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ABSTRACT

SEASONAL HABITAT SELECTION OF THE NORTH AMERICAN PORCUPINE
(ERETHIZON DORSATUMN A COASTAL DUNE FOREST

Cara Leigh Appel

Wildlife -habitat relationship studies are important for understanding the
factors that determine where species occur in space andHab#at selectiomy
generalist species should &tediedon fine spatial and temporal scales to avoid
maskingimportantdifferences between seasons, localities, or orders of selection. |
conducted the first study of habitat use and general ecology of North American
porcupineskrethizon dorsatuinin a coastal dune environment. Specifically, |
assessed changes in body mhespe range size, and habitat selection in relation
to the potential for seasonaltritional and survivabottlenecksasreported
elsewhereAlthough they areonsideredjeneralists, porcupindmveadapted
specializedeedingstrategesallowing them to surviveperiods of harsh weather
and low food availabilityln this studyporcupines were selective in their habitat
use at the hommnge and withirhomerangescalesduring both summer and
winter. In summer, porcupines selected wildaminatedswales, marshes, and
fruit trees, and during the winter they selected coastal scrub, dunes, and conifer

forests. These changes were most likely driven by forage availability, leading to
ii



dramaticbody masdossbetween summer and wint€@naveragefemales lost
7.5%o0f their body mass and males 143t 8%. Further four out offive mortalities
occurred during the wintewhich is consistent with nutritional decline
Porcupines had larger home ranges during the summer than the winter by
approximately31%. Thesespatiotemporal changes are similar to those reported
elsewhere, indicating that similar strategies are used bidbisatgeneralist

across its range.
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INTRODUCTION

Understanding the relationships between animals and their envir@imant
fundamental component of ecologyd an importangtep for developingffective
conservation anthanagemerpracticesResearchers are increasingly interested in
identifying the critical ecological relationships that determine where species occur in
space and timgScott et al. 2002)This knowledge isiseful for building dstribution
models that can predict how species may respond under future climate scertarios or
identify priority areas for conservation Al t hough many factors | in
rangeqGaston 2003)habitat relationships provide the most fundarakeind often
simplest, understanding of how animals interact with their environment. As such, the
term habitat has been defined many different wayshénginl will use thedefinition by
Morrison et al(2012)asi é an ar ea wi t h a s (kmntoodcaveri on of
water) and environmental conditionséthat p
species (or population) and allows those indivedll s t o survive and rep
For habitat associations to be useful predictors in species diginbuabdels, they
must be generalable to novel times and plac@s&n Horne 2002)However, many
studies fail to consider whether animatehabitatsdifferently across spatial and
temporal scaleshuscreating models that may not provide biologicallyamegful
predictionsf Mor ri son 2001, OO0 Con.BecauseBm® Ma | sGamsldon
habitats is inherently dynamithe critical factors limiting a species at one spatial scale

are often different from those operating at other scales (Boyce2€0&l, Gaston 2003).
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Therefore, broadgcale studies tend to be poor descriptors of local conditions, while fine
scale habitat associations may not be generalizable to novel times and places (Van Horne
2002). Despite this limitation, firgcale studiearethe best way to uncover the
mechanisms through which animals interact with their habitats and acquire resources, but
they should be conducted acrdtiss entiregradient of environmental conditions
experienced by those animals in order to be most inform@tfiens and Rotenberry
1981, Morrison 2001, Van Horne 2008) this way, finescale habitat studies can inform
accurate distribution models and help us wu
range(Gaston 2003)For many species, it may not be giide to conduct a single study
examining finescale habitat selection across the entire range of environments where the
species occurs. In that case, a collection of case studies distributed across that variation
may be required to understand these ratatnips.

Habitat selection is a useful framework for studying relationships between
animals and their environment at multiple spatial and temporal scales. The selection of
habitats refers to an animal dés wuse of <cert
availability within the environmer(fohnson 1980Q)with the assumption that animals will
select habitats that confer greater survival and reproduction. Jofirg8f))suggested a
hierarchical structure in whicdelectioncan be studiedt multiple levelsthe geographic
range of a specidfirstorder)i ndi vi dual s 6 s e lweghnhtstwynareaf h o me
(second order), selecti@f habitatswithin home ranges (third order), and selection of
food items or otheresources for spda life history events (fourth orderiHabitat

selection studies should be specific to both spatial and temporal scales to avoid masking



important biological differences by pooling data across seasons or loq&8ittesoley
1994, Boyce et al. 2002, Hust@002p for exampledifferential use of habitats between
seasons may reflect important ecological changes with consequences for the timing of
critical life history eventslin practice, the ifferentiation between seasons is often chosen
in a way that maxnizes sample size (e.g., Lenarz et al. 2011) or is not explained at all.
However, when biological differences between seasons are suspected, seasonal cutoffs
should be chosen meaningfully, bgnsideringactorssuchath e st udy speci es
history,local climate, and plant phenology.

Many studies of habitat selection have focused on the narrow restrictions faced by
specialistspecies becausehe factordimiting their survival and reproduction are often
more straightforwar@Boyce et al. 2002)0On the ¢her hand, nderstanding how habitat
generalists are able to cope with a wide range of resoancksnvironmental conditions
may provide important insights inemlaptive potential, phenotypic plasticity, and the
variation instrategies that animals utdizacross their rangdsor generalists, the use and
relative importance of certain resources changes across spatial scales, locations, and
seasongBoyce et al. 2003, Gaston 2003, Shipley et al. 20891 result, the
mechanisms behin@nge limitsfor generalist@re more difficult to discerrFor these
specieshabitat selection studies should be conducted at fine spatial and temporal scales
and replicated across a range of geog@phd environmental conditions.

The North American porcupin&fethizon dorsatury) a widely distributed
herbivore, is considered to be a habitat generalist aaittgeewide level (Woods 1973,

Roze 2009)Porcupinesnhabit many different climates and vegetation communities
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across theirange from the deserts dhe Southwest(e.g.,Sweitzer and Berger 1992, List
et al. 1999, lise and Hellgren 20G)the hardwood forests tife Northeaste.g.,Roze
2009and othersand the timberline in Alask@.g.,Coltrane and Sinnott 2013)heir

broad distributions madepossilbe by physiologicaland behaviorahdaptations to harsh
climatesand lowquality diet® in particular, their ability to subsist on bark, needles, and
other planmaterialsndigestible fomany herbivorebecause of their higliber content
andconcentratias of toxic plantdefense compound€oltrane and Barboza 2010he
porcupinégs physiological tolerance for cold is remarkatphgenits evolutionary origin in
South Americand the fact thdts closest extant relatives inhabit tropical climates
(Vilela et al. 2009)

Predicting limiting factors for porcupines in terms of habitat requirements is
therefore not straightforward, but more spedificitations mayexistwith respect tdheir
diet Porcupinedeed selectivelpn trees based on thejpecies, bichemical contengand
geneticcharacteristicgSnyder and Linhart 1998nd maythusbe more appropriately
referred to as facultative specialitan ageedinggeneralist§Coltrane 2012)That is,
they carutiizeh i ghl y def e n doedd atoertain fieks aihd plasdowtbwitah
to consuming a general diet when availablecontrast with obligatory specialists, whose
ability to process specific difficult foods precludes them from exploiting a wider variety
of plants(Shipley et al. 2009, Coline 2012)Thisflexibility allows porcupines to take
advantage of seasonal plavailability, building upfat storesn summetrto survive harsh
winters when they can lose up #9% of their body magSweitzer and Berger 1993,

Berteaux et al. 2005, Ro2€09, Coltrane and Barboza 201Bgcause porcupines



remain active duringhysiologically demanding conditiomghile consuming a low
quality diet, winter has been described ai@itional bottleneclkfor them whenbody
conditiondeclinesand mortality isk is high (Coltrane and Barboza 201®)rther, the
gut microbes allowing porcupines to metabolize highly defended and nwdegoient
plant materials may be specialized to certain populafi@oze 2009)This relationship
between seasonal physiologidemandsnd potentially areapecific dietary
specialization makes necessary to studyorcupine habitat usa fine spatial and
temporalscalesand at a variety of geographic locations

Porcupines have been found to be selective in their habitait useltiple spatial
scalegTenneson and Oring 1985, Morin et al. 2005, Mally 2008, Coltrane and Sinnott
2013) Their habitat selection iprimarily drivenby seasonalloraging patterns, which
reflectthe needto maintain sodiurrto-potassium ratios, balaa toxin load, and acquire
nitrogenand carbohydrates necessary for building fat stores prior to Witdee 2009,
Coltrane and Barboza 2010, Coltrane et al. 20R&jcupines generally cope with these
demanddy foraging onbroadleaf trees, fruits, and shrubs during the spring antheum
when new growth is abundaaud switching to conifer bark and needles in the winter
(Woods 1973Rozeand llse 2003, Roz2009) But porcupines often face tradeaifs
trying to satisfy thes needs. For example, apples provide a source of carbohydrates
during late summer when building fat stores is especially critical, but their acidity inhibits
the retention of sodiurfRoze 2009)Therefore, Roz€009)predicted that in coastal
habitats, wire sodium isiot limiting, porcupines should be less restricted in their

selection of acidic fruitike apples Similarly, porcupines are often forced to incorporate



a diversity of plants into their diets to avoid saturatmgdetoxification pathways
through whichdifficult foods are metabolize{Freeland and Janzen 1974, Shipley et al.
2009, Coltrane 2018) even when alternativesguide fewer critical nutrient®s is
evident inthese foraging patterns, porcupine natural history is very stronglytibeéit
performance in two seas@nspecifically, their &ility to acquire enough resources
during summer to build up adequate fat stores, and their ability to survive harsh winters
while losing body mass and subsisting on a-tpyality diet.

