscoll, MacDonald & O’Brien, 2009).  

The scientific name of the domestic cat is another contentious issue in the story of 
the F. silvestris species, with much of the debate being influenced by the ambivalent 
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definition of what actually defines a species. In the case of the wildcat, it is whether 
the process of domestication changes and influences the ecological behaviour and 
genetics to such a degree that it is a different species? This may appear as an 
insignificant detail, but in terms of policy surrounding the conservation of the 
wildcat it is one of high importance (MacDonald et al, 2010). Much of the legislation 
designed to protect the wildcat relies upon it being recognized as separate species 
to F.catus, and currently there is no policy that protects hybrids of wildcats and 
domestic cats (MacDonald et al, 2010). This is a particularly critical issue for the 
conservation of F. s. silvestris in Scotland. 

2.4. European wildcat - Felis silvestris silvestris 

2.4.1. Distribution & Protection 

F. s. silvestris was once widely distributed throughout continental Europe, although 
never present in Fennoscandia (Driscoll & Nowell, 2010). Currently the population 
is highly fragmented, with local extinctions predicted for several countries 
including the Netherlands (Nowell & Jackson, 1996). F. s. silvestris is listed on the 
European Habitats and Species Directive (Appendix IV) and the Bern Convention 
(Appendix II), and although in general classified as Least Concern (Driscoll & 
Nowell, 2010), throughout many European countries it is classified as Threatened, 
Vulnerable or even Endangered at the national level (Driscoll & Nowell, 2010).  

2.4.2. Habitat use 

The European wildcat can use a wide range of habitats from dense coniferous 
forests to agricultural land and scrubland (Corbett, 1979; Sunquist & Sunquist, 
2002; Lozano et al, 2003). This has been attributed to the species requiring areas 
with different habitat characteristics for their daily activities, specifically resting 
and hunting (Corbett, 1979; Klar et al, 2008; Monterroso et al, 2009). Even though 
these findings have been reported, the European wildcat is often still regarded as a 
typical forest species (Lozano, Moleón & Virgós, 2006)).  

2.4.3. Scottish population of Felis silvestris silvestris 

The wildcat was once found throughout mainland Britain but due to direct 
persecution and habitat destruction had disappeared from Wales and England by 
1880 (Langley & Yalden 1977). It is Britin’s only surviving native felid with its range 
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restricted to areas of Scotland, north of the Central belt (Easterbee et al, 1991; 
Balharry & Daniels, 1998; Davies et al, 2010). Miller (1907) described this population 
as a distinct sub-species F. s. grampia due to differences in morphology, specifically 
the darker coat colouration and bold markings on the legs and sides (Beaumont et 
al, 2001). However this is not the currently accepted classification of the population, 
and it is included under the subspecies F. s. silvestris by the IUCN. The Scottish 
population is included under the European wildcat and listed under Annex IV of 
the EC Habitats Directive and recognised as a European Protected Species. In 
Scotland it is protected under the Wildlife and Countryside Act 1981 (as amended), 
is included on the Scottish Biodiversity List and is currently being considered as a 
priority species for the UKBAP (SNH, 2012). The Scottish wildcat was also included 
on the 5 year Species Action Framework carried out by SNH, which came to an end 
this year (SNH, 2012).  

2.4.4. Hybridisation and introgression 

One of the main threats to the Scottish population is hybridisation with the 
domestic cat, resulting in controversies and problems over what constitutes a 
wildcat and how to identify one. The domestic cat was brought to Britain around 
2000-3000 years ago (Kitchener, 1998), and hybridisation may have been occurring 
since then. Some researchers consider it a more recent problem (Kitchener, 1998) 
whereas others believe it may have been occurring over many years, heavily 
impacting the genetic composition of the wildcat in Scotland (Daniels et al, 2001). 
Because the first cat classified as F.s.grampia was not done so until the 1920’s, the 
baseline from which all further cats were compared may itself be influenced by 
some degree of hybridization before the 1920’s, making accurate genetic and 
morphological identification of the wildcat difficult (Beaumont et al, 2001).  

Several studies have tried to address the issue of identifying a wildcat through the 
use of pelage characteristics and genetic analysis. Genetic analysis conducted by 
both Beaumont et al (2001) and Daniels et al (2001) indicated the presence of two 
main groups of wild-living cats, with intermediates. One group was genetically and 
morphologically similar to the domestic house cat whereas the other consisted of 
individuals that were genetically distinct from domestic cats and identified as 
wildcats based on morphological characteristics prior to the genetic analysis 
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(Beaumont et al, 2001). It was concluded that a unique group of individuals within 
the wild-living population of cats was highlighted (Beaumont et al, 2001).   

Kitchener et al (2005) analysed the morphological differences in the wild-living cat 
population in Scotland using data collected on 20 pelage characteristics, scoring 1 
(domestic), 2 (hybrid) or 3 (wildcat), skull parameters and intestinal length. Results 
were similar to Beaumont et al (2001), with 3 main groups being found, in 
agreement with the traditional description of the wildcat, hybrids and domestic 
cats (Kitchener et al, 2005). Kitchener et al (2005) proposed a diagnostic tool that can 
be used to identify a wildcat based on 7 pelage characteristics. 

 A recent examination into the association of morphological and genetic 
characteristics was carried out to determine the effectiveness of these two methods 
when used for identification purposes (Kilshaw et al, 2010). Analysis of 
microsatellite data resulted in 2 genetic clusters being identified, which 
corresponded to the groups defined by Kitchener et al (2005). In the Scottish 
population of wild-living cats, a group exists that is morphologically and 
genetically different from the domestic cat (Beaumont et al, 2001; Kilshaw et al, 
2010). Due to the probable high level of introgression with the domestic cat, this 
group is certainly not entirely comprised of pure wildcats.  This impacts the rigour 
of methods that utilise genetic markers and morphological characteristics to 
identify wildcats, domestic cats and their hybrids (Beaumont et al, 2001; Daniels et 
al, 2001; Driscoll et al., 2007; Kitchener & Rees, 2009). More research into the current 
genetic makeup of the wild-living cat population of Scotland, and level of 
introgression present, is needed to assess the status of this population of F. s. 
silvestris.  Recently a quick and relatively inexpensive allelic discriminative assay 
has been developed that can help in the identification of wildcats and their hybrids 
(McEwing et al, 2012). This technique allows the mitochondrial DNA of an 
individual to be distinguished as either of wildcat or domestic cat lineages 
(McEwing et al, 2012).  At present this is the best indication of the purity of an 
individual when used in conjunction with the pelage scoring technique. Currently 
efforts are being made to develop approaches that include a multilocus approach, 
to assess the degree of introgression within the population (McEwing et al, 2012).  
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2.5. The diet of Felis silvestris silvestris  

The diet of F. s. silvestris has been considered the most studied topic of this species 
(Malo et al, 2004), probably due to the variation observed across its range. 
Tryjanowski et al (2002) point out the importance of clarifying species’ biology as it 
may be extremely useful when planning conservation interventions, especially if 
the threats to and ecology of the species vary geographically.  

2.5.1. Preference for rabbits (Oryctolagus cuniculus) 

Several studies within the literature regard the wildcat as a trophic specialist, 
feeding almost exclusively on small mammals (Sunquist & Sunquist, 2002; Piñeiro 
& Barja, 2011). This would imply that the availability of other prey species had no 
impact on the preference for small mammals (Piñeiro & Barja, 2011). This is 
certainly not the case as in several parts of the range of F. s. silvestris, the European 
rabbit forms the main diet component (Scotland: Corbett, 1979; central and 
southern Spain: Gil-Sánchez, Valenzuela & Sánchez, 1999; Malo et al, 2004, and 
Portugal: Sarmento, 1996). A preference for rabbits has also been demonstrated by 
comparing the diet of wildcats at sites where rabbits are present or absent, with the 
presence of the species resulting in far lower quantities of small mammals being 
consumed (Malo et al, 2004; Lozano, Moleón & Virgós, 2006). A habitat selection 
analysis carried out by Monterroso et al (2009) showed abundance of rabbits was 
one of the most important factors shaping the species distribution in Portugal.  

