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EXECUTIVE SUMMARY

Endangered San Joaquin kit fox®slpes macrotis mutigaurrently persist as a meta-
population in central California consisting of 3e@nd several satellite populations.
Many of these populations are small and the mepatation is highly fragmented, which
increases extinction risk. Translocation is a ptiét strategy for increasing the number
of populations. Various factors would need to besidered when selecting source
populations and candidate foxes for translocatiOne such factor is behavioral
attributes of individual foxes, as reflected bydesf boldness, particularly in response to
novel resources and potential threats.

We compared behavioral attributes between and mvgbpulations of kit foxes in urban
and non-urban habitats, and also examined theaeshtip of these attributes to survival
and fitness. The overall goal of this project waglentify optimal source populations
and individual foxes for relocation efforts, andoarticular to determine whether urban
foxes could be used in such efforts.

Behavioral attributes were assessed among foxas umban (city of Bakersfield) and
non-urban (Lokern Natural Area) environment. Assgnts were conducted using three
methods. In “Experiment One”, boldness levelsugigmarked at natal dens were
assessed by measuring baseline behaviors and sespmnpotentially beneficial (i.e.,
food) and potentially threatening (i.e., simulapeddator) stimuli. Pups were then
transmittered and monitored to assess survivalrgmaductive success. In “Experiment
Two”, boldness levels of transmittered adult ancepile foxes were assessed by
measuring responses to a novel object that walsandieneficial nor threatening.
Animals were then monitored to assess survivalraptbductive success. In the third
method, behavior of foxes in traps and handlingshags scored to determine level of
boldness.

For all observations combined in Experiment Oneamigoldness was significantly
higher for Bakersfield foxes than for Lokern foxe&smong individual stimuli, boldness
of urban foxes was higher when presented with &nfeod, but were not different when
exposed to the simulated predator. Thus, urbaesfoxight be more likely to investigate
new foods, but might be equally wary of predatdvkean boldness also was significantly
higher for urban foxes based on the results of BExpmant Two and the Trap/Handling
data. Furthermore, the range of boldness valuescaasiderably high among urban
foxes compared to non-urban foxes indicating grdagbavioral variation. No
relationships between boldness and survival wetectkl. However, non-urban foxes
with higher boldness scores tended to have higigoductive success and larger litters.

Urban kit foxes exhibited a higher mean and vasatn boldness compared to non-urban
foxes. This could be a result of different seleefpressures between the two
environments. Boldness levels of non-urban foxayg reflect adaptation to natural
environments, and therefore might be “optimal” fe@introduction to similar
environments. However, founders with a diversithadness levels may provide a
greater capacity for adaptation to a novel envirentnand therefore, urban foxes or a
mix of urban and non-urban may be preferable. IFin&removal of foxes might pose
unacceptable risk to populations in natural latiisn relocating urban foxes conceivably
would have a reasonable probability of successthasdehavioral attributes.



ACKNOWLEDGMENTS

Funding for this project was provided by the Cdriialey Project Conservation
Program (Contract # 04PG202051 and 08FC200082)d fiork assistance was
provided by S. Harrison, C. Van Horn Job, E. KelyMadrid, E. Tennant, C. Fiehler,
A. Brown, N. Lucas, and M. Sumner. Land accessgvasted by California State
University-Bakersfield, Bakersfield College, Sev@aks Country Club, Castle and
Cooke, the Kern High School District, Kern Vectasr@rol, Norris School District,
Chevron, Plains Exploration and Production, Ocdidleof Elk Hills, Center for Natural
Lands Management and California Department of BrehGame. Scott Phillips of CSU-
Stanislaus ESRP assisted with figures and finairtggreparation



DRAFT San Joaquin kit fox Reintroduction Preparation

INTRODUCTION

San Joaquin kit foXMulpes macrotis mutiggopulations have been significantly reduced
throughout their historic range in central Califia;rprimarily due to profound habitat

loss and degradation. Much of the habitat witheirtformer range was displaced by
agricultural, industrial, and urban developmentijlfiated by the completion of the
Central Valley Project and the California WaterjBcbin the early 1970’s (U.S. Fish and
Wildlife Service 1998).

As a result of this decline, San Joaquin kit foaeslisted as Federally Endangered and
California Threatened. Kit foxes currently persisa meta-population of 3 core
populations and several satellite populations ofiag size (U.S. Fish and Wildlife
1998). Population fragmentation of a species asxe vulnerability to demographic and
stochastic events, thereby increasing the risktifietion in an already rare species such
as the San Joaquin kit fox. Thus, it is desirablecrease the numbers of both
individuals and populations. However, due to & laicconnectivity between existing
populations and habitat restrictions, current papaihs are likely at carrying capacity.
Therefore, a more effective conservation measui@iiscrease the number of kit fox
populations. In addition, the establishment of p@pulations may facilitate movement
from existing populations by reducing travelingtdieces, provided movement corridors
are available.

Recent years have seen the restoration of areagiotiltural land to suitable kit fox
habitat. Also, kit foxes occasionally are extigghfrom smaller patches of fragmented
habitat due to annual variations in environmengalditions (e.g., drought) or random
changes in survival and reproductive rates. Howewmay be difficult for kit foxes to
recolonize these areas due to their distance frostig populations, and/or a lack of
adequate dispersal corridors.

BEHAVIORAL VARIATION AND SUITABILITY

In addition to following protocols established byelWorld Conservation Union (IUCN)
for planning a translocation (see Bremner-Harri&d@ypher 2007 and IUCN 1995 for
details), it is essential to improve the chancsumicess by selecting the most suitable kit
fox release candidates. In many reintroductiotraslocation programs the selection of
release candidates is often based solely on agegaeetic and health criteria. However,
another factor affecting the success of reintradads intraspecific behavioral variation,
such as seen in levels of boldness.

In recent years variation between individuals pety of behavior associated with
‘personality’ has been highlighté@aro & Bateson 1986, Mather & Anderson 1993,
Hansen 1996, Coleman & Wilson 1998). The Inteamati Academy of Animal Welfare
Sciences recognizes the importance of individughtian and includes this under the
heading ‘character’ when listing factors for sdl@ctof animals for reintroduction
(IAAWS 1992). The existence of different persotedi indicates adaptive strategies
within a species (Wilson & Richards 2000), whick hBkely subject to natural selection
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(Wilsonet al. 1994). Variation in levels of boldness and shgrtesunfamiliar objects or
events within humans, and individuals of other sg®a@re consistent and are displayed
early in development (Kagaet al. 1988). Individual variation in boldness/shyness i
widespread amongst different species, and may ingyertant implications for survival
and reproduction (Buirslat al. 1973). It has been shown that levels of boldaess
subject to natural selection (Huntingford & Gilé38Y) and therefore that inappropriate
levels of boldness will have deleterious effectditress. This is important for any
release program, as the object of release is tadedehaviorally adept individuals for
successful reproduction in the wild. If there isudstantial variation in boldness of
individuals destined for release some are likelguffer reduced survival and
reproduction as a consequence. This was demtetsiraa recent study of reintroduced
swift fox (Vulpes velok where animals that died following release wéaiese with

overly high levels of boldness (Bremner-Harrigtral. 2004). In a translocation
program, individuals that are too bold for a partic habitat may be less likely to avoid
potential predators, conspecifics or anthropogstinouli that may pose a risk. However
individuals that are too shy may not explore tinew habitat, and thus may have
difficulties in locating suitable dens, food, or tes

With levels of boldness subject to natural selextibis possible that release candidates
with optimal levels of boldness for a source-halsteilar to the release site are more
likely to be successful following translocation thadividuals from a source population
with differing selection pressures than the relesatse Little work has been conducted on
levels of boldness in animals in differing habitdasth between and within populations.
Kit foxes in urban and rural environments are lkiel be subject to differing selection
pressures so it is expected that populations dsoéewwould show diverse levels of
boldness according to habitat. Urban foxes terftht@ abundant food sources that are
not subject to environmental fluctuations. Howewueorder to access many of these
food sources urban foxes often frequent areas wherens or other anthropogenic
stimuli might be present (Cypher & Frost, 1999)atiNal predators such as coyotes
(Canis latran$ are not present in the urban environment, howkwess do suffer high
levels of mortality due to vehicle strikes, humatihaties such as construction and canal
maintenance, and rodenticide poisoning. In additien availability is limited compared
to the natural habitat. Foxes in the natural lgeds to have less abundant food sources
and focus on resources that also show nocturni@itgqiatterns. Reproductive output
mirrors food availability and trends. The main @uof mortality in natural habitat is
predation from coyotes. Denning patterns and hanges cover a larger area than those
of urban foxes (Nelson, 2007). Each of these faawlikely to lead to selection for
optimal levels of boldness within the specific habtype. In addition, it is likely that
variation also exists within each population, destmting individual ability to cope with
environmental change. A further possibility istthiariation may be higher in the urban
habitat where selection pressures may not be @sgstiue to limited predation and
abundant food sources.

Urban and natural populations of kit fox were irigeged from a behavioral standpoint,
in order to determine whether optimal boldnessltegéfoxes within a particular
environment type differed significantly. Identifig foxes of suitable behavioral types for
relocation will assist with selecting foxes formgoduction that are i) from a population
that has overall levels of boldness most suita@lease into a new environment, or ii) of



DRAFT San Joaquin kit fox Reintroduction Preparation

a behavioral type similar to foxes who are suceg$sfan environment similar to the
release habitat. Specific individuals would bentifeed as being of a successful
behavioral type to ensure that the reintroducedifadion was made up of individual
foxes with the highest likelihood of surviving. d$e individuals would be those that
show optimal responses to stimuli such as predatmishovel food items, indicating a
propensity towards survival. Knowledge of the hatwal profile of release candidates
would allow for the compilation of a release graapresentative of boldness scores
around the optimal score for the specific reledse sut with sufficient levels of
variability to allow for adaptation to environmehtaange.

In addition to determining an overall populatiomdeand mix of boldness types to aim
for, levels of boldness has been shown to affelividual post-release factors such as
dispersal from specific release sites (Bremner-ibiamniet al.2004). Therefore
identifying foxes of particular boldness levels Wwbbe beneficial in deciding fox
placement during releases, for example foxes ti@awdigher levels of boldness would
be placed further away from roads or other riskdiesc

Obtaining behavioral data on potential reintrodutttandidates would allow the
potential for assessing the likely contribution grdiential survival of each specific kit
fox prior to selection. This would be of great bnas only those foxes that have a high
chance of survival, potential site fidelity, ankigiihood of reproductive output would be
considered candidates for reintroduction, thusriséitng foxes that may be more suited
to remaining in their existing environment. Thisn@ conservative approach also would
reduce the potential number of foxes needed faresstul reintroduction thereby
minimizing impacts to the source population. Atggsto maximize survival, and limit
the number of reintroduction-related mortalities aspecially desirable given the status
of the San Joaquin kit fox.

OBJECTIVES

The overall objective of this study was to enhakitéox recovery efforts by devising a
means of selecting translocation candidates masidsto the destination environment.
Successful habitat colonization is likely to beiagbd through a combination of (i)
selecting founders who are able to survive andodpre in their new habitat, and (ii)
relocating individuals representing maximum genegigability. Specific objectives
were:

Assess whether intraspecific behavioral variatioterms of boldness exists
betweenpopulations of San Joaquin kits foxes occupyiriigaint habitats
(urban/natural).