Resource acgsition also influences porcupine home range saeslo harsh
winter conditions, predator avoidance, and breeding moveniaritee Northeast,
porcupines generally have larger home ranges during summer than wimnte
movement is difficult in deep snoand their foraging is restricted to areas around den
sites(Roze 1987, Griesemer et al. 1998pwever,porcupinesn Alaskamaintain
relatively large winter home ranges despite the shewausdorage trees and den sites
are patchily distributednd predtion risk is low(Coltrane and Sinnott 2013 the
Great Basin, where predation risk is high for porcup(®sgeitzer et al. 1997}jhey
restricttheir foraging movements améve smallehome range(Sweitzer and Berger
1992) Finally, male porcupines increase their home ranges during the breeding season to
seek out potential mates, with dominant males maintaining the largest home ranges
(Sweitzer 2003, Roze 2009)

The study of prcupine habitat selecticand home rangesith regard to seasonal
nutritional bottlenecks has not been extehttemild, castal climates. Because they are

able to exploit a broad diet when available, porcupines should do well in an area like



coastal northern California, where green vegetation isablailyearround. However,
this region is not believed to have supported high densities of porcupines historically
(Yocom 19719 although data are scafcend current populations appear restridted
coastal and riparian are@ppel et alln Review. Porcujnes likely experience very
different seasonal restrictionsthts edge of their range, whammperatures are milolt
precipitation can reach 250 cm annugdMOAA 2016). Further, although both
coniferous and deciduous trees are present, they lackvigrsity ofmixed hardwood
forests where porcupines continually swibdtweerforagingon emerging buds, leaves,
and fruitswhich may be necessaty maximize nutrientspnaintain requisite sodiuto-
potassium ratigsandbalance toxin loadRoze 2009)Broadleaftrees in this regign
primarily red aldersAlnus rubra) bigleaf maplesAcer macrophyllurp and willows
(Salix sp), are most common in riparian are@®astal forests are hardly devoid of year
round vegetation, however. The lackeatensiveporcupine damagi conifertreesin
coastal northern CalifornigAppel, pers. obsd) a highly distinctivesignin other areas
with porcupined suggestshat whergresenttheymay rely on alternate food sources
during the winterDamage to conifer trees mbag lessextensive, and therefore less
noticeable, irmesic forest types which have alternativedeavailable yearound,

unlike in drier climategHooven 1971)Lastly, although snow can inhibit porcupine
winter movemen{Roze 1987)it is not a factom coastal northern California, amdile
the climate is mildporcupines here may still rely alensfor shelterdue to their smaller
body size and higher threshold for lower critical temperatarepared to northern

populationgColtrane 2012)Thecombination of low tree diversitproductive



understory vegetatiomnd relativelymild climatein coastal areamaylead todifferent
patterns oporcupine habitat use, diet, home range simedbody mass changéisan
have beembserved elsewher8easnal comparisons dhese patterns areeeded to
provide irsight into porcupin@cologyatthis previously unstudieedgeof their range
The objective of this study was to provide information on porcupaodogy and
habitatusein a coastal dune forest@system. Specifically,soughtto (1) describe
porcupine body mass changes and survival in relation to possible seagatiahal
bottlenecks; (2) quantify porcupine home range sizes and ovstaygen summer and
winter; and (3) quantify porcupine haat selectiorduring summer and winteit the
second and third orders, with respect to vegetation clddsgsothesizedhat(1)
porcupines would not undergo as strong séasonatlecline inbody massandsurvival
as reporte@lsewheredue to mild climate and greatfeod availability; (2) porcupine
home ranges wouldot change drastically between summer and winter, due to few
seasonal restrictionand (3) porcupines would select vegetation classes dominated by
broadleatreesand shubsat all times of the year when leavaasd fruitswere available,
selectherbaceousegetatiorotherwisg andavoid coniferdominatedorestsat all times
because of the availability of highquality foods This case studysesfine-scale,
temporally specific data on habitat relationships togeneralist specigs understand

how survival strategies change across its range



STUDY AREA

This studytook placen Tolowa Dunes State Park (TDSP)cmastaDel Norte
County, California4190°N, 124.D °W). | captured and tracked porcupines in the
northern section of the park9a2-km? area bounded to the north by the Smith River and
to the south and east by private land and the Lake Earl Wildlife AREBAA; Figurel).
| defined the study area as tha@rthernmanagement unit boundary of TDSP, plus
additional patches bordering the eastern edge of the park. Because these patches were
connected to TDSP amuld be considered biologically available to porcupines, it did
not make sense to divide them according to the management unit boanlyaty
considered the northern and western borders of TDSP to represent biologically
meaningful boundaries, as the @nRiver and Pacific Ocean, respectively. The southern
borderis amajor road (speed limit 50 mph)separating the northern section of TDSP

from a patchwork of private and public land.
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Figurel. Study site for porcupineaptures and radio telemetry in Del Norte County, California.

Vegetation types in TDSP range from open beach strand to nearshore stabilized
dunes, coastal dune scraloniferforests, wooded and shrub swales, meadows,
freshwater marshes and ponds, anacatjural fields(MadRiver Biologists [MRB]

2009) Open dunes and coastal scrub contain both native species such as coyote brush

(Baccharis pilularig, California wax myrtle forella californica), and dune mdbrbs, as
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well as nonrnative European beacdfags Ammophila arenarip The forested backdunes
are dominated bghore pineRinus contorta contorfeand Sitka spruceP{cea
sitchensiy forest types which are considered rare and declining by the California
Natural Diversity Databasé{RB 2009) Severaspecies of willow dominate theooded
andshrubswalesin addition tolower densities of red alde©regon crabappléalus
fuscg, twinberry honeysuckleLonicerainvolucratg, cascara buckthorriF(angula
purshiang, Do u g | a s Bpiraegdouglasy and other native shrulasd forbs
SedgesCarex sp), rushesJuncus sp, andgrasses (familfPoaceag both native and
nontnatived arealso common in swales and meadows. Much of the eastern part of TDSP
and bordering fields wengreviouslymanagedor cattle grazing andleutian cackling
goose(Branta hutchinsii leucopare)aspring foraging habitdfMRB 2009) Grazingby
cowsno longer occurs within TDSP, bigrmer pastureaow containhigh densities of
reed canary grasPlalaris arundinacegeand other nomative speciedn addition to
native water peppePersicaria hydropipevideg and yellow pond lily Nuphar luted,
reed canary grass @speciallyprevalent around Yontocket Sloughieannant channedf
the Smith Rivethathistorically sypportedpopulations of juvenileoho salmon
(Oncorhynchus kisutghParish and Garwood 2015)

Historically, TDSP has undergemmixed ownership and land use. The park falls
within theancestral landsf the TolowaDeen ipéople whomaintainedsignificant
settlements at Yontocket and sevearahrbylocationsprior to thetwentiethcentury
Since thenmuch ofthe northern part of TDSBelonged to a privateomesteadintil the

State ofCalifornia took over ownership ime 1970s(Love andAssociates 2006)
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Historical photos show significantly less forest comef DSPprior to state ownership
suggesting recent conifer encroachn{&otve and Associates 2006)oday, TDSP is
managed as pof anetwork of public lands in Del Norte County amteives usey
hikers, horseback riders, and fishermen accessing the SmithaRoheearbylake Earl

Although isolated from nearby protected lands in interior Del Norte County by
agricultural fields, residential areas, dnd. Hghway 101, TDSHostsa diversity of
naive wildlife speciesMountain lions Puma concoloy, whichdo prey on porcupines in
other areagSweitzer et al. 1997)ikely range through TDSBnly occasionallyand the
porcupi neds mothemaaegdpe fipherdekanta pannank wasnot
known to occur within TDSPBrior toonenearbysightingby a State Parksmployedn
2015(D. Freeman, pers. commGoyotes Canis latran$ are common ircoastal Del
Norte County, buaicross their rangiaey generally prey on porcupines only when more
desirable prey are unavailable (Thurber et al. 1992, Prugh 200%)eordeep snow
gives them an advanta@i€eller 1935, Sweitzer 1996Additionalthreatsto porcupines
in and around DSPmayincludevehicle collisionsdomesticor feraldogs,andnearby
landowners who consideorcupines to bpests