The preference for rabbit over small mammal species may be because they provide 
higher energetic returns in terms of biomass. Therefore rabbits are an optimal prey 
item for F. s. silvestris, however the catchability of different prey species must also 
be taken into account (Malo et al, 2004). Due to the outbreaks and persistence of 
myxomatosis and also the more recent RHD virus throughout Europe, rabbits may 
have become easier to catch due to the effects suffered when infected (Malo et al, 
2004). Corbett (1979) found wildcats and domestic cats preyed heavily upon young 
rabbits and rabbits with myxomatosis in relation to their availability. These groups 
displayed different anti-predator responses to wildcats and domestic cats in 
comparison with adult rabbits making them more vulnerable and easier to catch 
(Corbett, 1979). 
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Throughout the majority of its distribution, studies have shown that the dominant 
prey species for F. s. silvestris are small mammals (Sunquist & Sunquist, 2002; 
Moleón & Gil-Sánchez, 2003; Carvalho & Gomes, 2004; Biró et al, 2005; Germain, 
Ruette & Poulle, 2009). In Spain, a study found the diet was composed 
predominantly of small mammals, although avian species contributing to the diet 
substantially (Moleón & Gil-Sánchez, 2003). An analysis of the stomach contents of 
road kill wildcats in Hungary found small mammals to be the most important prey 
species (relative frequency of occurrence 70%), with birds being the second (relative 
frequency of occurrence 16%) (Biró et al, 2005). A study conducted on the stomach 
contents of museum specimens, collected between 1959-1970 in Slovakia found the 
rodent species; Microtus arvalis (field vole), Clethrionomys glareolus (bank vole) and 
Apodemus flavicollis (yellow-necked field mouse) were the dominant prey items in 
the diet (Tryjanowski et al, 2002). The diet of wildcats in Portugal consisted 
primarily of small mammals, with Microtus lusitanicus (Lusitanian pine vole) found 
as the most important, contributing to 56.5% of the consumed biomass and 
occurring in 78.6% of scats (Carvalho & Gomes, 2001).  

A review and analysis of dietary studies conducted by Lozano, Moleón & Virgós 
(2006) found that species of small mammal preyed upon varied with latitude; 
higher consumption of vole species (Microtinae) at higher latitudes and mice 
species (Murinae) at lower latitudes. It was concluded this might reflect the 
difference in abundance of these subfamilies across the European continent 
(Lozano, Moleón & Virgós, 2006). In a finer scale study by Moleón & Gil-Sánchez 
(2003) diet composition was significantly different between two sites located within 
Sierra Nevada National Park (Spain) in respect to the predominance of either voles 
or mice being consumed. This highlights the importance of small scale studies that 
show site specific variation in diet, which may be a result of variations in prey 
availability or local specialization. 

The term facultative strategy describes an individual’s preference for a certain 
resource being decided exclusively from the frequency or abundance at which it is 
found (Glasser, 1982). The term ‘facultative specialist’ has now been used to 
describe the wildcat (Moleón & Gil-Sánchez, 2003; Malo et al, 2004, Lozano, Moleón 
& Virgós, 2006). Although very few dietary studies on the wildcat have taken in to 
account prey availability when clarifying consumption.  
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2.6. Prey availability in Scotland 

2.6.1. Wild rabbits, myxomatosis and rabbit haemorrhagic disease 

Two major diseases have affected the rabbit population in Britain in the last 60 
years; myxomatosis and RHD. Myxomatosis was first reported on mainland Britain 
in 1953 (Armour & Thompson, 1955). Attempts were made to eradicate the disease 
by removal of the rabbit population in this area, but efforts were unsuccessful 
(Armour & Thompson, 1955). At first the disease caused a dramatic decrease in 
rabbit populations throughout the country, however following this less virulent 
strains were present and an increase in genetic resistance to the disease was 
reported in 1977 (Ross & Sanders, 1984). The wild rabbit population is thought to 
have increased substantially since the mid 1970s (Trout, Tapper & Harradine 1986), 
but population increase was still restricted by the disease in the 1980s (Trout et al, 
1992). High variations in local rabbit abundances have been observed throughout 
the UK, with myxomatosis being considered a primary factor, as outbreaks do not 
occur in every population in every year (Trout et al, 2000).  
 
Another more recent disease to arrive in the UK is RHD, which was first confirmed 
in a domestic rabbit in 1992 (Fuller et al, 1993).  By 1994 it had caused significant 
declines in wild rabbit populations of the south east of England (Forrester et al, 
2006). This disease has significantly impacted wild rabbit populations throughout 
the world, however within Europe outbreaks of the disease have been most 
virulent in Spain (Villafuerte et al, 1994; Forrester et al, 2006). Several of Spain’s 
charismatic species have suffered dramatically as a result of reduced prey 
populations following this disease, particularly the Iberian Lynx (Felis pardina) and 
the Imperial Eagle (Aquila adalberti). This depletion of rabbits has been a major 
factor in the decline in critically endangered Iberian lynx, due to it being completely 
dependent on this prey species (Arx & Breitenmoser-Wursten, 2008). Conservation 
interventions underway include efforts to encourage rabbit recovery; restocking, 
protection of burrows and vegetation management (Arx & Breitenmoser-Wursten, 
2008). Currently the impact of RHD on the rabbit population in Britain has not been 
as severe as the impact in Spain and Portugal (Calvete, 2006). This is thought to be 
due to a non-pathogenic RHD-like virus having been present in the region, 
resulting in a resistance to the disease being developed (Trout et al, 1997; Calvete, 
2006). Recent studies have shown adult rabbits in Scotland displaying immunity to 
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the introduced epidemic strain of RHD, however young rabbits may still suffer 
high mortality due to being immunologically naïve (Forrester et al, 2009).  

The current estimates of wild rabbit abundance in Scotland is 9 500 000 (Harris et 
al, 1995). Between 1961 and 1996 the population displayed a recovery from the low 
numbers inflicted by myxomatosis, however in Scotland the population has been 
significantly declining since 1996 (Aebischer, Davey & Kingdon, 2011). RHD is 
regarded as the likely candidate for this change in population, with rabbit bags 
decreasing 85% between 1995 and 2009 (Aebischer, Davey & Kingdon, 2011). The 
population shows a patchy distribution, locally abundant in some area with 
typically higher densities found in the Highlands, east and north-east in 
comparison to the rest of the country (Kolb 1994).  

2.6.2. Small mammal populations 

Populations of small mammals can demonstrate huge variations in population size 
both annually and sporadically (Krebs & Myers, 1974; Hansson & Henttonen, 1985; 
Hanski, Hansson & Henttonen, 1991; Korpimäki & Krebs, 1996; Lambin, Petty & 
MacKinnon, 2000; Huitu, Norrdahl & Korpimäki, 2003). These fluctuations are not 
always uniform across species, groups, or populations (Petty, 1999) and can differ 
depending on the region or season (Hansson 1971; Korpimäki & Krebs, 1996). 
Microtine species undergo cycles, which are usually characterized by steady 
increases in population size, often followed by a dramatic drop after reaching a 
peak (Hansson & Henttonen, 1985). These usually occur every 3-5 years and can 
involve the population remaining low for long periods (Hansson & Henttonen, 
1985). Even after decades of research and debate the underlying cause of these 
fluctuations is still unknown (Krebs, 1996; Oli, 2003). Until recently the most 
discussed theory was the specialist predator hypothesis, which is based on 
mammalian specialist predators driving population cycles of prey species in a 
density-dependant manner (Hansson & Henttonen, 1985; Hanski, Hansson & 
Henttonen, 1991). However the results of a study conducted by Graham & Lambin 
(2002) on the impact of weasel (Mustela nivalis) predation on field vole populations 
have contradicted this hypothesis. 

In Britain, field vole populations in conifer forests have been reported undergoing 
3-4 year cycles (Petty, 1999; Lambin, Petty & MacKinnon, 2000). The bank vole is 
regarded as a species better adapted to mature forests than the field vole, which 
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prefers disturbed areas or plant communities in early succession (Hansson & 
Henttonen, 1985).  Populations of bank vole appear more stable in comparison, 
which was attributed to a diverse range of predators and stable ecological 
community (Hansson & Henttonen, 1985).  However different populations have 
shown varying degrees of population fluctuations with some attributed to 
variations in seed crop (Stacy et al, 1997; Crespin et al, 2002). Wood mouse 
populations display more seasonal fluctuations, with densities increasing over 
winter and falling over summer (Crawley, 1970; Flowerdew, 1972; Ouin et al, 2000).  
 
2.7. Ecological relationships 

Understanding the ecology of a species and the ecological relationships with other 
species and the environment is vital when developing conservation strategies (Caro 
& Durant, 1995). Identifying factors that limit the growth and/or distribution of a 
species are of particular importance when dealing with species found in small or 
fragmented populations.  A comprehensive understanding of the resources 
required by a particular species is a fundamental question in ecology (Litvaitis, 
2000).  Through dietary studies, information can be gathered on ecological 
interactions of the species including investigations into the competition with other 
species (Clode & Macdonald, 1995; Biró et al, 2005), predator-prey relationships and 
prey selectivity in a species (Karanth & Sunquist, 1995; Carvalho & Gomes, 2001; 
Klare et al, 2010) 

One of the greatest factors impacting the distribution and success of carnivore 
species is the availability of food. Variation in the abundance of prey is also likely 
to have a direct impact on the density of individuals in an area. The decline of 
several carnivore species around the world has been attributed to the depletion of 
their prey bases (tiger- Ramakrishnan, Coss & Pelkey, 1999; Iberian lynx- Ferreira & 
Delibes-Mateos, 2010). 

