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I. Introduction 

In habitat use models, "When animals are associated with a particular habitat, it is often 

presumed that they “prefer” to be there or that they have actively “selected” that habitat and 

rejected the others available to them. However, there are three broad classes of model that 

could explain such a pattern of distribution. The first is settlement/ recruitment: juvenile 

individuals could recruit in greater numbers to that microhabitat than to others and not 

subsequently leave. The second alternative is that the population distributes itself randomly 

throughout the available habitat, but differential mortality leads to the reduction of numbers in 

the “unfavourable” microhabitats. The last possibility is that, after widespread recruitment, 

adults exhibit behaviour that establishes and maintains their position in the “favoured” 

microhabitat. These models are equivalent to the terms “birth rate”, “death rate”, and 

“migration” in demographic equations and such processes can act alone or in combination to 

give rise to observed associations” (Crowe and Underwood 1998). 

There are intrinsic (e.g. physiological, behavioural, and genetic patterns) and extrinsic 

factors (e.g. ecological processes, environmental conditions) that affect habitat use of ground 

squirrels and their survival, including the species’ specific requirements of hibernation and 

reproduction. Both mechanisms act synergistically, primarily at the population level, and 

affect life-history traits. 

II. Thesis objectives and Methods 

In my dissertation, I investigated and approached the fundamental question of Ecology from 

the viewpoint of factors that influence the habitat use of the European ground squirrel (as EGS 

hereafter) and the Gunnison’s prairie dog (as GPD hereafter), two ecologically similar ground 

dwelling sciurids. Both are semi-fossorial, diurnal, hibernating sciurids. I attempted to learn 

the importance of a few mechanisms by which the association between the habitat and ground 

squirrels is maintained. In other words, to see if certain extrinsic or intrinsic factors affect the 

habitat use of ground squirrels substantially.  

Since 1995 a few Ph.D. and M.Sc. research studies have been carried out on the 

Department of Ethology to investigate the direct relationship between extrinsic factors (e.g. 

temperature, food material) and microhabitat usage, hibernation, temporal or spatial activity. 

These previous findings, my curiosity, and my limited financial resources provided the frame 

and basis for my study in which I attempted to investigate the effect of additional extrinsic 

factors (i.e. fescue grass, ecological isolation and census size of populations, etc.) and intrinsic 

processes, such as genetic diversity or mating system, on habitat use.  
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The specific results for my questions gave answers to key questions in reintroduction 

biology: Under what circumstances are behavioural or genetic considerations important to 

reintroduction success? What restoration or management is required for the population to 

survive? My study added some notes for a more evidence-based management of EGS. 

Finally, I remark that the coherence between the studied mechanisms that are supposed 

to affect habitat use of ground squirrels is subjective and arbitrary. My general, scientific 

approach and questioning was best reflected by the methodology used by naturalists: „[a 

naturalist] is basically an explorer and tester of evolutionary and ecological ideas that are 

developed to reveal and explain regularities in nature and wherever they are to be found 

(macroecology, population genetics, and so on), by whatever means are available (field 

experimentation, analysis of DNA, and so on).” (Grant 2000; Schmidly 2005); Consequently, I 

had to apply both molecular and supra-individual, field and laboratory tests.  

Investigating the relationship between extrinsic factors and habitat use of ground 

dwelling squirrels 

• Nest material selection affects nest insulation quality for the EGS 

We investigated the factors contributing to the nest material choice of EGS. We tested the 

consequences of preferring fresh green nest material in nest building on insulation. We asked 

the following questions: Is there a specific preference for fescue in nest construction? Does 

the moisture content of the plant affect choice? To what extent does the moisture content of 

the nest material affect nest insulation? (Chapter IX.) 

• Importance of burrow-entrance mounds of GPD for vigilance and mixing of soil 

We investigated the characteristics and functions of GPD mounds and analyzed the behaviour 

of GPD in relation to their mounds. We investigated mound and burrow structure with the 

following questions: Are GPD geomorphic agents? Our questions regarding GPD behaviour 

in relation to their mounds included: Does the frequency of the on-mound and off-mound 

behaviour differ significantly? Does the frequency of the vigilance behaviour change with 

vegetation height? Is the direction of the vigilance behaviour different between individuals at 

the perimeter and centre of the colony? (Chapter XII.) 
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Investigating the relationship between intrinsic processes and habitat use of 

ground dwelling squirrels: 

• Dwindling genetic diversity in EGS 

We estimated genetic diversity at eleven polymorphic microsatellite loci of seven EGS 

populations, and then we compared the data particularly to data received in genetically 

depleted populations. (Chapter XIII.) We asked if ecological isolation or population size 

influences genetic diversity in the EGS? We also investigated whether variations in census 

population size or ecological isolation are detectable in genetic diversity for the polygynous 

EGS. (Chapter XIV.) 