The climate incoastal Del Norte County is classdias warrssummer
Mediterranean onceani¢ with mean temperature in the warmest month reaching only
13.9° C(NOAA 2016). Average annual rainfall isetween 20i 254cm and peles from
November through MarciNOAA 2016). Duringthesummes of2015and 2016
temperatures were slightly higher than norrbat precipitation was consistent with

recenttrends(Figure2). However, precipitation in winter 20156 was much higher than
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normal, with 16 days of very heavy rainZ.54 cn) in December and JanuaiiyOAA
201&). The Smith River reached flood stage 13 December 2015 amundated much
of the lowlying areawithin TDSP(USGS2016)
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Figure2. Monthly total precipitatioin cm (solid black) and average temperatur€C (solid
gray)ataCrescent City, CAweather statiofrom May 2015 September 201®ormal
monthly precipitation and average temperature are also shitashddlack and gray,
respectively. Data from National Weather Service Forecast Offd®AA [Accessed9
SeptembeP016. Available fronittp://w2.weather.gov/climate/index.php?wfo=gka
Porcupines are observed periodically by visitors to TDSP and nearby lands, and

roadkill observations are common in coastal Del Norte County. Public reports submitted

from 2012 15 suggest that coastal Ddbrte County is the primary hotspot for porcupine
sightings orthe north coast of CalifornigAppel et al.In Review. However, no

ecological studies have been conducted on this population, and no estimates of porcupine

abundance or distribution in the arare available.
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METHODS

| captured, radiecollared, and tracked porcupines in TDSP from May 2015
throughSeptembeR016. All procedures were approved by the Institutional Animal Care
and Use Committee (IACUC) at Humboldt State University (protocolsl#I1W.73A
and #15/16.W.3:A) and are consistent with guidelines from theekiman Society of

MammalogistgSikes et al. 2011)

Animal Captures

| capturedand radiecollared porcupineduring three periodsviayi July 2015,
JanuaryFebruary2016 andJuly 2016 With assistance from several crew members, |
located prcupinesusingsystematic searches of the study drgavalking trails and off
trail areas from late afternoamtil approximatelyfour hours after dark, based any
observatiorthat they are mst active during this period and therefore most easily spotted
We used lBshlights and a thermal camera (FL3gstems, Inc., Nashua, New Hampshire)
to find porcupines eithen trees oion the groundoftenas they traveledetween
patchesTo mitigate paential bias fronthis sampling scheme divided thestudyarea
into search polygonsvhichwe attempted to survewith relatively equal effort untive
capturedhe target number of porcupiné&ecause we regularly spotted porcupines
outside of dedicatesearch times (e.g., while tracking other collared porcupines or during
travel between search sites), approximately half of the porcupine capter@3 (

occurred opportunistically in addition to thdseindduring systematic searchdhe
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number of animia captured for this studyas limited bythe availability ofVHF
transmittersand our tracking effort, in order to obtain a sufficient sample size of
relocations for each porcupirf@fteenVHF transmittersvere aailablefor this project,
butl only deployed 14 during summer 2018ndsavel one in case dfansmitterfailure.
For subsequent captures, | reugehsmitterghat had beedropped oremoved

We capturegborcupines by coaxing them into a-géllon plastic trash cafinom
either the ground or o tree branchedVe then weighed thein the can using a hanging
scalewith 0.01-kg precision(UltraSport V230; Jennings Scale, Phoenix, Arizdpt@a
adjustdrugdosags accordingly.Porcupines were immobilizagsing an intramuscular
injection of ketamine (5 mg/kg) and dexmedetomidine (0.025 mg/kg) or ketamine and
xylazine (2 mg/kg)n the muscles at the base of the (&lbrin and Berteaux 20037 his
was done by rotating and agitating the can until the paneugxposed its tail arttlen
having one crew membegraspthe guard hairs at the tip of the tallowing easy
restraintof the tailmusclefrom underneath. Because no quillswgron the underside of
the tailand porcupines ofteslap withtheir tailswhen defensiverestraining the tail in
this way allovedfor safe control and easy access to the injection site.

Once porcupines were immobilizddaged and sexetiemand collectedoutine
morphometric measurementsadio-collared adult male and femalerpupinespased
on a 4kg thresholdor age classification (Dodge 1982determined sex bgalpating
the genital area to expose the pgbiedge 1982)To ensure longerm identification of
each porcupine, | injected a passive integrated transp@dgrtag (Biomark, Boise,

Idaho) subcutaneously between its shoulder blades.
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Finally, | fittedeach porcupine with a very high frequency (VHF) radio
transmitter(Figure3; model R2D; Holohil Systems Ltd., Carp, Ontario). At 22 g, these
transmitters are less than 1% of #weragebody mass of the porcupines in this stady
time of capturd7.71+ 0.36 kg). | usedthreedifferent collar designs fattaching the
VHF transmittersa Tygon tubing collasupplied by the manufactur@figure3A), a
homemadeaylon webbingcollar (Figure3B), and a homemadearness made of the sam
nylon material (not shownA subset oporcupineslso receive@0-g experimental GPS
trackers (igotU modelGT-600 or GF120; Mobile Action Technologies, New Taipei
City, Taiwan)attached byvooden or plastibracketgFigure3B). The whole collar
including VHF transmitter, bracket, and GPS it weighed less than 3% of the

porcupinesd body mass.

Figure3. Radio transmitters for porcupine telemetry, shown with two different collar designs: (A)
Tygon tubing, and (B) nylon webbing. A plastic bracket for attachment of a GPS tracker
is also shown (B)mage A courtesy of Holohil Systems Ltd., Carp, Ontario.
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| allowed porcupine® recoverfully from immobilization before release.
Animals immobilized with ketaminenddexmedetomidine received@veasal drug
(atipamezolg0.25mg/kg) to aid recoveryl placed porcupines back in the trash can and
waited until tiey were able to move naturally anght themselves before releasing them
at the site of captur&eginning in October 2015, | attempted teceptureall of the
original 14porcupineto weigh themand, when possiblég examine the collar sisdor
abrasionsThroughout the study,also periodically recapturedpupines with GPS
trackers to test different attachment mechanisntusettingsandexchange therwith

fully charged unitetthee nd of each wnitds battery 1ife

VHF and GPS Tracking

With assistance from several crew members, | trackeclpines using handheld
VHF receivers (modslR-1000 Communcations Specialists, Orange, CadTRX-
2000S Wildlife Materials, Murphysboro, IL) and-8lementYagi (Advanced Telemetry
Systems]santi, MN) o rant@nhlagriodel RA14; Telonics, Mesa, ArizopaWe used
either the homing method or triangulation to locate porcumndsecorded coordinates
of each locatiomsing handheld GPS units (eTrex Visa HCx or GPSMAP 64s; Garmin,
Kansas City, KS)A visual observatiowasthe goalof each tracking session buaisnot
always possibléNe recordedipatchlevelo locations(estimated to beithin 15m) and
triangulationsonly when physical barriers such as water, burrows, or dense vegetation
prevented aisual observationWe foundthat15 m wasareasonableéistance within

which we could be certain that the porcupine was lodatdte same patch where we
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recorded the GPS point, émsurehat it would be matched with the correct vegetation
class.For tiangulationswe recordedt leasthreelocations andheir respective
azimuthswith a minimum 26degree difference between them. | used the software
program LOAS 4.0 (Ecological Software Solutions LLC, Hegymagas, Hungary) to
estimatdruelocations basedn the azimuths and used the results regardless of error
polygon size. To reduce autocorrelation among data points, and to minimize the influence
of observer presenceie trackedporcupines no more than once during ehddir period.
Samplingintervalswere not equal among porcupines throughout the studyyéut
attempted to relocateaeh animal apximatelythree to foutimes per weekrom Juné
August 205 and once pawreekfrom September 2016 February 2016From February
SeptembeR016,1 tracked porcupines more sporadically with the primary purpose of
testing a new transmitter attachment metfiddoughout the study, weacked
porcupinegluring both day and night so that inference would not be biased towards
certain activities like restg or foragingHowever,due tologistical constraints, we
recordedmore observations between sunrise and sunset (75%) than after sunset (25%).

| used data collected from the experimental GPS trackers to augment the
telemetry data in subsequent analy3éss allowed me to include several animals that
would otherwise have been excluded because of too few locations during a single season.
Furthermore, GPS trackers collected locations much more frequently than we were able
to obtain locations usingHF telemetry and therefore contribut@ more comprehensive
data set on porcupinesd homeaightandduenghe and ha

winter when tracking effort was reducétle deployed GPS trackers on only a subset of
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porcupinegn = 14)and to test battery life and accuraaye programmed them with
varying fix intervalg(i.e., the frequency at whidbcationswererecorded ranging from
10 seconds to 60 minutes

