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Zusammenfassung

Zusammenfassung

Die Variation der Homerange-Grosse innerhalb einer Art hangt von vielen
verschieden Faktoren wie Geschlecht, Alter, Reproduktionsaktivitat, Deckungs-
verfugbarkeit, Saisonalitdt, Populationsdichte oder Futterverfigbarkeit ab. Trotzdem
verstehen wir die intra-spezifische Variation der Homerange-Grosse kaum, da in
vielen Studien nur wenige Faktoren untersucht werden um die hohe Variabilitat zu
erklaren. In dieser Studie bestimmte ich mittels Radiotelemetrie die Homerange-
Grosse von Striemengrasmaus-Weibchen (Rhabdomys pumilio), die in der
Sukkulenten Karoo in Sudafrika leben und schloss Langzeit-Daten von Homerange-
Grossen dieser Population in meine Analyse ein. Ich untersuchte, inwiefern die
Nachbarn, die Gruppengrésse, die Futterverfugbarkeit, die Deckungsverfigbarkeit,
die Populationsdichte und die Saisonalitat, d.h. Fortpflanzungszeit versus trockene
Nicht-Fortpflanzungszeit, die Homerange-Grésse von Striemengrasmaus-Weibchen
beeinflussen. Es zeigte sich, dass die Weibchen grossere Homeranges in der
Fortpflanzungssaison hatten als danach, obwohl die Futterverfiigbarkeit niedrig war.
Zudem zeigte die Homerange-Grosse einen negativen Zusammenhang mit der
Anzahl Nachbarn, insbesondere der Mannchen, und der Futterverfiigbarkeit. Wurde
experimentell Futter ins Feld gestellt, verkleinerten die Weibchen ihre Homeranges.
Zudem wollte ich auch den Einfluss von Nachbarn mit einem Wegfangexperiment
untersuchen, doch die Stichprobengrosse war aufgrund des hohen
Pradationsdruckes zu klein. Dass Weibchen ihre Homeranges nach der
Fortpflanzungssaison verkleinerten, wenn Futter rar ist, scheint ein Widerspruch
dazu zu sein, dass die Homerange-Grdosse negativ mit der Futterverfigbarkeit
zusammen hangte und die Weibchen ihren Homerange verkleinerten, als zugefittert
wurde. Daraus schliesse ich, dass auch die reproduktive Aktivitat und der
reproduktive Erfolg wahrend der Fortpflanzungssaison und das Einsparen von
Energie wahrend der heissen, trockenen Nicht-Fortpflanzungszeit einen Einfluss auf
die Homerange-Grosse von Striemengrasmaus-Weibchen haben kénnten. Obwohl
viele verschiedene Faktoren im gleichen Modell angeschaut wurden, konnte ein
signifikanter Einfluss von Futterverfigbarkeit, Anzahl Nachbarn und der Saisonalitat

auf die Homerange-Grosse gezeigt werden.




Abstract

Abstract

The variation of home range size within a species depends on many different
factors, such as sex, age, reproductive effort, cover availability, seasonality,
population density or food resources. Generally, intraspecific variation in home range
size is poorly understood, as in most studies only a few factors have been
investigated to explain the high variability. In this study, | used radio telemetry to
determine the home range size of female striped mice (Rhabdomys pumilio) living in
the Succulent Karoo in South Africa and included long-term home range data on this
population into my analysis. | investigated how neighbours, group size, food
availability, cover availability, population density and seasonality, i.e. breeding
season versus dry non-breeding season, affected home range size of females. |
found that females had larger home ranges in the breeding season than in the dry
non-breeding season when food abundance was low. Moreover, home range size
was inversely related to the number of neighbours, especially males, and food
availability. When | provided additional food, females decreased their home range
size. Additionally, | intended to test experimentally the influence of neighbours, but
sample size was too low due to high predation pressure. The decrease in home
range size after the breeding season when food is scarce seems to be in contrast to
the negative relationship between home range size and food availability and the
reduction of home range size when providing supplemental food. | concluded that the
reproductive activity and reproductive success during the breeding season and that
saving energy during the hot, dry non-breeding season influence female home range
size. Many different variables were combined in the same model, nonetheless, a
significant influence of food availability, number of neighbours and seasonality on

home range size could be shown.




Introduction

1. Introduction

Variation of home range size has long been of ecological interest. An animal’s
home range is defined as the area which is traversed by an individual during
activities associated with food gathering, resting, and reproduction and is therefore a
major factor describing spatial use patterns (Burt, 1943). The home range size varies
between species, depending on the body size and the metabolic requirements of the
animal (e.g. positive relationship between home range size and body size - McNab,
1963; Harestad & Bunnell, 1979; Mace & Harvey, 1983; Lindstedt et al., 1986; Kelt &
Van Vuren, 1999) or the productivity of food (e.g. carnivores have larger home
ranges than omnivores or herbivores of similar body size - Harestad & Bunnell, 1979;
Lindstedt et al., 1986). The home range size can also differ within a species, but the
relationship between home range size, body size and metabolic requirements has
hardly been investigated within a species (Kjellander et al., 2004).

Generally, variation of home range size within a species is poorly understood.
Several studies have revealed a large variation in home range size between
individuals within the same population measured during the same period (e.g. female
striped skunks Mephitis mephitis (0.75-1.36km?); Bixler & Gittleman, 2000; female
Golden mice Ochrotomys nuttalli (0.18-0.75ha); Morzillo et al., 2003; female honey
badgers Mellivora capensis (85-194km?); Begg et al., 2005). However, most
published studies do not provide the range of home range sizes measured, but one
can estimate the high variability according to the presented standard deviations in
relation to the mean home range size (Fig. 1). In most studies, only a single or a few
factors have been investigated to explain the intraspecific home range size variation,
but these single factors cannot explain the observed high variability. Thus, field
studies investigating several factors at the same time would be important, but such a
study would need a higher sample size (statistical power) than most previously

performed studies.
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Relationship between home range size (mean) and standard deviation (SD in %) for several studies of
mammalian species (references provided in the Appendix). Standard deviation is calculated in
percentage of the mean home range size. Black circles = studies of Rhabdomys pumilio; white circles
= studies of other species.

Intraspecific variation in home range size can depend on many different
factors, such as sex (e.g. Mikesic & Drickamer, 1992; Asher et al., 2004; Begg et al.,
2005), age (Mikesic & Drickamer, 1992), reproductive effort (Tufto et al., 1996; Said
et al., 2005) or cover availability (Tufto et al., 1996; Getz et al., 2005; Hayes et al.,
2007). However, the effect of cover is less clear. Roe deers (Capreolus capreolus)
increase their home ranges with the visibility in the home range (Tufto et al., 1996),
while degus (Octodon degus) living in areas with more shrub cover have larger home
ranges than degus living in areas with less shrub cover (Hayes et al., 2007). Studies
on small rodents also revealed a restriction in movement activity when cover is
sparse (Plesner-Jensen et al., 2003; Getz et al., 2005). Furthermore, the home range
size can vary considerably between populations of the same species living in
different habitat types (Mexican spotted owl Strix occidentalis lucida; Ganey et al.,
2005; striped mouse Rhabdomys pumilio; Schradin & Pillay, 2005a).

Home range size within a species can also differ among seasons. Some
species have smaller home ranges in winter than in spring or in summer (e.g. striped
skunk; Bixler & Gittleman, 2000; red squirrel Sciurus vulgaris; Lurz et al., 2000;
Eurasian badger Meles meles; Do Linh San et al., 2007) while others have larger
home ranges in winter (e.g. bobcat Lynx rufus; Lovallo & Anderson, 1996; roe deer;

Kjellander et al., 2004). The spiny rat (Proechimys semispinosus), a species living in




Introduction

a tropical environment, has larger home ranges during the rainy season than during
the dry season (Endries & Adler, 2005). Seasonal variation in home range size can
also differ between different populations of the same species living in different
habitats (mountain lion Puma concolor; Grigione et al., 2002). In other species no
seasonal differences in home range size may be apparent (e.g. pampas deer
Ozotoceros bezoarticus; Rodrigues & Monteiro-Filho, 2000; coyote Canis latrans;
Hidalgo-Mihart et al., 2004), because sufficient food is available throughout the year
(Hidalgo-Mihart et al., 2004). However, even when there is no seasonal pattern in
home range size, animals can show seasonal differences in movement distance
(Rodrigues & Monteiro-Filho, 2000). Most studies explain the seasonal variation in
home range size by seasonal changes in reproductive activity, population density or
food availability.

Various correlative studies on different species indicate that home range size
iIs negatively correlated with food availability (Tufto et al., 1996; Lurz et al., 2000;
Said et al., 2005). The importance of food availability has been investigated
experimentally by providing supplemental food (reviewed in Boutin, 1990). Several
experimental studies on rodents indicate that individuals living in areas with extra
food decreased their home ranges (Taitt, 1981; Taitt & Krebs, 1981; Ims, 1987,
Hubbs & Boonstra, 1998; but see Broughton & Dickman, 1991) and showed an
increase in the overlap of their home ranges (Ostfeld, 1986; Ims, 1987). In areas with
supplemental food, population density increases due to higher immigration (Tauitt,
1981; Taitt & Krebs, 1981; Perrin & Johnson, 1999) and thus, leading to increased
competition for resources (Hixon, 1980). When population density was controlled for,
a change in food availability was either negatively correlated with home range size
(Mares et al., 1982) or not correlated (Vlasman & Fryxell, 2002). However, in most
studies it is not clear, whether the decreased home range size can be attributed to
increased food availability or to increased population density (Taitt, 1981; Taitt &
Krebs, 1981), as many of these do not include a control for higher intruder pressure.

