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Gener al Audi ence Abstract
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Chaptlentdoducti ol tac kélBEesmirs aame Ainc @ m@esnat érsa |

Appal achian Mountains

Amer BlcaBeka(rUr sus ameri canus) Background

The Ambl ac il ubsswusy ameern e@mhachkhibetacri cally ranged
North America until the species detFigendlygue t c
Virghnisadet!| i ne was-1700Islt asbtweaen|l ese mocmonl )
around the state, with continuing declines int
har vheusntan devel opme ndalcerxopsase, stiboend sptelressitsnuet bl i ght
(Pelton et al. 1999, VADWRI )@ &y dr ¢ @a wnh yt Zh0el 4mi d
197kasvlel aclk bregtreoxyuc ht hodfi st ori c range, due in |
of wildlife mainmaleunkinitg eddtotrdars pr otienc ta dodni teifofnor

mat ur at i-be@awoif npaackroorsess tNso ( VADWRIa@R 0 2 3

| n ©5h0els |, 1a ¢ kp obpeud rectriosmss Wae sgeand , d hewamr ewn d
25% of NMrromanibhy to the Appalachian Mountains &
VADWR 3)0ra3l blyac kshlaeraer expahdededuer egel &t rgnei by
Department of WA WR.Jrfees et d oysafewaimd as establ i s
popul ahavesbagducedss (Viilgg)l i ahe Appal achian Mou
expandiancgp olpeudrat i on now supports both chase anc
into the winter, comprnsspegciaf hounedNdawearnslcors ethd ¢
early Decembean andbheamylsp) e@sobembeo, mrad 0 days)
muzzI|l el oa(deiNd semlsem, -anddayd) (riemranse csiefaisoonr egi o
starting from early October to earl y-9e cdeamlser, :

with some regiona( VARWR Bgd23h on the dates
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As Iblha&c kp olpeud haatsi oinn cyiezaes,kdishearles o been an incr
of nt ershet ween hhueaviss tdneaedt he pobleacdt kbaeltheatavo oal taenrd
| andsc@ier usle .én &I r ol ailcék) sbtetlle | ar gest predat o
(excluding humans) . DbAsactkhadesgp@mda pdin €«atreamgwen ddr
bl ackethemws mpot paretf fectepopllamdoniyei r potenti al
humalnhsuas ,gr eat er ulmldaeac kb ethea@m o0gi rodi ni ads rapidly
envirammeretces $acyi ve management aofooimdhei gaktei es
negahumiehachk nitecarastcens -poo Wniuaemdhs ed Mger s and

Young .2018)

Adublitac st omiacalll-26. 0 eractBe® e 0 | engitrh; Vinragliensi a
typiwaildidy8 0 1K@ 0l0bs . wsarme exxz2> 8ONIES, wher eas f e me
wei@s 15 1bL@0( bhbs .and can be Y¥YabWR aRdlddcnkv anagyaerts s
vary considerabl gcleg dlesamg ea apady tasma spbr epar at i on
hi bernation, but because they do not feed duri:
l ighter after having metabolized their accumul :
reach sexua#fi ymaausi by bAge3 whereas mal es mat ur e
bet webenyedar cPoWwelalgeet Tlaé . mad 9O dh7lya cslei atsedtantt ef Arpp al ac
Mount ains miqdabhehéavoben Aulcyurting pair may remai |
to several days, matin@l BAIl 20p0 e HAMDWWR D¥FBRBYLt hi
documenat ethg | ntiemfigad@mR2 6 ntepouusatBtod@e | |y and Hol conm

unpublilshed dat a

Si mi loa ftbdtraoc ks pheeca re ebnhaalcelse oeand eelnacyeed embr yo i n

pofsertilDuzamigomn hihe greodeds,zed egg becomes a bl
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in developmweaoatrfadr mont hs unt il i mpl antation in
around the time a female ent-Recedidpesaeitonmdal i n.
MesCr uz .ppb8) onset of hibernation, a denning fe
in Januar )y LorpeBetlertuallryuz2 @@4 al Me 2&.20L i1 tVIAOMWRs i20&
typircandegs from (@alet toudluB icsu btshantdni tgd dtsewionrge o
t hmeost commenmoo¥i ag(neA DABWR apan2d3 _Qu B being t he a\
VirgKheazendadfCub60adje -vyemoedhatbe6t remain witdl
their seChmndpbpr2®y6 a).BAdDaNRs € 02Bbs stay with th
secwhdt efremal es mate every other year unless th

hi bernati on.

Hibernation behavior iblack beas is an understudied aspectbtdck beaecology, yet a
better understanding of the drivers of hibernatiould aidin predictingblack bead annual
emergence. Both temperature and photoperiod havepgbepased as mechanisms influencing onset
of, and arousal from hibernatigRigeon et al. 2016, Johnson et al. 2@ menthal et al. 2011, Ware
et al. 2012 If temperature ishe prominent driver stimulatingrousal from hibernatiomuman
wildlife interactions may become more common earlier as climate changes continue to result in milder
wintersin the Appalachian Mountair{®igeon et al. 2016 However if hibernation is driven primarily
by photoperiod, then climate change should not strongly infpack beahibernationtiming.
Additionally, black beamage, body condition, and pregnancy staigse mayimpact hibernation onset
and duratior{Pigeon et al. 2016, Mesaruz et al. 2020)Thus studyingblack beabehaviors
surrounding hibernation can provide useful informatioalkow effective and proactive planning,

especially in relation to changing climate.
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Bl aclsabeaomni vorous and opportunistic feeder
species, such as bperrorviiebso, 0 dveedg ectaartriioonn,, haunnda nl i v e
tail gdddeeirl eushei egi)tiMandaeaee.t Wdaoan 2dels )emer gen
(Apri I-Mayo imm dt he Appal achian Molina akinfsrmea ddieagteenldy
search for food, often in a sparse | andscape. I
(e.g., skSynhkplcabdpmpws Ssgup wWCcomdap ol i $, acerircanmaa
ant hropogdngdWlADMWRsaR 023 t he summer months, a be
pl ant speci es(ic.oemgu cfinrtumists)®las e b ar ume)sr,oaf sypnbbeor sruym
(Rubus )i,daaus Phikeweéadc@. amewacdnthe end of sumr
fabll aclss tbiefar again, relying heavrck)prognn nthhaes dl amads
However, whawa ihlaaddi invastspptlsmdsgae k s u pagprtemreonfteaddni ¢
items (e.at.r,opasg,r ibciurlcd ufreeder s, garbage) to buil
(Gantchoff and Bel anBedihd h,y pRe rzaei@rdgd aeefmestyld.i g2h0 2 :
car bohryidcrdeotdes, such as agricultural tor dps | dr ugn

in preparati ONADWR ap0B8rnati on

Searching for food (i.e., foragi(nBr)eedegand e:

Moore 2016, Lincoln and Quidems@B&@a®ifnofreazguiknag et ¢

behawaporowiedd er i nsilglhd c lsfndtr@agweh eotnh eirt ems i n pro
availability on the |l andscape or whether they t
higher cost (e.g., fawns) or higher riskopd. g.,
resources i s ibmpaocrkp apeidragi B8 &bBROSS mMmany part ¢

rapi( YVAPWR apan2d3 t he p mttemntaicd Ih ofibemean f ood sresour c

growi ngcaFenaenal ysis of foraging behavior wil/l
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fowi | dl i fe manager b| ae & pripeaece Isl yo nr edgeaerrd orbegedc @ nt me
i ncr,eacwdero MIEH, 20,Zhalambhack nbbeeara VADWR a2 02 3

addi ti on, bklnaocwsurbge alrdhve | andscape, identifying w
ant hhropogenic foods (and atblwhalke wmialei)t, aatn dd iefsft
ti mes of the year i &t kfeth&adtvrilomawl, ed g aggamg ,i ran

in the Appalachian Mountains.

Thesis Objectives

The objecti wagd ntefosnays ptehaetske slod aorgy, parti ti oned F
foraging. Objkilcac kethecam»ama miome £ c ol g ywredodharodugch a
obser vdtoinamhernempogapi i véel aemathl@ea r gi niBd alcekc h 6 s
Be&#ese@ecoher to béeheedrhin®ernssatainaln behavi or and
manageHdmerntt.his objective, | provide insight int
behaviors as they relate to the motherds body ¢
interactions with biological and foster cubs. I
relative to the sddmeniwmarniceb lbesh aazn d rex wlforbe ol og

cubs.