Based on preliminary stationary trials, the median positional error & @RS
unitswas less than 10 m in open habitats and under cover (both conifer and willow
types) although error was not assessed separately for each device and each fix interval (.
Axsom, unpubl. data).considered this error highly acceptable given tbegstcover
can greatly affecGPS performance and accuracy (DeCesare et al. 2005, Moriarty and
Epps 2015)To further increase accuracy, | used a data cleaning algq{lithmsom,
unpubl. datajo remove suspected outliers, or points that | assumed to besthieof
positional error by the devid€igure4). First, for each deployment,excluded points
within the first eight hours after release to ensure that location data were not affected by
our handling of porcupines or their recovery frammobilization. Nextthe algorithm
compare nearesheighbor distances between each pain} &nd its previousy ) and
subsequentr ) neighbors in time. If both distance®regreater than the distance
betweem) andn , then the poinfy wascorsidered an outlier angdasremoved(Figure
4B). However if neither ofthesedistancegr) in orn 11 ) was greater than 20 rihen
N wasnotremovedto prevent unnecessary removal of points within tight clusters
chose 20 nibased ora simulationof the number of outlienslentified, erring on the side
of removingmorepotential outliers rather than including theffmally, for consistendy
ard to reduce autocorrelation among pointssubsampled one random GPS point per

24 hours fronthe remaining point® augmenthe VHF telemetry locationdgigure4C).
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Figure4. Example of a algorithmused to cleadata collected by a global positioning system
(GPS) tracker ommale porcupine in Tolowa Dunes State Park, Del Norte County, CA
(26 Julyi 1 Septembe016). (A) AllGPSpoints plackcircles)wereconnectedo their
nearesnheighborsn time (black line). (B) Next, points assumed to be the result of
positional error were identified as outliers (red squares) basadanparison of
subsequentearesneghbor distances, with minimumnearesineighbordistance oR0
m required for removal of point. After outliers were removedC) one random point per
24 hours was selected for use in home range and habitat selection analyses. Locations of
this animal dtained by very high frequency (VHF) telemetry during the same time
period are also shown (gray triangles).
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Seasonal Comparissen

| assumedh priori that porcupines would select habitats and home ranges
differently throughout the year, based on trends reported in the published literature. Even
though I hypothesized that seasonal changes in body mass, home range size, and habitat
selection would be Issextreme than those reported in harsher climates, my objective was
to describe the differences between seasons in order to compare with previous studies.
Further, Aebischer et al. (1993) recommend that unless seasonal effects can be ignored,
tracking datsshould be compared within a single period. Ideally, | would have been able
to compare among summer, fall, winter, and spring, but location sample sizes were not
sufficient to allow separation into more than two seasons. Therefore, | divided the study
period into summer (1 March 31 October) and winter (1 NovembeR9 February).

| based my seasonal delineation on two factors | believed to have biological
significance to porcupines: plant phenology and precipitation change. Many authors have
acknowledged that seasonal differences in food availability and weather dictate changes
in porcupine movemen{&abrielson 1928, Woods 1973, Smith 1979, Roze 1984, Craig
and Keller 1986, Coltrane and Sinnott 2Q1B3)rcupine foraging patterns are strongly
tied to the seasonal availability of food sour(feeze 2009)and willow and alder trees
provide the most available leafy vegetation during the spring and summer in TDSP. |
observed leaves remaining on trees until late October 2015 and new growth appearing
between late February and early March 2016. Accordingly, the National Weather Service

(NWS) classifies the growing season for coastal Del Norte County as 1 Makch
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November(NOAA 2016). Heavy precipitation may also affect porcupine foraging
behavior by restricting their access to seasonally flooded willow swales and by providing
a physiolgical challenge, forcing a tradeoff between foraging and seeking shelter.
During my study period, precipitation peaked in TDSP during December 2015 and
January 2016Rigure?2), with the first event of very heavy rainfall (2.54 cm per 24 h)
occurring on 89 November 2015. | therefore chose seasonal cutoff dates of 1 November

and 1 March to reflect the local conditions of both plant phenology and paticipit

Home Range Analysis

| calculated individuaporcupinehome ranges using 95% minimum convex
polygons (MCPs) and kernel density estimation (KDE) at the 50%, 90%, and 95%
isopleths using thadehabitatHRpackaggCalenge 20060 Program R (R Core Team
2015). For KDEs, | calculated grid and extent parametgparatelyor each animal,
based on a desired cell size of 10 x 10rhis cell size was computationally appropriate
and was slightly larger than the error from VHF and GPS telenie&sted thre
different bandwidth selection methods and visually assessed the resulting utilization
distributions (UDs). Leastquares crosgalidation (LSCV) did not converge for all
animals, an@reference bandwidth did not appear to accurately portray spacehese. T
third option, fixed bandwidth, appeared to be the best across all animals. To select a
biologically meaningful fixed bandwidth, | estimated the average radius of the circular

equivalents for all of the vegetatipatchpolygonswithin TDSPand arrived &
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approximately 60 m. KDEs estimated using a bandwidth of 60 m do appear to accurately
represent porcupine space use and were therefore usedUdr edtimates

| calculatedVICPs and KDEs for porcupinésised orsummer and winter
locations separately then used pairedtests to compare changes in home range size
(using 95% KDESs) between summer and winter for animals that had diveast
relocations in each season, as well aspainedt-tests to assess differences between
males and femalesalsoused linear regression to test whetfoéal home range size was
related tanaximumbody massttained by porcupineginally, | calculated utilization
distribution overlap indices (UDQFieberg and Kochanny 201@) test for home range
overlap amongll porcupinesas well as betweezachindividuals summer, winter, and
overall home range. The UD®@ a function okpace us overlapbetween two
individuals using the same area uniformly (iveith constant UDs where UDOI =0
indicates no overlap andDOI = 1 indicates complete overlap. The same concept can be
applied tocompare amndividualanimab s h o nsovertveo miffeeent time periods.
Therefore, by incorporatingrobabilistic space use measured by the thie UDOI
indicates whether overlap greater (UDOI > 1) or less (UDOI < 1) than would be

expectedelative touniform useg(Fieberg and Kochanny 2010)

Habitat Selection Analysis

Vegetation Classification

To classify available habitat within the study area, | digitized polygons of

vegetatdn classes by hand using satellite imagery and a geographic information system
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(GIS; ArcMap 10.3.1, ESRI, Redlands, CA). | used base imagery from ESRI (NAIP
2014, USDA FSA) and digitized consistently at a 1:4,000 scale, as thishigbiest
resolutionavailable for the most recent set of imagery and provides enough detail to
distinguish vegetation features. | categorized vegetatioriéhétasses that | believe to
have biological significance for porcupines, based on composition and structure of
dominantspecies. These classes were based on habitat descriptions from a previous
ecological assessment of TDE®WRB 2009) However, to reduce the likelihood that
some vegetation classes would not be avail
ensure that the number of covariate levels was smaller than the number of animals
tracked during each seas(@ebischer et al1993) | collapsed these categories inioe

vegetation classe3éblel).

Tablel. Vegetation classes and their availapilitithin the study area at Tolowa Dunes State
Park,Del Norte CountyCA. (continued)

Vegetation class Description % Available

Conifer forest Mature trees, includinBinus contorta contorta, 19.29
Picea sitchensis, Abies granda)dPseudotsuga
menziesiiUnderstory dominated bByaccinium
ovatum, Gaultheria shallon, Arctostaphylos uwvai,

Rubus parviflorus, Berberis aquifolium, Polystichu
munitum, Pteridium aquilinium

Pasture Primarily nornative grasses, includiri@halaris 16.40
arundinaceaePartially inundated seasonally.

Dune Nearshore dunes, sparsely vegetated bynadive 15.26
(Ammophila arenaripand native vegetation
(Baccharis pilularisand dune mat species). Trees
(e.g.,Pinus contorta contortaPicea sitchensijs
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Vegetation class Description % Available

Morella californica) aresparse and grow as shrubb
life forms.

Swale Combines two classes of seasonally inundated 14.92
swales. Shrub swales are dominatedhix spwith
an understory of herbaceous swale (see Marsh).
Wooded swales are more diverse and contain mau
Salixsp., Alnus rubra, and Malus fusoaixed with
Pinus contorta contortandPicea sitchensjswith
herbaceous swale understory.

Coastal scrub Stabilized dunes vegetated Bgccharis pilularis, 11.81
Morella californica, Pinus contorta contortand
Spirea daoiglasii, with an understory of dune mat
species andmmophila arenarian some areas

Marsh Both freshwater and brackish marshes, inundated 9.78
with standing water either yeaound or seasonally.
Dominated byPersicaria hydropiperoides, Nuphar
lutea, and emergent species. All marshes are
freshwater except for Yontocket Slough, which
receives overflow from the Smith River. Also
includes seasonally inundated herbaceous swales
dominated byCarex spandJuncus sp.with some
Spiraea douglasii, Rubus ursigtherbs, and
nonnativePhalaris arundinaceae some areas.

Meadow Coastal meadows containncus sp.native and 7.30
nonnative grasseBerberisaquifolium dunemat
forbs, and exotics such Baimexsp.