Assess whether intraspecific behavioral variatioterms of boldness exists
within populations of San Joaquin kit foxes.

Assess local survival and fitness of individualshii natural and urban
environments, and determine whether a relationskigts between these
parameters and boldness/shyness.

Utilize fitness and behavioral data to produce asnee of the most suitable
release candidates based on behavioral assessment.
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METHODS

Two experiments were conducted to collect behavnailing data on urban and
natural land San Joaquin kit foxes. These areregfdo as Experiment One and
Experiment Two. The protocol for Experiment One baen used successfully for the
collection of behavioral data in the past with baild and captive swift fox and captive
channel island foxrocyon littoralis. However, several aspects of the experimental
methods were unsuited for studying San Joaquinsfoxéhe natural lands habitat, and
therefore the project was broadened to include Ex@at Two. In addition, a further
behavioral measure was developed from trap andihgndhta to provide a third
measure of boldness. A detailed description ofthdy sites and three boldness
measures is provided below.

STUDY SITES

Both study sites occurred within the boundarieKein County, California, and are
considered core populations of San Joaquin kits@i&lson 2007). Figure 1 shows the
location of each of the study sites within Kern @u

[ Project fieldwork locations

10 15
Miles

15

Figure 1 - Location of study sites for behavioral o f San Joaquin kit fox.

Urban study site — Bakersfield, Kern County

The city of Bakersfield is located in Kern Countytfze southern end of the San Joaquin
Valley, CA and covers approximately 300 (@15 mf) with the full metropolitan area
covering 580 krh(224 mlg. The city currently has a population of approaiely
328,692, which is projected to continue to growk@&afield Chamber of Commerce
2010). In 2008, the population of the metropoliBakersfield area was listed as
800,458, which was up 20.98% from the 2000 Cendugdd States Census 2008).
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Bakersfield has a large self-sustaining populatibkit foxes which appear to have
successfully adapted to the urban environment, fyiaditheir diet to include
anthropogenic food items and reproducing withinrstistances of human businesses
and residences (Cyphetal.,2003, Cypher 2010). Foxes are distributed througthe

city in areas with open ground such as collegelamgersity campuses, school campuses,
business districts, water collection sumps, watevement canals, undeveloped lots and
golf courses. Due to an abundance of food avéilghieproductive levels are likely

high enough to sustain the removal of surplus alsimehich may be from areas of the
city that are reaching carrying capacity, or gexadity surplus.

Natural lands population — Lokern Natural Area

The Lokern Natural Area is located on the westeta ef Kern County, approximately

60 km west of Bakersfield, and is considered phtih@ core area for San Joaquin kit fox
recovery (U.S. Fish and Wildlife Service 1998).eTdrea comprises both native and non-
native vegetation, consisting of grasses, forbsstindbland areas. The Lokern Natural
Area is owned and managed by a number of entifs@sne measure of management co-
ordination is achieved via recommendations andmédion-sharing through the Lokern
Co-ordination Group.

Lokern contains a number of species of importandettfoxes, both in terms of prey and
predators. Known prey species found throughousthdy site include three species of
kangaroo ratslfipodomys nitratoides, D. heermanandD. ingen$, along with
grasshopper mic&nychmys torridus deer miceReromyscus maniculatygpocket
gophers Thomomys bottgeantelope squirrelAtmmospermophilus nels¢meporids,

and insects (Nelson 2005). Coyotes, the primagggor of San Joaquin kit foxes, are
found mainly in shrubland areas of Lokern but dse aighted on a regular basis in
grassland areas where the majority of kit fox demeslocated. The demographics and
ecology of the San Joaquin kit fox population akém have been investigated by ESRP
through several studies. In most years, this @ is sufficiently demographically
robust that some individuals could be relocatexdaw sites.

Kit fox capture and handling

Kit fox capture and handling techniques were id=tin both the urban and natural
lands environment, and for Experiment One and TWaletailed description is provided
here and applies to the remainder of the methari®se Trapping and handling was
conducted in accordance with permits TE023496-1TdR5573-2 from the U.S. Fish
and Wildlife Service and a Memorandum of Undersitagnérom the Californian
Department of Fish and Game. Trapping took plach gear between May 1 and
January 15 as outlined in permit protocols. Npprag was conducted between January
16 and April 30 during the pupping season due temg@l detrimental effects on young
litters.

Kit foxes were captured in wire-mesh box live tr@peasuring 38 x 38 x 107 cm) that
were set up at dusk, covered with a tarpaulin tdgat foxes from inclement weather and
sun, and baited with a variety of food items. &duce tooth injuries, each trap contained
two rope chew toys, with one attached to each étideatrap. Traps were checked at

10
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dawn; any trap not containing a fox was collapssdir@moved to prevent entry by any
other animals during daylight hours.

Captured foxes were coaxed from the trap into al@nbag measuring approximately
75 x 75 cm. Using this method, the animal was raliywestrained, precluding the need
for chemical immobilization and associated riskfie handling bag not only restrains the
fox, but also covers its eyes and affords it asefisecurity, and most foxes are
generally calm while in the bag. During processiagious parts of the fox were
exposed for data collection and handling purposexes were weighed, sexed, fitted
with a unique numbered ear-tag, aged, checkedhjories, and genetically sampled.
Genetic samples comprised a 2-mm tissue samplectedl with a biopsy punch (Miltex
Inc., Pennsylvania, USA) from a pinna and storedlaohol, and 25-50 hairs with roots
stored in a coin envelope. Pups captured for HExy@eat One were also given a dye mark
for visual identification using a non-toxic hairalfNyanzol-D). Foxes of an appropriate
weight were fitted with a radio-telemetry collarigieing 40 g (Advanced Telemetry
Systems, Isanti, Minnesota). Once handling wasptet®d, foxes were released at the
capture site.

EXPERIMENT ONE

Experiment One focused on assessing boldness lefvplgs at natal dens within each
study site and then collecting survival, movemenrt eeproductive data of individuals
following dispersal from the natal den. The aintlo$ process was to provide a
behavioral profile for each individual fox, assessividual fithess, and then determine
whether the boldness variable was playing a roRugtess rates. Boldness at both the
population and individual level could then be congplabetween the urban and natural
lands to assess whether boldness played a rolevival, distances moved, and
reproductive output. The protocol for this expesithcomprised trapping and collaring
adults within each study sites and tracking theraugh the breeding season to locate
natal dens. Pups were then trapped and indivigduadirked using a non-toxic dye
(Nyanzol-D; Figure 2), and behaviorally assesseuagusoth novel stimulus and non-
stimulus observations. Observed pups were th@péaand collared to assess survival,
dispersal and reproduction.

11
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Behavioral observations

Behavioral profiling comprised four observationipds per natal den. Two of the
observation periods recorded behavior with a netrelulus present at the den; the
remaining two observation periods had no novel s present and thus collected
baseline boldness data. Each observation perstelddor 60 minutes, and began 30
minutes before sunset. Prior to the start of theeovation the observer would go to the
natal den area, situate themselves and the obseresfuipment in a position where they
could see the den but not influence the behavithefoxes, and if necessary place the
novel stimulus at the den site. Observations werglucted using 12 x 50 binoculars
(Ranger Edition, Eagle Optics, Middleton, Wiscon&i®$A), and the digital voice
recorder on a Mio Digi Walker hand-held computerqMechnology). Observations
were also filmed using a digital video recorderr{$sblandycam DCR-HCA46) to provide
a data back-up.

Novel stimuli consisted of one potentially beneflgtimulus (PBS) and one potentially
threatening stimulus (PTS). The PBS was a nowa &purce, presented in a small pet
food bowl (Figure 3a). The food source was a nietf imitation Krab meat bought
from a local supermarket, Mouse-Special Bait —ramercially available trapping bait
(R & M Lures, lowa, USA) and Canine Call - a compiaity available trapping lure
(The Snare Shop, lowa, USA). The PTS was designsnnulate a possible predator
(Figure 3b). A large plush toy dog (Toys R Us) wasunted onto the base of a modified
remote-controlled toy vehicle. A cd player andadqes were inserted into a slit in the
back of the toy dog and played a series of coyotd$and a coyote-grey fokJ(ocyon
cinareoargenteysfight interaction. In addition, the toy dog w@sused in coyote urine
(The Snare Shop, lowa, USA).

Behavioral observations were conducted using itste@ous scan sampling at 1-minute
intervals (Martin and Bateson 1983). The behaof@ach pup was recorded using an
adapted version of an ethogram previously develdmeslwift fox (Table 1; Bremner-
Harrisonet al. 2004).

a b

Figure 3 - Potentially beneficial stimulus (a) and threatening stimulus (b) for testing
boldness response of San Joaquin kit foxes.
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Table 1: Behavioral ethogram used in Experiment On

e observation.

Behavior Definition

1. Inden below ground in the den

2. Resting relaxed lying or sitting in relaxed posture/asleep, ears lowered, eyes may be closed
3. Resting alert lying, sitting or standing with ears erect and eyes open

4. Stretching elongating limbs with a bout of yawning

5. Rolling rubbing face and body on ground or object

6. Walking slowest gait of locomotion

7. Trotting steady pace faster than walk, lift diagonal pairs of legs

8. Loping slow bouncy run

9. Running fastest pace of locomotion

10. Jumping leaping either into the air or on an object

11. Climbing prolonged effort to climb up an object

12. Sniffing sniffing at the air, nose up

13. Investigating walking, running or standing sniffing at ground or object in enclosure

2R
ARG

17.

18.
19.
20.
21.
22.
23.
24.

25.
26.
27.

28.
29.
30.

31.
32.

33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44,

45.
46.
47.
48.

. Bold approach - object
. Bold approach - conspecific
. Hesitant approach - object

Hesitant approach-conspecific

Chasing conspecific
Fleeing

Fleeing conspecific
Following conspecific
Stalking

Pouncing on object
Pouncing on conspecific

Fighting
Fighting over object
Discipline

Submission
Play chase
Play flee

Play fight
Play stalk

Playing with object
Digging

Eating

Drinking

Food gathering
Food offering
Food beg
Caching
Unearthing food
Hunting
Defecating
Scent marking

Grooming (self)
Grooming (conspecific)
Greeting conspecific
Watching (conspecific)

direct approach towards novel stimulus, ears erect
direct approach towards conspecific, ears erect

slow approach towards novel stimuli with frequent retreats and advances, ears
and body usually lowered

slow nervous approach towards conspecific with frequent retreats and advances,
ears and body usually lowered

chasing a conspecific not in play, often away from a novel stimulus or food item
run towards den or away from object, often in response to a warning bark
moving quickly away from conspecific

moving slowly behind a conspecific, not chasing

approaching an object/prey item in a crouched position

leaping onto an object using forelegs to land, often occurs after stalking

leaping onto conspecific, often occurs during an existing play bout, or as an
invitation to play

aggressive interaction between conspecifics
aggressive interaction as a result of competition over object

snapping or growling at a conspecific, may knock them to the ground and stand
over them. Usually performed by an adult, directed towards pups

directed towards conspecific, lowered posture, ears flattened, often wagging tail
running, chasing alone or with other conspecifics, often alternate role of pursuer

running away from a conspecific or object, ears more erect than Fleeing. When
with another conspecific, often alternate who is chasing and fleeing

wrestling, tumbling, biting and jumping with a conspecific

slow approach to conspecific with body held low to ground, occurs within a play
bout

biting, tossing in the air, or jumping with an object

using front paws to make holes

all masticatory behaviors associated with food

intake of liquid

collecting and carrying items of food in the mouth

presenting a food item to a conspecific

position of mouth and nose close to mouth of conspecific whilst wagging tail
storing food item, usually by placing it in a small hole, and covering with it debris
retrieving a previously cached food item

predatory behavior towards prey item, including stalking and jumping on/catching
discharge feces or urine from body

scent marking, either by depositing minimal amount of urine, scat, or rubbing
body on a prominent object in enclosure

biting, licking, nibbling or scratching at own body
biting, licking, nibbling or scratching at a conspecific
ears back, head low, tail wagging

observing another fox within the enclosure
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49. Watching (observer) looking at the observer who is collecting data