The secondelobgbd cataikivareaagri ng ec ol o g yf,urstpheecri f i ¢
analdyastias obtwai deenah bflreadm camer a col | ar sbltac kd olcauamre r
foraging activity and resource selection pattei
bl ack olreaagri ngUsliecg sémwisr onment alprandd chaldi tvatr i \ad
focused on consumption of deer and invasive pl

interest to VADWR. I al sl acikss ths@atag dt ckide tb yc amag
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femal es) and compared my video diet analysis t

assess the effectiveness of usingbltacls. noarl m ¢

Using advanced technol ogies, such as camer a
for previously unseenOb:merivgihng | na hemmwdi dodsy igaitfé essicu
such as those that are noctumamal odrnt elni noti mcde:
traditiondlt terhectrahld e 2r0(0i9g red du.. DT2HOels7e) ccaim Inldenm g e
ability to evaluate how | andscapevaealnhdbicdli anqag ien g
advancoefmevnitd e o ccaanelrd heolld aadsd r eossst ucdwii tnegn &8 nli imeni

hi bernati obehmadi bosaging

Project $BadkgPAoenad I nformati on
Bl ackRaBxa@e nhRlrac ks hubg,ecMA ve 1)

ThBl ac kRBxra@e o tBBR)C( formerly the Ursid Research
198&hrough coll aboration between VXDWR®RIion isbal uatioykc h '
bebehawvepropducti ve and 6 antdseerrnvaet iacsn ap hpyl saicoel a goy f
to females that &Gaven hBBBhtatthbkbef BBRCiblyaskcl
bebhrol ogist Dr. Vaugharmlraetki rblher ft hei BBRY Wwa&d$ dr
2012 wuntil 2016 uhoesliddgac Bbabwreien g at hkeesld yy,ear s.
housed both male and flimadlea nfd apradviiyd epd eag npalnatc)e
orphaned cubs to surrogate mothers. The BBRC of
devel opHed ntgr en and Vaughan >Q@r8WBz tr,imalges2@zO0 )al

effectsanodn pesuebesgimancy, among 6O6Me&@muz e3@B8) h pro

Bl ac kswkeeg &r capt uraecd Wisrsgmnananeasa t he summer ani

brought toVAOWR BERRG omynel . Bears kept at the fa
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arousal, gave birth to cubs, and subsequently \
foll owing year. The BBRC also conducted extensi
posi ti veblasmpkaheaagre ment and highlighted the coll
VADWR &mndginilThr deghou201l1hesddbib,| afcisy bet@ae mawl £ h
Cubs;1Takkl ¢ he BBRC were monitored continuously

hol di ng pewasgetThios bhdea taienl a | nyozwe d

Appal achian Mount aiiBat h nCoWNersttrey,n WA r(g@Omjieact i ves
The Virginia Appalachian Coyote Study (VACS) wa
VADWR ( f otrhbeeplayt ment of Game andThins asntdu dFyi 'ssh eah |
were to examine and eval uaCaenitsh) aptortagnese i ail n i mipe
Appal achi apKéoluntaihe!l or 2@®ildal VACS project aro

concerns about declining numbers of VOE&eF, 28451 ¢

Using distance sampling esti mateil an btwedhgreirqg u
densities in Bath and p(@Mdntcad e Aot Raolalk iyasylsia)m f (
coll ected i n B8)herseev ecad uendt iae shi(ghhi g.el ati ve percen
deer (42%) in4doyoneeskcat sr LGN gl v, t hley nRPO of
rufugd7 %l amkk W%)arscats al Mo wials e.tu bl@idteasns OfEGNd i n ¢
consumption by al/l predator s gparveey nrd@ a tnisa mshrt |
2022 ,o0ns oCl2edidn gal an @ 012eld -t p, aeXpahded project:
Appal achian Carnivore Study (VACSII|I)betten at ed
understand space use, resource selection, and

guild of prevABWBuppoonedeeonti nued coyote monit
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| n

bdaMtcNi tt et adl . wB e MBI asgZnZ2 0a sBesioclibatftagm, Cl ub

t er naand otnhed Acorn Al cinda Fdurmddst ibcermrsupporte

As part of -s\eARlohft swde afuibt t ed haitt emedl vadeo

mera, GPS (gl obal posi ti oni nbgl ascyka tbeamayri uni as ¢t

i mals moved acros(sVd ht&fEdRAIREOXSs P& Y)SveCCh hseertasat h
solution (720pnrgdseolvuteiwo n)o amd uwiedhe f or agi ng
arch for evidence of fawn predati on.
Il n 2018, camer a c olllaacrisg fovesarre f glmad edd, oHd tviea m
Al'l ten cameras were recovered,; hbdwaecwke rb,e aorn
s struck by a vehicle, which destroyed the c:

re programmedomnd Yiadkeo20evE4 yh@Or sni amud a&y fon
nths, coinciding with the peak in fawn birth:
t ab | paecrk( Tla®)dAré t er t he spring/ summer fawning sesé
di fied to record one video every 60 minutes,
tending data collection into eaammgr &d 2ldlad adlodve
om2t i0e 00 EST (6:00: 00 UTC). t Duoé Gre@dg rOadm nki SnTg

shor t he fieviddeesa mof nBvE&K Ef anlolt successfully re

Il n 2019, eight camera collars were placed ot

| Ibalraecdls, baelalr wer e recovered, but one male and

i X btloatcaklf dreatrhe 2019 3dThesy yoat af Salwlee e i niti

keser®nd videos every 20 nrid nmdretsh &,0 rf-soH@l odnvaleud st

ideos every 20 minutdeswdek s .1l 6T heo uresx 1peic o tdehryv af |«

ideos every 60 minu2 emortolsdcedomemuvy Bdaoslagv ey
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12 hour s -5a wkayk sf, o resrdt ofnidn asli Idye,0s8 every 30 mi

nut e

finAlw8eks (Tabl e 2). all heasaddav aroilod belgeh eshadht endeu | f easw

season t ol e tkeabdmmamieor s i

Addi t i
referenci

space and

onal ly, at the

n

t

the f al

i me of each

ng between behavior and

| andscape use.

not accompanied by a GPS

Per sonal

Communi cation) .

Al t hough

especially

| ocati on.

t

| ocati on.

he GPS

However

f

Vicd ®® Sr e c ¢

Thi ¢

X

t

I

hi



379 References

380 Al onso, 4R.Ca&r.ni2W0&2r e ni che dynamics, resource ut

381 central Appalachian MouvWimginsi @af P¥iygeaoahnai cl
382 State University., Bl acksburg, VA,

383 Breed, M. D., and J. Moore. 2016. Ani mal behavi
384 i mprint of EIlsevier, Amsterdam, Boston.

385 <https:// www. sciencedirectb.edam/i Baregfkoochk8 01 2 8 (
386 Bridges, A. S., M. R. Vaudhamr ke sdtrer@durs] . a Md garxt. u r2
387 Al l eghany Mountain$8.of Virginia. Ursus 22:1
388 Clevinger, G. 2022. Popul ati o#f abyramiDesramnada $he
389 Appal achian Mountains of Virginia. Di ssert at
390 University., Bl acksburg, VA.

391 <https://vtechworks.|lib.vt.edu/bitstream/ hat
392 uence=1&i sAl |l owed=y >

393 Clevinger, G B., W M Ford, M. J. Kelly, R. ¢
394 Cherry 20214 Survival, cause specific mortz¢
395 western Virginia The Journal of Wil dlife Me
396 Gantchof f, M. G., and J. L. Bel ant . 2h0llarc ls Roeega re
397 (Ursus americanus) in southcenvhbal USA. Bi ol
398 Hel Il gren, E. C., and M. R.BlVaalkshBenaral $3® Ut hars i
399 Wetl and. The Journal of Wildlife Management
400 Hertel, A. G., A. LediSotR8ea@ar, SA. MMy sterGud St@.y ae:
401 Temporal effects of hunting on foraging behe
402 when risk is higHiDP2®ecol ogia 182:1019

403 | BA. 2020. BAMEKI BERMRUS AMERI CANUS. I nt erBrdatcikon e
404 Be®#eseandhManagement 2020. <ht t-9pme di/ evsvwa mherair d
405 bl abcekar / >.

406 Jeanniard du Dot T, Guinet C, Arnould JPY, Spea
407 total and activity specific energy expendit
408 to time activity budgets. Gol dbogeni8&8, edit ¢
409 Johnson, H. E. , D. L. Lewi s, T. L. Ver zuh, C. F
410 Breck. 2018. Human devel opment and cl i mate :
411 i mplicati omasr fioworhaamaanf |l i cts. C. Bieber, ed
412 551062 .