Beach Open sand (beach strand). 5.23

Fruit Remnant cultivated appl®@lus domesticaand 0.01
English walnut Juglans regiatrees.
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Weighted Compositional Analysis

| quantified habitat selection Boththehomerangescale (secondrder
selection)andthe within-homerangescale(third-orderselection), according to Johnson
(1980) for both summer and wintefo model secondrder selection, | folloeddesign
Il as defined by Thomas and Tay(@006) in which use is measured for individuals but
habitat availability is measured at the popuwlatievel and assumed to be the same for
each animall defined he extent of habitat available to the populabgrihe study area
bounday. My third-order selectiomnalysisfolloweddesignlil, in which both use and
availability weremeasured foindividuals at the home range le\@homas and Taylor
2006) Here,l restrictedavai | abl e resources to the exteni
range defined as its overall 95% KDE.

| used weighted compositional analysis (WCA) to quantify porcupine habitat
selection in relation to vegetation classes, according to methods proposed by Millspaugh
et al.(2006) Weighted compositional analyssa variation on traditionatompositional
analysis (CA)a commonly used approach to assessing habitat selectidatiornréo
categorical covariates by using multivariate analysis of varigié&lOVA; Aebischer
et al. 1993)It improves on traditionaCA by using the height of the UD as the response
variable instead of discrete location points, inetreats spaceusei t hi n an ani ma
home range as a continuous and probabilistic process rather than relying on the
assumption ofandomuse(Marzluff et al. 2004, Millspaugh et al. 2008yaditional
compositional analysis assumes thabitatuse withina n  a n homerdngelsoundary

is proportional to the availability of habitat types present, ignoring that nonrandom use
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(i.e.,theselectionof some habitats over oth@should be the biological expectation
(Millspaugh et al. 2006Finally, WCA preserves the benefits of traditional
compositional analysis, including tiee of animals as the sample unit instead of
individual location points and the ability to rank habitats in order of relative selection and
test for differences among grouf@sebischer et al. 1993, Pendleton et al. 1998, Alldredge
and Griswold 2006)

| conducted WCA separately for summer and winter location data at both the
second and third orders of selection. | calcul#emlor threeseparate UDs on the same
grid for each animal: an overall UD using all locations, as well as a summer UD and a
winter UD using only locations from each respective season, when available. The height
of the UD at each cell within these three grids repreddahteprobability of use of that
cell by the animal during each season. To avoid bias introduced by values in the tails of
the distribution] clippedUDs to their 95% contours, which then bee the individual
home rangéoundaris for delineating use isecondorder analysis and availability in
third-order analysigMillspaugh et al. 2006)However, to compare seasonal use with the
entire area available to each animal at the third drdsropposed to just its seasonal
home rangé | defined home ranges fail seasons as the outer boundary created by
merging the overall, summer, and winter 95% contours. This outer bouheaeafter
referred to as thmtal home rangegliffered from the 95% contour of the overall UD in
only a few instances, but using thaemnmost extent was necessary to avoid excluding
habitat that was considered available in one season and not ambthezmaining UD

heights represented seasonal use relatieadba n i mtatdl werange(Figureb).
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Because a few UD grids extended outside the study area (i.e., into the ocean), | also

clipped grids to the study area boundary.
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Figure5. Summer (left) and winter (righttilization distribution(UD) grids clipped to theotal
95% home range for a female porcupine in Tolowa Dunes State[Rdrkorte County,

CA (201516).

To relate use data to the covariate values, | used the spatiayofearttionover

in packagesp (Pebesma and Bivand 2008y Program R to assign a category from the

vegetation polygons shapefile to each grid cell within the seasonal UDs. | then calculated

the proportional use of each vegetation class by summing thhditilts of all grid cells
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competitorg§Jomson 1980, Aebischer et al. 1993orrison et al. 2012 Because my
study arednad meaningful boundaries, for the most péigirel), | consideredt a
reasonable delineation of available habitat for this population of poesupinus, br
secondorder analysis, | defined the extent of available habitat as the entirety of the study
area. Using the layer of vegetation class polygons, | calculated the proportional
availability of each vegetatn class within the studyrea(Tablel). This allowed me to
compare porcupinésise of habitatsonstituting theihome rangewith those available
in the entire study area. Availability data were therefore the same for each animal at the
second order. For thirdrder analysis, | calculated habitat availability separately for each
animal as the proportion of itstal home range élonging to each vegetation class
Because | was interested in whether animals used different areas of their home ranges
seasonally, | used the same availability data for both summer and winter, considering the
entirety of each a railabeaduridgbothseasens.r ange t o be

One drawback to compositional analysis is the need to substitute zero values of
use and availability with nemero numbes; in order to avoid negative infinity results in
subsequent logransformationgAebischer et al. 1998ingham and Brennan 2004)
When habitat types were available to but not used by an animal, | replacatseero
values with a numbehat wasone order of magnitude smaller than the lowest UD height
(see pheasant example fréxabischer et al. 1993These alues represent the
biologically meaningful scenario of complete avoidance of a particular habitat type (or
use too low to be detected). When certain habitat types were not available within an

individual 6s home range, | refab(190fave d t he su
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replacing these missing values with the mean selection ratibefbregetationype, as
explained subsequentlebischer et al. (1993) acknowledged that while it is ideal for all
habitat types to be available to each animal (i.esgmt within its home range),
removing animals from analysis to satisfy this constraint may result in a considerable loss
of data and can even introduce biaberefore chose not to remove any anintals
preserve data but recognize that this replacemegtnot be ideal.

| first tested for significantnen andom use of hUkP0S)at s ( Wi l
both the second and third orders (Millspaugh et al. 2006). For those instdrezes w
overallselection was significantthencalculated logatios and onducted pairwisé
tests to rank habitat types by their relative use. Compositional analysis uses a log
transformation of the use and availability data to account for thesumtconstraint,
which requires proportional use among all habitat typssim tooned an assumption
that is often violated by other analysis meth@sisbischer et al. 1993Yhe log
transformation is computed ési Q1 16 j 6 , in whicho is the proportional use for
habitat typ€and6 is the proportional use fombitat typeQand similarly for
availability asi 0 & Qb 1dj & . The logratio for selection of habitat tyg@s then
defined a® i 'Q @ L @ "‘Biabitat typg is used as a reference categoihe
denominator for the logransformatiorof use and availability for each other habitat type.
This reduces the dimensionality of the response variable matrix by one habitat type and
satisfies the unisum constrain{Pendleton et al. 1998, Alldredge and Griswold 2006)

Because all information ggreserved in subsequent matrices tnedog-ratios are
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relative, choice of the reference category has no effect on the overall ariRsdeton
et al. 1998)

| log-transformed the use and availability proportions for each animal and
computed pairwis®g-ratios in order to rank habitat types according to the methods of
Aebischer et al(1993) | created matrices of legtios using an iterative process in
which each vegetation class served as the denominator in computiragiésgfor each
other vegettion class. | then conducted esamplet-tests on the mean lagtios across
individuals for each vegetation class to assess whether it was selected significantly
differently from the reference categof@(f ). For each vegetation type as a
referencecategory, | counted the number of vegetation classes with meaatiog
greater than zeforepresenting selection greater than the reference cafegoiy used
these counts to rank vegetation classes in order of their relative se(@&imscher et al.
1993) | considered differences between ranks and between all pairs of vegetation classes
to be statistically significant at a leveljof 1@t uf overall selection was significantly
nonrandom, as recommended by Aebischer €1883) For vegetation tymecontaining
missing values of logatios (due to some habitat types not being available to all animals
at thethird order), | computed the mean logtio of all noamissing values for that
vegetation type and used this mean as a replacement for thegwlsiassee
Appendix 2,Aebischer et al. 1993)n this way, the mean legatio for each vegetation
type remained unchanged but the problem of missing values was resolved.

In order to summarize the relative differences in selection among habitats, |

computed the geometric mesaof selection ratios, as recommended by Pendleton et al.
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(1998) The selection ratio is defined a® 0] @ for each habitat typ&Manly et
al. 2002) The geometric mean of selection ratios is an appropriate surstasisfic
because it preservdsetlognormal distribution afompositional analysis and has been
shown to reflect the rankings from compositional analysis more closely than other
summary measurgBendleton et al. 1998) also computed 95% confidenceantals for
the geometric means to assess whether vegetation classes were used significantly
differently from their availability (i.e., selected or avoided), with confidence intervals not

overlapping 1.
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RESULTS

Animal Captures

| captured ad radiecollareda total of 20 porcupined4 betweer27 May 1 23
July 2015(ninefemales andive males),an additionafour betweer27 Januaryi 20
February 2016tyvo females andwo males) andtwo in July 2016(both males)
Porcupine captures occurred throughout the study EBrgar€6). Initial body masgor
theporcupines captured during summn2éid5was not significatty differentbetween
females (7.2 £ 0.44 kg) andmales (806+ 059kg; 6 =11.44, P=0.176). Both
porcupines initially captured during summer 2016 were small malesbwaibh mass less
than the average for summer 2015 (5.90 kg and 5.98kgy mas®f females6.28+
1.98 kg) and male$6.90+ 0.27kg) captured during winte2015 16 wasalsonot
significantly different § = 0132,P = 0.778); however this includes one female
believed to be a subadult with a body mass of 4.35 kg. Bettsademale was above my
threshold of 4 kg for an adult, sheceived a radieollar; however hermorphological
featuregesembled those of a subadtier collar felloff within one week of capture and

her locationsarethereforenot included in any angdes.
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Capure Locations