50. Pup carrying adult moving pup to another area by scruff of the neck

51. Warning bark short loud bark, usually emitted by an adult at perceived danger
52. Suckling pup feeding by sucking at mother’s teat

53. Entering den moving out of sight into a den hole

54. Leaving den coming into view from a den hole

55. Vomiting regurgitation of food

56. Left den site is not present or is leaving den site area (away when fox can no longer see the

den)

returning to den site area after a period away

fox is not visible

unknown whether fox is in den or away from den

bringing food into the den site or moving it around within den site
front elbows on ground, head lowered, rear in air, tail wagging

57. Arriving den site
58. Out of sight

59. Location unknown
60. Food carrying

61. Play bow

Survival, reproductive and movement data

Following completion of the behavioral observatiomsps were re-trapped and fitted
with radio-collars (for capture and handling seatise on Kit fox capture and handling).
Foxes were tracked to their daytime resting locaianinimum of once per week to
determine their survival status and movements féix could not be located during the
day initially, it was then searched for at nightidg the usual periods of activity for San
Joaquin kit foxes. If individuals were not locafed several consecutive weeks an aerial
search was conducted. Location data were enteted\rcView GIS (Version 3.2,

ESRI).

During the pup season any instances of denningamitither individual were recorded to
ascertain whether pups might have paired. Dutiegoup season, den watches were
conducted during early evening until darkness terdeine whether individuals had
produced pups.

EXPERIMENT TWO

Experiment Two consisted of focal observations cated on collared adult and juvenile
foxes. Foxes in both the urban and natural langg@ment were tracked to their day-
time resting location and a novel object placedelo the den entrance. The novel
object was neither potentially beneficial nor theeang (Figure 4). When the fox
emerged from the den its behavior was recordedyugintinuous sampling (Martin &
Bateson 1983) using an ethogram specific to thieement (Table 2). Observations ran
for one hour, starting 30 minutes before sunsetearaling 30 minutes after sunset. If a
fox did not emerge during the observation periadrtbvel stimulus was removed and the
observation repeated on a different day. Obs@mwativere again conducted using 12 x
50 binoculars (Ranger Edition, Eagle Optics, Midlote Wisconsin, USA), and the
digital voice recorder on a Mio Digi Walker handdheomputer (Mio Technology).
Observations were also filmed using a digital videcorder (Sony Handycam DCR-
HC46) to provide a data back-up.
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Figure 4 - Novel stimulus used to assess boldnessr  esponse in Experiment Two.

Table 2: Behavioral ethogram used for Experiment T wo focal observations

Behavior Behavioral definition

Not emerged from den Below ground in the daytime resting den

Observe novel object Watching the novel object

Investigating novel object Sniffing or pawing at the novel stimulus

Investigating general Sniffing or pawing at an item or area other than the novel stimulus

Vigilant Lying, sitting or standing with ears erect and eyes open

Resting relaxed Lying or sitting in relaxed posture/asleep, ears lowered, eyes may be
closed

Approach Moving towards the novel stimulus

Retreat Moving away from the novel stimulus

Out of sight Fox is above ground but cannot be seen

Grooming Biting, licking, nibbling or scratching at fur

Back In Den Fox has gone back below ground

Locomotion Moving around the den area at either a walk, trot, lope or run

Left Den Site No longer present at the den site

Survival, reproductive and movement data

Foxes were fitted with radio-collars prior to th@lection of behavioral data. Survival,
reproductive and dispersal data were collectedgusiethods consistent with Experiment
One.

TRAPPING AND HANDLING DATA

The behavior of all foxes trapped was recordedguaidata collection form that recorded
aspects of behavior during both time in the tragh dming handling. Data were collected
in binary format according to whether a behavios whserved or not during the capture
process. The data collection form is shown in Apbe A.
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DATA ORGANIZATION AND STATISTICAL ANALYSES

Spatial data was maintained and analyzed using idveVersion 3.2 (ESRI 1996).
Statistical analyses were performed using Stat\Wiergion 5.0 (SAS Institute Inc. 1992),
the Excel Data Analyses pack, Microsoft Office 208R-1 Professional and SPSS
Statistics Version 17.0. Results were consideigrafscant at P < 0.05, trends were
reported for P values <0.1.

RESULTS

TRAPPING AND RADIO-COLLARING

Experiment One

Adult kit foxes were trapped and collared betwe®®ttober 2005 and fSJanuary
2006 in both Bakersfield and Lokern. Fifteen asluere collared in Bakersfield (6M :
9F) and 16 in Lokern (7M : 9F). Radio collars wéted with both live and mortality
signals. Live signals were collected weekly forletox to determine their continuing
survival during the breeding season. The datd@ation of live signals were recorded
and maintained in a central database. Live sigmate collected by day in the first
instance, but if a fox was not detected duringdég then the signal was then searched
for at night when foxes are active in order to esie that the fox was alive and present
on the study site. Beginning in February 2006,a®@mg living foxes were tracked via
their telemetry signals to day-time resting locasion order to determine the presence of
potential natal dens.

Evening observations confirmed 9 natal den sites,ih Bakersfield and four in Lokern.
The parents moved pups from one of the four deretéal in Lokern to a new location in
early April. This den could not be located agasritee parents continued to den away
from the pups. A second litter was moved in Mag aould not be located, but extensive
spotlighting found a replacement litter, givingoged of three litters in Lokern.

Between May and July 2006, there was a total ai€8 captures over 320 trap nights in
Bakersfield and Lokern. Of these new captureqis (11M : 10F) and 2 adults (1M :
1F) were captured over 176 trap nights in Bakddsfién addition, there were 15
recaptures for pups (7M : 8F) and 10 recapturedtsa(®M : 4F). In Lokern, there were
5 (4M : 1F) new captures for pups over 144 trapisig0 new captures for adults, 1
recaptured pup (1M : OF) and 7 (4M : 3F) recaptiwesdults. None of the pups at one
of the four dens in Lokern could be captured fag-dyarking, but given the limited
sample size at that study site a decision was nrathelude them in the behavioral
assessment using mean data from all pups combined.

A final breakdown of pups caught at each den siteiacluded in the study is shown in
Table 3. The locations of natal den observatitesswvithin each study site are shown in
Figure 5 and Figure 6.
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Table 3: San Joaquin kit fox pups trapped at natal

study sites for Experiment One observations.

dens in the Bakersfield and Lokern

Study Site Fox ID Sex Den Location Dye Mark

Bakersfield 6294 Male Bakersfield College 1 vertical line
6304 Male Bakersfield College 1 horz. line
6306 Male Bakersfield College 1 spot
6069 Female Bakersfield College 2 spots
6240 Male CSU Bakersfield 1 horz. line
6241 Female CSU Bakersfield 2 horz. lines
6285 Male CSU Bakersfield 1 vertical line
6309 Female CSU Bakersfield 2 vertical lines
6286 Female CSU Bakersfield 2 spots
6288 Female CSU Bakersfield front legs
6242 Female CSU Bakersfield rear legs
6292 Female Jewetta 1 horz. line
6295 Male Jewetta 1 vertical line
6245 Female Jewetta 2 spots
6298 Female Jewetta 1 spot
Unm#1 - Jewetta unknown Jewetta unmark
6290 Male 7 Oaks Golf Course W 1 horz. line
6243 Female 7 Oaks Golf Course W 1 vertical line
6291 Male 7 Oaks Golf Course W 2 spots
6244 Male 7 Oaks Golf Course W 2 horz. lines
6065 Male 7 Oaks Golf Course W front legs
6246 Female 7 Oaks Golf Course W unmark
6287 Male State Farm Field 1 horz. line
6310 Male State Farm Field unmark

Lokern 6305 Male North - D680 1 horz. line
6293 Male North - D680 1 vertical line
6307 Male North - D680 2 spots
6299 Male North - D680 unmark
6289 Male North — D704 1 horz. line
Unm#l - 704 unknown North — D704 unmark
Unm#2 - 704 unknown North — D704 unmark
Unm#1 - 405 unknown South - D405 unmark
Unm#2 - 405 unknown South - D405 unmark
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Figure 5 - Natal den site locations of San Joaquin kit fox pups observed in Bakersfield.

Figure 6 - Natal den site locations of San Joaquin kit fox pups observed in Lokern.

Experiment One behavioral observations ran from ¥&y2006 to July 3, 2006 in
Bakersfield, and from June 7, 2006 to July 8, 200®e Lokern Natural Area. Trapping
to fit radio-collars onto observed pups ran frorty 19 to August 31, 2006 in the urban
environment. During this period 20 pups were radibared (Table 4). Trapping to fit
radio collars at the Lokern study site ran fromdbetr 5, 2006 to January 15, 2007.
During this period only 1 of the previously trappat observed pups was recaptured for
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collaring (Table 4). Additional foxes were colldrat this time at the Lokern study site
for Experiment Two (see section entitled “Experité&wo” below for details).

Table 4: Pups radio-collared for Experiment One fo  r survival, movement and
reproductive data.

Study Site Fox ID Sex Location
Bakersfield 6294 Male Bakersfield College
6304 Male Bakersfield College
6306 Male Bakersfield College
6069 Female Bakersfield College
6241 Female CSU Bakersfield
6285 Male CSU Bakersfield
6309 Female CSU Bakersfield
6286 Female CSU Bakersfield
6288 Female CSU Bakersfield
6242 Female CSU Bakersfield
6292 Female Jewetta
6295 Male Jewetta
6245 Female Jewetta
6298 Female Jewetta
6243 Female 7 Oaks Golf Course W
6291 Male 7 Oaks Golf Course W
6244 Male 7 Oaks Golf Course W
6065 Male 7 Oaks Golf Course W
6246 Female 7 Oaks Golf Course W
6287 Male State Farm Field
6310 Male State Farm Field
Lokern 6299 Male North — D680

Experiment Two

Foxes in Bakersfield and the Lokern Natural Areaenteapped in 2006/2007 and
2008/2009 for behavioral assessment of boldneks. |dcations of trapped foxes at each
study site are shown in Figure 7 and Figure 8.ler'&tand Table 6 show the ID numbers,
age class, sex and location of foxes radio-collaretiobserved for Experiment Two.
Behavioral observations of 27 known individuals &nahidentified foxes took place
between December 19, 2006 and April 29, 2009 ireBsfleld. Observation of 27

known individuals and 2 unidentified foxes were @octed in Lokern between January 8,
2007 and April 13, 2009. A number of additionatde were collared for observation in
each study site but died prior to being obserdddwever, these foxes were included in
the Trap/Handling behavioral assessment.
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Figure 7 - Location of foxes trapped and radio-coll ~ ared in Bakersfield for Experiment
Two observations. See Table 4 for fox identificati  on numbers at each site.