2.8.  Investigating food habits of a species 

Different methods are adopted to study the feeding habits of species including 
direct observations and post-ingestion samples; scat or stomach and intestine 
contents (Litvaitis, 2000). The method used is highly dependent on the species. In 
the case of rare and elusive species, direct observations can be extremely difficult in 
the field, often with only a brief sighting or only possible through the use of camera 
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traps. To analyse the components of a species diet an established methodology 
used is the technique of scat content analysis. This has been applied to various 
species including carnivores, herbivores and omnivores. Recently new methods are 
being adopted that utilise techniques such as DNA barcoding (Valentini, 
Pompanon, Taberlet, 2009) and stable isotopes (Crawford, McDonald & Bearhop, 
2008). These modern methods reduce problems associated with visual or 
microscopic identification however they entail a cost that surpasses the financial 
capabilities of many researchers and conservation practitioners.  

2.8.1.  Scat content analysis 

Scat content analysis for carnivores consists of identifying the remains of 
undigested parts of the prey items consumed within the scat of the species 
(Putman, 1984).  Through the use of classification keys and reference materials for 
comparison, bones, teeth, feathers and exoskeletons of insects are analyzed 
visually, and hair microscopically to identify the prey species (Nilsen et al, 2012).  

There are several ways scat analysis data can be interpreted, although they all 
incorporate some degree of bias (Nilsen et al, 2012). It is therefore good practice to 
include a combination of methods when presenting the findings of a study. The 
method most often used is the frequency of occurrence per scat or per prey type 
expressed as a percentage.  This is the measure of either the number of scats 
containing a certain prey species or category with respect to the total sample size of 
scats or the number of occurrences of one prey type in relation to the total number 
of occurrences of all prey types (Klare, Kamler & MacDonald, 2011). This is a 
simple and quick description of how often a species consumes a prey item, 
however it over represents small prey items, due to all species being treated the 
same and does not consider differences in size and digestibility (Ciucci et al, 1996). 
This method has been described as giving misleading results with little ecological 
value, however suitable when documenting rare food items (Klare, Kamler & 
MacDonald, 2011). Scat composition methods use the volume or mass of the 
remains of a particular prey item within a scat to calculate a percentage (Forman, 
2005; McDonald & Fuller, 2005).  

The technique, which is considered the best approximation of a species true diet, 
involves the use of biomass calculations, which take into account differences in the 
size and digestibility of prey items (Klare, Kamler & MacDonald, 2011).  These 
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calculations allow an estimate to be made of the actual biomass of prey consumed 
through the use of models that describe the relationship between biomass 
consumed per scat produced (Rühe, Ksinsik & Kiffner, 2008). Through meticulous 
and repeated feeding trials of the focal species, involving known quantities of 
different prey types being fed to individuals, coefficients of digestibility can be 
calculated (Ackerman, Lindzey & Hemker, 1984; Baker, Warren & James, 1993). 
These are then applied to quantify the ratio of the dry weight of remains within the 
scat to fresh weight of prey consumed (e.g. Jedrzejewski & Jedrzejewski, 1992). The 
incorrect application of biomass calculations on dissimilar species or food 
spectrums (to the prey types used in the feeding trails) can greatly impact the 
accuracy of results obtained (Klare, Kamler & MacDonald, 2011).  

2.9. Prey selectivity  

To study prey selection in a species, an investigation into the differences between 
use and availability of a prey species must be completed. The basis to the theory of 
selectivity is that different prey species and individuals provide more energy to the 
consumer than others (Krebs & Davies, 1993). A general hypothesis is that a 
predator will always capture the prey item with the highest energetic returns, and 
only consume alternative prey items when the optimal species is not available or  is 
rare (Charnov, 1976). 

To measure selection, prey availability and use must be calculated, with both of 
these parameters being highly susceptible to biases and errors (Nilsen et al, 2012). A 
method commonly used is Manly’s selection index, which compares the relative 
usage of one prey type to the usage of all prey types (Chesson, 1978). This method 
is susceptible to type 1 errors (incorrectly rejecting the null hypothesis) as the 
accuracy of calculation is highly dependent on the prey types included in the 
analysis (Link & Karanth, 1994; Nilsen et al, 2012). Link & Karanth (1994) 
developed the program SCATMAN, which is based on a parametric bootstrapping 
design to enable it to handle these problems. This allows variation in density 
estimates for prey species and scat production rates to be included in the analysis.  
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2.10. Study sites 

This investigation was conducted at three study sites: Drumtochty Forest, Gartley 
Moor and Strontian) (Figure 2.1 -photographs in Appendix 1). The presence of 
wild-living cats, displaying classic morphological characteristics of F. s. silvestris has 
been confirmed at these sites through a camera trapping study being completed by 
Kerry Kilshaw (WildCRU).  

 

 

 

 

 

 

 

  

 

 

Drumtochty Forest - (56º55’26’’N, 2º30’10’’W) (Figure 2.2) - is located in 
Aberdeenshire and dominated by Forestry Commission Scotland (FCS) land used 
primarily for timber extraction. The area is comprised of a mosaic of forested, clear 
fell, new plantation and regenerating patches.  The dominant coniferous tree 
species present are Sitka spruce and Norwegian spruce (Picea abies). Areas 
consisting of entirely broadleaved tree species are also present and contain different 
species including birch and yew. Agricultural land, which is mainly used for 
livestock rearing of sheep and cows, and deer on the western side of the forest 
surrounds the site.   

 

Figure 2.1. Map of Scotland including study sites (Drumtochty Forest, Gartly Moor and Strontian). 
Map sourced from Diva‐GIS (2012). 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Figure 2.2. Drumtochty Forest, Aberdeenshire. Study area outlined in black. Map sourced from OS OpenData 
(Ordnance Survey data © Crown copyright and database right, 2012). 

 

 

 

 

 

 

 

 
 
Gartly Moor - (57º23’23”N, 2º43:31”W) (Figure 2.3) is also located in Aberdeenshire, 
further north of Drumtochty Forest. This site is similar to Drumtochty in its mosaic 
habitat structure, use for timber extraction and it’s FCS ownership. The dominant 
tree species include Sitka spruce and Japanese larch (Larix kaempferi). Few areas are 
dedicated to broadleaved species with a substantial area of land characterised by 
regenerating plant communities including grass and gorse species. The 
surrounding area is used for agriculture purposes, rearing livestock and cultivation 
of cereal and grain crops.  

 
 

 

 

 

 

 

 

Figure 2.3. Gartly Moor, Aberdeenshire. Study area outlined in black. Map sourced from OS OpenData 
(Ordnance Survey data © Crown copyright and database right, 2012). 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Strontian - (56º42’25”N, 5º32’24”W) (Figure 2.4) located in the west of Scotland. This 
site is quite different in respect to the other two sites, with greater heterogeneity in 
habitats. The site is located on the edge of Loch Sunart, with the majority of land 
managed by FCS, however part of the area is designated as Ariundle Oakwood 
National Nature Reserve, jointly managed with SNH. This area is an important 
remnant of ancient oak woodland. Tree species present in the FCS land include 
sitka spruce, Japanese larch and broadleaved tree species. A large majority of the 
site is comprised of rough grassland/ moorland habitat. The village of Strontian 
borders this site, and land used for grazing livestock.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.4. Strontian, Highlands. Study area outlined in black. Map sourced from OS OpenData          
(Ordnance Survey data © Crown copyright and database right, 2012).). 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3. Methodology 

3.1. Conceptual and methodological frameworks  

To achieve the overall aim of this study a methodological framework with two main 
themes was applied. Firstly an investigation into prey species consumed and 
relative importance of each prey species.  Secondly the availability of prey was 
estimated for each of the main habitats and each of the study areas as a whole by 
estimating prey abundance and density. To determine which prey species is 
selected for, data gathered on prey availability and prey consumption was 
combined in order to complete a prey selectivity analysis. 

3.2. Scat collection and identification 

3.2.1.  Scat collection 

Felid scats were searched for throughout each of the sites, focusing on areas where 
wild-living cats were previously caught on camera traps (Kilshaw per comms, 2012), 
along paths and tracks; features that have been reported as prime locations for 
wildcats to use for scent marking (Corbett, 1979). Habitat edges and the main 
boundaries of FCS land were searched due to camera trapping surveys highlighting 
the use of these areas by wildcats and wild-living cats in general (Kilshaw per 
comms, 2012). 