& Female

A Male

Smith River
Search Effort

— Highest
Lowest
Study Area
N

0 15, 2 »
km M
Figure6. Capturelocationsof female 6 = 10, black circles) anahale fi = 9, white triangle$

porcupinesn Tolowa Dunes State PatfRel Norte CountyCA (2015 16). Approximate
search efforis represented from highestafK) to lowest [ijght).
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Male and female porcupinesthhad largebody massn summerthanwinter,
with a difference ofpproximately B6kg (paireddo = 4.45 P = 0.0Ql). Thedifference
waslargerfor males which hada mean difference @f.8 kg (pairedd = 3.34,P =
0.021). Femaleswvere on average0.51 kg heavier insummerthanwinter (pairedo =
3.04,P = 0.@9). For animals that were weighed multiple times during summer or winter,
| averaged altlatapoints withineachseasorn order to use paireigtests between
summer and winter body massowever, seas@ averages do not reflect fluctuations i

body mass thaiccurred(Figure7).

| |
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Date

Figure7. Changes in body mass (kgf)female(black squares) andale(gray circles)yorcupines
in Tolowa Dunes State PaRel Norte County, CAZ015 16). Only porcupines for
which multiple body mass measurements were recorded are shewli7);, Dashed
vertical ruledndicate seasonal delineation for summer 2015 (< 1 November), winter (
November 201529 February 2016) , and summer 2016
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VHF and GPS Tracking

From May October2015 we locatedthe orginal 14 porcupines betweenidb
timeseach(a§= 30, SE =2). During this time period, oneollaredmale left the study area
and one female died, resulting in a change in the composition of porcupines that
tracked through the fall and winter. FurtherDecember 2015 and January 204
porcupines lost their collarsrfefemale andbnemale) andourdied two females and
two males) Because of these losséspllaredthe four previously mentioneddditional
porcupinesn JanuaryandFebruary2016to increasehe sample size of winter location
data.Therefore, althouglve trackedl5 porcupinedotal during the winter period from
November 201% February 2016the numbe of locations obtaineduring this time
rangedfrom 2 16 per animaldf= 8, SE =1). Finally, during thesummerperiodfrom
March SeptembeR016§ | relocatedsevernporcupinesetweer?i 8 timeseach(u= 5, SE
=2). Among alltelemetrylocations, 72% wer e vi sual observati ons
levell06 a 1B3% we®e recorded by triangulation.

| deployed GPS trackers d4 porcupinesand collected betwearineand
>10,000 locton pointsper animalaj= 1,517, SE= 755) over 1 4 deployments each
The amount of data collected was liedby a variety offactorsincluding battery life and
unit failure(Table?2). | deployedfour additional GPS unithatwerenot recovered, either
because they became detached froncttiar (n = 3) or theentirecollar fell off (n= 1).
After removing outliers andubsampling one point per 24 houragtdedbetweerili 38

pointsper animato augment the telemetry ddta thesel4 porcupinegai= 11, SE = 3.
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Table2. GPS dta collected on porcupines at Tolowa Dunes State Parky@td County, CA
(2015 16). | assumed unit failurée.g.,due to water damagé)data collection stopped
after < 10 days and the end10dayswvitafixt ery | i f e
interval atd10 min.Various fix intervalsvere usedo tes unit battery life and accuracy.

Animal ID  Deployment date Total days Fix interval (min.) Limit ing factor

15.12| 20 July 2015 9 10 Testing
15.12| 3 August 2015 9 10 Testing
15.12| 30 October 2015 28 10 Batteryended
15.12| 6 December 2015 5 10 Unit failed
15.011 11 November 201t 2 0.1 Batteryended
15.14ll 15 December 201¢ 3 10 Unit failed
15.03ll 19 December 201 14 10 Batteryended
15.111 7 January 2016 1 60 Mortality
15. 13 8January 2016 2 60 Collar removed
15. 02 11 January 2016 4 60 Unit failed
15. 07 12 January 2016 1 60 Unit failed
15.03ll 24 January 2016 25 60 Batteryended
16. 17 14 February 2016 11 60 Batteryended
16.18ll 20 February 2016 13 60 Batteryended
16. 17 27 March 2016 9 30 Batteryended
16.15I 2 April 2016 9 20 Batteryended
15.14l 1 July 2016 1 20 Harnesdost
16.19I 25 July 2016 38 20 Batteryended

16.20I 30 July 2016 31 20 Battery ended
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Home Ranges

| estimated prcupine home ranggzesusing bothminimum convex polygon
(MCP) andkerneldensity estimateDE) methods Table3). Porcupines with fewer than
five locations ina givenseasomwereomitted fromtherespectiveanalysesas wasone
male that left the study area in J@2@15and whosenovements matherefoe represent
a dispersal event rather than part of his home rathgme range sizes were statistically
equivalent for males and femalésring both summeio = 1.122, P = 0279) and winter
(6 =0252, P=0.80r). Porcupine home ranges were larger dusammer than winter
(pairedo =3941,P = 0.003).For femaleshome ranges were significantly larger
duringthe summer than durirthe winter by approximately 0.1n? (pairedd = 3.69
P =0.015). Male home ranges wesgatistically equivalenduringsummerandwinter
(pairedo =1.109 P = 0.330). Finally, | foundavery strongcorrelation betweethe
heaviesbody massattainedoy male porcupineandtheir overallhome rangesizes(r? =
0.94, "Gy, =92.57 P <0.001) but no correlatiobetweerbody mass andome range

sizesfor females i = 0.12,"0; = 1.10, P = 0.33; Figure8).
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Table3. Estimated bmerangesizes (mean + 1 SEjor porcupinesn Tolowa Dunes State Park,
Del Norte CountyCA, during summer and winter 20i186. Home ranges were
calaulated using both kernel density estimation (KREJ minimum convex polygon
(MCP) methodsat various isopleth

Season  Sex n 50% KDE 90% KDE 95% KDE 95% MCP
(km?) (km?) (km?) (km?)
Overall Female 10 0.087 +£0.013 0.306 £0.046 0.3&%+0.067 0.261+ 0.067
Male 8 0.06L+0.010 0.254+0.046 0.329+0.067 0.177+0.060
Both 18 0.075+0.002 0.283 +0.008 0.360+ 0.009 0.224 +0.010
Summer Female 10 0.079+£0.011 0.288 £0.042 0.363+0.022 0.2+ 0.065
Male 8 0.068+0.013 0.218+0.89 0.282+0.048 0.125+0.046
Both 18 0.0M+0.002 0.257+0.007 0327+0.009 0.185+0.009
Winter Female 6 0.048+0.006 0.180+0.025 0.229+0.03L 0.063+ 0.0
Male 5 0.047+0.006 0.167 £0.018 0.219+0.08 0.0+ 0.0D
Both 11 0.048+£0.001 0.174+0.005 0.224 +0.006 0.069+ 0.005
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Figure8. Porcupine homeange size$95% kernel density estimates) in relation to maximum
body mass attained (kg) for females (A) and males (B) in Tolowa Dunes State Park, Del
Norte County, CA (201516). Males had a very strong correlation between heaviest body
mass attained and overall hemange sizerf = 0.%4, 'O = 92.57,P < 0.001) bufemales
had nocorrelation (2= 0.12 "0, = 1.1Q P =0.33.

Among porcupine$or which | collected bth summer and wintdocation data
the overlap betweetheir summer and winter home ranges was much lessibatd be

expectedinder uniform uséased on UDOI valudgsf= 029, SE =0.08, n = 11).
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Summer home ranges overlapped with overall home ranges more than exyéhbted
mean UDOI > J(af= 1.32 SE =0.11, n = 11), andwinter home ranges overlapped with
overall home rangdsss than expectedith mean UDOI < 1ad= 0.82 SE =0.11, n=
11). Only oneporcupine a malehada UDOI < 1betweents summer and overall home
rangesand, along withwo other mals, dso hadUDOI > 1 betweerits winter and
overall home rangeslost porcupines used less of their total home ranges during winter
than during summer, as indicated by the lower oveRapsome porcupines, this meant

usingmostlyseparate areas in eaaasonFigure9A) while others used a restricted part

(ii) (iii)

8

t

of their summer home range during winteigure 9B).
(ii) (iii)

(i)
(i)
| i ;
Figure9. Examples of home rangdilization bytwo porcupines: (A) a maland(B) a femalejn
Tolowa Dunes State Park, Del Norte County, CA (208). Utilization distributions

(absence of black perimetgend 95% KDE ontours(black perimetersjyvere calculated
over the course of the entire study (i) as well as for summer only (ii) and winter only (iii).




42

During summer, all porcupine home ran@@s% KDESs)overlapped with aeast
one other marked porcupimes h o m@-igurealdAg,aadmany overlappewith
home ranges cfeveral animals (median = 8 for females, 5 for makesiong
overlapping pairs, UDOI values ranged from 0004 (Table4). During winter, many
porcupine home ranges did raerlapany othethhome range(median = 0.5 for females,
1 for malesfigure 108, and UDOI values among overlapg pairs ranged from 0.01
0.22 (Table5). Overlap was lower among porcupine core areaspe@fas their 50%
KDEs (Figure10Ci D). However, in summemaost porcupineore areas still overlapped
at least one other marked porcu@ne ¢ o (mediaa x 3fa females, 3 for males)
with UDOI among overlapping pairs ranging from 0.01L8 (Table4). During winter,
only two pairs of marked porcupines had overlapping core afelte6). Fewer animals
weretracked during winterso the spatial arrangement of home ranges and core areas of

marked animals is very likely correlated with observer effort.