Figure 8 - Location of foxes trapped and radio-coll ~ ared in the Lokern Natural Area for
Experiment Two observations.
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Table 5: Urban San Joaquin kit foxes observed for

Experiment Two.

Study Site Fox ID Age Sex Location

Bakersfield 5678 adult female Stockdale High School
6065 yearling male 7 Oaks West
6243 yearling female 7 Oaks West
6246 yearling female 7 Oaks West
6067 yearling female 7 Oaks East
6069 yearling female Bakersfield College
6392 adult male Bakersfield College
6241 yearling female CSU Bakersfield
6309 yearling female CSU Bakersfield
6244 yearling male CSU Bakersfield
6398 adult female CSU Bakersfield
6266 adult female CSU Bakersfield
6286 yearling female CSU Bakersfield
6288 yearling female CSU Bakersfield
6292 yearling female Jewetta
6298 yearling female Jewetta
6365 adult female Highland High School
6351 adult male Highland High School
6362 adult male Liberty High School
6527 adult female Liberty High School
6532 adult male Frontier High School
6369 yearling male Frontier High School
6366 adult female North High School
6530 yearling female North High School
6531 adult male North High School
6534 adult male Quailridge Sump
6535 adult male San Juan Sump
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Table 6: Natural lands San Joaquin kit foxes obser  ved for Experiment Two.

Study Site Fox ID Age Sex Location
Lokern 6025 adult female South of Hwy 58
6233 adult female South of Hwy 58
6273 adult female South of Hwy 58
6277 adult female South of Hwy 58
6326 adult female South of Hwy 58
6327 adult female South of Hwy 58
6329 adult female South of Hwy 58
6374 yearling male South of Hwy 58
6375 adult male South of Hwy 58
6376 yearling female South of Hwy 58
6377 adult female South of Hwy 58
6391 yearling male South of Hwy 58
6501 adult female South of Hwy 58
6505 adult female South of Hwy 58
6506 adult female South of Hwy 58
6512 adult female South of Hwy 58
6536 adult female South of Hwy 58
6538 yearling male South of Hwy 58
6551 yearling male South of Hwy 58
6282 adult female North of Hwy 58
6299 pup male North of Hwy 58
6331 adult female North of Hwy 58
6332 adult female North of Hwy 58
6395 adult female North of Hwy 58
6471 adult female North of Hwy 58
6540 yearling female North of Hwy 58
6541 adult female North of Hwy 58
OBSERVATIONAL DATA

Boldness Scores - Experiment One

A total of 32 hours of observational data wereexdiitd for Experiment One from five
dens in Bakersfield and three in Lokern. Boldrexsses were calculated for each dye-
marked individual. Mean scores were calculatetkats with un-marked individuals.
Behavioral activities representing overly bold,dyahy, and overly shy were identified
within the ethogram and categorized into behawyipet The number of occurrences of
behavioral activities within each behavior type waanted. Boldness scores were
calculated using modifications from a previouslyeleped method whereby the number
of occurrences of overtly bold activities were nplied by 3; bold activities by 2; shy
activities by 1; and overtly shy activities by -These four values were summed to give a
score for each individual per stimulus. A totaldmess score for each individual was
calculated by summing the scores for the threeuditinidigh scores represented high
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levels of boldness and low scores represent losweld of boldness. Boldness scores are
shown in Table 7.

Analysis of boldness scores for all foxes acrosddlr stimuli showed that individual
foxes were consistent in their behavidf € 0.43,X%, = 55.04,P<0.01; Kendall's
Coefficient of Concordance, corrected for tied igrikiegel 1956). Therefore, a fox that
scored highly for boldness in one observation starghly in all four observations.

Table 7: Individual fox boldness scores obtained f rom Experiment One novel object
tests in Bakersfield and Lokern.

Observation Type

Location Den FoxID Non Stimulus1l Non-Stimulus2 P BS PTS Total Score

Bakersfield Bakersfield 6294 -6 88 -41 -60 -19
College 6304 -9 -37 -54 -60 -160
6306 -60 -60 -60 -60 -240

6069 -60 19 4 -41 -78

CSuB 6240 30 103 5 -60 78

6241 -58 105 -57 -60 -70

6285 15 100 18 -60 73

6309 2 -60 27 -60 -91

6286 57 114 14 -60 125
6288 -57 -60 -1 -60 -178

6242 -5 -60 -17 -60 -142

Jewetta 6292 36 41 15 -60 32
6295 104 90 139 -60 273

6245 27 -1 -60 -60 -94

6298 100 91 120 -60 251

unmz2 32 46 -60 -60 -42

State Farm 6287 111 15 -24 -60 42
6310 4 28 -21 -60 -49
Seven Oaks 6290 7 -7 -58 -60 -118
West 6243 21 14 -56 -34 -55
6291 -15 -7 -42 -60 -124
6244 -10 21 -60 -60 -109

6065 4 23 -60 -60 -93
6246 -27 -36 -60 -60 -183

Lokern Den 680 6305 -21 95 -60 -60 -46
6293 -26 90 -36 -60 -32

6307 -35 87 -25 -60 -33

6299 -32 64 -38 -60 -66
Den 704 6289 -11 -54 -60 -60 -185
unml -18 -35 -60 -60 -173
unm2 -55 -33 -60 -60 -208
Den 405 unmi -47 -60 -60 -60 -227
unm2 -60 -60 -60 -60 -240
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Boldness scores - Experiment Two

A total of sixty-one hours of focal observationalatere collected for Experiment Two
from Bakersfield and Lokern. Observations weragcaibed by calculating the amount
of time spent by each individual on the behavi@tetl in Table 2. As foxes were not
visible for equal time periods within observaticeripds, data were transformed into
percent data per category of the time visible.

Boldness scores were calculated by categorizing\betal activities within the ethogram
as bold or shy (Table 8). The behavioral categohN®t Emerged from Den’ and ‘Left
Den Site’ were excluded from the analysis as it m@spossible to ascertain whether
these categories were motivated by variables exitérom the novel object test, for
example, motivation to hunt. Bold behaviors weakeg a weighting of 2 and shy
behaviors were given a weighting of -1. Scoresevieen summed across the categories
to give a total score for each fox observed. Aghigher scores represented foxes that
performed a greater proportion of bold-type behawdad lower scores represented foxes
that performed more shy-type behavior (Table 9).

Table 8: Shy and bold behavior classification for Experiment Two Novel Object Tests.

Bold Behaviors Shy Behaviors
Investigating Novel Object Observe novel object
Investigating General Resting Alert
Resting Relaxed Retreat

Approach Back In Den
Grooming
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Table 9: Experiment Two boldness scores — Bakersfi

eld and Lokern populations.

Shy Behavior Bold Behavior

- 3 = &

: s AN 25 2 3 -

s < 1 e |85 8., & 5 2| 8| &| &

=, 2 7 = 82| g g0 28 o2 g £ | 2 3 @
Fox 28 7 2 % 2| 258 g2 3 3 35| 3 T f=
D Age Sex |58 & & 8 o §x 123 28 o < & - a 2
Bakersfield
5678 A F 41 27 11 0.0 7.9 7.9 03 16 02 13 55 [ 89 | 178 10.0
6065 Y M 13 43 03 0.0 5.9 5.9 07 48 41 11 62 | 169 | 337 27.8
6067 Y F 75 192 25 0.0 29.2 292 133 00 00 25 00 | 158 317 25
6069 Y F 00 20 00 980 | 1000 | -1000 [ 00 00 00 00 00 | 00 0.0 | -100.0
6241 Y F 56 74 111 0.0 24.1 241 00 00 00 00 00 [ 00 0.0 -24.1
6243 Y F 01 06 00 993 | 1000 [ -1000 [ 00 00 00 00 00 | 00 0.0 | -100.0
6244 Y M 51 421 00 2.0 49.2 -49.2 00 28 83 00 267 |377]| 754 26.2
6246 Y F 03 00 00 997 | 1000 [ -1000 [ 00 00 00 00 00 | 00 0.0 | -100.0
6266 A F 00 26 00 943 | 9.9 -96.9 18 12 00 02 00 | 31 6.3 -90.6
6286 Y F 07 05 02 0.0 15 -1.5 1.8 25 309 05 33 |389][ 778 76.3
6288 Y F 23 63 00 0.0 8.5 8.5 392 290 00 28 00 | 71.0]| 1420 | 1335
6292 Y F 00 00 00 1000 | 1000 [ -1000 [ 00 00 00 00 00 | 00 0.0 | -100.0
6298 Y F 06 00 00 154 | 16.0 -16.0 50 22 06 09 720|808 | 161.6 | 145.6
6309 Y F 03 1.0 05 0.0 1.8 -1.8 17 29 00 20 00 | 66 | 131 11.3
6351 A M | 148 426 74 0.0 64.8 -64.8 00 00 00 167 00 [ 167 | 333 315
6362 A M 23 148 07 263 | 441 -44.1 23 89 00 02 13 [127]| 255 -18.6
6365 A F 24 87 33 329 | 473 -47.3 00 20 00 24 00 | 44 8.9 -38.4
6366 A F 28 219 00 0.0 24.8 -24.8 00 1.9 417 03 122|561 | 1123 | 875
6369 Y M 07 39 00 0.0 47 -4.7 24 00 08 05 147 | 184 | 368 32.1
6392 A M 18 20 07 950 | 995 -99.5 00 02 00 02 00| 05 1.0 -98.5
6398 A F 87 04 00 733 | 825 825 00 00 00 00 00 [ 00 0.0 -82.5
6527 A F 53 232 00 0.0 28,5 285 00 08 00 02 00| 10 21 -26.4
6530 Y F 31 70 04 879 | 984 -98.4 00 03 00 10 01 | 15 2.9 -95.5
6531 A M 60 90 04 681 | 834 -83.4 1.0 96 00 44 00 | 150 | 299 -53.5
6532 A M | 621 379 00 00 | 100.0 | -1000 | 00 00 00 00 00 | 00 0.0 | -100.0
6534 A M 1.8 397 00 0.0 41.6 -41.6 00 11 361 02 210 | 584 | 1167 | 752
6535 A M 1.7 00 00 939 | 955 -95.5 00 00 00 00 00 [ 00 0.0 -95.5
Lokern
6025 A F 22 167 03 721 | 913 91.3 00 05 00 04 00 [ 09 1.8 -89.5
6233 A F 08 00 00 992 | 1000 [ -1000 [ 00 00 00 00 00 | 00 0.0 | -100.0
6273 A F | 289 656 00 0.0 94.4 94.4 00 56 00 00 00 |56 | 111 -83.3
6277 A F 01 01 00 998 | 1000 [ -1000 [ 00 00 00 00 00 | 00 0.0 | -100.0
6282 A F 25 00 00 975 | 1000 [ -1000 [ 00 00 00 00 00 | 00 0.0 | -100.0
6299 P M 17 42 00 942 [1000 | -1000 [ 0O 00 00 00 00 [ 00 0.0 | -100.0
6326 A F [ 230 119 04 638 | 99.1 -99.1 00 09 00 00 00 [ 09 1.8 -97.3
6327 A F 39 39 04 883 | 9.4 -96.4 00 00 00 03 00| 03 0.6 -95.8
6329 A F 05 00 00 995 [ 1000 [ -1000 [ 00 00 00 00 00 | 00 0.0 | -100.0
6331 A F 72 887 06 0.0 96.5 -96.5 00 04 00 00 03| 07 1.4 -95.1
6332 A F 12 00 09 0.0 21 2.1 00 00 00 00 00 [ 00 0.1 2.1
6374 Y M 29 7.7 00 0.0 10.6 -10.6 21 24 00 21 119|185 371 26.5
6375 A M 59 08 00 934 [ 1000 [ -1000 [ 00 00 00 00 00 | 00 0.0 | -100.0
6376 Y F 13 13 00 975 | 1000 | -100.0 [ 0O 00 00 00 00 [ 00 0.0 | -100.0
6377 A F 01 00 00 999 | 1000 | -1000 [ 00 00 00 00 00 | 00 0.0 | -100.0
6391 Y M [ 152 171 01 0.0 32.4 -32.4 19 25 00 31 36 |111| 222 -10.2
6395 A F 43 218 00 739 | 1000 [ -1000 [ 00 00 00 00 00 | 00 0.0 | -100.0
6471 A F 02 00 03 995 [ 1000 [ -1000 [ 00 00 00 00 00 | 00 0.0 | -100.0
6501 A F | 2909 246 05 0.0 55.0 -55.0 00 01 96 13 04 |115]| 230 | -320
6505 A F 05 04 00 991 | 1000 [ -1000 [ 00 00 00 00 00 | 00 0.0 | -100.0
6506 A F | 416 365 52 6.7 90.1 -90.1 00 00 00 99 00 [ 99 | 198 -70.3
6512 A F 30 11 06 0.0 4.6 -4.6 08 20 00 14 00 | 42 8.5 3.9
6536 A F | 157 265 64 0.0 48.6 -48.6 25 34 00 54 00 [113] 226 -26.0
6538 Y M 81 176 00 743 | 1000 [ -1000 [ 00 00 00 00 00 | 00 0.0 | -100.0
6540 Y F | 229 121 14 0.0 36.4 364 | 129 14 00 107 00 | 250 | 500 13.6
6541 A F 22 341 00 637 | 1000 [ -1000 [ 00 00 00 00 00 | 00 0.0 | -100.0
6551 Y M |[218 50 33 0.0 30.1 301 | 162 00 00 64 00 | 225 | 451 15.0
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Boldness scores — Trap and Handling Behavior