Scats were collected, measured, stored in 50ml Falcon TM centrifuge tubes and 
individually labeled with date and location (OSGB coordinates using a GPS device 
and notes recorded on location found). On returning from the field the tubes were 
filled with 99% ethanol or frozen for the genetic analysis. 

3.2.2. Scat identification 

Felid scats were primarily identified using morphological characteristics including, 
size, shape, colour, smell, and composition to distinguish wildcat scats from badger 
(Meles meles), fox (Vulpes vulpes), pine marten (Martes martes), domestic dog (Canis 
familiaris) and domestic cat. A wildcat scat sample obtained from a captive 
individual at the Highland Wildlife Park, Kinguisse, was also used as a reference 
sample out in the field. Particular identifiable characteristics of felid scat include 
segmented structure, along with positioning and placement, with cats often 
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defecating at the base of grass tussocks and sides of paths. In comparison badgers 
used latrines in some of the study areas and fox often deposit scats onto features 
such as rocks and grass tussocks. Scats that were found directly on badger trails and 
in latrines were not collected. Several scats that were hard to identify due to 
weathering or indeterminate characteristics were also collected for DNA 
identification in order to maximise sample size. These were recorded as ‘possible’ 
felid and were confirmed along with the other scats collected using genetic analysis. 
Several suspected wildcat middens were found where several scats were deposited 
in close proximity to or on top of one another (Corbett, 1979; Lozano et al, 2003). 
Samples were collected and separated based on characteristics to distinguish scats 
of different ages. Several carnivores have been shown to replenish scent marking in 
this fashion (e.g. golden jackal, Canis aureus)- MacDonald, 1979; Geoffroy’s cat, 
Leopardus geoffroyi- Bisceglia et al, 2008).  

3.2.3. DNA analysis 

Prior to scat preparation, DNA analysis was carried out at the Wildgenes 
laboratory, RZSS, Edinburgh Zoo. DNA was extracted from scat samples using the 
Qiagen QIAamp R stool mini kit, following the standard protocol (Qiagen, 
Chatsworth, California, USA). Dr Ross McEwing of Wildgenes then ran the DNA 
samples through a rapid real-time PCR protocol designed to identify wildcat and 
domestic cat mtDNA (McEwing et al, 2012).  

3.3. Scat content analysis 

3.3.1. Scat preparation 

After DNA analysis confirmed the identification of the scat, the samples were dried 
in an oven at 60°C for 72 hours. Each sample was individually weighed to obtain 
the dry weight of individual scats. The scats were then soaked in warm water 
containing detergent and carefully washed in a fine-meshed sieve (1mm) to 
separate hairs and bones from organic matter, and allowed to dry before 
identification of the prey remains was completed (following conventional 
procedures outlined by Reynolds & Aebischer, 1991). Utmost care was taken to 
ensure samples were kept separate throughout each stage of the analysis, and to 
prevent any cross contamination apparatus was thoroughly cleaned between 
samples and appropriate measures taken to separate samples in the drying process.  
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3.3.2. Identification of prey items 
Different types of prey were separated into groups, each referred to as a prey type 
henceforth. These were small mammal species (Microtinae and Murinae), avian 
species, lagomorph species, and organic matter, which have been used in previous 
studies of F. s. silvestris (Malo et al, 2004). Prey species were identified by examining 
and comparing macroscopic remains, which included teeth, bones, quills and 
feathers, to the available literature (Sargent & Morris, 2003; Love, 2009) and 
reference materials collected in the field. When no teeth, feather or quills, or large 
bones were present examination of guard hairs enabled prey group to be identified. 
This was completed by extracting guard hairs and examining their colour, length, 
shape, scale pattern of cuticula and inside structure of the medulla of the hair.   

3.3.2.1. Cuticular slides 
The scale pattern of a hair was observed by preparing cuticular slides. Due to 
difficulties of observing the outside structure, a cast of the structure was obtained 
by placing the hair on a slide with a thin layer of clear nail varnish on it, allowing it 
to dry and then carefully removing it (De Marinis & Agnelli, 1993).  

3.3.2.2. Medullar slides 
As the inside structure of the hair differs greatly between species, slides were 
prepared using a technique that substantially improves observations of the position 
of cells and structure (Teerink, 1991). Medullar slides were prepared by fixing hair 
samples to a slide using small amounts of polyvinyl chloride acetate, and once dry, 
cutting the hair at several places along the shaft using a razor blade. Paraffin oil was 
then applied at the cut positions and allowed to penetrate the hair for 
approximately 30 minutes.  

The cuticular and medullar slides were then examined microscopically under 400 x 
magnification and observations compared against photographs and keys obtained 
from the literature (Teerink, 1991) and hair reference slides (prepared by the author 
using hair samples from Wetton et al, 2002, see Appendix 2). 10 guard hairs were 
randomly selected from each sample without teeth or feathers, or with larger 
unidentifiable pieces of bone present. 6 were used to prepare cuticular and 
medullar slides. Profile slides were prepared with the remaining 4 hairs, which was 
done by placing them on slides, without any medium and covering them with a 
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cover slip to examine the root structure, colour and pigment under the microscope. 
If any hairs in the hair profile slides were different to the other 6 hairs, these would 
then be made into cuticular and medullar slides for further identification.  

3.4. Small mammal trapping  

3.4.1. Survey areas and traps 

Small mammal abundance and density was estimated for the dominant habitats 
(four or five) in each study area, using recommended live-trapping methods 
(outlined in Gurnell & Flowerdew, 2006).  Each trapping site was carefully selected 
to ensure it was representative of the major habitats across the study site and far 
enough away (at least 30m) from habitat edges to ensure only one habitat was being 
surveyed. Accessibility to the sites was also taken into account when choosing the 
areas, due to the constraints of lone working and the need to both set the traps and 
check them daily as safely and efficiently as possible. Whilst this non-random 
selection of sites is a potential source of bias, I consider this risk to be low since sites 
were subjectively representative of the wider habitat, being accessed over rough 
terrain and a sufficient distance away from man-made features to minimize any 
potential influence on small mammal abundance.  

Each habitat was surveyed using 30 Longworth traps, placed in a 5x6 grid 
formation with 10m spacing between traps. The traps were set for 4 consecutive 
trap nights in each habitat, and checked morning and afternoon with an extra check 
completed at midday depending on weather conditions (particularly hot or wet 
days). Non-absorbent cotton wool was used as bedding and placed in the nest box 
of the traps to ensure trapped individuals maintained sufficient body temperatures 
(Gurnell & Flowerdew, 2006). Traps were baited with a mixture of porridge, wild 
birdseed, apple and mealworms. Longworth traps with shrew holes were used, as 
shrew species were not considered to be of key interest for this study. Mealworms 
were included in the bait for insectivores as a precaution, so that if caught and 
unable to escape, sufficient food was present to reduce any possible mortality of 
these species.  

Traps were placed to maximize trapping success, and were within a 1m radius of 
the points within the grid. Signs of small mammal presence were detected 
including droppings, runs and holes and were used to guide trap placement. Traps 
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were then covered with vegetation (e.g. moss, wood or grass) to minimize excessive 
heat or cold conditions for the trapped individuals (Gurnell & Flowerdew, 2006).   

3.4.2. Processing small mammals 

All captured individuals were identified to species, sexed, aged, measured, 
weighed and given a unique mark. Fur clipping on different areas of the body was 
used to uniquely mark each individual caught and is the recommended method for 
short-term studies (Gurnell & Flowerdew, 2006). Individuals were aged using a 
combination of body measurements, weight and sexual maturity and classified in 
three categories – juvenile, sub-adult and adult.  

3.5. Rabbit latrine counts using line transects 

Reliable estimates of rabbit abundance and density are confounded by several 
difficulties associated with direct observations of this species. Distance sampling 
techniques using line transects and direct observations of this species is considered 
to be the best method to estimate density, as direct sightings of the species are used 
and the results are given as absolute numbers (Palomares, 2001). However this 
method is extremely time consuming, difficult in areas where direct observation are 
problematic (i.e. forested areas), and rabbit abundance too low to estimate density 
(Palomares, 2001). And particularly problematic where underground refuges 
(burrows) are used, since those individuals underground at the time of surveying 
will not be observed in counts, irrespective of distance. Other methods are based on 
indirect observations through pellet and warren counts to estimate an index of 
abundance. A comparison of methods by Palomares (2001) concluded that pellets 
and/or warren counts are adequate to assess the variation in relative abundances 
for most studies. Rabbits are thought to deposit pellets at random across their home 
range but also use communal sites know as ‘latrines’ (Sneddon, 1991; Palma et al, 
1999). Latrine or pellet counts are regarded as a useful estimator even after taking 
into account problems of decay rate and age of pellets (Palomares, 2001; Virgós et 
al, 2003) and used in several studies (Rogers & Myers, 1979; Palomares et al, 1995; 
Palma et al, 1999). 