B Female
Male

Unmarked
animals

Study
- area

Figure10. Home rangefA-B) and core areg€-D) of female (solid blue) and male (hashed red) porcupm&slowa Dunes State
Park,Del Norte County, CA, during 201%6. Home ranges werealculatedas95% kernel density estineg(KDE) for (A)
summer § =101, 911) and(B) winter =61 , 511 ). Core areawere calculated as 50% KCfar (C) summerif=101 ,91)
and(D) winter 0 =61, 511 ). Home rangend core areaf one female (solid line) and male (dashed line) are outlined to
illustrate that single home ranges may be represented by mpbiggons.Locations of unmarked porcupines observed during
each respective seasare indicated by black circles.
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Table4. Pairwise comparisordf utilization distribution overlap indices (UDOMpr home ranges96% KDEs,shaded gay) and core
areas 50% KDEsno shading) of porcupines in Tolowa Dunes State Park, Del Norte Countin 8Anmer2015 16. Pairs of
animals whose home ranges did not overlap are indicated by a OQahdrants are separated by sex: fema)eaid mal€ll ).

ID/ 1 2 5 7 8 9 10 12 13 17 3 4 6 11 14 15 18 19 20
sex I I I I I I I I I I I I I I I I I I I
1 | NA <01 053 0 029 <01 <01 031 O 0 0 0 0 0O 039 031 O 0 046
2 | 0 NA <0.1 <01 <0.1 O 0 0 0 0 0O <01 O 042 <01 O 0 <01
5 | <01 O NA 0.17 <01 <0.1 022 O 0 0 0 0 0 027 052 O 0 0381
7 | O 0 0 NA 0 0 <01 O <01 O 0 0 0 0 0 0 0 0 0
8 | <01 <01 <01 O NA 028 <01 <0.1 O 0 0 0 0 0O 013 024 O 0 0.36
9 | <01 0 <01 0 <01 NA <01 <01 O 0 0 0 0 0 <01 <01 O 0 <01
10 0 0 0 0 0 0 NA 0 0 0 0 0 0 0 <01 <01 O 0 <01
12 <01 0 <01 O 0 0 0 NA 0 0 0 0 0 0 <01 <01 O 0 <01
13 0 0 0 0 0 0 0 0 NA 0 0 0 0 0 0 0 0 0 0
17 0 0 0 0 0 0 0 0 0 NA {027 <01 O 0 0 0 <01 027 O
3 I 0 0 0 0 0 0 0 0 0 <01/ NA 033 0 <01 O 0 <01 017 O
4 || O 0 0 0 0 0 0 0 0 <0.1i<0.1 NA 0 0 0 0 0 <01 O
6 I O 0 0 0 0 0 0 0 0 0 0 0 NA 0 <01 O 0 0 0
11 0 0 0 0 0 0 0 0 0 0 i<0.1 O 0 NA 0 0 034 <01 O
14 <0.1 <01 <01 O <01 O 0 <01 O 0 0 0 0 NA 031 O 0 0.30
15 <01 0 <01 O <01 O 0 0 0 0 0 0 0 <0.1 NA 0 0 1.04
18 0 0 0 0 0 0 0 0 0 0 i<0.1 O 0 <01 O 0 NA 026 O
19 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 <01 NA 0
20 <0.1 <01 <0.1 0 <0.1 <O0. 0 0 0 0 i<0.1 O 0 <0.1 0.18 O 0 NA
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Tableb. Pairwise comparisons ofilization distribution overlap indices (UDO1Mdr home ranges (95% KDEs, shaded gray) and core
areas (50% KDEs, no shading) of porcupines in Tolowa Dunes State Park, Del Norte County, CA, in winfid. ZHifs of
animals whose home ranges did not eare indicated by a 0 value. Quadrants are separated by sex: fejreahel (nalell).

ID/ 1 2 7 12 13 17 3 11 14 15 18
sex I | I | | | Il I Il I I
11 NA 0 0 0.22 0 0 0 0 <0.1 0 0
21 0 NA 0 0 0 0 0 0 0 0 0
71 0 0 NA 0 0 0 0 0 0 0 0
121 <0.1 0 0 NA 0 0 0 0 <0.1 0 0
131 0 0 0 0 NA 0 0 0 0 0 0
171 0 0 0 0 0 NA <0.1 0 0 0 0
3l 0 0 0 0 0 0 NA 0 0 0 0.19
111 0 0 0 0 0 0 0 NA 0 0 0
141 0 0 0 0 0 0 0 0 NA <0.1 0
151 0 0 0 0 0 0 0 0 0 NA 0
18l 0 0 0 0 0 0 <0.1 0 0 0 NA
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Habitat Selection

| ran compositional analysis 09 Animals anahine habitattypesfor summer
2015 16 andon 11 animals andinehabitat typegor winter 201%16. At the second
order of selectiorrepresenting the horrange levelporcupines used vegeion classes
significantly differenty from their availability in the study areduring both summer
(Wilksda=1.58x 1032, P < 0.00) and winter (Vi | &=s0pP < 0.00J). During
summerporcupines selectadeadovs and swale@~igure11A); however, the three
highestranking vegetation classesneadow, swale, anaarst® were notselected
differently from one another accordingpairedt-tests Table6). Porcupinesavoided
coastal scrub, fruijune,pastureand beacliFigurel1A), butuse was nadifferent
among thehreeleastselectedregetation class€3 able6). During winter,porcupines
avoideddune,marsh fruit, beachand pastureand although they selected coastal scrub,
this was not significar(Figure11B; Table7).

Porcupines alsased vegetation classes significgrdifferently from availability
a the thirdorderof selectionwithin their home rangesluringboth summerWi | &= 6
0.35 P<0.01) and winter (Vi | &=s0046 P < 0.00]). During summerporcupines
selectecswale and marghwhich were not significantly different from or@other
(Table8)o ard avoided oastal scrub, conifer foregtasturedune, andeach(Figure
12A). During winter, porcupines avoided marsh and padteigure12B), which were

not significantly differenfrom each othefTable9).
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| did not test 6r differences in habitat seleatidetween male and female
porcupinegluring each season. Aebischer et al. (1993) recomedesaginple sizes of 10
or more animals when comparing between gréupsat least greater number of
animals than of resource cateigsr Because this was not satisfied during either summer
(n=9 females, 5 males) or winter £ 6 females, 5 males), | pooled location data

between the sexes for habitat selection analysis in both seasons.
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Figure11l. Geometrianeans and 95% confidence intervals $fdtder ®lection ratiog0 ) for
vegetation classes used by porcupineéBolowa Dunes State PatRel Norte County,
CA, during (A) summer and (B) winter 2015. Classes are ordered by their relative
selection acording to weighted compositional analysiglividual porcuping) are
shown as dots, withsterisks indiatingclasses from whicbutliers(0 > 6) were
omitted: (A)n = 6 from fruit, and (B)n = 2 from fruit. The dashetine represents neither
seletion nor avoidance)( = 1).
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Figure12. Geometric means and 95% confidence intervaBafrder selection ratiog)() for
vegetation classes used by porcupines in Tolowa Dunes Stat®BbNgrte County,
CA, during (A) summer and (B) winter 201185. Classes are ordered by their relative
selection according to weighted compositional analysis. Individual porcupiage
shown as dots, with asterisks indicating classes from which oytliers 6) were
omitted: (A)n = 1 from marsh.The dashedine represents neither selection nor
avoidance =1).
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Table6. Pairedcomparisons between habitat types used by porcupines &t tirdér (home range level) in Tolowa Dunes State Park,
Del Norte County, CA, during summer 201%. Vegetation classes appear in relative order of-rtm&tastselected based on
weighted compositional analysis. Signs represent the significance levekthtedaih vegetation class (row) was selected over
each other vegetation class (colunmy):difference, oP > 0.05( T B < 0.05 (++);P < 0.001 (+++); andP < 0.0001 (++++).

Coastal

Conifer

Summer (29) Meadow  Swale Marsh scrub forest Fruit Dune Pasture  Beach
Meadow NA T T +++ ++ +++ ++++ o+ o+
Swale NA T ++++ ++ +++ ++++ o+ o+
Marsh NA ] T +++ ++++ ++++ ++++
Coastal scrub NA T ++ ++++ ++++ ++++
Conifer forest NA ++ ++++ ++++ ++++
Fruit NA ++ +++ o+
Dune NA T T
Pasture NA T
Beach NA




51

Table7. Pairedcomparisons between habitat types used by porcupines &t tivd& (home range level) in Tolowa Dunes State Park,
Del Norte County, CA, duringiinter 2015 16. Vegetation classes appear in relative order of-ntw#tastselected based on
weighted compositional analysis. Signs represent the significance level at which each vegetation class (row) was selected ove
each other vegetation class (colunmy:difference, oP > 0.05( T B < 0.05 (++);P < 0.001 (+++); andP < 0.0001 (++++).