Trap and handling behavior data were collecte@¥ofoxes in Bakersfield and 67 foxes
in Lokern. Boldness scores were calculated froenbishavior of each fox during the
trapping and handling process. Behavior was rexbah a simple ‘yes or no’ basis
regarding whether a particular behavior was peréatmThe data were then transcribed
as binary data. Types of behavior recorded wearssdied as shy or bold, and given a
weighting according to category (Table 10). Shiydweor was given a weighting of -1,
bold behavior was given a weighting of 1. Boldnessres were calculated by summing
the occurrences of shy and bold behavior to gibeldness value (Table 11). As there
was a likelihood that bold and shy behavior maycehone another out for some foxes,
data were transformed by adding 0.5 to each botdsese and the resultant value was
divided by the number of shy/bold behaviors peredrby each individual. Several
foxes had data collected from multiple captureanses. The data obtained from the first
recorded capture was used to calculate the boldwess for each individual fox.

Table 10: Trap/Handling Behavior Data — Bakersfiel d.

Bold Behaviors (assigned value of 1) Shy Behaviors (assigned value of -1)
Biting at cage or bag Warning bark (combined for trap and bag)
Struggling Growl/snarl (combined for trap and bag)
Attempt to escape Scream (combined for trap and bag)
Entered bag calmly Running backwards & forwards

Moving away from handler

Comparison of boldness scores from Experiments 1and 2 and
trap/handling data

Boldness scores were calculated using three diffenethods: Experiment One,
Experiment Two, and the Trap/Handling Behavior.e3éthree methods of data
collection differed considerably in terms of théefand duration required to obtained
the data. In order to determine whether the dataimed were comparable across the
three methods, data were analyzed for consisterogsall three measures. As the
numbers of foxes were not consistent for each @xygert, a number of different tests
were conducted.

Twelve individuals had boldness scores collectédguall three methods (Table 11).
Consistency for levels of boldness in this instaneee analyzed using Kendall's
Coefficient of Concordance as this allows for congman across greater than two
measures. Data were ranked from highest to loarestcorrected for tied ranks.
Boldness scores were found to be consistent atitesbree tests, indicating that the 12
foxes were ranked equally in terms of boldnessrgss of which method of data
collection was used\ = 5.02,X%; = 165.66,P<0.001; Kendall's Coefficient of
Concordance, corrected for tied ranks).

There were no further foxes that had boldness sdoreExperiments One and Two only.
A total of 21 foxes had boldness scores obtainaah fExperiment One and the
Trap/Handling data, and 52 foxes had boldness sab®ined from Experiment Two
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and the Trap/Handling data (Table 11). Consistéocholdness measures between
these two sets of data was analyzed using non-gariarpearman Rank Correlations.
No correlation was found between Experiment Onetaad rap/Handling data or
between Experiment Two and the Trap/Handling data.

Table 11: Boldness scores obtained from Experiment s One and Two, and
Trap/Handling Data.

Bakersfield Lokern
Trap/Handling Trap/Handling

Fox Experiment Experiment (1st capture Fox Experiment Experiment (1st capture

ID 1 2 only) ID 1 2 only)
5678 9.96 0.25 6025 -89.50 0.30
6065 -93.00 27.83 0.25 6233 -100.00 0.25
6067 2.50 0.25 6273 -83.33 -0.07
6069 -78.00 -100.00 0.30 6277 -100.00 -0.07
6240 78.00 6282 -100.00 -0.38
6241 -70.00 -24.07 0.25 6289 -185.00
6242 -142.00 0.08 6293 -32.00
6243 -55.00 -100.00 0.25 6299 -66.00 -100.00 0.25
6244 -109.00 26.19 1.25 6305 -46.00
6245 -94.00 0.50 6307 -33.00
6246 -183.00 -100.00 -0.38 6326 -97.26 -0.17
6266 -90.55 0.13 6327 -95.76 -0.07
6285 73.00 -0.50 6329 -100.00 -0.17
6286 125.00 76.32 0.25 6331 -95.10 -0.38
6287 42.00 -0.50 6332 -2.05 -0.88
6288 -178.00 133.52 -0.83 6374 26.48 0.13
6290 -118.00 6375 -100.00 0.25
6291 -124.00 1.50 6376 -100.00 -0.25
6292 32.00 -100.00 0.50 6377 -100.00 0.25
6294 -19.00 -0.25 6391 -10.22 -0.07
6295 273.00 0.13 6395 -100.00 -0.38
6298 251.00 145.60 0.50 6471 -100.00 -0.25
6304 -160.00 6501 -32.04 -0.10
6306 -240.00 -0.10 6505 -100.00 -0.25
6309 -91.00 11.29 0.25 6506 -70.29 -0.50
6310 -49.00 0.25 6512 3.86 -0.88
6351 -31.48 -0.10 6536 -26.04 0.30
6362 -18.57 6538 -100.00 -0.50
6365 -38.45 0.25 6540 13.57 -0.38
6366 87.55 0.25 6541 -100.00 -0.38
6369 32.12 -0.17 6551 15.03 -0.17
6392 -98.53 -0.38 6035 -0.1
6398 -82.47 0.50 6061 0.083
6527 -26.39 6062 -0.167
6530 -95.50 -0.17 6066 0.125
6531 -53.49 -0.25 6068 0.7
6532 -100.00 -0.38 6071 -0.25
6534 75.17 0.63 6145 0.25
6535 -95.53 -0.25 6158 0.417

J5 -42.00 6239 0.214
1111 -0.375 6268 -0.1
2222 0.25 6270 0.125
6063 0.214 6283 0.083
6064 0.25 6328 0.3
6235 0.3 6330 0.125
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Bakersfield Lokern
Trap/Handling Trap/Handling

Fox Experiment Experiment (1st capture Fox Experiment Experiment (1st capture

ID 1 2 only) ID 1 2 only)
6249 0.25 6333 -0.167
6250 -0.375 6334 0.125
6256 0.25 6335 0.3
6275 0.75 6336 -0.167
6297 0.5 6378 0.417
6308 -0.1 6387 -0.375
6312 0.25 6388 0.083
6313 0.3 6393 0.25
6314 -0.375 6394 0.214
6315 0.214 6396 0.3
6316 -0.375 6400 0.3
6317 -0.167 6502 0.083
6318 -0.167 6503 0.25
6319 -0.75 6508 -0.167
6320 -0.071 6510 -0.167
6337 1.25 6513 -0.1
6338 -0.167 6515 0.625
6339 -0.167 6516 -0.75
6340 0.25 6517 0.083
6363 0.25 6537 0.214
6364 0.083 6539 0.125
6367 -0.1 6542 -0.167
6370 0.25 6552 0.125
6371 0.7 6553 0.125
6372 0.25 6554 0.3
6373 0.3 6555 -0.167
6379 -0.167 6556 0.214
6380 -0.167
6381 0.25
6382 0.3
6383 -0.75
6384 0.5
6385 0.125
6386 -0.167
6389 0.063
6504 1.25
6507 0.083
6509 0.25
6511 0.125
6528 0.625
6529 0.3
6533 0.125
6543 0.25
6545 0.125
6547 -0.167
6548 -0.167
6549 15
6565 0.25
6566 0.25
6567 -0.375
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Comparison of boldness scores between habitats

Experiment One

Boldness scores between the urban Bakersfieldsdehe natural lands Lokern site were
compared using two samphests assuming unequal variances. Foxes at iz wtudy
site exhibited significantly higher boldness scdoeghe baseline and novel object data
combined, and a trend for higher levels of boldriesshe baseline data (Table 12).
Urban foxes were significantly bolder in the preseof novel stimuli (both novel

stimulus tests combined) and further analyses e that urban foxes showed greater
levels of bold behavior in the presence of the R stimuli than natural lands foxes
but were equally shy as natural lands foxes irptiesence of the PTS predator stimulus
(Table 12). In addition, the range of boldnessesavas higher in the urban habitat than
in the natural lands habitat. An index of relatsvee was calculated by dividing the
urban by the natural lands range to determine thgnitude of difference in range
between the two sites (Table 13).

Table 12: Comparison of Experiment One boldness da  ta collected from San Joaquin
kit foxes in urban and natural lands habitats (  t-test assuming unequal variances).

Mean Score
Urban vs. Natural Lands Urban Natural t df P
All Observations -40.5 (SD128.9) -134.4 (SD 88.4) 2.38 21 <0.05
Baseline 33.9(SD91.2) -23.4 (SD 78.2) 2.11 17 0.09
Novel Stimuli -74.3 (SD 54.2) -111 (SD 13.9) 2.05 29 <0.01
PBS (food) -16.2 (SD 54.4) -51 (SD 13.9) 2.05 29 <0.01
PTS (predator) -58.1 (SD 6.4) -60 (SD 0.0) 1.43 23 NS

Table 13: Range of Experiment One boldness data co llected from San Joaquin kit
foxes in urban and natural lands habitats.

Range
Population All Observations Baseline Novel Stimuli PBS PTS
Urban 513 314 199 199 26
Natural Lands 208 194 35 35 0
Index or relative size 25 1.6 57 57 26

Experiment Two

Percent occurrence data were compared for foxes the urban and natural lands
environment (Figure 9-Figure 13). While resultgeveot significantly different for
percent occurrence of the various behavioral categjostrong trends were observed for
urban foxes spending more time investigating (gahearesting relaxed, and grooming in
the presence of the novel object (Table 14).
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Table 14: Comparison of overall percent occurrence
activities by San Joaquin kit foxes in urban vs nat

time spent on behavioral
ural lands habitats.