Population density influences home range size through competition for food
resources (Ostfeld & Canham, 1995) and thus should be inversely correlated with
home range size. This has been shown by several correlative (Ostfeld, 1986; Erlinge
et al., 1990; Priotto et al., 2002) and experimental studies (e.g. Norman & Jones,
1984; Koskela et al., 1999). Individuals expanded their home range when neighbours

were experimentally removed (e.g. pomacentrid reef fish Parma victoriae; Norman &
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Jones, 1984; red squirrel Tamiascurius hudsonicus; Boutin & Schweiger, 1988).
Individuals also extend their home range into the vacated areas when neighbouring
individuals have disappeared (house mouse Mus musculus; Fitzgerald et al., 1981;
bobcat; Lovallo & Anderson, 1995; fox Vulpes vulpes; Baker et al.,, 2000). This
indicates that interactions with neighbours influence home range size, although
studies on eastern chipmunks (Tamias striatus) showed no effect of experimental
perturbations of population density on home range size (Mares et al., 1982; Mares et
al., 1987). However, it is known that territorial defence depends on the sex of the
intruder (Baker & Dietz, 1996; Lazaro-Perea, 2001; Gray et al., 2002; Schradin,
2004) and its body size (Schradin, 2004). Therefore, it seems important to consider
not only the effect of population density, but especially the number of neighbours and
their sex or weight as factors determining home range size.

Furthermore, an increase in population density often results in an increase in
home range overlap (California voles Microtus californicus; Ostfeld et al., 1985; Ims,
1987). Sharing parts of the home range with other individuals of the own group or
neighbouring groups, implies sharing food resources and therefore individuals need a
larger home range to meet their own energy requirements (Buskirk, 2004).
Additionally, population density is negatively related to dispersal distance (Jones et
al., 1988) and thus, group size increases as the offspring stays in the natal group
(Jones et al., 1988; Schradin & Pillay, 2004). However, the importance of group size
on home range size variation is not clear as it has hardly been investigated (Gilchrist
& Otali, 2002).

In this study, | investigated the influence of different factors on home range
size on a small mammal species, the striped mouse (Rhabdomys pumilio), living in a
seasonal environment in South Africa. Female striped mice have a larger home
range during the breeding season than during the hot, dry non-breeding season,
shifting their home ranges from areas with succulent shrubs into areas covered by
annuals in spring (Schradin & Pillay, 2006). Furthermore, striped mice show a high
variability of home range sizes between individuals within the same population
(Schradin & Pillay, 2004, 2005a, 2006). Thus, the high variability in home range sizes
makes the striped mouse a useful model to study the factors influencing home range

size, and so far these factors are not well understood.
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1.1.

Aims and Predictions

The aim of this study was to investigate several different factors (see below)

that might influence the home range size of female striped mice. | concentrated my

study on females as territoriality in female mammals is related to the distribution,

abundance and renewal rate of food, whereas territoriality in male mammals is rather
influenced by the distribution of females (Ostfeld, 1990). | intended to test the

importance of the following variables by measuring home ranges and home range

characteristics in the field:

a)

b)

Presence of cover : Small mammals need cover as protection against
predators (Asher et al.,, 2004; Keller & Schradin, 2008). When cover
availability is low, striped mice might not be able to use all parts of the home
range area, as some parts might not provide enough cover to avoid predation
risk. Thus, | predicted that individuals with a home range including relatively

little cover have larger home ranges.

Seasonality : | predicted that home ranges are smaller in the hot, dry non-
breeding season than in the breeding season, even though less food is
available (as described before by Schradin & Pillay, 2006). Energy
requirements might be higher during the breeding season and/or individuals
might show reduced activity trying to save energy in the hot, dry non-breeding

season (Bozinovic et al., 2004).

Food resources: | distinguished between the influence of food plants, which
are perennial and which are annual. Annual plants are a high protein resource
for striped mice and influence the start of the breeding season (Perrin, 1980;
Nel, 2003). Annuals grow for less than one year, are mainly growing in spring
and available only for a short time (then called ephemerals). Perennial food
plants are abundant throughout the year. As | distinguished between these
two types of resources, | intended to see if one is more important than the
other in determining home range size. For both resource types, perennial food
plants and annuals, | predicted that females having low resource quality (low

percentage of perennials and annuals) have larger home ranges than females
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d)

f)

with high resource quality (high percentage of perennial food plants and
annuals). Furthermore, according to Harestad & Bunnell (1979) animals
should occupy the smallest home ranges that meet their energy requirements.
If this is true, | expected that the quantity of resources (absolute number of
resource items) is the same for all home ranges. Alternatively, if female striped
mice defend territories including more resources than they need for their
individual survival and reproduction, | would expect that larger home ranges

also include more resources in total.

Population density : | predicted that home ranges are smaller when
population density is high, because less space per individual is available and

competition for resources is higher.

Number of neighbours : The striped mice are territorial (Schradin, 2004) and
therefore, the number of direct neighbours is a more accurate measurement of
being spatially constrained than population density. Thus, | predicted that
home range size is inversely related to the number of neighbours. | would
expect female neighbours to have a higher influence, because females
experience more aggression from neighbouring females than from
neighbouring males (Schradin, 2004). Further, | distinguished between heavier
and lighter female neighbours, as individuals attack strangers that are lighter
than themselves more often (Schradin, 2004). Thus, | expected heavier
neighbouring females to be more important, because they can not be

dominated easily.

Group size : The striped mouse is a territorial group-living animal (Schradin &
Pillay, 2004). It is possible that larger groups can better defend their territories.
Furthermore, as the home range of individuals of the same group largely
overlap, more extra space might be needed to meet the energy requirements.

Therefore, | predicted that home range size is positively related to group size.

10
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In an experimental part, | tested:

a) The influence of food availability by providing additional food (see 2.8),
predicting that experimental provisioning of supplemental food leads to a
decrease in home range sizes.

b) The influence of the amount of neighbours by removing groups (see 2.9),
predicting that experimental removal of neighbouring groups leads to an
increase in home range sizes because females extend their home ranges into

the vacated area.

11
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2. Methods

2.1. Study animal

The striped mouse is a diurnal muroid rodent with a small body size (adult
body weight: 30-80g). It is widely distributed throughout southern Africa including
many different habitat types such as grassland, marsh, forest, deserts and Succulent
Karoo (Kingdon, 1974). In the Succulent Karoo, the striped mouse lives in social
groups consisting of one breeding male, up to four breeding females and their
philopatric, adult offspring of both sexes (Schradin & Pillay, 2004). After the breeding
season groups can contain up to 30 adults (Schradin & Pillay, 2004). The members
of one group share the same territory and sleep together in the same nest (Schradin
& Pillay, 2005a) built in dense shrubs, mainly Zygophyllum retrofractum (Schradin &
Pillay, 2004). During the day they forage and feed solitarily (Schradin, 2006a).
Individuals of the same group interact friendly with each other but respond
aggressively towards individuals of other groups (Schradin, 2004). The home range
of an individual largely overlaps with that of individuals of the same group, but not
with the home ranges of mice from adjacent groups (Schradin & Pillay, 2004;
Schradin, 2006b).

With the occurrence of highly nutritious ephemerals in early spring, the
breeding season starts (Perrin, 1980; Nel, 2003) and lasts for about three to four
months from August until November (Schradin & Pillay, 2005b). The breeding season
is followed by a long hot dry season with reduced food availability that causes a loss
of body weight in striped mice (Schradin & Pillay, 2005b). Striped mice mainly feed
on plant materials such as stems, leaves, and flowers, but seeds and insects are also
eaten (Perrin, 1980; Schradin, 2006a; Schradin & Pillay, 2006).

2.2. Study site and study period

This study was performed on a free-living population of striped mice from July
2007 to February 2008 in the Goegap Nature Reserve (S29 41.712 E18 01.558;
altitude 912m) in South Africa. The Nature Reserve is located about 15km from
Springbok in the Northern Cape Province. The vegetation type is Succulent Karoo

and is dominated by the shrubs Zygophylllum retrofractum and Lycium cinerum

12
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(Acocks, 1988; Cowling et al., 1999). It is one of 25 global biodiversity hotspots
(Myers et al., 2000). In the Succulent Karoo the food is patchily distributed and good
nesting sites are a limited resource (Schradin, 2006a). The field site of 10ha (Fig. 2a)
is characterized by a dry riverbed and sandy areas with patchily distributed shrubs.
During springtime these sandy areas are covered with many different species of
wildflowers (Fig. 2b), which are mostly annuals and represent an important food
resource for the striped mouse (Schradin & Pillay, 2006). The average annual rainfall
is 160mm and occurs mainly during winter, from May to September, causing a
seasonal pattern of plant growth (Résch, 2001). The dry season normally occurs
between November and April (Cowling et al., 1999), although in December 2007
there was an exceptional precipitation of 29mm, which resulted in a second plant
growth for a few annuals.

The removal experiment (see 2.9) was conducted about 3 km outside of the
Nature Reserve on the farm Klein Goegap (S29 42.281 E18 02.973; altitude 900m).
This field site of 25ha shows a similar vegetation structure than the main field site in

the Goegap Nature Reserve.

(a) (b)

Figure 2
Field site during the dry non-breeding season (a) and the breeding season (b), in the Goegap
Nature Reserve, South Africa

2.3. Trapping and marking of animals

Striped mice were trapped alive using metal (26 x 9 x 9 cm) or plastic (29.5 x 8
X 6.5 cm) traps. Traps were baited with a mixture of bran flakes, currants, sea salt
and salad oil. Traps were placed in the shade under bushes which were identified as

nesting sites, as revealed by radio-tracking (2.5). Trapping was done in the early

13
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morning (start with sunrise) and late afternoon (end with sunset), but not during the
hottest time of the day. All traps were checked 45 to 60 Minutes after setting.
Trapped mice were weighted and their sex and reproductive status was determined.
Females were regarded as being reproductively active when a) having a perforated
vagina, b) red nipples due to lactation or c) lost more than 10% of body weight from
one day to another indicating that they gave birth. Males were regarded as being
reproductively active when they were scrotal. All mice were given two permanent ear
tags (National Band and Tag Co., USA). Trapping was done by field assistants
(between 1 and 3), the research station manager and myself. Therefore, each group
could be trapped at least once a month to mark juveniles and immigrants to the field
site.