Line transects were walked through the dominant habitats at each of the study sites. 
A minimum of 2km was covered within each habitat with number of latrines 
observed being recorded as well as perpendicular distance from the first pellet 
observed to the transect. Latrines were defined as areas where more than 20 pellets 
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were deposited (Virgós et al, 2003) within a 1m radius. Several studies only 
recorded observations within a distance of 2m (either side of the transect), however 
this methodology was not adopted as variation in the probability of detection for 
rabbit latrines in different habitats was also assessed. 

3.6. Statistical analysis - contents of scats  

Five different scat analysis methods were used to describe the composition of the 
diet of wild-living cats. 

3.6.1. Two frequency of occurrence methods  
Several methods are used to describe frequency of occurrence of prey types and are 
-counter intuitively- considered qualitative methods (Klare, Kamler & MacDonald, 
2011). The frequency of occurrence per scat (number of scats containing remains 
from a given prey type/ total number of scats) was recorded as well as the relative 
proportional frequency of occurrence of each prey type (number of occurrences of a 
prey type/ total number of occurrences of all prey types) (Baker, Warren & James, 
1993; Klare, Kamler & MacDonald, 2011).   

3.6.2. Mass and volume methods 

The proportional composition of each scat by volume was estimated visually, by 
spreading the scat contents out on a tray and estimating the relative volume of each 
prey type present in the scat (e.g. 20% Microtinae species, 80% avian species).  The 
volume and mass of each prey type within a scat was calculated by multiplying the 
proportional composition by the dry weight or volume of the scat. The volume of 
each sample was obtained by submerging the sample in a known volume of water 
and recording displacement. This was completed quickly and so it was assumed no 
absorption occurred. 

3.6.3. Biomass calculation method 
The regression equation developed by Baker, Warren & James (1993) based on 
feeding trials on wild-caught bobcat (Felis rufus) was adopted to relate the grams of 
fresh mass consumed per dry gram of scat produced (y) to the average live body 
mass of prey species (x, in kg) for prey species under 4.5kg (Baker, Warren & James, 
1993).  

y = 16.63 + 4.09x,    (r2 = 0.75 (P < 0.0001), 
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Although this equation was developed for the bobcat, biomass calculation models 
have been successfully applied to closely related species of similar size (Karanth & 
Sunquist, 1995), due to this indicating a comparable digestive system (Klare, 
Kamler & MacDonald, 2011) and was recommended for this study (Kamler pers 
comms, 2012). Applying this equation is also suitable as the bobcat feeding trials 
were conducted with prey species similar to those found in this study, with respect 
to families and orders (Klare, Kamler & MacDonald, 2011).  

The average live body mass for Microtinae and Murinae species was based on mean 
weights of individuals captured during the live trapping, 29.1g (±8.86SD) and 25.2g 
(±4.04SD) respectively. For lagomorph species, an average live body weight of 325g 
was used, given by the average published estimates of juvenile (250g) and adult 
(400g) body mass (Aymerich, 1982 cited in: Gil-Sánchez, Valenzuela & Sánchez, 
1999; Malo et al, 2004). Because Baker, Warren and James (1993) did not include 
avian species in the feeding trials, a value of 10 was given for y. This was chosen 
based on the differences in digestibility of avian and mammal species reported in 
other studies (Johnson & Hansen, 1979) and therefore adopted for this study.  

3.7. Statistical analysis - small mammal trapping data 

3.7.1 Small mammal abundance 

Mark-recapture techniques were used to estimate small mammal abundance for 
each area sampled through live trapping. The RMark package (Laake et al, 2012) in 
the statistical program R (R Development Core Team, 2011) that utilizes the 
program MARK (White & Burnham, 1999) was used to build models that best 
described the data. Data were collated across sites and habitats and analyzed as one 
dataset to allow for heterogeneity to be modeled when using small sample sizes. A 
closed population model was used; the small mammal populations were considered 
closed due to the short survey time (4 nights). Huggins Closed Capture model with 
full heterogeneity was adopted, where the likelihood is conditioned on the number 
of animals detected allowing individual covariates to be used to model probability 
of capture and recapture (Huggins, 1989; Cooch & White, 2012). Factors considered 
included species, sex and age with weight as a covariate. The ‘standard’ closed 
capture models, originally developed by Otis et al (1978) were included in the 
analysis, these add parameters that allow capture probability to remain constant, 
vary with time, include heterogeneity and model a behavioural response. 
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3.7.2. Density estimates for dominant habitats 

The density of Murinae and Microtinae species at each trapping site was calculated 
by dividing the abundance estimate by the total area of the trapping grid (2000m2) 

with a surrounding buffer (Mares & Ernest 1995). A buffer was calculated as the 
average distance travelled between traps and captures, by the most abundant 
species and rounded to the nearest meter, to obtain the effective sampling 
(Vázquez, Medellín & Cameron, 2000).  

3.7.3. Density estimates for study sites 

To calculate the overall density for each species at the three different study sites, the 
area covered by each habitat was estimated. This was carried out by combining 
information gathered from datasets obtained from FCS on tree species and 
extraction activities, satellite photographs (GoogleEarth, 2012) and ground truthing 
observations in the field. The density estimates were then averaged across habitats, 
weighted by habitat area, giving the overall average density for the site.  

3.8.  Prey selection 

To enable prey selectivity to be statistically examined, multinomial likelihood tests 
were adopted to compare the observed number of scats containing each prey type 
to the expected number of scats containing that prey type (Link & Karanth, 1994; 
Karanth & Sunquist, 1995). This type of analysis allows uncertainty in the diet 
composition estimates to be included (Nilsen et al, 2012).  The null hypothesis for 
this analysis is that the population shows no selective predation and consumes prey 
types in proportion to availability. The following equation was used to calculate the 
expected proportion of scats containing a particular prey type (i); 

πi = di λi / Σ di λi 

where di is the population density of prey i and λi is the scat production. Scat 
production is the average number of scats produced by a predator after consuming 

a certain species, calculated using the following equation (λi = Xi/Yi) (Ackerman et 
al, 1984; Hines & Link, 1994): where Xi is live body mass of prey species, and Yi is 
fresh mass of prey consumed per gram of scat produced. In principle, the null 
hypothesis can then be tested using a simple chi-squared goodness of fit test to 
compare the observed proportional representation in the diet with that expected, 
however due to the variation present within the estimates of both scat production 
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and prey density this approach tends to lead to Type 1 errors (Link & Karanth, 
1994). I therefore used parametric bootstrapping to assess significance of diet 
selectivity (Hines and Links, 1994) implemented in program SCATMAN (Link & 
Karanth, 1994). 200 bootstrapping replications were used and the coefficient for the 
variation in scat production was set at 40% of the mean level. Unfortunately due to 
time constraints and practical difficulties associated with estimating density of 
avian and lagomorph species, the selectivity analysis was only applied to Murinae 
and Microtinae species.    
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4. Results 
4.1. Objective 1: To examine prey consumption in the Scottish population of F. s. silvestris 
at three different sites. 

A total of 56 scats were collected over all three sites surveyed (14 Drumtochty 
Forest, 33 Gartly and 11 Strontian) (see Appendix 3 for photographs). All samples 
from Drumtochty and Strontian and a sub sample of 26 from Gartly were used for 
the genetic analysis in order to identify the species of origin.  The results from the 
DNA analysis confirmed 10 samples from Drumtochty, 2 from Strontian and 18 
from Gartly were from cats with mitochondrial DNA of wildcat lineage.  

4.1.1. Frequency of occurrence of prey types  

Percentages will be used to express the frequency of occurrence of prey types in the 
total sample size of scats. The percentage of scats that contained each prey type per 
scat including trace items (found in amounts of < 5% of the total scat volume) for 
the different sites are displayed in Figure 4.1. Guard hairs were present in some of 
the scats that were too long to be from small mammals or rabbits, dissimilar to any 
of the reference deer hairs and only found in small amounts (a few hairs). These 
were assumed to be from self-grooming by wild-living cats’ and therefore not 
included in any further dietary analysis. Microtinae species were found in the 
highest percentage of scats, showing the highest frequency of occurrence of all prey 
types. Organic matter (grass and twigs) was found in the second highest percentage 
of scats, however only found in trace amounts in any one scat. Murinae species 
were found in 20% of all scats sampled at the Drumtochty, and were the third most 
frequent prey type along with bird and lagomorph species (both 20%). Murinae 
species were not present in the Gartly and Strontian samples. Bird and lagomorph 
species were the third most frequent prey type at Gartly. Microtinae species and 
organic matter were the only prey types present in the Strontian samples. No 
significant difference was found in the frequency of occurrence of prey types across 
sites (Fisher’s Exact Test, p=0.7302, with simulated p value based on 2000 replicates, 
p=0.7286).  
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Figure 4.1. Frequency of occurrence of prey types expressed as percentage of the total number of 
scats. Showing the percentage of scats at each site that contain each prey type. Trace items, found at 

less than 5% of the total volume of the scat are included. 