Coastal Conifer

Winter (2"d)

scrub forest Meadow  Swale Dune Marsh Fruit Beach Pasture
Coastal scrub NA T T T ++ ++ ++++ 4+ 4
Conifer forest NA i T i i +++ +++ S+
Meadow NA T T ++ T i ++++
Swale NA T ++ | i ++++
Dune NA T T ++ ++
Marsh NA | i +++
Fruit NA i 4+
Beach NA i
Pasture NA




Table8. Pairedcomparisons between habitat types used by porcupines3it tinder (vithin homerange level) in Tolowa Dunes State
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Park, Del Norte County, CA, during summer 2016. Vegetation classes appear in relative order of-nm#astselected
based on weighted compaositional analysis. Signs represent the significance level at which ¢atbbrnvelges (row) was
selected over each other vegetation class (columardifference, oP > 0.05( 1T B < 0.05 (++);P < 0.001 (+++); andP <

0.0001 (++++).

Summer (39)  gpale Marsh Fruit Meadow Coastal  Conifer o e Dune Beach
scrub forest

Swale NA T +++ ++++ ++++ ++++ ++++ ++++ ++++
Marsh NA T T ++ ++ ++++ ++++ ++++
Fruit NA | | +++ ++++ o+ o+
Meadow NA i | +++ ++++ ++++
Coastal scrub NA T T ++++ ++++
Conifer forest NA +++ ++++ o+
Pasture NA FH++ FH++
Dune NA ++++
Beach NA




53

Table9. Pairedcomparisons between habitat types used by porcupines3it tinder (vithin homerange level) in Tolowa Dunes State
Park, Del Norte County, CA, duringinter 2015 16. Vegetation classes appear in relative order of-tm#tastselected based
on weighted compositional analysis. Signs represent the significance level at which each vegetation class (row) was selected
over each other vegetation class (columo)difference, oP > 0.05( T B < 0.05 (+4; P < 0.001 (+++); andP < 0.0001

(++++).

Winter (3) Coastal Dune Conifer Beach Meadow  Fruit Swale Marsh  Pasture
scrub forest

Coastal scrub NA | | +++ | ++++ i ++ ++++
Dune NA ++ +++ T +++ ++ ++ ++++
Conifer forest NA T T ++++ T ++ ++++
Beach NA i i | ++ +++
Meadow NA ++ i T ++++
Fruit NA Prit T T
Swale NA i ++++
Marsh NA i
Pasture NA

! For this pairfruit was selected less than swafe<{0.001).
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DISCUSSION

Porcupines exhibitestrongseasonatlifferencesn body masshome rangsize
and habitat selection TDSP, a coastal dune habitat in northern Califorfieese results
are inconsistent witimy hypotheseshat porcupines in a mild, coastal climate would (1)
not undergo a strondecrease ibbody massnd survivaduring the winter and would (2)
have similar home range sizes between summer and winter. Myjpothesisvas
partially upheldporcupines usebroadleafdominated vegetation classes when leaves
and fruitswere available buflid rely on conifer trees for feeding the winter, as in other

parts of their range.

Body Mas and Survival

Both male and female porcupines declined in body mass between summer and
winter and gained mass back in sprifidpis is consistent witthe findingsof previous
studies and supports tegistence of a winter nutritional bottleneck in TDSP similar to
that experienced by northern populati¢g@8sltrane and Barboza 201 @espite a milder
climate Over the course of the winter, porcupines lost 34% of toally mass in Alaska
(Coltrane et al. 2011petween 2031% in the Great BasiDesert(Sweitzer and Berger
1993) 17% in Wisconsir{Pokallus and Pauli 2@}, 40% in Quebe¢Berteaux et al.
2005)and25% i n New Yor kos (Roztl3B4&In hylstudy,demale ai n s
porcupines lost up tb7% of their body mass while males lost uB8%. Themean

differences between winter and summer body m@ssales:7.5860+ 0.54% n=9;
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males:17.80% = 2.26%n = 6) were comparatively lower thahose reportedlsewhere
but are consistent with a seasonal decrease in nutrition

Even thougtporcupinebodymass loss in winter at TDSP was less than reported
elsewhere, most mortalities occuridaringwinter. Of thefive porcupines that died
during this studyfour died during December and Januailiie first mortality occurred in
late summer 2015, arahalysis of theementumannuli inthis porcupiné s  tregealédh
its age to be betweeri B2 years, which is fairly old for a porcupine in the wildloods
1973, Earleand Kramm 1980) T h i s bddg maaslwekélewaverageat only5.98
kg, which isalso consistent with advanced dgarle and Kramm 1980yWe were only
able to perform a necropsy on one of the porcupine carc&sse®redn winter 201%
16. Among theothers starvation or diseaseemed the most likely cause of deathviay
porcupinesbut we were unable to rule out predation for the third. Necropsy of the
remaining porcupinshowed that it had suffered from both pneumonia and starvation,
with very little body fat present. Similarly, necropsy of an unmarked porcupine that |
found deceased in January 20&@ealedheabsencef nearly allbody fat.Although
further studyis neededn porcupine physiology and survival in TDSIRese findingsare
consigent withthe conclusiorthatwinter presents gurvival bottleneckor porcupinesn
coastal climates due pwor dietor physiological fressord thesame factormiting
survivalin northern population€oltrane and Barboza 201Pokallus and Pauli015.
Duringsummerin TDSP,porcupines fegbrimarily on leaves of willowsed
aldersand Dougl asd spi r ewater phpperabdéthefmits ofspplp | ant s |

(Malus domesticaandcoast mafroot (Marah oreganaP. Belamaric, unpubl. data)
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None of these food sourcegreavailable during th&inter months, and porcupines
switched to feeding primarily on bark and needles of shore pines (P. Belamau®).
data).Conifer bark and needles are both low in nutritional value and hitgixiim
concentrationsrequiring porcupines tdecreasenergyexpenditurerely on body fat
stores, andonsune a variety ofalternatgfoodsin winter (Coltrane and Barboza 2010,
Coltrane 2012)We regularly observed porcupines grazing in coastal meadiowsy
periods of new growth froroctober February notably, during the day and sometimes
in inclement weatheihis suggesta tradeoff between nutritional demands anteed
for shelter which may prove costly given th@antphenology and climate of coastal
habitats Although porcupinepossess certain physiological tolerances to extreme cold
and lowquality diets(Coltrane and Barboza 201®) has been suggested that rain
presents particular challeng@abrielson 1928, Hooven 19710 one Oregon
populatbn, porcupines remained in relatively unsheltered trees during cold, snowy
wintersbutretreated to dens at the onset of wet weather (Gabrielson 1928). The author
suggestdthat porcupine quills soften when wet, thus providing less proteatjaimst
predaors although this hypothesis has not been teeadbrielson 1928)As an
alternative explanationyhen pathogens are presesdrcupinesare particularly
susceptible to pneumonia in damp conditions due to their small lung capacity (Hooven
1971).Althoudh the species evolved awet tropi@l climate(Vilela et al. 2009)the
combination of high precipitation and relatively cold temperatatdSPcouldstill be
at ther limit of physiological toleranced-urther study of porcupine metabolic responses

in this populatiod as well as thautritional contenand toxin concentratiorsf dietary
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componentd is necessarto understandhe mechanisms behind thistritional
bottleneckin wet, coastal climates

The pattern of body mass ldssbserveds consistentwith otherstudieswith the
exception thabody mass loss appeared to begin earlier in TDSP. Most porcupimgs
studylost mass between summer and felp(re7), whereaporcupine body mass
typically peaks in the fall and declines throughout wilRaze and lise 2003, Coltrane et
al. 2011) Changes in plant phenology, diversity, and weather may explain this
discrepancy. In mixed desuous forests, porcupines rely loigh-caloricitems such as
acorns beechnutsand apples to maintain their body mass through the fall breeding
season and to maximize body fat stores in preparation for iRee 2009)In TDSP |
have found no trees @iucing hard mastside from oneemnantultivatedEnglish
walnut(Juglans regig in which Idid not ever finda porcupine. Several shrubs produce
soft masin the form of berries, but these are typically produced during spring and
summer, and we found no evidence of porcupines foraging on them (P. Belamaric,
unpubl. data). Porcupinesd appear to take advantage of remrmamaturalizectherry
plum (Prunuscerasiferg and apple treess expectedn summer 2015, we found one
porcupine regularly occupying two different cherry plum trees during the time of fruit
ripening, andoth cherry plum leaves and frwere identified n t he por cupi nedod
Belamaic, unpubl. data)Theonly apple tregresent irthe study areao my knowledge,
received extremely high use by porcupines duding andAugustof both yearsl
observed multiple porcupines foragiog applesimultaneously on several occasions;

mostnotable was a congregation of at Idasir aduls andonejuvenile on 30 July 2016.

























