On the field site we distinguished between focal groups and non-focal groups.
Focal groups were observed regularly (2.4) and at least one female of each group
was equipped with a radio collar to identify the nesting site (2.5). Non-focal groups
lived at the edge of the field site and their exact nesting sites were unknown.
However, traps were placed at several different bushes, which could be nesting sites,
as known from previous years when these areas were part of the field site. Only
individuals belonging to the focal groups were marked with a different combination of
hair dye colours (Inecto Rapid, South Africa) to recognize them individually in the
field. This method has no negative effects on their behaviour (Schradin & Pillay,
2004).

2.4. Identification of groups and behavioural obser  vations

All mice occupying the same nest were regarded as one group. Behavioural
observations were performed only for focal groups for 30 to 45 Minutes in front of the
nest (distance 5-10m) during early morning and late afternoon, to obtain information
about the group composition. Social interactions among group members were noted.
At each nest, the identity of an individual and the number of mice, including the
juveniles, was recorded. With the help of 1-3 field assistants, the research station
manager and me, we could observe 3-6 groups daily.

During the breeding season, we had 17 focal groups. Groups consisted of
1.9+£1.1 (meanzSD) females per group, with 8 groups including only one adult female

and one single group with 5 adult females. Generally, groups were small, having only
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2.2+1.3 members, which were mainly females. Only six males were group-living,
another seven males were roamers.

During the dry non-breeding season, we had 13 focal groups. Groups
consisted of 4.7+2.8 females per group. Groups had 9.6£3.5 members, but in
contrast to the previous breeding season, as much males (53.4+18.9% of all group
members) as females (46.6+18.9% of all group members) in a group (Wilcoxon-test,
Z=-0.140, p=0.889, n=13).

The boarder of the field site is formed by trapping spots and the size of the
field site was calculated as the 100% minimum convex polygon of the trapping sites.
For the breeding season (September 2007), | estimated the population density by
dividing the total number of adult mice (over 30g; Brooks, 1982) trapped in the field
site by the size of the entire field site (7.5 ha). In the dry non-breeding season
(February 2008), | estimated the population density with all mice trapped in the field
site (7 ha) that were born not later than the beginning of December and thus were
adults by the end of February 2008 (Brooks, 1982). Individuals lose around 12% of
body weight during summer (from December to April) (Schradin & Pillay, 2005b).
Therefore | included a few individuals that weighted below 30g (12% of all
individuals). | used data of body mass determined close to the beginning of a home
range session. Lighter neighbouring females were of the same weight or lighter than
the focal female, while heavier neighbouring females weighted at least 1g more than
the focal female.

| estimated the number of neighbours separately for each group. All individuals
of neighbouring groups were taken as neighbours. If the boarders of group territories
were less than 30m apart, groups were regarded as neighbours. With a greater
distance between territories, | thought contacts are rather unlikely. As for non-focal
groups no home range data were available, individuals were included as neighbours,
when they were trapped within a radius of 50m around a group territory. The same
criterion was taken for individuals of focal groups trapped at other trapping spots than
their nest. Males that were roamers and fitted with a radio collar were regarded as

neighbours for all groups with boarders less than 30m apart.
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2.5. Radio tracking and determination of home range size

Radio tracking was performed using an AOR 8000 wide range receiver and a
Telonics RA-14K antenna. Females were equipped with BD-2C or PD-2C radio
transmitters (Holohil, Carp, Ontario, Canada), weighing between 2.0g and 3.99g
representing less than 10% of body weight. To fit radio-collars, individuals were
trapped and anaesthetized with ether. Individuals were released after they had fully
recovered. It has been shown that radio transmitters are harmless to tagged
individuals (Schradin & Pillay, 2005a).

Striped mice are diurnal (Schradin & Pillay, 2004) and thus were radio-tracked
during the day (depending on sunrise / sunset approx. between 0800 h and 1700 h
during the breeding season in 2007, and from 0700 h to 1800 h during the dry non-
breeding season in February 2008). A radio tagged mouse was approached until
either the animal could be seen or after being sure it was hiding in a particular shrub
(homing-in method, White & Garrot, 1990). Females were radio tracked for nine
days, taking six fixes a day, approximately every two hours, to determine their home
range. For data points to be independent from each other, intervals had to be long
enough to allow striped mice to visit their entire territory (Kenward, 1987) and 2-h
intervals between fixes are known to be long enough for striped mice (Schradin,
2006a). By using a global positioning system (GPS) (eTrex Venture, GARMIN
International, USA) the position was recorded with an accuracy of five meters.
Collected data points were later saved in the program Map Source and checked for
outliers. The total of 54 fixes for each mouse lead to a saturation curve of home
range size (Fig. 3) (Kenward, 1987) and it has been previously shown that home
range size did not increase significantly with more fixes (Schradin & Pillay, 2005a).

About 27.4+16.8% of all locations (n=146) ranging from 0-70.4% were
confirmed by visual sightings. Striped mice in our field site are habituated to human
presence (Schradin & Pillay, 2005a). As indicated by the high percentage of visuals
sightings it seems that our presence has a negligible effect on their behaviour.

Additionally, for the entire study period, at least one female of each focal group
was radio tracked once during the day to see if the transmitter was still working and
once after the evening nest observation to determine the nesting sites of the groups.
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Figure 3

Relationship between home range size (mean) and number of days of radio tracking in September
2007 for 31 females. Three methods of home range estimation were used: 100% minimum convex
polygon method (100 MCP), 95% minimum convex polygon method (95 MCP); and 95 % kernel
contours method (95 KC).

During the breeding season in September 2007 49 adult mice (35 females and
14 males) belonging to 17 different groups were radio-tracked. Due to high predation,
only 31 females and 13 males were radio tracked for the entire 9 days. During the dry
non-breeding season in February 2008 14 females belonging to 13 different groups
were radio tracked. After the first day two females disappeared, but both were
replaced by another female of the same group and were also radio tracked for 9
days, such that sample size for analysis was N=14. Only two of these 14 females
were radio tracked during the previous breeding season in 2007. All other individuals
were born in the previous breeding season. They were at least 3 months old and thus
also adults (Brooks, 1982), but not yet breeders. Radio tracking was done by one
field assistant, the research station manager and me.

Home range size was calculated using the software Ranges6. Home range
size was determined using the minimum convex polygon method (Mohr, 1947)
incorporating 100% of all locations (hereinafter 100 MCP) recorded for each animal.
This allows better comparisons with previous studies on the same striped mouse
population (Schradin & Pillay, 2004, 2005a, 2006), the same species (Schradin &
Pillay, 2005a) and other species (Asher et al., 2004, Tew & MacDonald, 1994). For
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the conduction of plant surveys (2.6) within the home range this was the most
practical method to plot the home range in the field.

Additionally, for comparative reasons, home range sizes of 95% minimum
convex polygons and 95% kernel contours were determined (hereinafter 95 MCP and
95 KC, respectively). In contrast to the MCP method, Kernel methods give indication
of relative intensity of space use (Worton, 1989). As both, the minimum convex
polygon and the kernel contour methods, are widely used in the literature, | used 100
MCP, 95 MCP and 95 KC in this study. | also calculated a home range’s core area
based on the 50% MCP and 50% KC method. To determine the core area it is
common to use 50% of all fixes (e.g. Ostfeld, 1986, Hubbs & Boonstra, 1998). Home
ranges not including all fixes were peeled around the kernel centre which is the
location with the highest density (Worton, 1989).

In February 2008 one female disappeared the last day of home range session.
Thus, | calculated her home range size after 9 days by multiplying her home range
size after 8 days with the factor representing the mean increase of home range sizes
from day 8 to 9 for the other 13 females in February 2008. This factor was calculated
as 1.06.

| analysed the home range overlap within a group and between groups. |
could calculate home range overlap only for individuals fitted with a radio collar. All
analyses of home range overlap are based on the 100 MCP method, because with
the use of all data points it was most likely to detect such an overlap. | calculated the
proportional overlap by measuring the area in each home range of the target animal
that was shared by another individual's home range of the same group (intra-group
overlap) or of a neighbouring group (extra-group overlap) and dividing it by the focal
individual’'s home range. For the breeding season 2007 | compared intra- and extra-
group overlap only for females showing both (N=17), because 8 females were not
part of a group, but lived solitarily or in a pair with a male and 7 females showed no
overlapping with neighbouring females which were also radio tracked. For the food
experiment (2.8) and removal experiment (2.9), | also calculated the overlap of each
female with her previous home range to see if they did use the same area over time
or did shift their home range. | could include only females who were present until the

end of the experiment (N=23).
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2.6. Plant Survey

To get a measurement of home range quality, plant surveys were carried out
within two weeks after radio tracking had finished. Plant surveys were conducted for
all 31 females during the breeding season in September 2007 and for all 14 females
during the dry non-breeding season in February 2008. The edge points of the 100
MCP home range were determined using the software MapSource, then located by
GPS (go-to function) in the field and marked with an iron rod. These endpoints were
connected by a barrier tape to mark the home range in the field. Over each home
range a 2x2 m grid was placed using a 30m measuring tape. At each 2m point the
vegetation was investigated. Wherever possible the plant was identified to genus
level (9.31% of all counts) or species level (88.30% of all counts). In the case a plant
species could not be identified, it was defined as an “unknown shrub, dead” (0.76%
of all counts), “unknown shrub, green” (0.01% of all counts), “unknown annual, dead”
(1.52% of all counts) or “unknown annual, green” (0.10% of all counts). Additionally, it
was noted if the plant was green (scored “1”) or dead (scored “0”) and whether there
was enough cover for mice to hide in (scored “1”) or not (scored “0”). From radio
tracking experience we were able to asses whether a plant provided enough cover
for a mouse to hide in or not. Each plant species was categorized according to its
seasonal appearance, growth form, relative abundance, and palatability for striped
mice (as in Schradin & Pillay, 2006, where palatability is reported from behavioural
observations in the field). Plant species were regarded as annual when they were
present for less than 12 months in the field. As an exception, shrubs of the genus
Lycium were classified as annuals, because they are leafless in the dry season and
thus are a food resource for a short period of the year only for the striped mice. If no
plant was found at the 2m point, a zero score was recorded.