 

 

 

 

 

 

 

  

 
The relative percentage of occurrence of prey types, which differs from frequency of 
occurrence, is the percentage of occurrence of a prey type in relation to the total 
number of occurrences of all prey types (not the total number of scats). Although 
trace items including organic matter (grass and twigs) are often reported in dietary 
studies there nutritional importance is questionable. Due to this trace items are not 
included in any further analysis. The relative percentage of occurrence of prey types 
is displayed in Figure 4.2. Microtinae species were the most frequent relative to all 
other prey types, with bird and lagomorph species the second most frequent in 
Drumtochty and Gartly. The Strontian samples had a relative frequency of 100% 
Microtinae species due to this being the only food item present when trace items 
were excluded. However, it is important to note here that only 2 scats samples were 
found to be wild-living cat from Strontian, so these results should be viewed with 
caution. 

4.1.2. Mass and volume of food items  

The percentage volume and mass of prey types can be found in Appendix 4. This 
analysis showed Microtinae species contributed the largest amount of volume and 
mass to scats across all study sites (Drumtochty- Mass-76.55%, Vol-75.04%, Gartly 
Mass-85.71%,Vol-91.91% and Strontian-Mass & Vol- 100%). Interestingly, the 
second most important prey type in relation to mass and volume was bird species 
at the Drumtochty site (Volume- 15.06%, Mass- 14.34%), and lagomorph species at 
the Gartly site (Volume- 5.58%, Mass- 10.14%).  
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Figure 4.3. Percentage of biomass consumed by the wild‐living cats of the different food items. Biomass 
consumed calculated by applying correction factors of digestibility to obtain biomass consumed per gram of 
scat produced. These were calculated by applying a regression equation developed by Baker, Warren & James 
(1993) based on feeding trials of Felis rufus (bobcat) for prey under 4.5kg. (y = 16.63 + 4.09x, r2 = 0.75 (P < 

0.0001) ). Y is the fresh mass consumed per dry gram of scat produced and x the average live body mass of the 
prey species (kg). 

 

 

 

 

 

 

 
4.1.3. Consumed biomass 

Percentage of consumed biomass for each prey type is displayed in Figure 4.3. A 
table of live body weights and correction factors calculated for each prey type are 
included in Appendix 5. Microtinae species constituted the highest percentage of 
biomass consumed by wild-living cats across all study sites (Drumtochty- 80.98%, 
Gartly- 86.52% and Strontian 100%). The second prey type contributing to the most 
biomass was avian species at Drumtochty (9.1%) and lagomorph species at Gartly 
(11.0%). However the overall differences in diets across sites was not significant 
(Kruskall-Wallis test; Microtinae- x2=4.1641, df=2, p= 0.1247; avian species- x2=0.6, 
df=1, p= 0.4386; lagomorph species- x2=2.4, df=1, p= 0.1213). The biomass 
consumed of Murinae species could not be compared due to this prey type only 
being present in the scats from Drumtochty. 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4.2. Relative frequency of occurrence of prey types, expressed as percentage of the total 
number of occurrences of all prey types. Samples collected at A‐ Drumtochty Forest (n=10), B‐Gartly 

Moor (n=18) and C‐ Strontian (n=2) sites. 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Figure 4.4. Minimum number of individuals alive (MNA) within each area surveyed, showing the proportion of each 
species captured (B‐ broadleaved forest, C‐ coniferous forest, H ‐ heather, RG‐ rough grassland, CF‐ clear fell, L‐ larch). 

4.2. Objective 2: Investigate the diversity, abundance and density of small mammal species 
in areas occupied by F. s. silvestris. 

 4.2.1. Diversity of small mammal species 

 A total of 79 individuals belonging to 3 different species were captured over 52 trap 
nights in broadleaved forest, coniferous forest, clear-fell, heather, larch and rough 
grassland habitats. The species captured were two Microtine species; Microtus 
agrestis (field vole) and Clethrionomys glareolus (bank vole), and one Murinae species; 
Apodemus sylvaticus (wood mouse). A. sylvaticus and C. glareolus were found in 4 out 
of 6 habitats surveyed whereas M. agrestis were found in 5 out of 6 habitats, the 
total number of individuals captured are shown in Table 4.1, with the frequencies 
split by species, site, and habitat displayed in Figure 4.4. A higher number of M. 
agrestis were captured at the Strontian site in comparison to the other two sites. A. 
sylvaticus was the dominant species caught in Drumtochty. The minimum number 
alive (MNA) within each habitat varied across habitats and sites. The highest MNA 
was found for the clear-fell habitat at the Gartly site, and the lowest, with no 
individuals captured in the heather habitat at the Drumtochty site.  

 

 

 

 

 

 

 

 

 

 

Table 4.1. Number of individuals from each species captured within each habitat and in total across all sites. 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4.2.2. Abundance of small mammals - modeling using mark-recapture techniques 

 The predictor variables that were found to describe the probability of capture 
included differences over trapping occasions, and between habitats, sex and 
species. The 5 top models, including AICc values are listed in table 4.3. Behavioural 
effect models were not used due to too few individuals being recaptured, and 
therefore having insufficient data to model this effect. The best model included the 
variables of time and heterogeneity. The abundance estimates for this model are 
displayed in Figure 4.5 (species estimates in Appendix 6). The second best model 
included the variables time and habitat, however model averaging was not 
considered due the high ∆ AICc value (9.622113).  

 

 

 

 

 

 

 

 

 

 

 

   

 

Table 4.3. Model comparison for testing the effects of hypothesized independent variables on small mammal 
probability of capture. All possible combinations of variables were compared, apart from behavioural effect 

models due to a low number of recaptures in the surveys, and therefore a lack of data to sufficiently model this 
effect. (Parameter p ‐ probability of capture). 

Figure 4.5. Abundance estimates (±SE) for Murinae and Microtinae species within each habitat surveyed         
(B‐ broadleaved forest, C‐ coniferous forest, H ‐ heather, RG‐ rough grassland, CF‐ clear fell, L‐ larch). 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Figure 4.6. Overall density estimates (±SE) of Murine and Microtinae species per hectare at each study 
site (Drumtochty Forest, Gartly Moor and Strontian). 

 4.2.3. Density of small mammal  

 4.2.3. Density of small mammal species  

 The total area surveyed in each habitat was the trapping grid (50 x 40 = 200 m2) plus 
a buffer, which varied for each trapping area (distances in Appendix 7). The density 
was then calculated as the number of Murinae or Microtinae species per hectare in 
each type of habitat at each site, these are shown in Appendix 5. 

 Habitat coverage within each study site was estimated to the nearest 1% (see 
Appendix 8 for maps). The dominant habitat at the Drumtochty Forest site was 
coniferous forest (80%) with rough grassland, broadleaved forest, and heather areas 
covering 17%, 2%, 1% of the total area, respectively. The Gartly Moor site had 58% 
coniferous forest, 16% larch, 21% rough grassland and clear-fell 5%. At the Strontian 
site the habitat displayed more heterogeneity with 50% coniferous forest, 12% 
broadleaved forest, 18% rough grassland and heather 17% and 3% clear-fell areas.  

 The density estimates were then averaged across habitats, weighted by habitat area, 
giving the overall average density for each site, displayed in Figure 4.6. Drumtochty 
had the highest estimated density of Murinae species per hectare (22.99±SE-
23.31/ha), Strontian the lowest. (3.60±SE-3.73/ha) Gartly Moor had the lowest 
density of Microtinae species in comparison to the other sites (3.541± SE-3.73/ha), 
and Strontian had a far greater density at 24.81± SE- 25.09/ha).   
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 4. 3. Objective 3: To explore the prey selectivity of F. s. silvestris, taking into account the 
availability of prey species (with a focus on small mammals). 

 4.3.1. Rabbit presence/absence 

 Rabbit pellets were found on only one transect, in grassland habitat at Gartly. The 
total number of latrines observed was 27, and therefore latrine density was 13.5 
latrines/km in grassland habitat at this site. Due to no latrines being found during 
transects at Strontian, rabbits are considered either absent or at very low densities at 
this site. At the Drumtochty site, two rabbits were observed in the area surrounding 
the study area, so are therefore present but considered to be at low densities. 
Differences in the probability of detection of rabbit latrines in different habitats 
could not be tested due to latrines only being observed in one habitat type.  