413 Kel | vy, M. J., D. J. Morin, and Montague, David
414 Coyot e; popul ation status, di et , habitat, s|
415 Kl enzendorf, S. A. 2002. P o pod laactkp apeudDa tniaonn c s o f
416 Di ssertation, Virginia Polytechnic I nstitut e
417 <https://vtechworks.lib.vt.-60e#0R2XIWv3Er/ api/ c
418 96dchbO0Ofb03B1/ content >.

10



419
420

421
422

423
424
425
426

427
428
429
430

431
432
433

434
435
436

437
438
439
440
441
442

443
444
445

446
447
448

449
450
451
452

453
454
455

456
457

458
459

Lin

Lop

Lot

coln, A. E., and T. P. Quinn. 2019. Opti mal
di scarding of sal mon by brd&h2bears. Behavi
es, F. L., J. A. Desmarais, and B. D. Mur p hy

Reproducti6o/n8.128: 6609

tker P, Rummel A, Traube M, Stache A, Gustr
Ani mal Behaviour from a Distance Using Acti
Cali brate Remotely Collected Activity Data \
Cervus el aphus. Wil dlif34 .Biology. 2009 Dec; ]

Mc Ni tt, D. , R. Al onso, and Dr. M. Kelly. 2019.
Il nteractions Betwé¢an!| Rde d&teors and White
<https:// www. dgi f . vai-wrigrigni erai bagt kosr/ doel rosgi/tareedaed r @l
bet wereemd-atnrdhist ed e /exd.

Mc Ni tt, D. C. , R. S. Alonso, MaJlnCheenge Mf {
di sturbance on bobcat Appaluaclki ae$ ecFooasi n
Management 465:118066.

Mc Ni tt, D. C., R. S. Al onso, M.b JSegelterfnyx, eN.f el
reproductive season on bobcat space use, mo\
Mountains of Virginia. W D Wal t er, editor.

MesGruz, J. B. 2018. Assessment of PhyBliaadlkgi ca
Besar(Ursus americanus): Active Gestation, Ne
Conservation. Doctor of Philosophy I n Fish
Bl acksburg, VA.
<https://vtechworks.|lib.vt.edu/bitstream/ hat
uence=1>

MesGruz, J. B., C. Olfenbuttel, M. R. Vaughan,
cub age influence wei ght bglaaicns alfnédla diessr ed mermea
M. Cherry, editor Jobv7vdal of Mammal ogy 101:

Mont ague, D. M. , R. D. Mont ague, M.-s dmp IFiireg ,t ;&
Esti mate Denhailtlgdobe®White Forested, Mount air
Northeastern iBNa9uralist 24:505

Mor i n, D. J., S. D. Hi gdon, J. L Hol ub, D. M.
2016. Bias in carnivore diet analysis result
field identification: Bias and Uncertainty i
Bul l etii;h7 4.0: 669

Murphy, S. M. 2016. ECOLOGHL OCK TBVENRIEIANT ROBU C KL
THE CENTRAL APPALACHI ANS. University of Kent
<http://uknowledge. uky. edu/ ani mal sci _etds/ 6

Myers, P. J., and J. K. Young. 2018. Cohaickt ent
besar Jour nal oifl 2EBt. hol ogy 36: 117

Pelton, M. R., A. B. W®areéynet., H. HRas®rdeDsoln,
M. Weaver. 1999. Ge o g r abpl hai ccls dibi esat N a rbtult i Aonme roifc

11



460
461
462
463

464
465
466
467
468

469
470

471
472
473

474
475

476
477
478
479

480
481

482
483
484
485

486
487
488
489
490

491
492

i6.n Amebli @k onesaerrawca pioean. Bear s, status su
ervationaction plan, Cambridge, Engl and
ps:// www. researchgate.net/ publication/ 2
k _bears_in_North_America>. Accessed 19

5

s ,
t (
c I
a J. L. Vililil, L. M. Rosalbhac¢k Sbe &el
g

t

e

M

e
(0]
—

i n habits in a poor mast year where suj
ps bi oone. oR29R1b6IBas/lcGRBWDBO02B3yv8I Bmewn

e echiarbg @mo-mma gte-wher e/ 10. 2D-DDOORSUS . ful |l >.
ar 21.

o
(@]

., G. Stenhouse, and S. D. C!1t®. 2
ehaviour of grizzly bear gl738B&havi ol

E
b
A. J . W. Zi mmer man, and D. E. (Davi
k: bd@me ranges, habitat, and soci al
wi | dl ecol ogy and behlaovn dddevww Xer kes 4, Ch:

a

f

Schei ck, B. K., and W. Mc Cown. D0h4lk Ge@agNroapg i c
Ameri ca Ursus 25: 24.

Tezuka, S., M. Tanaka, T. Naganuma, K. Tochigi,
S. Koike. 2022. Comparing information deri ve
bet weenbamnmnenadli deo systems and fecal analyse
Mammal ogy gyacl1l01.

VADWR. aB0 23 kMBreagement-2®P32an iOrg@i ni a Depart ment
Resources.

VADWR. bBDa@B&ka-Hunting and Trapping Regul ations.
Re s o Lr0c2e3s
<https:// dwr.virginia.gov/hunting/regulati or
%20using, hunting%20o0r %20use%200f %20weapon. >.

Virginia Department of Game & I nland Fisheries
Pl an -Z2@2D4)5.

O Dd® NTATD TANOLBR

K

n
Powel | , R.
Amer ibd
|

<https://dwr.virginia.gov/wildlife/ldeer/ har\
%8 0%9320%20deer, ti me%20frame%20t he%20previ ol
20season%20(rifles%2C%20shotguns, or %2059 %25 ¢
VWCH, The Virginia W ldlife Conflict Hel pline.
Fiscal Year (FY) 2023 Annual Report. o Annual

12



493

494
495

496
497

Tabl es

& Figures

@@ Modified historic range

20N

- Bear sightings
) Primary range
@ Secondary range

i 50#;0&::):'1@00 A " s00 Kn“°"‘°”:$ 1,000 A d
Figure) The histori clall acalefnigema roPfe Itthoen Aenteralc.an( 1 ¢
exclude prairies ecoregions, and B)bltdhelkielmsd armart
North Ame20(XZel 2006et al 1999, Scheick and

13

Mc ¢



498
499
500
501
502
503
504
505
506
507

No black bears
. Ocassional black bear sightings
[ Black bear range

D) Distribution of black bears in Virginia in 2001

E) Distribution of black bears in Virginia in 2010

F) Distribution of black bears in Virginia in 2021
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528

Tabll el nformati on
( BBRICH) 201% Tihn cel RIRIRC

bhatkeBmhktaee dBiaarcikiRobBbeaa@e nher

a stsli agaken dubnebderdr a o k1 ot ehaeri r

t h

C

entrance date to the BBRC, date of birth of
fosters cub(s), a n db ys tnapttuhsd e(meea apefptceed f ofiro. ne @ jheec tca
den) for t he ,anodihfefre raennbceec wiodn¢ St)itnmee mot her and
from the cul vert.

black Entrance Cub(s) Biological  Foster Mother Cub(s) DifferenceBetweel Releast

bear Dateto Date of Cut:?(s) Cub(s) Emergenc Emergenc: Mother & Cub(s) Date

ID BBRC Birth Date Date Emergence

bl a

bea 8/ 7/ 20016 1Male IMale 006 41216 9Hours o6

12¢ 1 Female [Accepted] 2 Minutes

b | al 2 Males 1 Male 2 Hours

bea9/ 241/20/16 ’ 3/6/16 3/6/16 . 5/4/16

197 1 Female [Accepted] 45 Minutes

bl a 1 Male 0 Hours

? e2 zg 9/ 2 41/25/16 2 Females [Rejected] 3/19/16  3/19/16 0 Minutes 5/4/16

bl a [icii?taelg] 13days

bea9/ 242/19/16 1 Female 1 Male 3/28/16  4/11/16 15 Hours 5/24/16

12¢ . 50 Minutes

[Rejected]

bl a

bea9/ 24 - - - - - - 1/516

13C
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5290 Tabl@mzra col | alrlsa cskecttulelanagrse df oorn Bmat A0 L uang, 2V,
530 i ncluding padag epmmignmgpdeshiedangoeengt h, video start t
531 t he video end time for GMh§oidiye, duflreequency of vi

- Start .
Year Start End Video Time End time Frequency = GPS Schedule
Date Date Length (Local) (Local)