As plants assessed as a food resource also included annual plant species, |
separately calculated all perennial food plants and included them as a factor instead
of food plants in general. Thus, | could distinguish between the influence of perennial

and annual food plants.
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2.7. Long-term data

| included into my analysis additional home range and plant survey data that
have been collected since 2004 in the same way as described above. From 2004
until 2008, 143 female home ranges were determined. During the breeding seasons
2004, 2005, 2006 and 2007 a total of 87 (14, 15, 27 and 31, respectively) females
were radio tracked, compared to 56 (11, 16, 15 and 14, respectively) females during
the dry non-breeding seasons 2004, 2006, 2007 and 2008. For 19 females home
ranges were determined for both breeding seasons and dry non-breeding seasons.
In 2005 home range could not be estimated for the dry non-breeding season due to
unexpected rainfall resulting in a second plant growth and thus could not be regarded

as a dry season.

2.8. Experiment 1: Food supplementation

The food supplementation experiment was conducted immediately after data
collection for home ranges in September 2007 had ceased. In total 28 females of 15
groups (mean: 1.87 females/group, range: 1 to 5 females/group) were included. One
of the original 31 females had disappeared in the meantime, probably due to
predation and two females were excluded from the experiment because their home
ranges overlapped too much with other females (see below). However, only 23
females were still present at the end of this experiment in October.

Food was provided in a plastic bottle with the bottom cut away and a hole in its
side. Bottles were filled with hamster food containing a mixture of sunflower seeds,
maize, etc. (Brennco, Tswana Feeds and Packaging, South Africa). This food is also
used in the captive mice colony at the Research Station. To prevent birds from eating
all the food, the bottle was put upside down through a plastic box into the sand
(hereinafter called “feeder”). The mice could enter the plastic box through a short
tube of approximately 15cm length (Fig. 4). The entrance of the box, was pointing in
the direction of the bush. | observed the feeder during several hours at two different
groups before starting the experiment to be sure that the mice entered the box and
had access to the food. Feeders were checked regularly and refilled.

20



Methods

Figure 4
Feeder in the field. During the experiment, the entrance of the box pointed into the direction of the
bush, not away from the bush as on this picture.

For each of the 15 groups at least two feeders were placed within the
exclusive group territory, but for two groups one feeder was placed in the overlapping
area with another group. In two exceptional cases - one group including 5 females
and the other group having a large elongated territory - three instead of two feeders
were placed. An additional feeder was provided at a bush in the area that had been
visited the most by an individual during the home range session in September. As
home ranges within a group greatly overlap with each other, a feeder could be at the
“best” position for more than one individual. The closest feeder position to the
sleeping site of each female (the sleeping site before the onset of the experiment)
was on average 15.5+12.4m. For one female a feeder was placed directly at the
nest, because she had a small home range of only 0.06ha. During the whole
experimental period feeders were not moved. One female changed her sleeping site
after four days to the bush with the feeder.

Two females of two different groups were excluded at the start of the
experiment because they overlapped with several groups and had only a small
exclusive home range area. Nonetheless, feeders were placed at these two females
nests so to avoid them immigrating or competing for food with mice from groups who
had feeders. Furthermore, | put four additional feeders in the field - outside of the
territory of focal groups (average distance: 31.1+6.1m) - for neighbouring mice to

avoid that they were attracted to the feeder in another group’s territory. | put only four
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additional feeders in the field for neighbouring mice, as we hardly trapped any mice
in the surrounding area of our field site.

Together with a field assistant and the research station manager, | radio
tracked the females two more times as described under 2.5, ones one week after the
feeders were put into the field and one week after the feeders had been removed
from the field. The adjustment time of 1 week was chosen to give mice enough time
to detect the feeders and to adjust to the fact that feeders were not available
anymore. When we radio tracked the individual in the feeder bush, we noted it to see
how frequently the feeders were used by the individual. To compare whether the
individuals were most often in the feeder bush during the experiment, | calculated the
times an individual visited the feeder bush before and after the experiment in the
Program Map Source, regarding all points within a five meters (accuracy of GPS, see

above) circle around the feeder bush as a visit.

2.9. Experiment 2: Removal of individuals

This part of the study was done during the breeding season between
September and December 2007 on the neighbouring farm Klein Goegap 3kms away
from the other field site, in collaboration with the PhD project of lvana Schoepf. Two
replicas of this experiment were done on different parts of the field site with different
groups. Each replica consisted of removal groups (R groups), experimental
neighbouring groups (E groups) and control groups (C groups), which were not direct

neighbours of removed groups (Fig. 5).
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Figure 5

Experimental set-up of one replicate. Each artificial polygon represents the home range of a group.
Each replicate consisted of removed groups (R), experimental groups (E), which were directly
neighboured to R groups and thus expected to increase their home range size into vacated area,
and control groups (C), which were not directly neighboured to R groups and thus should not
increase their home range size. Dotted polygons illustrate home range of non-focal groups. Dashed
line represents the mountain area surrounding the field site on three sides.

For both replicas, a total of 19 mice from five different R groups were
permanently removed from the field. Two individuals of these groups were used in
the captive colony at the Research Station in the Goegap Nature Reserve and 10
individuals were euthanized for a research project on parasite load (Dr. S. Maethee,
University of Stellenbosch, South Africa). Seven individuals disappeared and were
never trapped again. We were sure we had removed all mice of R groups as mice
are very “trap happy” and we had not seen and trapped any mice for two successive
weeks. The decision which groups to remove was influenced by the fact that
mountains surround the field site on three sides. Therefore groups living close to the
mountains were removed, because we did not expect any unknown immigrants from
the mountain area. The number of R groups was decided according to the size of a
group territory and number of individuals living in it. This was done once all the
groups and their territories were known. For this purpose all adult mice of the focal

groups were radio tracked (see 2.5) to determine their home range before removing
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any mice. This was done by one field assistant and the PhD Student for the first
replica, and including me for the second replica. Once it was established that no mice
were left, home ranges were carried out for all adult females from control and
experimental groups to determine whether changes in home range sizes had
occurred. In total 38 adult females were radio tracked, but data to compare home
range size before and after the removal only exist for four experimental and seven
control females, all belonging to different groups, exceptionally two control females
were part of the same group. For four females data was only available after the

removal period, all the other females died or disappeared in the meantime.

2.10. Statistical analysis

Statistical analyses were carried out in SPSS (version 14.0 for windows SPSS
Inc.), InStat (Demo version, GraphPad Software Inc.) and R 2.4.1 (R Development
Core Team 2006). All tests were two-tailed and null-hypotheses were rejected at a
significance level of < 0.05. Data were tested for normal distribution. When they
were not normally distributed, the variables were either logarithmic or square root
transformed or non-parametric tests were used. The Man-Whitney U-test is
abbreviated as U-test and the Wilcoxon matched pairs rank sign test as Wilcoxon
test.

All statistical analyses on the factors influencing home range size are based
on 100 MCP, if not specially mentioned. To explain variation in home range size |
combined the data collected in September 2007 and in February 2008 in one linear
mixed effect model. | run three different models (Table 1) to test whether the whole
group and all neighbours (Model 1A) or if especially one sex (Model 1B) influence
female home ranges. In a third model (1C) I tested if the weight of female neighbours
affects female home ranges. In these models | included the group identity as a
random factor, because some females belonged to the same group. When analysing
the long-term data collected since 2004, | also run three different models as before
(Models 2A to 2C), but I included some more factors (Table 1), because sample size
was much higher. Here | additionally included the identity of a female nested in the
group identity as a random factor, because some females were radio tracked twice,

once during the breeding season and once during the dry non-breeding season. |
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used the Akaiké information criterion (AIC) to select the best model indicated by the
lowest AIC value (Burnham & Anderson, 1998).

Table 1
Overview of the linear mixed effect models including different factors. X means this factor was
included in the analysis.

Data from 2007 and 2008 | Data from 2004 until 2008
Model 1 Model 2

Factor A B C A B C
Cover X X X X X X
Season X X X X X X
Food resources:

- relative amount of

annuals X X X X X X

- relative amount of

perennial food plants X X X X X X

- absolute amount of

annuals X X X

- absolute amount of

perennial food plants X X X
Population density X X X
Neighbours:

- total (both sexes) X X

- male X X X X

- female (total)

- heavier
- lighter

Group size:

- total X X

- female members X X X

- male members
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When using linear mixed effect models, | excluded stepwise non-significant
factors from models, starting with the factor with the highest p-value. The stated p-
values of non-significant results indicate the last p-value before the factor was
excluded from the model. In the final model having only significant factors, |
calculated all two-way interactions between season and significant factors to test
whether home range size is similarly influenced by a factor in both seasons.

| analyzed the data collected for experiment 1 (2.8) by using repeated
measures ANOVA followed by a paired t-test corrected with Bonferroni sequential
adjustment to compare the home range size during the experiment both with the
home range size before and after the experiment. Females not present until the end
of this experiment were excluded. For one female all home range data are based on
8 days only. Her transmitter expired after 8 days during the experiment, but could be
replaced in time to radio track her again after food was taken out of the field.

To compare home range size before and after the removal experiment (2.9) |
used a paired data design. As paired data were available for only seven control and
four experimental females, | performed statistical tests only for females belonging to

control groups.

26



Results

3. Results

3.1. Breeding season in September 2007

Total home range size of female striped mice varied from 0.06ha to 0.8ha
(0.29£0.15ha, n=31). Female home ranges of the same group largely overlapped
with each other compared with home ranges of neighbouring females (Fig. 6). Intra-
group overlap was 50.0+17.9%, while extra-group overlap was 17.1+10.2% (paired t-
test, t16=6.133, p<0.0001). Females showing extra-group overlap, overlapped with
2.0£1.2 neighbouring females. Seven females did not overlap with neighbouring
females which were also radio tracked.

A female’s home range included on average 17.10+£8.47 plant species. Of all
plants occurring in a home range 72.10+8.69% were green plants and 90.01+9.19%
of the green plants were assessed as food plants. Of food plants, 53.12+14.88%
were annual plant species. Each home range included areas of sandy patches
without plants (43.62+12.88%).