 4. 3. 2. Prey Selectivity Analysis 

 4.3.2.1. Scat production 
 Scat production (live body mass of prey species (kg)/ fresh mass of prey consumed 

per gram of scat produced; Ackerman et al, 1984; Hines & Link, 1994) was 0.00174 
for Microtinae species and 0.00151 for Murinae species.  

 4.3.2.2. Prey selection 

 At the Drumtochty Forest site no significance was found for Microtinae or Murinae 
species being selected for or against (Murine - x2- 9.8827, unadjusted p value- 
0.0017, adjusted p value - 0.2719, SE - 0.0214; Microtinae- x2 - 9.8827, unadjusted p 
value- 0.0017, adjusted p value- 0.2581, SE- 0.0227).  However this is likely to be a 
consequence of the large standard errors of the density estimates. The prey 
selectivity analysis could not be carried out for the Gartly site as no Murinae species 
were found in these scats. However the density of Murinae species in Gartly was 
higher than that of Microtinae species, suggesting that Murinae were selected 
against. Due to Strontian only having Microtinae species present in the scat samples 
and a small sample size of two scats, the prey selectivity analysis was not 
performed for this site. However, the absence of Murinae in scats despite their 
presence in some parts of the site is consistent with selection against Murinae. 
Although lagomorph species were not included in the analysis, this prey type was 
present in the diet at Gartly and Drumtochty despite the evidence of the species 
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being found at extremely low abundance, tentatively suggesting evidence for 
selection.  

5. Discussion 
5.1. Prey consumption in the population of wild-living cats in Scotland 

By collecting and analyzing 30 scats, Microtinae species were found as the most 
frequent prey in the diet of wild-living cats in Scotland. Five different scat analysis 
methods were utilized to allow possible variations in the outcomes to be observed 
and for comparisons to be made with others dietary studies of F. s. silvestris. All of 
the methods used concluded that Microtinae species was the main diet component, 
and due to the extremely low abundance of rabbits, Hypothesis b is supported. 
Including trace items enables rare, relatively small and conspicuous items to be 
recorded. Trace items in this study were organic matter (grass and twigs) and insect 
species found in such small amounts that the nutritional benefit is assumed 
negligible.  

These findings are very different to that of Corbett (1979), due to rabbits composing 
the bulk of the diet at 92% occurrence per scat, whereas small mammals and shrews 
represented only 18%. This previous research was carried out over 3 years (1975-
1978), with the diet showing no seasonal variations in rabbits being the main prey. 
More similar findings to the results of this investigation are from studies from 
Europe, where F. s. silvestris is considered more of a small mammal specialist 
(Moleón & Gil-Sánchez, 2003; Carvalho & Gomes, 2004; Biró et al, 2005; Germain, 
Ruette & Poulle, 2009). The results are also in agreement with the findings of 
Lozano, Moleón & Virgós (2006), that Microtinae species are ingested in higher 
volumes within the higher latitudes of Eurasia, and therefore Hypothesis d appears 
to hold true.  

Avian species were the second most consumed prey type at Drumtochty Forest, 
although this did not significantly differ from the other prey types less consumed. 
There is potential for avian species being over estimated in the diet as camera 
trapping surveys that utilized pheasent and partridge species as bait had been 
conducted in the area prior to surveying (Kilshaw per comms, 2012). As the feathers 
were not identified to species and these species were observed at the site, it cannot 
be assumed that these birds were from either natural predation or consumption of 
the bait.   
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 At Gartly Moor, lagomorph species were the second most consumed prey type. 
Application of the biomass calculation equation (Baker, Warren & James, 1993) 
resulted in this prey type contributing to a higher percentage of the diet, 
overcoming the problem of small prey items being over represented in the diet 
(Klare, Kamler & McDonald, 2011).  

5.2. Diversity, abundance and density of small mammals  

Three different species were found in all three site surveyed. Differences in the 
abundance of species across sites were visible, with Strontian containing the highest 
abundance of M. agresti and dominance of Microtinae species. Whereas Murinae 
species were dominant in the east coast sites, showing variation along the east-west 
axis. This could be interpreted as a possible peak in vole cycles at Strontian, and 
low at the other sites, or that the variations in climatic conditions could make the 
locations more suitable habitats for the different species.  

The highest abundance of small mammals was found in the clear fell habitat at 
Gartly. Small mammals are found to display ‘Island Syndrome’ when isolated on 
either real or artificial islands reaching abnormally high densities (Adler & Levins, 
1994). There is a possibility that the disturbance caused by clear felling at this site 
resulted in populations of small mammals becoming isolated and therefore 
displaying this phenomenon.  The debris and dead wood found in clear fell sites 
also provides shelter for small mammal species that may reduce predation levels 
due to increased cover (Hansson, 1979).  

The model applied in the mark-recapture analysis utilized the factors time and 
heterogeneity to best describe the probability of capture of individuals. These 
variables are considered appropriate as far more individuals were captured in the 
morning than the evening, reflecting the time variable. Heterogeneity, which 
describes the variation in individual capture probabilities, is likely to occur in all 
populations, and can vary with age, species, behavioural traits, activity patterns, 
weather and so on (Summerlin & Wolfe, 1973; Hammond & Anthony, 2006). 
Individuals can display ‘trap happy’ or ‘trap shy’ responses to capture, and 
therefore the probability of capture differs significantly between these individuals. 
The model used in this study gave wide confidence intervals around the estimates 
and large standard errors, reflecting uncertainty. Although including this predictor 
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variable is likely to have reduced any bias in estimates that did not take 
heterogeneity into account.  

5. 3. Prey selection in wild-living cats in Scotland 

5.3.1. Rabbit presence/absence 

A surprising and important result of this study was the low rabbit populations 
present in the study areas. Through a discussion with a local stakeholder at the 
Drumtochty Forest site, the decrease in rabbit populations was described as being 
dramatic over the past few years, and he recalled a time where the population was 
so prolific control measures were carried out regularly on the borders of the FCS 
land. Rabbits were present in the area, however considered to be at low to very low 
densities. During transect surveys, latrines were only found at Gartley in one 
habitat at low densities. Finding no indication of the presence of rabbits at the 
Strontian site was not surprising as rabbits are less abundant on the west coast 
(Kolb 1994).). However low populations in both sites in the east raises concerns over 
the impact of myxomatosis and RHD on rabbits in these areas. Corbett (1979) 
reported rabbits to be present all year round in Glen Tanar, Aberdeenshire 
approximately 40km away from both Drumtochty Forest and Gartly Moor. 
Therefore seasonal variations in abundance are highly unlikely to be the reason for 
the low abundance deduced from this study.  

5. 3. 2. Prey Selectivity  

 In past studies of the diet of F. s. silvestris the presence of rabbits resulted in this 
species being consumed far more than small mammal species (Sarmento, 1996; Gil-
Sánchez et al; 1999; Lozano, Moleón & Virgós, 2006) with a preference for rabbits 
shown by Malo et al (2004). The results of this study can be cautiously interpreted 
to suggest that wild-living cats showed selection for rabbits when present, due to 
this prey type being present in the scats at Drumtochty and Gartly even when the 
availability was extremely low. This supports part of Hypothesis a, although due to 
the low abundance, it is not surprising they were not consumed more frequently. 
As the remains in the scat were only identified to group (lagomorph) and the 
density of other lagomorph species, mountain hare (Lepus timidus) and European 
hare (Lepus europaeus) not estimated, selection for the rabbit cannot be said for 
certain based on the results. 
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No selection was found for either Microtinae or Murinae species at Drumtochty. 
However this is likely due to the high uncertainty in the abundance estimates and 
derived density estimates of these species. The program SCATMAN utilises 
parametric bootstrapping, enabling it to take into account variation in the estimates 
of density of prey species and scat production. This is highly beneficial for most 
studies, however when the standard errors vary to such a high degree, as in this 
study, statistical power in the analysis is reduced, resulting in weak evidence. Even 
though selectivity was not statistically significant at the Drumtochty site, 
Microtinae species were preyed upon at a much higher frequency than Murinae 
species. As the abundance of Murinae species was also higher in comparison to 
Microtinae, to disregard any degree of prey selection in wild-living cats would be 
incorrect. The results of this study prove Hypothesis c to be incorrect, as wild-living 
cats did not prey upon the most abundant prey species and hence appear to be 
showing a preference for Microtinae species.  
 