Means

Behavior Categories Urban Natural Lands t df P

Investigating (general) 2.66 0.71 1.69 29 0.10
Investigating novel object 2.58 1.35 0.73 38 NS
Resting relaxed 4.55 0.36 1.85 27 0.08
Approach 1.39 1.52 -0.15 52 NS
Grooming 6.03 0.60 1.87 27 0.07
Resting alert/vigilant 11.10 14.73 -0.73 45 NS
Observe novel object 5.24 9.16 -1.24 52 NS
Retreat 1.06 0.75 0.53 44 NS
Back in den 36.52 52.68 -1.33 52 NS

Figure 9. Percent occurrence of behavior for all f

novel object tests in urban and natural lands habit ats.
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Figure 10. Percent occurrence of behavior for year  ling foxes in response to
Experiment Two novel object tests in urban and natu ral lands habitats.

Figure 11. Percent occurrence of behavior for year  ling foxes in response to
Experiment Two novel object tests in urban and natu ral lands habitats.
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Figure 12. Percent occurrence of behavior for male foxes in response to Experiment
Two novel object tests in urban and natural lands h abitats.

Figure 13. Percent occurrence of behavior for fema  le foxes in response to Experiment
Two novel object tests in urban and natural lands h abitats.
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Analyses of Experiment Two boldness scores of faxeélse two habitats demonstrated
significantly higher levels of boldness for indivals in the urban environment

(Table 15). Further analyses demonstrated adxdisfavere significantly bolder in the
urban environment than in the natural lands enwiremt but while mean boldness scores
were higher for urban yearlings, there was no sigant difference in levels of boldness
between the two habitats. Females were significéolder in the urban habitat,
however, while the mean boldness score was highmerban males than for natural
lands male foxes this difference was not significan

Table 15: Comparison of Experiment Two boldness sc  ores in urban vs natural lands
San Joaquin kit foxes.

Mean Score
Urban vs. Natural Lands Urban Natural t df P
All foxes -19.51 -68.25 2.85 43 <0.01
Adults -35.60 -79.38 2.30 17 <0.05
Yearlings -4.60 -25.86 0.64 14 NS
Males -23.63 -44.79 0.66 11 NS
Females -17.10 -74.95 2.60 22 <0.05

Range of boldness scores was compared betweeatigpies for all individuals, and by
age and sex. The range of boldness scores waarhiigthe urban habitat for all criteria
(Table 16). An index of relative size was caloethby dividing the urban by the natural
lands range to determine the magnitude of diffezengange between the two sites.

Table 16: Range of Experiment Two boldness scores collected from San Joaquin kit
foxes in urban and natural lands habitats.

Range
Population All Foxes Adults Yearlings Males Females
Urban 245.60 187.55 245.60 175.17 245.60
Natural Lands 126.48 103.86 126.48 126.48 113.57
Index of relative size 1.9 1.8 1.9 1.4 2.2

Trap/Handling Behavior

Boldness scores were calculated for all foxes cafdtwithin the two habitats for the
duration of the study. Analysis of the boldneswss illustrated that foxes in the urban
habitat had significantly higher boldness leveblntifoxes within the natural lands habitat
(Table 17). Furthermore, comparative analysis detrated that adult urban foxes were
significantly bolder than adults in the naturaldanurban females overall were bolder
than natural lands females, and there was no &gnifdifference in boldness between
urban and natural lands males. No difference wasd between levels of boldness for
yearlings or pups. As the sample size was lamehis data set, data were able to be
broken down further for analysis. Adult femaleghe urban environment were
significantly bolder, but no significant differerecerere found between adult males in the
differing habitats, or between yearlings or pupsitiier sex.
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Table 17: Comparison of Trap/Handling boldness sco  res in urban vs natural lands San
Joaquin kit foxes.

Mean Score

Urban vs. Natural Lands Urban Natural t df P
All foxes 0.19 0.06 2.52 149 0.01
Adults 0.20 0.05 1.67 63 0.03
Yearlings -0.02 0.07 -0.57 7 NS
Pups 0.24 0.11 1.30 32 NS
Males 0.18 0.14 0.51 82 NS
Females 0.21 -0.01 2.99 57 0.004
Adult Males 0.16 0.16 0.02 32 NS
Yearling Males -0.09 0.15 -1.22 5 NS
Pup Males 0.25 0.14 0.57 5 NS
Adult Females 0.26 -0.04 1.70 31 <0.0001
Yearling Females 0.17 0.01 0.73 1 NS
Pup Females 0.21 0.09 0.35 22 NS

Range of boldness scores were compared betwedatigpes for all individuals, and by
age and sex. The range of boldness scores waar higthe urban habitat for all criteria

(Table 18). An index of relative size was caloedaby dividing the urban by the natural
lands range to determine the magnitude of diffezencange between the two sites.

Table 18: Range of Trap/Handling boldness scores ¢ ollected from San Joaquin kit
foxes in urban and natural lands habitats.

Range
Population All Foxes Adults Yearlings Pups Males Fe males
Urban 2.25 1.63 1.25 2.25 2.25 2.25
Natural Lands 1.45 1.45 0.47 0.79 0.95 1.05
Index of relative size 1.6 1.1 2.7 2.8 2.4 2.1

Comparison of boldness scores within habitats

Data from each method of obtaining boldness somege analyzed to determine whether
individuals varied significantly in levels of boldsswithin each habitat type. Data were
analyzed to determine whether variation existedéen individuals, and according to
sex or where applicable, age.

Urban Environment

Descriptive statistical analysis of boldness scol@ained from pups within the urban
habitat demonstrated individual variation betweeltlbess scores obtained across all
three measures (Table 19).
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Table 19: Descriptive statistics of boldness score s obtained from San Joaquin kit
foxes in the urban habitat for all three boldness m easures.

Mean Standard Deviation Standard Error Variance
Experiment 1
All Observations -40.5 128.9 26.3 16612.6
Baseline 33.9 91.2 18.6 8315.5
Novel Stimuli -74.3 54.2 111 2939.1
PBS -16.2 54.4 111 2954.3
PTS -58.1 6.4 1.3 41.4
Experiment 2
All foxes -19.5 76.1 14.6 5788.9
Adults -35.6 62.7 17.4 3928.8
Yearlings -4.6 86.3 23.1 7452.5
Males -23.6 62.9 19.9 3954.3
Females -17.1 84.7 20.5 7165.9
Trap/Handling
All foxes 0.19 0.40 0.04 0.16
Adults 0.20 0.31 0.05 0.09
Yearlings -0.02 0.41 0.16 0.17
Pups 0.24 0.47 0.07 0.22
Males 0.18 0.43 0.06 0.18
Females 0.21 0.36 0.06 0.13

Analysis of variance of boldness scores of urbaedambtained from Experiment One
demonstrated that there was significant differdret@veen boldness scores of pups in
different densK4 = 3.097,P<0.05). Post hoc Fishers PLSD tests determinedthzs
from the ‘Jewetta’ den were significantly boldeathpups from the ‘Bakersfield College’
natal denP<0.005) and the ‘Seven Oaks West’ natal d&«D(005). In addition, there
was a trend towards the Jewetta pups being bdidergups from the ‘CSUB’ natal den
(P =0.07). Furthermore, analysis of variation ofdoess scores between male and
female pups within the urban habitat determinedheekno effect on the boldness levels
of pups.

The variance of boldness scores (5788.393) amdranifoxes obtained from
Experiment Two was significantly different from thgpothesized value of 1

( 2=150498.2, df = 262 <0.0001). In addition, boldness scores withirheaicthe

habitat types were compared to see if there wétereinces between foxes of different
sex or age. Analyses usitipests assuming unequal variances determinedhbid tvere
no significant differences between adult and yegrfoxes or between male and females
foxes in the urban habitat.

The variance of boldness scores (0.16) among ddas obtained from Trap/Handling
data was significantly different from the hypottzesi value of 1 ¢ = 14.3, df = 88,

P <0.0001). In addition, boldness scores withinheaicthe habitat types were compared
to see if there were differences between foxesfte#rdnt sex or age. Analyses using
tests assuming unequal variances determined tha tere no significant differences
between boldness scores obtained from Trapping/itendata for adult and yearling
foxes, or between male and females foxes in tharunabitat.
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Natural lands Environment

Analysis of variance of boldness scores of natarads foxes obtained from Experiment
One (Table 20) demonstrated that there was sigmifidifference between boldness
scores of pups in different derfs; & 4.55,P<0.05). Post hoc Fishers PLSD test
determined that pups from the ‘D680’ den were digamtly bolder than pups from both
the ‘D704’ natal denR<0.05) and the ‘D405’ natal deR<0.05). All foxes in the

natural lands habitat that were trapped and sexsd male, and therefore no comparison
of boldness levels of foxes of different sexes p@ssible for boldness data collected for
Experiment One.

Table 20: Descriptive statistics of boldness score s obtained from San Joaquin kit
foxes in the natural lands habitat for all three bo Idness measures.

Mean Standard Deviation Standard Error Variance
Experiment 1
All Observations -134.4 88.4 295 7806.8
Baseline -23.4 78.2 26.1 6122.5
Novel Stimuli -111.0 13.9 4.6 1945
PBS -51.0 13.9 4.6 194.5
PTS -60.0 0.0 0.0 0.0
Experiment 2
All foxes -68.2 45.9 8.8 2105.9
Adults -79.4 35.0 7.8 1225.4
Yearlings -25.9 58.7 23.9 3440.9
Males -44.8 61.6 8.7 1575.5
Females -75.0 39.7 8.7 1575.5
Trap/Handling
All foxes 0.060 0.251 0.030 0.063
Adults 0.049 0.278 0.042 0.078
Yearlings 0.074 0.165 0.046 0.027
Pups 0.107 0.235 0.071 0.055
Males 0.141 0.236 0.044 0.056
Females -0.001 0.248 0.040 0.061

The variance of boldness scores (2105.9) amongaitddéunds foxes obtained from
Experiment Two was significantly different from thgpothesized value of 1

( 2=54768.8, df = 262 <0.0001). In addition, boldness scores withirheafcthe
habitat types were compared to see if there wétereinces between foxes of different
sex or age. Analyses usitipests assuming unequal variances determinedhbid tvere
no significant differences in boldness scores olethifrom Experiment Two between
male and females foxes in the natural lands haltitdtthere was a trend for higher
boldness scores in yearlings than in adwits €2.12,P = 0.07).

The variance of boldness scores (0.63) among Udas obtained from Trap/Handling
data was significantly different from the hypottzesi value of 1 ¢ = 4.22, df = 67,

P <0.0001). In addition, boldness scores withirheafcthe habitat types were compared
to see if there were differences between foxesftdrdnt sex or age. Analyses using
tests assuming unequal variances determined tha tere no significant differences
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between boldness scores obtained from Trapping/itendata for adults, yearling or
pups, but that the Trapping/Handling data did shayher levels of boldness in males
than in female foxes across all ages £ 2.5,P <0.01) and for adult male and female
foxes €40 = 2.5,P <0.05).