2018 5/15/18 7/31/18 20sec  2:00 16:00¢ Every 20 min 20 min

2019 5/15/19 7/14/19  15s 5:20 21:20  Every 20 min 20 min
7/15/19 7/21/19  10s 5:20 21:20  Every 20 min 20 min
8/1/19 9/30/19 8s 6:00 20:00 Every hour 1 hour
10/1/19 11/2/19 8s 7:00 19:00 Every 30min 1 hour
11/3/19 12/15/19 8s 6:00 18:00 Every 30min 1 hour

*programming error

532
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533 TabldlGamera col bakcbdlelaared in BathAOCduamrcdg ua¥VAY
534 bl aclk abheara code (IBleacl Emenea€eded/ absenlxleaowk cub:
535 bewei ght polubpsdeanf@l ki laotgraapstv tkegg camera start d

536 Day), video camera end date (Last Casg( Toatya)l, t of
537 Cam Days
black .
Survey bear Weight  Weight FirstCam Last Cam Total
Year ~Cam S€% Cubs qpoy (kg) Day Day ~ Cam
k (MM/DD/YY)  (MM/DD/YY) Days
Code
UAFO1 F None 135 61.24 7/10/18 8/1/18 23
UAF28 F None 120 54.43 5/30/18  7/14/18 46
UAF29 F None 120 54.43 5/30/18  7/29/18 61
UAF32 F  Yearling 150 68.04 6/11/18  7/25/18 45
2018 UAF38 F None 130 58.97 7/3/18  7/31/18 29
UAM15 M - 155 70.31 6/8/18  7/30/18 53
UAM36 M - 145 65.77 7/2/18  7/31/18 30
UAM37 M - 275 124.74 7/2/18 7/31/18 30
UAM41 M - 250 113.40 7/11/18 7/31/18 21
UAM30 M - Hit by car- no video data recovered
UAF42 F 1cub 100 45.36 6/5/19 12/15/19 194
UAF43 F 2 cubs Hit by car- no video data recovered
UAF52 F None 105 47.63 7/30/19 12/15/19 139
2019 UAM44 M - 165 74.84 6/11/19 10/22/19 134
UAM45 M - 150 68.04 6/15/19  9/26/19 104
UAM47 M - 160 72.58 7/22/19 11/20/19 122
UAM49 M - 125 56.70 7/25/19 12/15/19 144
UAM53 M - Malfunction- no video data recovered

538
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Chap2kactors influencing tAmerdibctaant k@b esafs behavi

amer i xaadnudst f emales and their cubs surrounding

Brogan E. Hol combe, FiVih g& nWial dileicthe GédmT&rs\batrigc
J. Bern&rdie ,Mdsna egrati ve Sc,Hamoce sbukagr uU®PAbai7gdgo
Marcell a J. Kelly, FVisrhg i&n iWVa | Td a f ,e BElloancskes bvwartg ,or
Abstract

Hi bernation behavi or bil acuwnderasst tadjiea dwdidmhulemes ti C ¢
knowlcddrgiev @edn-hp detr nati on emergence studies. Temj
identified as potenti al ,bdurti vaerres aolfs ot hlei ntkiendi ntgo «
expl or e bdraicWKeirdsseeacaf att ii wint y usi-ngcar dedqdeat i sleb

temporarily captive f emalte oddards ewivtihr ocnurbesn ti.n W
of video into two interval cycl es ttoo May az2nGall by za
2) anal yczueb monttheertaicrtti ho,n si mpoolsudi ng whet her mot he
bi ol ogriscwlost er cubs. We consolidated 58 behavi
passive alert, passive) and found that the hibce
photoperiod and temperature were associated wi!t
hyper phabgira,h,poasntd emergence stages, increased
ambiteenniper ature and photoperiod, but the onset
temperature. We further found that mother bear ¢
group, thus not showirsgw $i albo t vtwke-dmkbti oA toafti wall ,
fouod behaviors were influensedmbiideevamrdlacdive
gr owt,h triammee of dayAddaintd otneanipleyr,atcwrbes. d&dhawvt o5k«
(i betjng, chasing,t opwanrndi nfgo sttoe rg rtohuannd bi ol ogi cal
cudsa&ater pmdwgdmmdiisommg results for orphan cub f
results indicate that rising temperatures regi
which could | eadl tac ki niteareaacsteidorhsunoam t he | andsca

hi ber natGQvoenr adns, dtlp.a eld ielsdpaom@ s ngo t empen &t Un &kelirye
depend on multiple factors relatedotud da paedr 'ad
responsinclremats@ende bepavcviatbty duringwhhehonset o
i mportant whleaac kmabpeaudjian g ons I nt @a pgdhtaemti inagl Icy i mMiat
increaswdl duméde interactions on the | andscape
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584

585

586

587

588

589

590

591

592

|l ntroducti on

Hi bernation isommmmabpamaegi cul arly where food
conditions are( Bwarso natlillye rlr@lifhre guUgess)) d(ldeave been
studied for their unigque physical and physi ol o
produce wruidn eadag¢ncdr e amme ab nfdSgttenvi nkeAmet ibadmr k2013
begWr sus amer ihelhleddkhex ¢ mtgphe si c al and physiolog
across atmajorirtangef (| Me-GQldu 2z hMAKE)o wt eldigaeclofbear
hi bernati on bsthemd ofrorad mpayrddrangayt i on st u daipepse.arhsi b
to be driven by(Hmphent2d@MmMpePaYwelecas and Fil el
Pigeon et al. 2016, alshlndars ddteeal suzlyy@e&)t ed, ho
driver of physiological responses (iBn utrmeen tthianmi neg

2011, Ware et al. 2012)

Il n manyr agththoarge,s i n annualdrdmkeine rbty tcd ropmeart aet
withoohcamihtammte i n hpahvoet mglptot edt i al pdhiyssriuopltoigoi ncsa
mechanmirs mi bg@grnati on 6Wakethendethralusa?2002, Brad
Evans et al. 2016). Such chanbgecaswsoem| dpempasbd |
responses to agetadtnalal oderhipvagieistay | pyh ot o eesrpiocnnd whoi
environmental temperature cues (Pefuelas and Fi

201Bhi.s coul d be ¢@dgeponbl emetrigeen defardea aers and searc

|l andwbhape some vegetation is(FPFefuwmalnds oandabki lhal
Bartareau et al . 20Whj cHumbhgseabttseabead®@h2ppog
sourBdag tareau et al . 2012, Ki r'beympelata satllne eé2n0 1 6

documented to be asaondi amedgdartraa rt chye mom snean y fan
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615

(Singh eftallinege@mmperate and borceralld elcawe sft eunrsd
photoperiod, temperature, or atygpmbraihvag i plna rotf
specipesi fi c( Braesslpeorn saensd Kor ner. 2@hladn g eSsi nignh teet mpael
particwons aas$ gnafbtleyr caolvwar mi ng peranodd  kiaflf eocftf btuhde
young (pdhaerdtasr di ni et al, WRIllpd ahtispoud gteas 20d 3
as a stronger orridverememagieBoaeimanmcygnd Korner 20174
Lang et. aFor 2&€Rdmpgke in the environment, compar
the potentmade i mrepfemdet(tRaabsttesand Br i sbin. 19Birs
can cause severlkudssmaedy amenaiges rtelh Hihemesgprus ger 2
Rowl and et al. 20IBi,sMuoé&as$|l beeprtdatVan@ditl®iPumns i
and oaklQuseerecyesmmpn d&fet WwWbemBuasrcepti ble to dal

|l ate (Roowstasnnd et al. 2013)

Thhs,nvironmental and climate changes may hayv
|l evel s of bear s.s Rlorpudilagtanathess ofs belarabsao 6l oendar
hi ber,pateph for pwheegmafnaod esmadpelsi es are avail ab
seab6Wmodi ng and Hardi sky. 119m 2f, a dHte,| | grregqn &t aflen
aragdaspgliamyl ar patttee mmaisn owmo lbdeanr sichddge mas edi leamt £ir m
i ot heramd edenngai hhei r4 dreonosHafedrgr2ze n and Vaughan 1

Hardi sky 1992)

Ot her physiological factors such as pregnan
t hought to i mpact hibBEBInan i ®tn alnse20 biM,0HdeSlhiirmd a u
mating seasiom ¢ e®nAtpripald mtchheéa an Mountains spans fr

Bec afuesmea | edilsqiderdsayed 1 mpl antation of ecamburyso sj, u st
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631
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633

634

635

636

637

638

pri dn btteo nati o+ca motbaeitrde cdennibLearpes et &Llruz2@@4.,al Me
Thereafter, hibernating females carry the pregil