Hypotheses proposed to describe the selection of certain species over others include 
the fundamental trade off between energetic cost and benefit (Stephens & Krebs 
1987). Variation in the behavioural traits of a species may also impact selection 
through differences in catchability of the prey. Pineiro & Barja (2011) found 
catchability of A. sylvaticus differed with season, reflecting food availability and 
climate condition, and suggested wildcats synchronise consumption of their main 
prey with when it is most vulnerable. As a comparison of the vulnerability to 
predation of Microtinae and Murinae species in Scotland could not be found in the 
literature, it is unknown whether changes in vulnerability may be affecting prey 
choice. The average weight of Microtinae individuals captured across all sites was 
5g heavier than the average Murinae species. Although a small difference, this 
could represent the energetic benefit of preying upon Microtinae species over 
Murinae by wild-living cats.  
 
To enable a better assessment of prey selectivity in the wild-living cat population of 
Scotland, more certain estimates of small mammal abundance are required. More 
comprehensive studies, over longer periods of time that will increase sample size 
and therefore will improve the reliability of derived estimates are needed. A larger 
number of wild-living cat scat would also be desirable to assess the degree to which 
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other prey types contribute to the diet and confirm the importance of Microtinae 
species as a prey to wild-living cats in Scotland.  
 
5.4. Limitations of this investigation  

5.4.1. Identification of Felis silvestris silvestris in Scotland 
Due to the problem of introgression and hybridization, a major issue is determining 
whether an individual qualifies as a wildcat (Daniels et al, 2001). Even by applying 
the most up-to-date genetic tests, one can only identify whether the mtDNA of the 
individual is of wildcat lineage. Therefore the cats may have been hybrid wildcat x 
domestic cat, a consequence of recent or past hybridisation events. As the presence 
of cats displaying wildcat pelage characteristics has been confirmed through camera 
trap surveys it is assumed that a substantial number of scats will be from these 
individuals.  

5.4.2. Sample size 

A reoccurring problem in conducting research on rare and endangered species is 
often small datasets are used, which reduce statistical power. The optimal number 
of scats to identify the main prey remains is suggested as 59 or above (Trites & Joy, 
2005). As Microtinae species were found as the dominant (>75% in all analyses) it is 
hoped that even with the small sample size, this result is still significant. Due to 
time and financial constraints, alternative methods such as the use of scat detection 
dogs could not be used to increase sample size.  
 
5.4.3. Individual wild-living cat’s preferences 

Corbett (1979) found the average home range of male wildcats was 1.75km2 
whereas Daniels et al (2001) found the median home ranges of 4.59 km2 for male 
and 1.75 km2 for female wild-living cats. From these estimates it is likely only a 
handful of individuals were present in each of the study areas. Several scats 
analysed may be from the same individual, introducing the potential bias of 
individual preferences in the analysis. The diet of wild-living cats found in three 
different study areas was studied, and therefore it is assumed this bias is lessened 
however still present.  
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5.4.4. Scat content analysis - sources of bias and identification difficulties 

Even though there are several disadvantages and biases in the methods of scat 
analysis, it is the most widely used technique for studying diet of carnivores. One of 
these is the fact that the importance of small species can be over estimated in the 
diet, as small and large food items are considered equal (Weaver, 1993; Karanth & 
Sunquist, 1995). Regressions based on feeding trails have been developed to 
estimate consumed biomass, and account for this bias. The equation developed for 
the bobcat was applied in this study, due to similarities in size and prey types used 
in the feeding trials to that of F. s. silvestris. Potential biases include differences in 
individual bobcats used in the trial and whether the digestive system of this species 
is indeed comparable to F. s. silvestris. Incorrect identification of prey types is also a 
problem, which was tackled in this study by categorizing species by group rather 
than to the species, as this can be highly problematic. By examining the macroscopic 
components of the scat (bones and teeth) and hairs, bias associated with the 
differences in the digestibility of species was taken into account (Jethva & Jhala, 
2004). 
 
5.4.5. Small mammal abundance and density estimates 

Trapping was carried out in the dominant habitats at each of the sites. Due to time 
constraints a limited number of 4 or 5 habitats were sampled per site. This may 
have led to significant bias in the estimates due to edges and rare habitats not being 
included in the study. To obtain more accurate estimates of density per site, more 
trapping surveys would need to be conducted in habitats of differing type and age 
to reduce this bias. 
 
Huggins Closed Capture model was used to estimate the abundance of small 
mammal species within each trapping area. Currently there is no clear consensus 
over which method is most effective or appropriate to obtain the effective trapping 
area needed to convert abundance to density.  An alternative method is spatially 
explicit models that estimate density of species. As the focus of this study was not 
to obtain the most accurate density estimates of small mammal species, this method 
was regarded as sufficient in providing a relative estimate of abundance and 
density across sites.  
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5.5 Conservation implications  

This study has raised concerns of the availability of rabbits, the preferred prey 
species of F. s. silvestris. Conservation interventions adopted in Spain to promote 
the recovery of the Critically Endangered Iberian lynx have involved restocking the 
wild rabbit populations in locations across the lynx’s distribution. To adopt this 
strategy in Scotland would most likely cause incredible uproar, due to estimated 
damages caused by the species being in the vicinity of £11,790,000 (Scotland, 1990-
91, Kolb, 1994) to 100 million annually in Britain (Smith, Prickett & Cowan, 2007). 
The European rabbit is also regarded as Near Threatened in its native range of 
Spain, Portugal, and north western Africa (Morocco and Algeria) (Smith & Boyer, 
2008). Elsewhere, including Scotland, it is regarded as an introduced pest species 
and is legally shot or trapped throughout the year (Aebischer, Davey, Kingdon, 
2011). The context within which each of these species sits differs greatly, and 
therefore this may not be the best strategy for the Scottish wildcat.  

By identifying Microtinae species as the main prey component in the diet of wild-
living cats in Scotland and evidence to suggest selection on these species, this 
information on prey use can be used to inform management decisions. Possible 
strategies could involve more research being conducted on Microtinae populations 
in Scotland to find out the degree to which cyclical variations in the population 
exist. Habitat management that promotes the density and abundance of small 
mammal species should also be implemented. Due to FCS land being an actively 
managed habitat, the environment is constantly changing, which may be beneficial 
to many small mammal species. However due to wildcats often locating their dens 
within mature coniferous forest, utmost care must be taken when extractions take 
place. Connectivity of habitat patches should also be taken in to account, to enable 
wildcats to move easily around sites. 

Although this study has provided key information that can be used in efforts to 
conserve the Scottish wildcat, it will only be effective if used in conjunction with 
various other conservation strategies. Current projects include domestic/ feral cat 
neutering programs, research to estimate the current wildcat population and level 
of introgression, as well as education and awareness raising campaigns. These 
efforts must continue, in hope that protection and legislation for the Scottish 
wildcat will be improved and the threat posed by the domestic cat reduced. 
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Conservation interventions to facilitate the wildcat to re-establish its former range 
are critical. This study provides a better understanding of the dietary requirements 
and prey selection of wild-living cats in Scotland, which will be needed by 
conservationists and managers to make informed decisions for the conservation of 
the Scottish wildcat.   
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Appendices 
Appendix 1. Photographs of the study sites 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Drumtochty Forest, Aberdeenshire 

Larch habitat, Gartly Moor, Aberdeenshire 

Strontian, Highlands 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Appendix 2. Hair reference slides  

Made by author with samples from Wetton et al (2002) 

 

 

 

 

 

 

Appendix 3. Scat samples (positive for mtDNA of wildcat lineage) 
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Appendix 4. Percentage mass and volume of prey types in scats from Drumtochty 
Forest and Gartly Moor. 

 

 

 

 

 

 

 

Appendix 5. Average live body weights of prey types and coefficients of 
digestibility. (x - average live body mass of prey species (kg), y- grams of fresh mass consumed 

per dry gram of scat produced and λ= scat production, the average number of scat produced by a 

predator after consuming an individual of a specific species. (λi = Xi/Yi)  (Ackerman et al, 1984; 
Hines & Link, 1994) 
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Appendix 6. Species abundance estimates and derived density for the dominant 
habitats in each study area. Huggins Closed Capture model with full 
heterogeneity, using time and heterogeneity as predictor variable.  
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Appendix 7.  Mean distance travelled by most abundant species in each trapping 

area (between captures). (AS ‐ Apodemus sylvaticus, CG‐ Clethrionomys glareolus, MA ‐ 

Microtus arvalis).  

 

 

 

 

 

 

 

Appendix 8  Maps for habitat coverage estimation.  Used in conjunction with satellite 

photgraphs and ground truthing observation, to estimate habitat coverage at each study 

site. (Information supplied by the Forestry Commission, © Crown copyright and 

database right [2012] Ordnance Survey). 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