Boldness scores and survival

Experiment One

Radio-telemetry data provided data on survival, medements of individual foxes re-
trapped and radio-collared following Experiment @iservations. As only one Lokern
fox was re-trapped and fitted with a radio-colla temaining data analysis for
Experiment One is focused on urban foxes. Surde#d were categorized according to
two variables: surviving until the first breedingeson (classed as Dec 1); and survival
through the first pup-rearing season (June 1) @at). Survival data were available for
two Lokern pups; the fox that was re-trapped awnkibraollared, and a fox whose carcass
was collected opportunistically.

Experiment One boldness scores were not significantrelated with survival to either
Dec 1 or June 1 for all foxes from the two studgsi In addition, there was no
significant correlation for survival and boldness floxes in the urban environment to
either Dec 1 or June 1, but foxes that died diceHagher bolder scores than foxes that
survived to June 1 for both total boldness scocteram-stimulus boldness scores
(Figure 14).

Figure 14. Experiment One boldness scores and surv ival of urban foxes through June
1, 2007.
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Table 21: Survival data for Experiment One foxes.

Mortality Last date on Last known Survived Survived to
Study Site Fox ID Sex Date air/heard date alive to 1st Dec 1st June 07
Bakersfield 6294 Male 2006-12-22 2006-12-22 survived dead
6304 Male not collared 2006-06-27 unknown unknown
6306 Male 11/9/2006 2006-11-09 unknown unknown
6069 Female 6/26/2009 2009-06-26 survived survived
6240 male 2006-07-05 not collared 2006-07-05 dead dead
6241 Female 6/26/2009 2009-06-26 survived survived
6285 Male 2007-10-23 2007-10-23 survived survived
6309 Female 6/26/2009 2009-06-26 survived survived
6286 Female 6/26/2009 2009-06-26 survived survived
6288 Female 4/19/2007 2007-04-19 survived unknown
6242 Female 4/5/2007 2007-04-05 survived unknown
6292 Female 2008-04/24 2008-04-24 survived survived
6295 Male 2006-10-20 unknown unknown
6245 Female 2007-01-08 2007-01-08 survived dead
6298 Female 2007-08-09 2007-08-09 survived survived
unmarked  unknown not collared 2006-06-30 unknown unknown
7o0w6290 Male not collared 2006-06-20 unknown unknown
6243 Female 2007-07-13 2007-07-13 survived survived
6291 Male 11/9/2006 2006-11-09 unknown unknown
6244 Male 6/8/2009 2009-06-08 survived survived
6065 Male 10/10/2007 2007-10-10 survived survived
6246 Female 9/29/2008 2008-09-29 survived survived
6287 Male 9/3/2008 2008-09-03 survived survived
6310 Male 1/23/2007 2007-01-23 survived unknown
Lokern 6305 Male not collared unknown unknown
6293 Male not collared unknown unknown
6307 Male not collared unknown unknown
6299 Male 2006-10-25 2006-10-25 dead dead
6289 Male 2006-07-27 2006-07-27 dead dead
unmarked  unknown not collared unknown unknown
unmarked  unknown not collared unknown unknown
unmarked  unknown not collared unknown unknown
unmarked  unknown not collared unknown unknown

Experiment Two

Foxes trapped and radio-collared for Experiment Dlyservations were monitored on a
weekly basis for survival and movement data. Savilata were classed as dead or alive
at the time they went off air. Following radio-lesing, a small number of foxes were

not located during the study due to either leavimggstudy sites or collar malfunctions.
These foxes were not included in the analysis aadisted in the table as ‘unknown’
(Table 22).
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Boldness scores and survival data were analyzeditbin population relationships.
Unpairedt-test analyses indicated no relationship betwedtinless scores and survival
data for either urban or natural lands foxes.

Table 22: Survival data for Experiment Two.

Study Site Fox ID Boldness Score Survival Status

Bakersfield 5678 10.0 Alive
6065 27.8 Unknown
6067 2.5 Unknown
6069 -100.0 Alive
6241 -24.1 Alive
6243 -100.0 Dead
6244 26.2 Alive
6246 -100.0 Alive
6266 -90.6 Unknown
6286 76.3 Alive
6288 133.5 Unknown
6292 -100.0 Dead
6298 145.6 Dead
6309 11.3 Alive
6351 -31.5 Alive
6362 -18.6 Alive
6365 -38.4 Alive
6366 87.5 Alive
6369 32.1 Dead
6392 -98.5 Unknown
6398 -82.5 Dead
6527 -26.4 Dead
6530 -95.5 Alive
6531 -53.5 Alive
6532 -100.0 Unknown
6534 75.2 Alive
6535 -95.5 Alive

Lokern 6025 -89.5 Alive
6233 -100.0 Alive
6273 -83.3 Alive
6277 -100.0 Alive
6282 -100.0 Alive
6299 -100.0 Dead
6326 -97.3 Unknown
6327 -95.8 Alive
6329 -100.0 Unknown
6331 -95.1 Unknown
6332 -2.1 Unknown
6374 26.5 Alive
6375 -100.0 Alive
6376 -100.0 Dead
6377 -100.0 Dead
6391 -10.2 Alive
6395 -100.0 Alive
6471 -100.0 Alive
6501 -32.0 Alive
6505 -100.0 Dead
6506 -70.3 Alive
6512 3.9 Alive
6536 -26.0 Alive
6538 -100.0 Alive
6540 13.6 Unknown
6541 -100.0 Alive
6551 15.0 Alive
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Trap/Handling

There were a number of foxes that were trappectaltared for either Experiment One
or Experiment Two in both the urban and naturati$abut died before the behavioral
observation could take place (Table 23). Analygee conducted to determine whether
there was a relationship between trap/handlingriesd scores and survival. Only foxes
that were radio-collared and therefore activelgkeal were included in these analyses.
Inclusion of foxes that had been assessed fotaaplling boldness and picked up as
mortalities opportunistically were not included,itawas felt they may bias the results.

Table 23: Trap/handling boldness scores and surviv  al data for urban and natural lands
foxes.

Study Site Boldness Survival Study Site Boldness Survival
Bakersfield Score Lokern Score
5678 0.25 Alive 6025 .300 Alive
6069 0.30 Alive 6035 -.100 Dead
6241 0.25 Alive 6062 -.167 Dead
6243 0.25 Dead 6068 .700 Dead
6244 1.25 Alive 6233 .250 Alive
6245 0.50 Dead 6239 214 Dead
6246 -0.38 Alive 6270 125 Dead
6285 -0.50 Dead 6273 -.070 Alive
6286 0.25 Alive 6277 -.070 Alive
6292 0.50 Dead 6282 -.380 Alive
6294 -0.25 Dead 6299 .250 Dead
6298 0.50 Dead 6327 -.070 Alive
6309 0.25 Alive 6328 .300 Dead
6351 -0.10 Alive 6333 -.167 Dead
6365 0.25 Alive 6335 .300 Dead
6366 0.25 Alive 6374 .130 Alive
6369 -0.17 Dead 6375 .250 Alive
6398 0.50 Dead 6376 -.250 Dead
6530 -0.17 Alive 6377 .250 Dead
6531 -0.25 Alive 6391 -.070 Alive
6549 1.50 Dead 6395 -.380 Alive
6400 .300 Dead
6471 -.250 Alive
6501 -.100 Alive
6505 -.250 Dead
6506 -.500 Alive
6512 -.880 Alive
6516 -.750 Dead
6536 .300 Alive
6538 -.500 Alive
6539 125 Dead
6541 -.380 Alive
6551 -.170 Alive
6552 125 Dead
6553 125 Dead
6554 .300 Dead
6555 -.167 Dead
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An unpaired-test revealed no significant difference in trap#lang boldness levels for
foxes that died and those that survived in themudravironment. However, a strong
trend was observed for higher levels of boldnedexes that died in the natural lands
environmenttsz=-2.006,P = 0.0527). This relationship is further illustdtin

Figure 15.

Figure 15: Trap / Handling boldness scores and sur  vival status of natural lands foxes
Boldness scores and reproduction

Experiment One

Radio-collared foxes in the urban environment weaeked through at least one breeding
season and assessed to determine whether thewinad and reproduced. No observed
foxes reproduced in the first year, and therefexeesal individuals were re-collared and
assessed for reproduction in 2008 and, where &l@jl2009 (Table 24).

Boldness scores and reproductive data for urbaesfavere analyzed using non-
parametric Mann Whitnely-tests. No significant correlation was found betwe
boldness score and reproduction, or boldness secmr@umber of pups for either 2008 or
20009.
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Table 24: Reproductive data for Experiment One urb  an foxes observed over three
breeding seasons.

Age at
Year Fox ID Sex Paired Reproduced reproduction No. of pups

2007 6069 yes (6392) no
6241 no
6285 no
6309 no
6286 yes (6244) no
6288 no
6242 no
6292 no
6298 no
6243 no
6244 yes (6286) no
6065 no
6246 poss no
6287 no
2008 6069 yes (6392) no
6241 no
6309 no
6286 yes (6244) yes y
6292 no
6244 yes (6286) yes y
6246 yes yes y
6287 no
2009 6069
6241
6309
6286
6244

yes (6392) yes a
no
no
yes (6244) yes a
yes (6286) yes a

W W oo h~OWOOWWO WO O O

Experiment Two

Radio-collared foxes in the urban and natural ldratstats were tracked through one
breeding season and assessed to determine whelgdratd paired and reproduced.
Reproductive status is shown for both urban andrablands foxes (Table 25).

Analysis of reproductive data determined there masignificant relationship between
boldness score and reproductive success or betvwaeness score and the number of
pups produced in the urban environment. Howevelyaes of reproductive success and
boldness in the natural lands environment indicatsttong trend for higher boldness
leading to increased reproductive success (unptiest;t;; = 2.058,P = 0.053), and
foxes with higher levels of boldness had signiftbahigher numbers of pups in their
litters than foxes with lower boldness scofeg & 4.729,P<0.05).
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Table 25: Reproductive data for urban and natural lands Experiment Two kit foxes.
Bakersfield Boldness Reproduced No.pups | Lokern Boldness Reproduced No. pups
Foxes Score during Exp 2  produced | Foxes Score during Exp 2  produced
5678 10.0 Yes ? 6025 -89.5 Yes 3
6065 27.8 Unknown - 6233 -100.0 No 0
6067 25 Unknown - 6273 -83.3 Yes 4
6069 -100.0 Yes 4 6277 -100.0 No 0
6241 -24.1 No 0 6282 -100.0 Yes 1
6243 -100.0 No 0 6299 -100.0 No 0
6244 26.2 Yes 8 6326 -97.3 No 0
6246 -100.0 Yes 3 6327 -95.8 No 0
6266 -90.6 Unknown - 6329 -100.0 Unknown -
6286 76.3 Yes 8 6331 -95.1 Unknown -
6288 133.5 No 0 6332 2.1 Unknown -
6292 -100.0 No 0 6374 26.5 Yes -
6298 145.6 Unknown - 6375 -100.0 Yes 2
6309 11.3 No 0 6376 -100.0 Unknown
6351 -31.5 Unknown - 6377 -100.0 Unknown -
6362 -18.6 Yes ? 6391 -10.2 Yes 3
6365 -38.4 Unknown - 6395 -100.0 No 0
6366 87.5 Yes 3 6471 -100.0 No 0
6369 32.1 Unknown - 6501 -32.0 Yes 3
6392 -98.5 Yes 4 6505 -100.0 No 0
6398 -82.5 Unknown - 6506 -70.3 No 0
6527 -26.4 Yes ? 6512 3.9 No 0
6530 -95.5 Yes 4 6536 -26.0 Yes 2
6531 -53.5 Yes 4 6538 -100.0 Yes 3
6532 -100.0 Unknown - 6540 13.6 Unknown -
6534 75.2 Yes 3 6541 -100.0 No 0
6535 -95.5 Yes ? 6551 15.0 Yes 4

Boldness scores and distance moved

The maximum distance between capture point anditotpoint was calculated for each
individual fox using ArcView GIS (version 3.2). @elation analysis tested to see if
there were significant relationships between tls¢agice moved and the boldness scores
of foxes within populations. Unpairgédests tested for significance between survival and
distance moved.