(Lopes et al. 20CAuzVOEGI EBEI 202020Mesa

During hbkearsatdieaeamnecase t-thk%bhbédmat &bdibitys-s40by
80%, and they do not eat, drink, def@edcateayr bamcl
(TRBi en et Panl@nt20Imal es aypucdlt geesname Uems or
nomr egnant pemaa@separ at mbn ydbeoviecleodpummeanti e (et al
Bl aclk beaardiamgiemit@rasi edaermrinypita otnDet obetrral Appal
of Virginia, but have been notdeedp eenndtienrgi nogn dfeonosd
avail able ohVADWR lLZaihdEBerapei z& rcamges wi ttdlne21 c u b
aver(aBgd dges et -Mdr.d o2 0eltl ,a IB.ar210c1h4Cu bGr aayr 668 tw eaaln.e d:
mont hs but remaint wet sepgo@DPWRoL2Be&B8ausei tubs st
their mother through a second denning season, |

cubs during or s®&ADWRyYy 28R28B¢r hi bernati on

Femal es wi t hernytedhoriiloriegt mat @ bhthi eaXd d eyandhraey esdveer gy
t he cour se oft htaheel epsr egvmi doqumsa nyte afre Ma ye mestef ¢ ke i r
their byfepreshngg during the spring and summer
prepar éatiibem hBAarn mmz a .etBealtceord @oQoi/d)yon of mot her s ¢
t hroughout hi ber nasyeoanr |hiansg poors inte wbedryn icmpbacstur v
f emal es, can potenthialBleyl amtcretasals. 1200 &;sr Barztea
Cruz .ZO61B¢each a | arger body mass, bears exper.i e
guantiticed oafi chicpimtent foods prior to hibernat

tbate awndomemaeam| §Heélall gr en and Vaughan 1F%8ta,l eH uwbebaa r:
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658
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661

a proportionally | arger -pguagmtaintty foefmafl ceosd dtuhra m gr
support pregnancy and birth, or yearling cubs,

nutrients and a(dBeploasnet beotd yalr.e s2e0rOv6e,s Bart ar eau e

With some hibt ac kopktud eartedé @snsofon the rebound,
i nrpohan cub fostering programs to promote natur
decades, especially as a mechani sm (tCd alrKkles teetr aj
1980 HashelFo@@®1®r), in areas with |l arge and incr
presence of a fostecowmstbr @aiont |l popesnedadh ymptols e
(Cl arke agpt Has hew9t8,0119i))t t |l e research has been co
mot her bears or the effectiveness of cub fostei
cub, as it is difficult to quantify successful

(Hashem 20hHO®e)Y st andi ng mat er nianhp arntvaenstt neesh hieti nc of u

body conditi onr eodfu etghoeti thtoebsh e g i(aflald veulss and Wil | a
ClutBtraock et al . 1981, Derocher. akhdr @il @rhloiugdy d%®
|l ocations and |itter sizes can be monitored by
behavior al i nteractions and resource @{&dtairtkieo rei
al . blomBloair .et al . 2020)

Studying precursors to the onset of, and e me

the Rodaelrs etutal . zveea®h@er as tbebhtbdynwtidn to u
aspects of mother, cub, and yearling behavior,
liteft8aReagers et al . 2 02Wr,i nHge ritievli & rect loc sa¢ h e a2i0it2gln) s
presemecmsapfppeared to alter nat urhalmebsesaerd bdeohcauvmeon

certain natfural ,bélhbawaigomng , ,Jomntxeamadnd aRPel,t s ek
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al . 2000, TuyAdtdentsi oentalaly., 2Mdltd)ou-t hecgongupr dabo

and detailed ethograms set in place, bias in be
uni nformatTwyt resuuldeats al . 2014)

Bear body condition (mass) going into hiber:i
devel oping, and foster cub care could al/l pot et

emer geEmec®,.i &8 hreeeedef ber undedstabdbnhnfeohat hen 1t
duration to aid wildlife manalyeameartg eamgcen carrd ali
effective and proactiveaptaehelrinptdaligeesei alnlcy eiat
temperatures in historically colder months in |
could |l ead to changes in hibernation patterns ¢
per vinsttdhhe dandsgapeeitiicsalanttihmeosp opgeerniiocd,s | eadi ng
human!l dinitfee @éddohoasn .BowaVvbr OLBat iporni mhasy idiryi ven

phot operi od, tnmaegno tc |Isitnractneg lcyh ainngpealte d bleeas, he bem n

temperature increases.
Il n this study, wle memmpslieommeant ebde haa vmuolrt ir esear c
physiological and environmental factors relate

and arousal from, hibernat v D dreecoc\Welr ealasltbesde rai au naogiuse
foedntroll @ecivamaowcamemir @l |te dVisregiitBinagc KiR BB & &r c h

Cen(BBRC). Our objectives were to 1) determine
behaviors and environment al and physiological f
influence of environment al -oafnfds pprhiynsgi oilnotgeircaaclt ifo:

the behavior al effects of orphan cub fostering
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700
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702

703

704

705

706

Met hods
Data Collection & Study Facility

From 2015h & loa QKRIdbea@te s BBR)C( | ocat ed i n Biloaucskesdb ur
fopregeanadedrTahf eom SepteBbarst eBPpRCadet Went

hi bermmademomnset to arousal with food supplied (
| andscape as dkeywlell pedmPdh o vlleawa (20 2Whi.l e at th
BBRC for-20Hé 2@hSon, bearvd awevria emo rsiutrosrea d | 2adn/cre
(Ni gh$SP,OwlLC, PNioghSerQwls 8 @H ak\eRl Systveem)t he pens
categorize behavi orTshe uBBRQ@ nfda aigl ihti yb eirsn add wenr. e d
ot herwise open to ambient Wwehthbhenresowdrei oprbeart
2016. Throughout their time at thd4BBR@,s, hevdlemnt
and body meas$ akeMesSmaiuz vedr eapl b 2dRWOr)es were previ
by the Institutional Ani mal Care andlU3earCd mhd t

162.

Foster cubs were able to distinguish the fo:

size difference between the biological and f ost
the biological cubs as well as differences in 1
cubs. External |l abeling (such as collars, paint
reduce the potential for bias by the mother be:
Vi deo Behavioral Data

From24he moni twe awey, waft ctheewdr and recorded all be
interval cycles: adult female behavobodfspntaegval

behavior intervadf f[shperrienadf haedrt, e réveeahste¢ct ovaalf uecntad de o |
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721

722

723

724

725

726

727

728

adwlefrr ¢t mMemtanc e hientBBWRG ki r atekt daseoncl usion of
4, 2Melecondmichetde 1behavi or dlobelaEsosrivoaw e-toinbsy toan 1a3
break such t hmathuwe rodesvstréymadiii omtses, resul ting i
behavioral obdéiwvwatinoes vpér wéady chosen after pr

mi nute data recor-owmng perntieod att Fatoveecc ar 7&d at 2

mi nutes, and 15 minutes. We foamdmB@udiffiartenvs
at | onger intervals, passive and especHialslty act
results). Ther emiomrwet e wien tcehrowsael ¢ hteo 1ltbe mor e cons
repredeé matciknefheaavri or s, despite the moresibtensi ve

sampdbesder pat,i onde rtelddeatbdehdavi or o0 bsstearrvte dt iamedd ietnsd

dur aas owélolcaas on wWiotpeeineat.be g@den)

Thmat ernabfi beaavabr al recor di nbgl awaka nbdeoahrd o c t
cubs from cub Dbtihret httitineei tonfe e BBRE-eti m We ec bredhavt @d
obser want aadiuwilst s oan da csuhbosr teevrelrlynmiem wtae s ofesul t i ng
mi nut es of @O aacarkyaerteiadraays. plehri s i nterval was set
cub behaviors, which oft en Hooclccuornrbegir ulhensrde | kKae li lvy

unpubl i) htlatdamay bemimistse di ™tuern gl sL.5 Wit hin th

recorded the same information as bilnactkyeoeagorul t i
identification (mother, biological cub(s), or f
individuals. The interaction of most interest \

introduction iompdotsttehecminayi mayw!| i tter and whet

di spl ayed aggressive or dominating behaviors di
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738

739

740

741

742

743

744

745

746

747

748

749

behavior

s as biting, pinning @tAlt hendrBaeaeaadhamnk

Rogers 10x8&5%)r wi se, observed play behaviors were

We categorized the 58 observed bleamavioars fr c

cl assisfii
where th

15 passi

i ndi vidu
mot her S
mal funct

field of

@xttiiore, passive alert, and passive (Fi
e individual exhibited movements (i .e.,
ve alert behaviors where the individual

i ag\ il mgh tktutn gvisdg dalnadven gd eafnidned f our passi Ve

al was not moviangrdandtwmdse i(n .a&.sedegntnat
|l eeping). We exotudptdefilremenhse, awhl gbi E
ions, health checks, husbandry (cage cl

View. We al so excluded behaviors 24 hoec

recovery.