3.2. Dry non-breeding season in February 2008

Total home range size of female striped mice varied from 0.06ha to 0.41ha
(0.17+0.10ha, n=14). A female’s home range included on average 8.64+3.65 plant
species. Each home range included 49.44+9.32% sandy areas without plant growth.
Of all plants occurring in a home range 64.33+£14.76% were green plants and of
these 64.82+29.27% were food plants. In contrast to the previous breeding season

only 18.17+15.07% of food plants were annual plant species.

27



Results

Figure 6

Overlapping home ranges within a group and with neighbouring individuals. Each polygon
represents the home range of one individual. In black home ranges of 5 females belonging to the
same group and in grey home ranges of neighbouring individuals of different groups.

3.3. Which factors are responsible for the high var iability of female home

range size?

3.3.1. Data from breeding season 2007 and dry non-b  reeding season 2008

From the model 1A (AIC=99.0) (see Table 1) group size, availability of annual
plants, perennial food plants and cover influenced home range size (Table 2),
whereas number of neighbours (F120=0.004, p=0.9506) and season (Fj2;=1.312,
p=0.2648) did not. The exclusion of these two non-significant factors lead to a better
model (AIC=86.2). Home range size decreased with an increase in group size (Fig.
7). Female home range size decreased with increasing availability of annual plants
(Fig. 8a), availability of perennial food plants (Fig. 8b) and availability of cover (Fig.
8c). All two-way interactions among season and significant covariates were non-
significant (season*group size: F;17,=0.008, p=0.932; season*%cover: F;15=0.563,
p=0.580; season*%annuals: F;19=0.530, p=0.476; season*%perennial food plants:
F120=2.391, p=0.138).
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I run the same model, but | separated the group size into female and male
members and the number of neighbours into male and female neighbours (Model 1B,
AIC=111.3) (see Table 1). In the final model (AIC=85.4) season, availability of annual
plants, availability of perennial food plants and availability of cover influenced female
home range size (Table 3). Here the season affected female home ranges in the way
that home range size was larger during the breeding season than during the dry non-
breeding season (Fig. 9). Female home range size was negatively related to
availability of annual plants (Fig. 8a), availability of perennial food plants (Fig. 8b) and
cover (Fig. 8c). | found neither an influence of group members (males (F;20=1.452,
p=0.2423) and females (F121=3.573, p=0.0726)) nor neighbours (males (F;15=0.036,
p=0.8522) and females (F110=0.011, p=0.9169)) on female home range size. When
looking at possible interactions among season and the significant covariates, such as
availability of annual plants, perennial food plants and cover, no significant effects
were found (season*%annuals: F;2;=3.799, p=0.0648; season*%perennial food
plants: F120=1.903, p=0.183; season*%cover: F119=0.773, p=0.390).

Another model (Model 1C, AIC=115.9) (see Table 1) distinguishing between
heavier and lighter neighbouring females, revealed no difference to the above model
1B. Neither female neighbours being lighter (F11,=0.084, p=0.776) nor female
neighbours being heavier than focal female (F120=3.389, p=0.081) affected home

range size.

Table 2

Linear mixed effect model (AIC=86.2) explaining home range size variation. Estimates with standard
error (SE), degrees of freedom (DF), denominator degrees of freedom (Den DF), F values and p
values are given.

Model Estimate +t SE = DF  Den DF F value p value
Home range size (log)
Group size -0.100 = 0.022 1 22 21.167 0.0001
Annuals [%] -0.033 + 0.006 1 22 30.576 < 0.0001
Perennial food plants [%] -0.029 £ 0.011 1 22 6.819 0.0159
Cover [%)] -0.028 + 0.008 1 22 11.189 0.0029

Group size represents the number of individuals of both sexes within a group, annuals [%]
represents the relative availability of annual plants, perennial food plants [%] represents the relative
availability of perennial food plants and cover [%] represents the relative availability of cover within
the home range.
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Table 3

Linear mixed effect model (AIC=85.4) explaining home range size variation. Estimates with
standard error (SE), degrees of freedom (DF), denominator degrees of freedom (Den DF), F
values and p values are given.

Model Estimate +t SE = DF Den DF F value p value
Home range size (log)
Season 0.640 £ 0.165 1 22 15.085 0.0008
Annuals [%] -0.030 £ 0.006 1 22 27.507 < 0.0001
Perennial food plants [%] -0.028 £ 0.011 1 22 6.634 0.0172
Cover [%] -0.034 + 0.008 1 22 19.183 0.0002

Season represents the change from the breeding season to the dry non-breeding season, annuals
[%] represents the relative availability of annual plants, perennial food plants [%] represents the
relative availability of perennial food plants and cover [%] represents the relative availability of
cover within home range.
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Figure 7

Relationship between home range size [ha] and group size for female striped mice during the
breeding season in September 2007 (black circles) and during the dry non-breeding season in
February 2008 (white circles). Each point represents one individual (n=45).
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cover [%] for female striped mice during the breeding season in September 2007 (black circles)
and the dry non-breeding season in February 2008 (white circles). Each point represents one
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Figure 9
Comparison of home range size (mean+SD) between the breeding season in September 2007
(n=31, black bar) and the dry non-breeding season in February 2008 (n=14, white bar).

3.3.2. Long-term data from 2004 until 2008

From the model 2A (AIC=177.3) (see Table 1) season, total amount of
neighbours, relative amount of annual plants and relative and absolute amount of
perennial food plants influenced home range size of female striped mice (Table 4).
On the other hand, population density (F;,=0.258, p=0.6270), absolute amount of
annual plants (Fy1s=1.422, p=0.2672), cover (F1¢=2.425, p=0.1538) and group size
(F110=2.505, p=0.1446) did not affect home range size. The exclusion of these non-
significant factors lead to a better model (AIC=135.2, Table 4). Home range size was
larger during the breeding season (0.29x£0.17ha) than during the dry non-breeding
season (0.22+0.13ha) (Fig. 10). Home range size showed a negative relationship
with the number of neighbours (Fig. 11). Home range size was inversely related to
the relative amount of annual plants and perennial food plants (Fig. 12a and 12b) and
the larger a home range the more perennial food plants were included (Fig. 12c).
Annual plants and perennial food plants were more abundant during the breeding
seasons (22.02+11.21% and 19.47+10.78%, respectively) than during the dry non-
breeding seasons (6.36£6.97% and 15.19+6.08%, respectively) (U-test: U=460,
p<0.0001, m=87, n=56, and U=1936, p=0.039, m=87, n=56, respectively). During the

breeding seasons 49.35+16.73% of food plants were annuals compared to the dry
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non-breeding seasons with only 17.56+13.86% of food plants being annuals (U-test:
U=344, p<0.0001, m=87, n=56).

When looking at possible interactions among season and significant
covariates evidence was found for interactive effects between season and relative
amount of annual plants (F110=53.002, p<0.0001) and absolute amount of perennial
food plants (F110=15.756, p=0.0026), respectively, indicating that relative amount of
annual plants and absolute amount of perennial food plants did not similarly affect
home range size between the breeding seasons and the dry non-breeding seasons.
The other interactions (season*%perennial food plants: F;7=0.220, p=0.6534;
season*total neighbours: F; g=4.466, p=0.0675) were non-significant suggesting that
both relative amount of perennial food plants and total number of neighbours,
influenced female home ranges in a similar way during the breeding seasons and the
dry non-breeding seasons.

| run the same model, but | included male and female group members instead
of group size, and male and female neighbours instead of total number of neighbours
(Model 2B, AIC=188.6) (see Table 1). The final model (AIC=130.3) revealed that
season, male neighbours, relative amount of annuals, relative and absolute amount
of perennial food plants significantly influenced female home ranges (Table 5). On
the other hand, female group members (F15=0.171, p=0.6967), population density
(F16=0.965, p=0.3638), cover (F17=1.393, p=0.2764), absolute amount of annuals
(F18=2.059, p=0.1893), female neighbours (F;¢=3.659, p=0.0881) and male group
members (F1,10=1.797, p=0.2097) did not affect home range size. This result is
similar to the model described above when including group size and total number of
neighbours (Table 4). The distinction between male and female neighbours revealed
that male neighbours affected female home ranges, but female neighbours did not,
although male neighbours (48.77+£11.14% of all neighbours) were not more abundant
than female neighbours (51.26+11.41% of all neighbours) (Wilcoxon test, Z=-1.306,
p=0.192, n=143). Females decreased their home ranges with an increase of
neighbouring males (Fig. 13).

When looking at possible interactions among season and significant
covariates, relative amount of annual plants (F;9=8.251, p=0.0184) and absolute
amount of perennial food plants (F19=15.620, p=0.0033) interacted with season,
suggesting that they affected home range size differently during the breeding

seasons and during the dry non-breeding seasons. The other interactions (season*
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%perennial food plants: F; 7=0.274, p=0.6166; season*male neighbours: F;g=3.229,
p=0.1101) were not significant.

Another model (Model 2C, AIC=191.9) (see Table 1) distinguishing between
lighter and heavier neighbouring females revealed no difference to the above model
(Table 9 in appendix). Neither heavier neighbouring females (F;=0.714, p=0.4304)
nor lighter neighbouring females (F110=2.448, p=0.1487) affected female home

ranges.

Table 4

Linear mixed effect model (AIC=135.2) explaining home range size variation. Estimates with
standard error (SE), degrees of freedom (DF), denominator degrees of freedom (Den DF), F values
and p values are given.

Model Estmate +t SE DF DenDF Fvalue p value
Home range size (log)
Season 0.285 + 0.081 1 11 12.544 0.0046
Neighbours (total) -0.005 £ 0.001 1 11 24.744 0.0004
Annuals [%] -0.018 £ 0.003 1 11 40.706 0.0001
Perennial food plants [%] -0.043 + 0.004 1 11 114.875 <0.0001
Perennial food plants [abs.] 0.010 £ 0.001 1 11 154.302 <0.0001

Season represents the change from the breeding season to the dry non-breeding season,
neighbours (total) represents all neighbours of both sexes, annuals [%] represents the relative
amount of annual plants, perennial food plants [% and abs.] represents the relative and absolute
amount of perennial food plants.