Experiment One

Distance analysis indicated that there was a ttewdrds a positive correlation between
the maximum distance from capture point and bolslsesre (Kendall Rank Correlation,
Z-1.687,P <0.1) for foxes in the urban habitat. No dise@aoalysis was conducted for
the natural lands as there were only data for oravailable.
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Experiment Two

Distance analysis of Experiment Two foxes did maigate a significant relationship
between boldness score and distance moved for foxbe urban or natural lands
environment.

Trap/Handling

Distance analysis of boldness scores obtained frapihandling data did not indicate a
significant relationship between boldness scoredsidince moved for foxes in the urban
or natural lands environment. However, a trend ezerved in the urban environment
towards foxes that died being those that had mavg@ater distance from the capture
point than those that had surviveg, € -1.777,P<0.1; Figure 16).

Figure 16: Distance moved from capture pointand s  urvival status for urban foxes.

Data Summary

A summary of all data analyses is presented inéla6lfor ease of reference. Results for
all three measures of boldness, survival statypspdeiction and distance moved from
capture point are included in the table.
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Table 26: Summary of data analyses presented throu  ghout results section.

Site Analysis Experiment 1 Experiment 2 Trap/Handli ng
Urban vs All observations * - -
Natural Lands Baseline ¥ - -
Novel Stimuli * - -
PBS b - -
PTS NS - -
All foxes - * *
Adults - * *
Yearlings - NS NS
Pups - - NS
Males - NS NS
Females - * *
Adult males - - NS
Yearling males - - NS
Pup Males - - NS
Adult females - - rkkk
Yearling females - - NS
Pup females - - NS
Urban Variance * rkkk rkkk
Male vs Female NS NS NS
Adult vs Yearling - NS NS
Adult vs Pup - NS NS
Yearling vs Pup - NS NS
Natural Lands Variance * ok ok
Male vs Female - NS *
Adult vs Yearling - ¥ NS
Adult vs Pup - - NS
Yearling vs Pup - - NS
Adult male vs adult female - - *
Urban Survival & boldness NS NS NS
Natural Lands Survival & boldness NS NS ¥
Urban Boldness & reproduction NS NS NS
Boldness & No. of pups NS NS NS
Natural Lands Boldness & reproduction - ¥ NS
Boldness & No. of pups - * NS
Urban Boldness & distance NS NS NS
Natural Lands Boldness & distance - NS NS
Urban Survival & distance NS NS ¥
Natural Lands Survival and distance - NS NS

T = P<0.01(trend), * = P<0.05, ** = P<0.01, *** = P<0.001, **** = P<0.0001, - = Not applicable
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DISCUSSION

COMPARISONS OFBOLDNESSMEASURES

While the three boldness measures did not exhipiificant correlations to one another,
each of the three measures produced the samesrastdtms of differences in boldness
between the populations, and in some aspects wheipopulations. Each of the
boldness measures clearly detected the differeandesidness between the two
populations with high levels of significance.

Despite being the most in-depth method of collecboldness data, Experiment One
provided the least information in terms of compamanalyses. This was partly due to
an inability to compare boldness between populatahre to the issues associated with
the Lokern observations and re-trapping successlbo due the nature of the
observation which excluded the opportunity for cangon across age classes. In
addition, Experiment One was an extended processhs labor-intensive. This
methodology would not be suited for selection afitreduction candidates during a
reintroduction program, and its use is not reconaedn

Experiment Two appeared to be better suited folirubehavioral profiling of wild foxes
for several reasons, the main one being that ohsernvsubjects are trapped and collared
prior to the behavioral observation taking plagéis is particularly beneficial in the
natural lands were foxes have larger home ranggsnamne den site availability, thus
making it harder to target individuals when tragpirRadio-collaring prior to behavioral
profiling both substantially increases the likeligloof obtaining fithess data following
profiling and would allow for locating and recaphg an individual that had been
selected for relocation. In addition, this tedtasless labor-intensive, and therefore
cheaper and faster to conduct; both consideratmteke into account should an actual
reintroduction effort take place in the future.

The Trap/Handling method of obtaining data wadéast labor-intensive and provided
the greatest sample size for this study. In agldittomparison of results obtained from
Experiment Two and from the Trap/Handling boldnessres are similar for many
categories of analyses. However, the data obtaused limited in some aspects, as
exemplified by certain significant trends beingeidt¢d Experiment Two but not being
detected using the Trap/Handling data. Howevés was the first time this type of data
had been collected, and further refinement of tita dollection and boldness score
calculation may result in a more informative measuf refined, this method of
collecting boldness data could be useful for anatythe behavioral composition of a
reintroduced population when determining what typiesdditional founders should be
introduced.

Boldness and Kit Fox Reintroductions

The aim of this study was to determine whether biehaariation in terms of shyness
and boldness existed between populations of Sajuilo&it foxes in two very divergent
habitats and to assess the potential for theselgtogms to serve as source populations
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for reintroduction of kit foxes to vacant habitatSf particular interest was the potential
suitability of urban kit foxes for introduction mhon-urban environments.

The results of this investigation have clearly dastmated that variation in boldness is
present, both between the urban and natural lapdlgtions, and within the two
populations. The urban population demonstratedifsigntly higher levels of boldness
than the natural lands population. This differewes particularly evident among adults.
However, there was no significant difference indn@ss levels between populations for
both yearlings and pups indicating that levelsatibess show variance within litters in
both habitat types, and that selection for optibedavioral attributes for conditions
within a given habitat type are most evident ieddife-stages. Boldness is considered
an adaptive trait (Wilson 1998), thus similar patseof variation between yearling and
pup kit fox in differing populations demonstratbe potential for adaptation in response
to environmental change.

Furthermore, boldness is subject to natural selectAnalysis of the variation of
boldness levels within each of the two populatignsealed a wider range of boldness
scores present in the urban habitat than the nd&mds habitat. Foxes in natural lands
habitats may be subject to greater selection presssuch as high predation levels and
fluctuating food abundance, and this might prodheenarrower range of variation in
boldness observed in this population comparedabiththe urban environment.

Because boldness is subject to natural selectoxesfwith optimal levels of boldness
relative to selection pressures present at a eelgtesare likely to be more successful
following reintroduction. Molecular genetic stuslieave demonstrated that high levels
of genetic diversity facilitate adaptation of foenghopulations to selective pressures
(Frankham, Ballou & Briscoe 2002), thereby incragdikelihood of establishment of a
self-sustaining population. This suggests thatiipearating high levels of personality
variation, which has a genetic basis, in a foungiogulation may be as important as
other factors (e.g., genetics, sex, age, healtehidkentifying candidates for
reintroduction (Watters & Meehan 2007).

When considering source populations for proposkatasion efforts, one approach is to
select a population from an area with habitat coma most similar to those on the
reintroduction site. Individuals from this popudat are more likely to possess optimal
behavioral attributes, including boldness levats,conditions on the relocation site.
However, given that conditions are unlikely to fernitical between the source and
release sites, an alternate approach is to swiva founding population with a more
diverse array of boldness levels. This will inge#he adaptive capacity of the
population and hopefully improve the probabilityspiccessful population establishment.
Thus, a better approach might be to include anifinas multiple populations, including
urban foxes. Such a mixed population would inclundividuals more closely adapted to
the conditions present on the reintroduction stevall as individuals with behavioral
attributes that will facilitate adaptation to a nemvironment.

Finally, for a variety of reasons, it may not besgble to use fox populations from
natural lands as source populations. In partictia removal of a sufficient number of
animals required to attempt a reintroduction mjgbpardize the viability of these
populations, most of which are already small ire ind many of which are still
declining. In fact, a rigorous population viahjlanalysis should be conducted before
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even considering using a population as a souragdofiduals for relocation in order to
assess the potential demographic impacts of rergoraividuals. If using populations
in natural lands appears inadvisable, then foxas furban populations may be the only
alternative. Based on this investigation, urbatefoappear to possess behavioral
attributes that potentially make them suitableedsaation candidates. In particular, they
appear to have a higher tendency to investigaterasaurces compared to non-urban
foxes. This would facilitate the discovery and as&ods and dens present on a
reintroduction site. Also, urban foxes appeandoilgt a wariness of potential dangers
similar to that observed in non-urban foxes. Thins,ability of relocated urban foxes to
avoid dangers in natural lands, such as predatoght be similar to that of non-urban
foxes that have previous experience with such dang&dditionally, urban foxes exhibit
a much broader range of behavioral attributesjquaarly boldness levels, and therefore
a founding population consisting of urban foxegljkwould a relatively high adaptive
capacity, which would increase the probability e€ésessful population establishment.

RECOMMENDATIONS

1. When considering a potential source populatwrafkit fox reintroduction
effort, the behavioral attributes of the populatstrould be consider equally
with other attributes or considerations.

2. The behavioral attributes of the any potentairse population should be
considered with respect to conditions on the rethiction site.

3. A population viability analysis of the potentsalurce population should be
conducted to determine whether the removal of féaeselocation will
adversely impact the viability of the populationyhat number of foxes
could be safely removed.

4. Behavioral assessments, particularly a measumeshéoldness level, should
be conducted on all candidate foxes prior to seledor inclusion in the
founding population. Such assessments may reqgaptiring, transmittering,
and monitoring foxes to facilitate replicate assemsts and, if selected, to
facilitate recapture for relocation.

5. Foxes selected for the founding population stheolmprise a wide range of
behavioral attributes to maximize the adaptive capaf the population and
increase the probability of a successful reintroidac

6. Use of urban foxes may be preferable for a eglon and reintroduction
because they exhibit apparently suitable behavaitabutes and because
doing so would avoid any adverse impacts to pojaulatin natural lands.

7. An experimental relocation involving urban foxesecommended to assess
relocation strategies and assess the suitabilityldn foxes for reintroduction
efforts.
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APPENDIX A

Sex Male/Female

Site: Natural/Urban

Age: Adult/Pup/Yearling

Vocalisations in trap

Movement in Trap

1. Warning bark (low pitched ‘whump’ sort of noise 1. Running backwards and forwards

Yes No
2. Growl/snarl
Yes No

3. Scream (high pitched bark or yelp)

Yes No
2. Crouching down and staystity
Yes No

3. Movavweay from handler

Yes No Yes No
4. Defecated in trap 4. Biting at cage
Yes No Yes No
5. Entered into bag calmly
Yes No
Vocalisations in bag Behavior in Bag and durindnandling
1. Warning bark 1. Struggling
Yes No Yes No
2. Growl/snarl 2. Remaining still
Yes No Yes No
3. Scream 3. Defecated
Yes No Yes No
4. Biting at bag
Yes No

5. Attempt to escape (e.g. eyes uncovered)

Yes No
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