To ve

cl assi fi
6out of
bet ween
iBnterin
entering
del et ed

tot al r e

rify the quality and wwe owndacooynda fn uboeunsa v i
checks on all entered data with a team
cati onlsec Med all soatqiuanh alt ydata to verify
fieldd within the pen area. We al so ver
cubs and recorded whi cho cwebr itfhye dbbeshearvv e
g video data, the data they entered wa:
of olbhseamv edasdece lvey anibdkasé at rey ,r etclwasgi ng

a naedn tdedfrt ead ownatlsi nrueed enr b hash evplogeed mdhaltea ob s e

cordings were del eted aerdt rdya.t a was assi
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Physiological Variabl es

To determine i f bears exhibitedcwphatviweywoweddr
video data into five stages that bears were | il
arousal from, hibernation. These fipphagpbyspolko:(
partum, posmpag(eNerigscamdet whi ¢ h 19 &8 )aecdkd éhpezanre ia i d

on birth and emergence dates (Supplementary Tat

During hyperphagia, we increased bearsd f ooc
(at the end o013 7%e/pktgsVndbadyr prtopod3 3% onal adjust men
each i ndiWei diunadlucbheedarhypophagia, defined as the
hi bernation, by reducing the food available by
bl ack abdeanrot already stoppedufood typopmpgian
by researbheaecbkt he@ds dlyves (often vol unitrearsiully eav d
reduced food consummt iscro,r tb wti naoovu rorf e gohudrdi roigreg i
prpeartum and postpartum stages, food was not pr
| andscape duréeBirgs hweree nmdnionored for parturitioc
inspections to note chan-ges piors Mela@as won ggi.alal 2
Towards the end of postpartum and as emergence
reintroduced to bears arousing from hibernati ol
bears showed signs of hibernation arousal such
consumpuriiomg the entirety of this study water w
Whil e at the BBRC, bears went through typical l
hi bernati onbitrtmh ntgg @ulvs ,ngand subsequently wer e

May of the d|dowiHeidd egae &m0 Pa@n d alle sa (20 2 (|

30



773

774

775

776

777

778

779

780

781

782

783

784

785

786

787

788

789

790

791

792

Environmental Variabl es

To understand daily mean pducsteaddBeaphacokla & @mas s hc &l
extthetsunlight phases (it.ce.yusda iinreTlsh U oua malnydisd
El mar hradaoiug@2f3¥t atnedmpleri d tyu rmee aaand dati |tyh eneBBR ®
we usBdpadjrraigmani nt atThedPBYSM Cltihmatug hGrOog e on St
Uni v e(rhsairtty andwiBiel nh r2e0sldbl)ut fi rooom rvae d telr eTfhiidseaa i love
t o exatirlagctmedan temperature (Celsius) and precip
temperature and photoperiod by date to visual.:

l ine of temperature and photoperiod to visual:@:

We calcul ated mot her and culmtraelcatl il e tgrdo witut
checks -Ed4edgpyfd@dal et-Crallz d90.W&8l, ude@d@2a@) f hht scal ¢
(Salter Brecknell VD 1000, WMBM)U8A}JiIi hgwhehEt mot
the bear was anesthesia.umdecol A€UIC babdbody ma
pl acemda pediatric digital scale manuf dgdteissraed b
Cruz 208 uzMedalal ca?@20prte RGR, we took the we
check minus the weight at the previous health ¢
checks ThusRGRvas assumumeant per day between t hese
RGR for al CubRR@Rvas duall sul ated the same way and
cubs, but not awercawesdcdifdrndtosfteest erubmor e t han

covariates used in analyses, their definitions,
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Statistical Analysis & Modeling
Generalized Linear Mixed Models (GLMM) Anal ysi :

Weus &4 MMiso determine the influence of covariate
thatbleach rioeugor ( mot her, bi obkpgntal ncabmpadtaivit oéa
(active, passi.veWelcelras e atnod upsaes sGLvMMs t o bui |l d
fromaomumgieareir al i zesl( GlsM eaa c mo dredr ma(rBtheotnhow and
Claytoand9bBforporate differences from repeat ecq
individual agZaur aedoé@l eéf @t bppo sriitghvtei sskkeelme ( d at &
di strdbethenaumebehavi or obserwatusaddaratetpgahi de

di stribution to(Boobhbnetfal.tBBOO0O8pPread

We added predithostepwi akminale diesle ds éAlkec tkieon nf
Criterion (AICAk @iokamihke¢ dnodiedsr ed mapleCsbebwmpen

them wasBug nh.an and Wadeo swiatp@d0 2v)ei ght model CO

wi bha prmodareil sets for date, hibernation stage,
temperatur eRGP homdGRefr pldi,ol ogRG®If dwlks,t eand Al | ¢
numeri cal covar i-sactoerse weor eb es ccael netde rbeyd zon O so th

compa¢(Bbéterson &WBrowen BQDbB) additive and int e

fromaommodreil s ptoos timohidolectl s, wher e we combined the
to full analysis, we used &§RP€arseofnésmadimee) at i
considered variables highly correlated if | r] ¢
same models. We calculated confidence interval s

analysisbipih the BBewded covariates did not over
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Adult Interval

We analyzed the adult interval behaviors (acti\
to May 4, 2016, so the time periods were the s:
mal function -datesi ammedit aceelRy after he-dlatyh checlk
acclimation period for all/l bears to adjuas to |
this is when we observed similar | evels of the

st uwWley coprgiictén mati on whenabdawafteegaamey ©oOboldeh

| ikessi ng awdar €|l dmdsthnigcal |y reduced.

For cubs, we also analyzed active, passive :
bi ol ogical cubs to their release back into the
cub. We coded the age of cubs as days since bir
comparability among |l itters based on the biol of

MaternalOffspring Interval

To analyze the maternal interval behaviors and
May 4, 2016, weét eotngd utcd edommamedpotenti al di ffe
of the mother with the different cub types (bi ¢

were averaged for a si ngllhee doairltyh vdaaltuee offo re abciho |

cl osel y bnyo noibtsoerrevder s t o i solate which date the
cal |l MlesaeBOlu8f or more details). To allow for cc
age was individualized per cub group, based on

We compared the daily duration of maternal [

combined (biological and fosterWeusasiallMMslhi o lhegi

daily duration of observed time interacting wi!H
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Bi ol o
We
inter
covar
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t o

a cer

Resul
The 2
(Sept
acros
field
i n th
obser
4336
obser
(0.02
whi ch

by a

early

ext

ve, passive a

as predictor

gical wvs. Cub

racted the d

acti @lhM¥MsfWet hues eddur at i

i ates as pote

ited more of

termine wheth

tai.n cub grou

t s

4/ 7 monitorin

ember 2015 to

s al |l bear s,

6 observation

i's analysis.

vations (1,77

6out of field

vations (1,71

to 0.09) of

were from pe

winter stor m)

Mar c h, befor

l ert, passive). We used the

‘N

S .

l nteractions

uration of domi nance

pl ayi ng

on of these behaviors

nti al predictors of such beh:

one behavior than the ot

type

er biological or fostewarcd$s

P

g of four DbeFarrosm rtehseu latdeudl ti ni n

SBaby DM O L6 p, oweergadrded, tot

excl udi camera mMa2doct odn

ng

s (6.12% across all bears), 1

For the maternal i mmienuval (Fe¢

O hours), excluding camera m;:

0 observations (3ni hA@eacr oss

4 Bheoaurrss )weursee do nilny toéhoiust aonfa Ifyisei

the entire observational per.i

ri odsdvtaftfecdmpuar mal(unchgoas,;

when all bears wé&redratairlyl tiol

e any bears emerged from hi beg
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Mot her bearsodé averagel RO BaMdsS8dd FAr7dho vae rmh ert

16, 2015,-01 0004 30-Cp5oWD @H6]January 20, 2016 (Figure
average RGR ranged fr-@amoa2ljowomfM®&y 04,462 () D6 ,00t7¢c
[ 0. ©01L503x827] on Febrwuary 17, 2016 (Figure 3B). F
0. 0007.5002 P o/h3May 4, 200.60R&lon @l ehicgthb odt this ti
2016 (Figure 2B).