Table 5

Linear mixed effect model (AIC=130.3) explaining home range size variation. Estimates with
standard error (SE), degrees of freedom (DF), denominator degrees of freedom (Den DF), F values
and p values are given.

Model Estimate +t SE DF DenDF F value p value
Home range size (log)
Season 0.266 = 0.080 1 11 10.995 0.0069
Male neighbours -0.001 £ 0.002 1 11 29.068 0.0002
Annuals [%] -0.017 £ 0.003 1 11 40.208 0.0001
Perennial food plants [%] -0.042 + 0.004 1 11 115.653 < 0.0001
Perennial food plants [abs.] 0.010 £ 0.001 1 11 160.123 < 0.0001

Season represents the change from the breeding season to the dry non-breeding season, male
neighbours represents all neighbours of male sex, annuals [%] represents the relative amount of
annual plants, perennial food plants [% and abs.] represents the relative and absolute amount of
perennial food plants.
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Figure 10

Relationship between home range size (mean+SD) and season, and between population
density and season for female striped mice between 2004 and 2008. Black bars = breeding
season home ranges; white bars = dry non-breeding season home ranges; triangles = breeding
season population density; circles = dry non-breeding season population density.
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Figure 11

Relationship between home range size and total number of neighbours (both sexes) for female
striped mice during the breeding seasons (black circles) and during the dry non-breeding
seasons (white circles). Each point represents one individual (n=143).
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Relationship between home range size and (a) annuals [%)], (b) perennial food plants [%] and (c)
perennial food plants [absolute amount] for female striped mice during the breeding seasons
(black circles) and during the dry non-breeding seasons (white circles). Each point represents
one individual (n=143).
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Relationship between home range size and number of male neighbours for female striped mice
during the breeding seasons (black circles) and during the dry non-breeding seasons (white
circles). Each point represents one individual (n=143).

3.4. Experiment 1: Food supplementation

Use of feeder

Females were radio tracked 18.17+11.90% (variation: 5.6-59.3%) in the bush
nearby the feeder (“feeder-bush”) indicating that feeders were used. We often
observed females running out of feeders or going into them. One female (F2986)
moved her nest to the feeder-bush after four days and spent almost 60% of the time
in this bush. Visiting of the feeder-bush varied between before, during and after food
supplementation (repeated measures ANOVA, F,,=6.666, p=0.0030). However,
differences between visits before and during the experiment and during and after the
experiment, respectively, were not significant (paired t-test, t,,=2.013, Bonferroni-
adjusted p=0.113 and t,,=1.474, Bonferroni-adjusted p=0.1547, respectively), but
females spent significantly less time in the feeder-bush after than before the

experiment (paired t-test, t,,=3.909, Bonferroni-adjusted p=0.0024).

Home Range Size
For the experiment involving food supplementation, home range size of female

striped mice varied for the 100 MCP method (repeated measures ANOVA,
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F220=4.196, p=0.0215) and for the 95 KC method (repeated measures ANOVA,
F22,=3.565, p=0.0367), but only tended to vary for the 95 MCP method (repeated
measures ANOVA, F,,,=2.875, p=0.0670). With additional food available, females
decreased their home range size, and increased again once food was removed from
the field site (Fig.14). Core area size (50 MCP and 50 KC) varied between different
experimental periods (repeated measures ANOVA F;,,=4.465, p=0.0172 and
F22,=7.783, p=0.0013, respectively) with the smallest core area during the
experiment (Fig. 14).

Core area size was around 20% of the home range size (Table 6) and this
ratio remained stable over time for 50MCP / 100 MCP and 50MCP / 95MCP,
respectively (repeated measures ANOVA, F,2,=1.673, p=0.1993 and F;2,=0.827,
p=0.4442), but not for 50KC / 95KC (repeated measures ANOVA, F,,,=4.143,
p=0.0225). Here, the core area in relation to the home range size increased
significantly after the experiment and tended to decrease during the food
supplementation (paired t-test, t=-2.393, Bonferroni-adjusted p=0.052 and t=1.953,
Bonferroni-adjusted p=0.064).
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Figure 14

Overview of home range sizes and core area sizes (meanzSD) before (white bars), during (black
bars) and after (grey bars) providing additional food calculated by different methods. 100 MCP
represent the 100% minimum convex polygon method, 95 MCP represents the 95% minimum
convex polygon method, 95 KC represents the 95% kernel contours method, 50 MCP represents
the 50% minimum convex polygon method, and 50 KC represents the 50% kernel contours
method. N=23 for each experimental phase. ns: p>0.1, ns): p<0.1, *p<0.05, **p<0.01, ***p<0.001;
Bonferroni-corrected paired t-test.
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Table 6
Average values (£SD) of the ratio of core areas (50 MCP and 50 KC) to home range sizes (100
MCP, 95 MCP and 95 KC) before, during and after food supplementation.

Method before during after

50 MCP / 100 MCP 0.20+0.06 0.19+0.07 0.22+0.08
50 MCP / 95 MCP 0.26+0.08 0.24+0.09 0.27+0.09
50 KC /95 KC 0.20+0.06 0.17+0.06 0.22+0.08

100 MCP represent the 100% minimum convex polygon method, 95 MCP represents the 95%
minimum convex polygon method, 50 MCP represents the 50% minimum convex polygon method,
95 KC represents the 95% kernel contours method and 50 KC represents the 50% kernel
contours method.

Home range overlap

Each female showed a great overlap with her previous home range (see
example in Fig. 15). Home ranges during food supplementation overlapped by
69.7+22.9% with the home ranges measured before the experiment. Home ranges
after the supplemental food was taken out of the field overlapped by 66.2+17.2% with
the home ranges measured during the experiment. Home ranges after the food
supplementation also greatly overlapped with home ranges measured before the
experiment (67.2+23.9%). The overlapping area did not differ between these three
periods (repeated measures ANOVA, F,,=0.2684, p=0.7659) indicating that females
used the same area over time.

Females, which showed extra-group overlapping, overlapped with 1 to 5
(2.1+0.9), 1 to 4 (1.6+0.9) and 1 to 3 (2.0+0.8) neighbouring females before, during
and after the experiment, respectively. Six females did not show any overlap with
neighbouring females before and during the experiment, respectively. After the end
of food supplementation, ten females did not overlap with neighbouring females.
Extra-group overlapping showed no variation over time (repeated measures ANOVA,
F211=0.5477, p=0.5860) suggesting that competition for food resources did not
increase when supplemental food was available. This was supported by the fact that
no newly immigrated individuals were neither trapped nor observed at the nests
during the entire experimental period.

Females did not show any variation in overlapping with female group members
(one-way ANOVA, F,37=0.2460, p=0.7832). The number of females showing intra-

group overlap decreased over time from 18 to 7 females from a total of 23. This was
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due to the fact that several females disappeared during the experiment and therefore

groups’ sizes were reduced.

20m

Figure 15

Home ranges (100 MCP) and core areas (50 MCP) of female F2986 of Group 36. Dashed line
represents home range (large polygon) and core area (small polygon) before the experiment, solid
line represents home range (large polygon) and core area (small polygon) during the experiment,
and dotted line represents home range (large polygon) and core area (small polygon) after the
experiment. The grey circle shows the kernel centre of the home range before the experiment. The
filled black circle and the solid circle show the position of two feeders. The solid circle is also the
kernel centre of the home range during the experiment. Dotted circle represents the kernel centre of
the home range after the experiment. 100 MCP and 50 MCP represent the 100% and 50% minimum
convex polygon method, respectively.

Location of feeder and kernel centre

For each female at least one feeder was placed within the home range before
the experiment at a distance of 6.6+5.8m (variation: 0.0-19.7m) from the kernel
centre and all but one female did include a feeder within the core area. The distance
of the kernel centre to the closest feeder during the experiment was 14.4+13.7m
(variation: 0-59.4m), which is significantly larger than before the start of the
experiment (paired t-test, t,,=2.399, p=0.0253). Three females moved their kernel
centre more than 25m away from the feeder. After excluding these females there was
no difference in the distance to the feeder (paired t-test, t19=1.608, p=0.1243). For six
females the kernel centre during the experiment was identical with the feeder position
(distance <5m) (see example in Fig. 15).
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Generally, the distance between kernel centres before and during the
experiment showed a high variability (22.5+23.4m, variation: 0.0-74.2m). Ten females
had the kernel centres less than ten meters apart from each other, while six females
had it more than 35m apart. Four of these six females split from their group and

founded a new group.

Influence of natural food availability

As females with a higher home range quality had smaller home ranges, one
could expect that an increase in food availability would not influence their behaviour
as much as of females with a low home range quality. The reduction of home range
size due to supplemental food was positively correlated with the relative availability of
annual plant species in their home range measured before the experiment in
September (r=0.515, p=0.012, n=23, Fig. 16), but not with the relative amount of
perennial food plants (r=-0.089, p=0.686, n=23).
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Figure 16

Relationship between the change in home range size (calculated as the home range size during
the experiment divided by the home range size before the experiment) and annuals [%] (relative
amount of annual plants measured before the experiment). Each point represents one individual
(n=23).
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3.5. Experiment 2: Removal of individuals

For females belonging to experimental groups, home range data from before
and after removal were only available for four individuals. Hence, no statistical
analyses could be performed. Two experimental females increased their home range
size whereas the other two females decreased their home range size (Table 7).

For seven females belonging to control groups, data were available to
compare home range before and after the removal of individuals. Five of seven
females increased their home range size (Table 7), but a comparison of home range
size before and after the removal of individuals indicated no difference for control
females independent of the method (paired t-test, all p-values > 0.05, n=7).

Home range measured after the removal included 65.7+£15.2% of home range
measured before the removal showing that both females of control and experimental

groups, did not shift their home ranges after the experiment.

Table 7
Home Range sizes (ha) for all females with paired data (before and after removal) available.