• Putting science into conservation action: evidence-based translocation of ground 

squirrels 

We tested and evaluated how habitat manipulation (grass height, man-made burrow entrance 

angle) and different release methods (time: morning vs. afternoon, retention of animals) could 

influence the ‘success’ of translocations of wild ground squirrels. Moreover, we observed the 

dynamics of new burrow constructions of the translocated animals during the active season. 

(Chapters X. and XI.) 

III. Results and Conclusions 

• Nest material selection affects nest insulation quality for the EGS 

My studies indicate that EGS show a strong and significant preference for fresh Festuca 

pseudovina. Insulation property of the squirrels’ fresh grass nests was superior to nests 

constructed from dry grass only. Intra-cellular water in the nest material did not affect 

insulation significantly. We concluded that fresh fescue provided a more flexible material that 

allows squirrels to construct nest with better insulation. Experimental evaluation of specific 

abiotic (Váczi, Koósz, and Altbäcker 2006; Wagner and Drickamer 2004) and biotic (Kis et 

al. 1998) components could reveal characteristics of the habitat that are keys to survival and 

thus provide valuable information for conservation efforts. 

Our results suggest that squirrels may rely on dominant and abundant xeromorphic 

fescues of dry meadows because of their importance to nest building. Although we did not 

test experimentally the hypothesis if ground squirrels actively choose those habitat patches 

(“birth rate” and “migration” models to explain the distribution of animals) where fescue 

dominates but we can conclude that ground squirrels cannot spare fescues for resting or 

hibernation. Consequently, it can be assumed that populations will expand to unoccupied 
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areas and survive for longer-time and reintroductions will be successful if the habitat is 

characterized by fescues. 

• Importance of burrow-entrance mounds of GPD for vigilance and mixing of soil 

GPD use mounds for vigilance; vigilance increases with taller vegetation. The higher 

frequency of vigilance in situations with medium and tall vegetation indicates the ability to 

adapt behaviour to changing natural conditions. As vegetation grows during summer, 

changing the rate of vigilance provides greater security. This is similar to shifts in vigilance 

with changes in vegetation observed in degus (Octodon degus) (Ebensperger and Hurtado 

2005). Vigilance is more frequent by individuals on the periphery than those in the interior of 

the colony, and vigilance activities by those on the periphery are directed outward from the 

colony (Verdolin and Slobodchikoff 2002). It is adaptive to the colony to have an early 

warning system that is focused on potential danger from outside the colony. Ariel predators 

can come from any direction, but ground predators will approach the periphery. Greater 

vigilance by individuals living in perimeter areas that is directed outside the colony provides 

warnings of potential ground predators. It is possible to estimate volume of burrows by 

measuring the amount of subsoil displaced in the mound. This discovery should permit better 

estimation of volume of burrows and it provides a method, using the pie-shaped sections and 

computational formula, to achieve that end. Information on volume of burrows can be applied 

to situations where prairie dogs are being translocated and established in artificial burrows. 

During construction of burrow systems, GPD move and mix 10,000-16,500 kg of soil/ha, 

which is within the range excavated by black-tailed prairie dogs (Butler 2006). Effects of 

burrowing animals as ecosystem engineers have a significant geomorphologic impact on 

many landscapes (Gabet, Reichman, and Seabloom 2003), but measuring magnitude of 

bioturbation by a population, colony, or individual is difficult (Nevo 1999). North American 

pocket gophers (Geomyidae), acknowledged engineers of ecosystems, excavate ca. 18 

m3/ha/year on average (Smallwood 1999). For GPD, we determined that excavation of soil 

was 6.5-16.6 m3

All these conclusions show that vegetation influences habitat quality and has 

consequences on the behaviour of prairie dogs, but on the other hand prairie dogs also have 

noticeable effect on the vegetation. Different models act in combination (Crowe and 

/ ha, taking into account only the volume of mounds as excavated soil. This 

indicates that GPD are having an ecological impact equal to the effects of pocket gophers, 

which provides support for statements made by (Detling 1987) and fits the ecosystem-

engineer concept (Jones 1994; Gutiérrez 2006).  
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Underwood 1998) to explain associations of animals and certain habitats or habitat 

characteristics but these results call the attention to the fact that ground dwelling sciurids are 

also active, key players in this interactive game of the habitat and its users. Either the “birth 

rate”, “death rate” or “migration” model explains their habitat use, ground dwelling sciurids 

modify dramatically the habitat (both the surface and the topsoil) and its quality. 