Temperatures ranged from a | ow me aln0 .A7adt loy t e
a hibpobember 30,2wWhereafs dDho2®period ranged
light from2Bece2tmbhbr 206 a high of 13.83 hours of
2016 (Supplementary Figure Sla). Over the adult
highly cerbelhate&8uppl ementary Figure Slb; Tabl e
phot operi od mrerOe 6c30)r rdeulratdrfegdstghre nmgatienrtrealval , as
phot op=0.®9@) (( Suppl ementary Table S2b). Therefo
vari abl es i n Dohremasnanmee.ta naall.y s2i0sl 3()
Adult Interval Resul ts
Il n geweerfadund t hat beatrtseisrpetnitmda haet naljeo rBBRC odi
behaviors across all physiol-agDO0a!l psbpogesj ocoaacl
whereas passive aDebD]awadagetdi 0-e0a&avEPapedpOr OI
per stage, but did change over time (Figure 3).
Active Behaviors
OQur two top models durbingcll Deeaadsd al r ainmtoenr ved If eict
hi bernation stage, time of day, and an interact
mai n covariatbbaakxheaaet ek hwaivtitor s from Sept emb
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during

hyperphagia (0.10) and emergence (0.09),

and the | owespakrevenl $0dod)ngnpgreostpartum (0. O
we found bears displayed more passive alert bel
(Figure 4B) .
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1551 Figure 1. A) Anexample of the observation view from video cameras abovebéadhbeapen at

1552 theBlack BearResearclCenterin Blacksburg, Virginian 2016. Adult female Bear127 had three

1553 biological and one foster cub. Some areas of the circular pearareat visible to the observer. In this
1554 exampleplack bearl27 is rolling on her back and interacting with Cub 2 and Cub F (foster cub) as
1555 they climb on their mother. Cubs 1 and 3 are recorded as mutual playing rather than dominating play.
1556 B) black bearl29 and her one biological cub are both recorded as nursing. The mother and cub are
1557 noted as interacting with each other in this framebl@jk bearl28 is recorded as baskratching and

1558 her two biological cubs are recorded as lying down sleeping. The mother is noted as not interacting
1559 with anotheblack beaand Cub 1 and Cub 2 are noted as interacting with each other.
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Figure 2. A) The relative growth rate (RGR) of the adult females and B) cubs (averaged for litters with
more than one cub) for mothersd biological cub:
calculated using data collected during health checks evety Hays. RGR values denote relative

changes in growth between health checks, with positive values indibatilygnasgains from

previousbody massand negative values indicating a decrease in lnaalys Data collected at the

Black BearResearch Center in Blacksburg, Virginia from September 2015 to May 2016.
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Figure 3.Daily proportion of observed activity in minutes by behavior type (Active, Passive Alert,
Passive) and hibernation stage from the adult interval of video data collecte@kicth8ear
ResearclCenter in Blacksburg, Virginifor female Americamlack beas from September 2015 to

May 2016. Plots by behavior type show daily proportion of activity, with the dark middle line showing

the mean, the lines through the box showing the minimum and maximum range with the points
showing the outliers of those ranges.
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1582 BearResearch Center in BlacksbuXgrginia for Americanblack beas from January to May 2016.

1583 Plots display middle line as the mean and upper and lower lines of the box are minimum and maximum
1584 range, with the points showing the outliers.

Passive

65



Mother - Active #*p=0.0001 *p=0.001 *p=0.01
A) * B) dekek

LU LRI B B N I T 250 - T ]

200

150

50 7 100

Observed Duration

TRRTTT TRIT NN S VI B R 50 L 1y : . . .
-1 0 1 2 -1 0 1 2 3 4 5 6
Mother RGR Biological RGR
Mother - Passive Alert
C) *%% D) Fkdk E) o F) ek
120 T T 00 : 120 T T T W T T 120 T TIACTITTT—TTTT
110 4 ! 110 110
c .
O 100 75 100 100 /
®
5 w0+ . 50 90
EJ 80 o = 80 / 80
o 4 . J 4
g 70 ” 70 70
@ 60 4 60
Q0
O s (0001 L 0 * 50 AT R TR S RIR (TRII TR T S TTENNTT TRITI N B NN TR 1
o 20 40 60 80 aay it -3 2 Bl 0 1 -1 0 1 2
Cub Age (Days) Time of Day Temperature (C) Mother RGR
Mother - Passive
G) *kk H) Fedek |) *kk J) * %k
295 T TT T T TTT T I Ty T i wT 295 TTIWTT T T T T
c 320 | 200 200 |
o
£ 0 200 . 285 - 285 |
S 280 280 -
[a]
- 20 275 - 275 _\\
[5]
c 270 270 |
Q 260 - 100
2 265 265 |
O ] 260 | TETTRTET TR R T 260 yuwugnr g1 |
0 20 40 60 80 By gt 3 2 K] 0 1 4 0 1 2 3 4 5 8
Cub Age (Days) Time of Day Temperature (C) Biological RGR

1585
1586 Figure 7. Top models (Generalized Linear Mixed Models) for mother bears when cubs were present

1587 for the maternabffspring interval dataset from January to May 2016. The duration of the mother

1588 bearsdé6 active behaviors (in seconds) was infl ut
1589 bi ol ogical cubés RGR [scaled]. Duration of mot|
1590 age [scaled, plot unscaled], D) time of day [scaled, plot binned for visualization], E) temperature

1591 [ scaled], and F) motherdéds RGR [scaled]. Durati
1592 cub age [scaled, plotted unscaled], H) time of

1593 (scaled). Pvalues are noted at the top for each variable. Behavior data was collected via a remote video
1594 recording of dlack beas temporarily helét theBlack BearResearcltCenter in Blacksburg, Virginia

1595 in 20152016. Time of day has a differendaxisrange as it is displayed as a circular variable instead

1596 of a linear regression, with the shading showing 95% confidence intervals for this varialzis. Y

1597 scales vary depending on the range of output.
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Figure 8. Top models (Generalized Linear Mixed Models) for biological cubs for the maternal
of fspring interval from January to May 2016. TI
seconds) was influenced by A) cub age [scaled, plot unscaled], B) photoperiod [scaled], C)
temperature [scaled], and D) the mother beards
behaviors influenced by E) time of day [scaled], F) precipitation [scaled], and G) photoperiod [scaled].
Duration of biological cubsdé passive behaviors
time of day [scaled, plot binned for visualization], and J) precipitation [scaled]. Behavior data was
collected via a remote video recording dfldck beas and their cubs temporarily hedtitheBlack
BearResearcltCenter in Blacksburg, Virginia in 204216. Time of day has a differentgxis range

as it is displayed as a circular variable instead of a linear regression, with the shading 86étving
confidence intervals for this variable-akis scales vary depending on the range of output.
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Figure 9. Top models (Generalized Linear Mixed Models) for foster cubs for the maternal interval from
February to May 2016. Duration of the foster c

cub age [scal ed, pl ot unscal ed] and B) the fos
alert behaviors influenced by C) mother bear s
influenced by D)ub age [scaled, plot unscaled], E) time of day [scaled, plot binned for visualization],
and F) biological cubds RGR [scal ed]. Behavior

black beas and their cubs temporarily held at 8lack BearResearctCenter in Blacksburg, Virginia

in 20152016.Time ofday has a different-gixis range as it is displayed as a circular variable instead of
a linear regression, with the shading showing 95% confidence intervals for this variabls. Stales
vary depending on the range of output.
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1626 allocation between biological and foster cps0.73, paired t=0.35, df=88). B) Top models
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1628 binned for visualization] interactingith cubs passively (i.e., sleeping with them in the evening). C)

1629 Dur ati on of mother bearso6 interactions with cul
1630 unscaled]. Behavior data was collected via a remote video recordingaifi3beas and their cubs