100 MCP 95 MCP 95 KC

before after before after before after

Female Removal Removal | Removal Removal | Removal Removal
Experimental

F5058 0.24 0.35 0.18 0.23 0.16 0.24
F5154 0.38 0.6 0.33 0.49 0.33 0.62
F5208 0.45 0.36 0.35 0.27 0.34 0.33
F5330 0.51 0.39 0.44 0.28 0.47 0.32
Control
F5096 0.36 0.72 0.34 0.5 0.26 0.43
F5162 0.20 0.14 0.13 0.13 0.17 0.1
F5120 0.45 0.43 0.39 0.33 0.43 0.31
F5174 0.34 0.65 0.32 0.6 0.33 0.69
F5290 0.23 0.32 0.17 0.28 0.22 0.24
F5502 0.24 0.33 0.21 0.31 0.23 0.32
F5504 0.15 0.24 0.15 0.21 0.11 0.2

100 MCP represents the 100% minimum convex polygon method, 95 MCP represents the 95%
minimum convex polygon method and 95 KC represents the 95 % kernel contours method to
determine home range size.

42



Discussion

4. Discussion

The interspecific home range size variation is often related to body size (e.qg.
McNab, 1963; Harestad & Bunnell, 1979), while the intraspecific variability is still
poorly understood. Most studies regarding intraspecific home range size variation
only investigated a single factor or a few factors. However, as many factors might
influence each other, e.g. population density and food availability, a single factor
approach is problematic. The striped mouse from the Succulent Karoo lives in a
seasonal environment. This seasonal environment made it possible to investigate
many different variables simultaneously. A previous study on striped mice already
revealed a high variability in home range size within the same population (Schradin &
Pillay, 2004). In this study, | investigated the effect of seasonality, population density,
number of neighbours, availability of food resources and cover on home range sizes
of females. To my knowledge, this was the first time that so many factors were

investigated simultaneously in one study.

4.1. Which factors are responsible for the high var iability of female home

range size?

Cover

When looking at data of the breeding season in 2007 and the dry non-
breeding season in 2008 only, cover availability seemed to determine home range
size. The effect of cover disappeared analyzing long-term data from 2004 until 2008
(see Table 9 in appendix) suggesting that cover availability is not that important.
Nonetheless, spatial distribution of small mammals can be associated with areas of
dense cover (e.g. wild guinea pigs, Cavia aperea, Asher, 2004; degu, Hayes et al.,
20007; striped mouse, Keller & Schradin, 2008). Roe deers increase home range
size with the visibility in the home range (Tufto et al., 1996) and shift their core areas
after removal of cover into areas providing cover (Cimino & Lovari, 2003). Indeed,
rodents prefer areas providing cover (Plesner-Jensen et al., 2003) and predation risk
influences foraging activity of small rodents (Kotler, 1984; Anderson, 1986; Brown et
al., 1988). Although, home range size of female striped mice was not affected by
cover availability, enough cover is important for the occurrence of small mammals in
the Succulent Karoo (Keller & Schradin, 2008).
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Seasonality of home range size

Female striped mice had larger home ranges during the breeding season than
during the dry non-breeding season, when food was scarce. As in degus (Octodon
degus), female striped mice might try to save energy during the hot, dry summer and
thus reduce their moving activity (Bozinovic et al., 2004). Also female California
voles, like female striped mice, increase their home range during the breeding
season although food supply is highest during this time of the year (Salvioni &
Lidicker, 1995). In South American rodents (Calomys venustus), females increase
their home range size from the non-breeding season to the breeding season even
though food supply is constant over the year (Priotto et al., 2002). These studies
indicate that food availability per se often does not affect home range size in rodents.
Furthermore, in striped mice, the decrease in home range size after the breeding
season does not seem to be due to higher population densities (which itself
influences home range size; see below), as in e.g. Calomys venustus both females
living at high and low population densities reduce their home ranges (Priotto et al.,
2002). Reproductively active females may need more energy than non-reproductively
active females due to lactation (Acomys cahirinus: Degen et al., 2002; Meriones
crassus; Kam et al.,, 2003; Microtus brandtii; Liu et al., 2003). For example in roe
deers, females with fawns have larger home ranges than females without fawns
(Tufto et al., 1996; Said et al., 2005), but in bank voles (Clethrionomys glareolus)
litter size does not affect female home range sizes and females with larger home
ranges do not have heavier weanlings (Koskela et al., 1999). Therefore, female
striped mice might need a larger area during the breeding season to meet their

energy requirements (Harestad & Bunnell, 1979).

Food resources and group size

Higher abundance of food resources (perennial and annual plants) resulted in
a reduction of home range size during both breeding and dry non-breeding season.
Therefore, it might seem surprising that female striped mice had smaller home
ranges during the dry non-breeding season when food is scarce, but to explain
differences in home range size between seasons, one should consider other aspects
than food per se (see above). However, food availability is very important in

determining home range size of females, as | could also show with a supplemental
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food experiment (see below). This is in line with other correlative studies showing an
inverse relationship between resource availability and home range size (Tufto et al.,
1996; Lurz et al., 2000; Said et al., 2005). Still, the absolute number of food items
increased with an increase in home range size. If females choose their home range
to meet their energy requirements, they should include a specific amount of food.
This suggests that females have larger home ranges than they need. When the
home range overlaps with other home ranges of individuals of the own group or
neighbouring groups, food resources have to be shared, which results in larger home
ranges to meet the own energy requirements (Buskirk, 2004). In striped mice,
females largely overlapped with female group members. However, group size only
affected female home ranges when looking at data of the breeding season in 2007
and the dry non-breeding season in 2008 (see Fig. 9), but not in the long-term study
suggesting that group size is not that important. In the banded mongoose (Mungos
mungo) also no relationship between home range size and group size occurs
(Gilchrist & Otali, 2002). Furthermore, that group size is not that important is also
supported by the fact that neither the number of male nor female adult group
members influenced female home ranges. Instead, it is possible that females include
more food items than they need themselves to provide enough food resources for
their juveniles, as the offspring of both sexes stays in their natal group (Schradin &
Pillay, 2004).

The fact that female home range sizes showed a negative relationship with the
relative food availability and that females reduced their home range size due to
supplemental food (see below) is in contrast with the finding that home ranges were
smaller during the dry non-breeding season, when food abundance was scarce. A
similar pattern has been found in spiny rats, where smaller home ranges in the dry
season compared to the wet season are explained by reduced reproductive activity
and higher population density (Endries & Adler, 2005). Another study in pampas deer
revealed no differences in home range size between the dry season and the wet
season, but greater moving distances during the rainy season (Rodrigues &
Monteiro-Filho, 2000). Striped mice shift their home ranges seasonally from the
shrub belt around the riverbed characterized by evergreen succulent shrubs into
sandy areas with a high abundance of protein-rich annual plants in spring (Schradin
& Pillay, 2006). During the dry season in summer, these sandy areas are rather

useless for the mice as these areas hardly contain any food plants and provide no
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cover. Therefore, food resources are more clumped around the riverbed. Although |
did not investigate moving activity in this study, it is likely, that female striped mice
restricted movement during the dry non-breeding season that probably resulted in

decreased home range sizes.

Population density and neighbours

Females with many neighbours had smaller home ranges than females with
fewer neighbours, indicating a higher competition for resources (Hixon, 1980). The
estimation of the number of neighbours for individual females predicted home range
size more accurately than population density, being the same for all individuals within
the same season and year. In several rodent species, it has been shown that
individuals living at high population densities have smaller home ranges than
individuals living at low population densities (e.g. Microtus agrestis, Erlinge et al.,
1990; Clethrionomys glareouls, Koskela et al., 1999; Calomys venustus, Priotto et al.,
2002), whereas other studies revealed no effect of population density on home range
size (e.g. Mus musculus domesticus, Mikesic & Drickamer, 1992). The number of
neighbours of the opposite sex affected the home range sizes of female striped mice
more than the number of neighbours of the same sex, but on average male
neighbours were not more abundant than female neighbours. This is surprising,
because females are more aggressive towards foreign females than males are
(Schradin, 2004). Even though individuals are more likely to attack individuals lighter
than themselves (Schradin, 2004), suggesting that females should be more restricted
in their activity by heavier neighbours, | could not show such an influence. House
mice extend their home ranges only when neighbours of the same sex disappeared
(Fitzgerald et al., 1981). This indicates that neighbours of the same sex restrict
individuals more in their home range size than neighbours of the opposite sex, which
Is in contrast to my findings. However, the influence of neighbours, especially
differences between neighbours of the same and the opposite sex, on home range

size, has hardly been investigated so far.

Summary
| could show that seasonality, number of neighbours and food resources were
important to explain home range size variation in female striped mice, while

population density, group size and cover were not. Previous studies related
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intraspecific variability to e.g. seasonality, food availability, population density or
cover, but most of these studies investigated only a few factors. It is possible that
looking at each factor separately and not in combination with other factors, might
show an influence on home range size of all of them. Although so many factors have
been investigated, further studies are needed. The fact that females decreased home
range size after the breeding season, even though food was scarce, needs further
investigation e.g. of the influence of the reproductive activity or the energetic
requirements and expenditure. As reproduction is costly (Kam et al., 2003) female
striped mice might have larger home ranges during breeding season to meet their
energy requirements (Harestad & Bunnell, 1979). The negative relationship between
food resources and home range size was also confirmed experimentally. | showed a
correlative relationship between number of neighbours and home range size, but
whether this represents a causal connection needs further investigations, as in my
experimental study the low sample size of the removal experiment did not allow any

conclusions (4.3)