• Dwindling genetic diversity in EGS 

Genetic diversity of EGS populations from Hungary, Romania and Austria was higher than 

that of the Czech populations studied by Hulová and Sedlaček (Hulová 2008). However, all 

our populations were located within the range of a “Northern” mtDNA phylogroup, that 

exhibited relatively little subdifferentiation despite its wide geographic distribution 

(Kryštufek, Bryja, and Bužan 2009); the common phylogeographic background help to 

explain why we did not find a pronounced variation of genetic diversity across our local 

populations. In a metaanalysis Reed and Frankham (Reed 2003) found a positive relationship 

between fitness components and genetic diversity in plants, invertebrates, and vertebrates. 

According to them placental mammal populations having incurred demographic threats in the 

recent past (“challenged populations”) exhibited consistently lower heterozygosity (mean 

0.502) than unchallenged (“healthy”) populations (mean 0.677). All populations of our study 

as well as the Czech and Slovakian populations (Hulová 2008) have relatively low 

heterozygosity. Moreover, most investigations on Sciuridae indicate higher genetic diversity 

than that found presently. Ground squirrels are sensitive to changes in ecological factors 

(Koshev 2008), facilitating fluctuations in population density and size (Hoffmann et al. 2003). 

Instable population dynamics, interacting with “scramble-competition polygyny” (Millesi 

1998), can decrease effective population size in the long and short term.  

Population fragmentation, isolation, and local extinction are indeed occurring (Coroiu et 

al. 2008; Kryštufek 1999; Spitzenberger 2001). On the basis of our results, the ongoing 

fragmentation, isolation and ultimately, disappearance of local colonies imply a more serious 

threat to the persistence of the species in wide ranges of its current distribution than possible 

negative effects (e.g., outbreeding depression) of anthropogenic translocation programs as 

regard genetic aspects. Carefully planned and evaluated translocations can be an option to 

counterbalance local extinctions and substitute natural recolonisations. Actually, we are 

inclined to support such measures for local populations at low densities, as target population 

for translocated individuals, or for extremely high densities, as source population for 

translocation, should other (e.g., ecological) circumstances not discourage them. However, it 
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remains open to what degree genes possibly adapted to certain regional environmental 

situations (e.g., MHC genes) may affect the success of restocking and introduction programs 

(under changed environmental conditions). To minimize possible negative genetic effects, we 

recommend using neighbouring source populations for translocations whenever feasible. 

• Putting science into conservation action: evidence-based translocation of ground 

squirrels 

Long-time persistence of ground squirrel colonies, which primarily depends on longevity and 

reproductive success, is strongly connected to the first (critical) period after release of the 

translocated animals, and habitat quality (grass height and artificial burrow entrance angle 

with mounds similar to natural ones) at release site has a large effect on this critical period 

(Seddon 1999; Letty, Marchandeau, and Aubineau 2007; Moorhouse, Gelling, and Macdonald 

2009). For the critical period after release and habitat quality we draw four conclusions that 

seriously influence the survival of ground squirrels. 1) Release time should correspond to the 

natural activity peak of the translocated animals, for European ground squirrels the morning 

period. Release in the morning is advantageous as it provides more time for ground squirrels 

to acclimate to the new environment. 2) Plugging the burrow entrance after release can 

increase the chance to hold more animals at the releasing area while to avoid panic escape. 

The artificial burrow with retention cap, which forced them to stay an hour or two 

underground, prevented panic reactions or erratic movements and enhanced colonization if 

the release also coincided with their activity pattern. They work similarly to natural burrows, 

which provide a thermally stable environment underground and an option to avoid 

hypothermia and hyperthermia (Long, Martin, and Barnes 2005). From the practical point of 

view, our results show that the use of retention caps in combination with the artificial burrows 

could work as effectively as complicated and expensive acclimation cages (Simms 2009). 3) 

Our results suggested that angled artificial burrows in comparison with vertical artificial 

burrows and medium-height grass (18 cm ± 12 SD) in comparison with short grass (6 cm ± 

3SD) favour translocation success in the critical period after release. It seems probable that 

grass tussocks provided a natural hide for the translocated individuals in the first days like 

shrubs provide overhead protection for Octodon degus (Ebensperger and Hurtado 2005; 

Hardman 2006). 4) We can conclude that the critical period after translocation ended between 

the 7th and 37th days after the release. This finding is in accordance with the result of Calvete 

and Estrada (Calvete 2004) who determined the critical period for translocated rabbits 

(Oryctolagus cuniculus) about 7-10 days after release. In general, these results suggest that it 
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is not enough to know the habitat preference of a species in undisturbed, “natural” situations, 

but manipulative experiments are needed to learn how and how much we should manipulate 

the habitat characteristics to accomplish a successful translocation action. 
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