4.2. Experiment 1. Food supplementation

As | could show a correlative relationship between food availability and home
range size, | wanted to test experimentally the influence of food availability by
providing additional food to show a causal connection. Experimental food
provisioning lead to a reduction of female home range sizes, and termination of food
provisioning lead to an increase of home ranges to sizes similar to the ones before
the onset of the experiment. Several previous experimental studies on different
species have shown that animals decrease their home ranges when additional food
is provided (Scelloporus jarrovi: Simon, 1975; Microtus townsendii: Taitt, 1981,
Peromyscus maniculatus: Taitt & Krebs, 1981; Sitta europaea: Enoksson & Nilsson,
1983; Clethrionomys rufocanus: Ims, 1987; Junco hyemalis: Roth & Vetter, 2008).
Most of these studies were conducted over longer periods of several months (Taitt,
1981; Taitt & Krebs, 1981, Enoksson & Nilsson, 1983; Roth & Vetter, 2008) and thus
immigration and reproduction increased on areas with supplemental food, leading to
a higher population density (Taitt, 1981; Taitt & Krebs, 1981; Perrin & Johnson,
1999). Therefore, in these studies a distinction between the influence of increased

food availability and higher population density on home range size was
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problematical. In my study, | provided supplemental food only during three weeks. As
| conducted my experiment during the breeding season, | could not avoid an increase
in population density due to reproduction, but adult individuals can dominate
juveniles because they are of much larger body size (Schradin, 2004). This means
that the juveniles did not represent an increase in competition for food resources that
would lead to a reduction in home range size. No newly immigrated foreign
individuals were observed or trapped at the nests, suggesting that immigration into
the field site can be excluded as explanation for the reduction in home range sizes.
Females increased their home range size to the initial size after the removal of
additional food, thus the influence of increased population density can be excluded.
Otherwise, one would assume that individuals would rather keep their smaller home
ranges. Females did not overlap to a greater extent with neighbouring females during
the experiment than they did either before or after the experiment, indicating that they
did not experience a higher competition for food resources. This is in contrast to
other rodent species, where supplemental food experiments also resulted in a higher
home range overlap (Ostfeld, 1986; Ims, 1987), because females were more spatially
clumped (Ims, 1987). As | placed feeders systematically and not randomly (Ims,
1987) in the field, so that each female had at least one feeder in its home range, a
spatial clumping and thus increased competition for food could be avoided. Thus, this
provided one of the best controlled field experiments conducted so far demonstrating
that the availability of food causally influences home range size in female mammals.
Females greatly overlapped with their previous home ranges throughout the
experiment, demonstrating that they mainly used parts of their previous home range.
Distances between kernel centres of home ranges before and during the experiment
and between before and after the experiment greatly varied between individuals.
Four females, which had split from their group, showed the greatest distances
between kernel centres. For two other females, the large distances could be
explained by the fact that (i) one female living at the edge of the field site moved into
vacated area as soon as a neighbouring female disappeared, and (ii) the other
female moved her kernel centre probably because she lost her only female group
member and thus might have used the group territory differently. Distance between
kernel centre and feeder position increased when supplemental food was provided,
but this was mainly due to three females which split from their group. However,

kernel centres were still close to feeder positions demonstrating that feeders were
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placed at positions that individuals frequently visited and where individuals
concentrated their activity around. In a study on a small bird (Junco hyemalis)
individuals having access to feeders, were more predictable in their moving and
spacing behaviour than birds without access to feeders (Roth & Vetter, 2008).
Lizards decreasing their home range size due to additional food resources,
established new territory boundaries so that supplemental food was close to the
centre (Simon, 1975). Female striped mice did not adjust their home ranges, so that
feeders were located in the centre, suggesting that other factors such as neighbours
remain important in determining boundaries of home ranges.

The reduction of home range size due to additional food provided was
positively correlated with the relative amount of naturally available annual plants in a
home range (see Fig. 16). Females with a low amount of annuals decreased their
home range size more than females with a high amount of annuals when
supplemental food was provided. There was no correlation between the reduction of
home range size and availability of perennial food plants. Therefore, annual plants
seem to be a more important food resource than other plants (e.g. shrubs), especially
during the breeding season in spring. It is known that annuals are a protein-rich
resource for striped mice and induce reproduction (Perrin, 1980; Nel, 2003). Females
also shift their dry non-breeding season home ranges into areas with a higher
amount of annual plants in the breeding season (Schradin & Pillay, 2006). Therefore,
for the future it would be interesting to consider the presence of natural food on home

range size while provisioning supplemental food.

4.3. Experiment 2: Removal of individuals

The analysis of home range data revealed that females with many neighbours
had smaller home ranges than females with few neighbours. To test this
experimentally, | removed some groups and expected that individuals directly
neighboured to them would extend their home ranges into the vacated areas
provided, but not individuals of other groups not being directly neighboured.
However, | could not test for an influence of removed groups, because of low sample
sizes. Of four experimental females, which directly neighboured the removed groups,
two increased their home range size as | expected, but the other two decreased it.

Females of control groups showed a tendency to increase their home range size
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after the removal, although they did not experience a direct decrease of population
density due to removal of neighbouring groups. Many mice disappeared during the
experimental time period because predation pressure was high, especially due to
snakes, birds of prey, jackals (Canis mesomelas), and wild cats (Felis silvestris).
Thus, all individuals of experimental and control groups experienced a decrease in
population density. The influence of high predation probably concealed the influence
of removing mice experimentally. It has been shown that home range size increases
upon experimental removal of neighbours (Parma victoriae: Norman & Jones, 1984,
Tamiasciurus hudsonicus: Boutin & Schweiger, 1988) or disappearance of
neighbouring groups (Mus musculus: Fitzgerald et al., 1981; Vulpes vulpes: Baker et
al, 2000). Red squirrels (S. vulgaris) shift their territories only when vacated areas
are of higher quality (includes more food) (Wauters et al., 1995). Juvenile birds
(Phylloscopus trochilus: Hogstad, 1989; Parus montanus: Hogstad, 1999) or young
adult cougars (Felis concolor) (Laing & Lindzey, 1993) fill vacated ranges
immediately. Dispersal of philopatrics is more likely to occur at low population
densities than at high population densities (Dipodomys spectabilis: Jones et al.,
1988). Thus, it is possible that female striped mice do not enlarge their home ranges
into vacated areas provided by removal, but that their philopatric offspring might

settle in this area.

4.4. Conclusions

The results presented here revealed that home range sizes of female striped
mice are mainly determined by the season, number of neighbours and relative
amount of food availability (annual plants and perennial food plants). Further, |
showed experimentally that females decrease their home ranges when food
availability increases. This seems to be in contrast with the finding of smaller home
ranges during the dry non-breeding season when food resources are scarce. Thus,
further studies are necessary for a better understanding of the effect of reproductive
activity / success, energetic requirements and energy expenditure on home range
size of female striped mice. In addition, further studies investigating the influence of
removal of individuals are needed for a better understanding of the presence of

neighbours on female home range size.
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6. Appendix

Table 8

Overview of home range size variation (mean £ SD) of females of different mammalian species.

Home range size

Species (mean + SD) [ha] Remarks Reference

Capreolus capreolus 5.00 £ 5.00 (n=10) Cimino & Lovari, 2003
Cavia aperea 0.055 + 0.022 (n=7) Asher et al., 2004
Clethrionomys rufocanus 0.123 + 0.068 (n=11) Ims, 1987

Lynx rufus

Mellivora capensis
Mellivora capensis

Microtus californicus

Microtus ochrogaster
Mus musculus domesticus

Odocoileus virginianus
Odocoileus virginianus
Proechimys semispinosus
Proechimys semispinosus

Rhabdomys pumilio

Rhabdomys pumilio
Rhabdomys pumilio

Rhabdomys pumilio

Rhabdomys pumilio

Sciurus aberti

Sciurus aberti

Sciurus vulgaris

Ursus americanus floridanus

2'080.000 * 648.460
9'700.00 + 1'100.00

125'000.00 +
23'000.00

0.006 + 0.005
0.011 + 0.007

0.021 + 0.002

910.000 + 886.715
102.000 + 66.138
0.107 + 0.049
0.054 + 0.049
0.096 + 0.052

0.0926 + 0.0199
0.576 £ 0.1098

0.35+0.20

0.54 +0.21

8.800 +1.300

7.000 + 1.900
6.290 + 0.640

1'568.000 *
1'156.827

(n=5), summer

(n=4), dry season
(n=4), wet season

(n=7)
(n=15)

(n=27)

(n=24), summer
(n=7), winter

(n="?), rainy season
(n="?), dry season
(n=10)

(n=30), Succulent
Karoo

(n=12), Grassland

(n=9), non-breeding
season

(n=9), breeding
season

(n=8), non-mating
season

(n=5), mating
season

(n=8), winter

(n=8), autumn

Lovallo & Anderson,
1996

Begg et al., 2005
Begg et al., 2005

Ostfeld, 1986
Fortier et al., 2001

Mikesic & Drickamer,
1992

Lesage et al., 2000
Lesage et al., 2000
Endries & Adler, 2005
Endries & Adler, 2005
Schradin & Pillay, 2004

Schradin & Pillay, 2005a
Schradin & Pillay, 2005a

Schradin & Pillay, 2006

Schradin & Pillay, 2006

Edelman & Koprowski,
2006

Edelman & Koprowski,
2006

Lurz et al., 2000

Moyer et al., 2007

58



Appendix

Table 9

Summary of different linear fixed effect models explaining home range size variation. The stated p-values of non-significant factors indicate the last p-value
before the factors was excluded from the model.

Data from 2007 and 2008 Data from 2004 until 2008
Model 1 Model 2
Factor A B C A B C
Cover p=0.0029 p=0.0002 p=0.0002 p=0.1538 p=0.2764 p=0.2395
Season p=0.2648 p=0.0008 p=0.0008 p=0.0046 p=0.0069 p=0.0069
Food resources:
- relative amount of annuals p<0.0001 p<0.0001 p<0.0001 p=0.0001 p=0.0001 p=0.0001
- relative amount of perennial _ _ _
food plants p=0.0159 p=0.0172 p=0.0172 p<0.0001 p<0.0001 p<0.0001
- absolute amount of annuals p=0.2672 p=0.1893 p=0.2698
- absolute amount of perennial 0<0.0001 p<0.0001 p<0.0001
food plants
Population density p=0.6270 p=0.3638 p=0.4332
Neighbours:
- total (both sexes) p=0.9506 p=0.0004
- male p=0.8522 p=0.2794 p=0.0002 p=0.0002
- female (total) p=0.9169 p=0.0881
- heavier p=0.0805 p=0.4304
- lighter p=0.7760 p=0.1487
Group size:
- total (both sexes) p=0.0001 p=0.1446
- female members p=0.0726 p=0.0726 p=0.6967 p=0.7105
- male members p=0.2423 p=0.3057 p=0.2097 p=0.0807
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