1631 temporarily held at thBlack BearResearclCenter in Blacksburg, Virginia in 2012016. Y-axis
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Figure 11. Top models (Generalized Linear Mixed Models) for mutual play and dominance
interactions between cub groups (biological and foster). A) Biological cubs showed a higher frequency
of play behaviors than foster cubs. B) Biological cubs showed a higher frequency of dominance
behaviors than foster cubs) Biological cubs had a higher frequency of dominance behavior than
fosters, which they exhibited more commonly during the day [time of day scaled, plot binned for
visualization]. D) Precipitation [scaled] positively and marginally significantly influenced overall
dominance behaviors observed. Behavior data was collected via a remote video recorbiaglof 4

beas and their cubs temporarily held at Black BearResearclCenter in Blacksburg, Virginia in
20152016 Box plots show mean (middle line) and 95% Cls plus outliers, while regression shading
shows 95% confidence intervals
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Figure 12. Projected impacts of climate change in the United States from the National Oceanic and
Atmospheric AdministratiofNOAA 2023 accessed March 2023) displaying the probability of
percent change in temperature, indicating that Virginia hass®%®chance to be warmer than normal
in both A) hypophagia period (December) and B) emergence period (April).
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Table 1. Americamlack beas housed aheBlack BearResearch Cent¢BBRC) in Blacksburg,

Virginia from September 2015 to May Z)including BBRC assigneolack beanumber black bear

ID), entrance date, date of birth of cub(s), number of biological cub(s), number of fosters cub(s) and
status (accepted or rejected), date of the mother emergence from a culvert (den), date of cub(s)
emergence from a culvert (den), and difference in timing of mother and cub emergence noted as the
duration of time between the mother and cub(s) emergence from a culvert (den). For all bears, the
mother emerged firsBear130 was not pregnant and was released early due to difficulties acclimating

to captivity.
Entrance  Cub(s) : . Mother Cub(s) Duration Between
BIeDar Date to Date of Bgluobg(g:)al Eazt(i; Emergence Emergence Mother & Cub(s)
BBRC Birth Date Date Emergence
Bear 1 Male, 1 Male 9 Hours
126 8/7/15 2/9/16 1 Female [Accepted] 04/11/16 04/12/16 2 Minutes
Bear 2 Males, 1 Male 2 Hours
127 9/24/15 1/20/16 1 Female [Accepted] 03/06/16 03/06/16 45 Minutes
Bear 1 Male 0 Hours
128 9/24/15 1/25/16 2 Females [Rejected] 03/19/16 03/19/16 0 Minutes
1 Female
13 days
Bear o415 219116 1 Female PSPl gapeiie  0a11/16 15 Hours
129 1 Male .
. 50 Minutes
[Rejected]
Bear
130 9/24/15 - - - - - -
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1658 Table 2. Behavior groups for all 58 behaviors or activities documented. We defined 36 active

1659 behaviors when the individual exhibited movement of various types, passive alert (15 behaviors) as
1660 when the individual exhibited no major movement but still appeared awake/alert, and passive (four
1661 behaviors) when the individual was not moving and was sedentary (i.e., lying down sleeping, cub
1662 under mother sleeping). We excluded huroaented events (3 behaviors) and whentfaek bear

1663 was out of a field of viewData was collected froithe Black BearResearch Center in Blacksburg,

1664 Virginia from September 2015 to May 2016.

Behavior Group Behaviors
-cubsmoving (culvert) -grooming cubs -scratching objects
[for the preemergence -grooming self -scratching self
observations] -licking object -sniffing
-back scratching -nesting -staggering to walk
-charging -nursing -standing and
-chewing -pacing wiggling

Active Behaviors

. -cleaning cubs -panting -stretching
36 behaviors -climbing -playing -swaying
-climbing on mother -pulling hay -transporting cubs
-defecating -repositioning -urinating
-digging -rolling on back -waddling
-drinking -running -walking
-eating -scratching ground -wrestling
-beingtransported -lying down sniffing -standing 2 legs
. -getting groomed cubs -standing 4 legs
ggﬁ?\\lﬁélert -getting transported -lying down wiggling  -standing looking
15 behaviors -lying down grooming culk -sitting around
-lying down looking -sitting looking around -standing sniffing cub
around -sitting sniffing cubs  -yawning
. . -cubsstill (culvert) -lying down
Z%sesi:\g\a/igéhawor [for the preemergence  -lying down sleeping
observations] -sleeping under mothe
HumanOriented -camera malfunction -out of field
4 behaviors -immobilization -person cleaning

1665
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1666 Table 3. Abbreviations for covariates (Variable Codes) that were incorporated into AIC model sets with

1667 definitions, explanations, and sources for each covariate. Video datolessed fronthe Black Bear
1668 Research Center in Blacksburg, Virginia from September 2015 to May 2016.

1669

Vggzk;lse Model Set Variable Definition Variable Explanation and Sources
PreHibernationHyperphagic
PreHibernation Food Reduction
HibStage Mom Dataset| Hibernation Stage Hibernation PreBirth
Hibernation PosBirth
Emergence
BBRCDay | Mom Dataset| Days at BBRC 0 to 270i number_of days at the BBR(
to allow for a continuous date
Number of daysince the biological
Cub Age CubDataset  Cub 6s age cubs were born a continuous date
comparison
. Mom and : . Hour, minutes, seconds using 24 hr
Time of Day Cub Datasets Time of the Observation clock when observations occurred
. Mom and s . ... | Total Daily rainfall, R package
Precip Cub Datasets Precipitation Precipitation 6prismo( Hart and
Tem Mom and Temperature Daily mean temperature, R package
P Cub Datasets P Oprisméb (Hart and
_ Mom and _ Daily photoperiod (,Ilght fcgr the day),_F
Light Cub Datasets Photoperiod packsagrec@®&l c6 (Thi
Elmarhraoui 2022)
Daily temperature (mean; Hart and B¢
. Mom and .1 2015) multiplied by daily photoperiod
* *
TempLight Cub Datasets Temperature*Photoperiog (light for the day, Thieurmel and
Elmarhraoui 2022)
Number of biological cubs per mother
Litter Mom Dataset| Litter size (e_zxclugllng fosters) to represent
biological toll of having cubs during
hibernation
Mom and N Mot her 6s RGR ( Rel
Mwt Cub Datasets Momos RGR in what kilograms (kg) per day.
Bwt Cub Dataset |[Bi ol ogi c al (B'OIOQ.'Cal Cubos
growth rate) in grams (g) per day.
Fwt CubDataset |[Fost er Cub(JSFOSter Cubos RGR

rate) in grams (g) per day.
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1670
1671
1672
1673
1674

Table 4. Models analyzed for the adult behavior interval from September 2015 to May 2016 for active, passive
alert, and passive behaviors, using Akaike Information Criterion (AIC) to rank models. Model definition describes
the variables in the model
model weight, K is the number of parameters, and Log(l) isZbegLikelihood.Data was collected from the

Black BearResearch Center in Blacksburg, Virginia.

eAl

C r epr es e mwireprederitse

Model Definition AIC Al C wi K Log(l)
Adult Interval [September 2015 to May 2016JActive Behaviors
Duration Active~(1|Bear) + Hib Stage + TOD + Light + Temp + (Light*Temp) 37808.57 0.00 0.65 11 -18893.29
Duration Active~(1|Bear) + HibStage + TOD + Light + Temp + (Light*Temp) + RGR 37810.44 1.87 0.25 12 -18893.22
Duration Active~(1|Bear) + Day+TOD+Hib Stage+Precip+Temp+(Light*Temp)+RGF 37812.40 3.83 0.10 13 -18893.20
DurationActive~(1|Bear) + Day + Hib Stage + Light + Temp + (Light*Temp) 37818.49 9.91 0.00 10 -18899.24
Duration Active~(1|Bear)+ Hib Stage + Light + Temp + (Light * Temp) 37828.15 1957 0.00 9  -18905.07
Duration Active~(1|Bear) + Day + Hib Stage 37887.91 79.34 0.00 7 -18936.95
Duration Active~(1|Bear) + Hib Stage 3789442 8585 0.00 6 -18941.21
Duration Active~(1|Bear) + Day + TOD 37940.81 132.24 0.00 4  -18966.41
Duration Active~(1|Bear) + Light + Temp + (Light * Temp) 37945.10 136.53 0.00 5 -18967.55
Duration Active~(1|Bear) + Day 37946.65 138.07 0.00 3 -18970.32
Duration Active~(1|Bear) + Light 38022.88 214.30 0.00 3 -19008.44
Duration Active~(1|Bear) + RGR 38109.28 300.70 0.00 3 -19051.64
Duration Active~(1|Bear) + Precip 38129.43 320.86 0.00 3  -19061.72
Duration Active~(1|Bear) + TOD 38136.40 327.83 0.00 3 -19065.20
Duration Active~(1|Bear) + Temp 38138.42 329.84 0.00 3 -19066.21
Duration Active ~ 1 38140.35 331.78 0.00 2  -19068.18
Adult Interval [September 2015 to May 2016Passive Alert Behaviors
Duration Passive Alert~(1|Bear) + TOD + Hib Stage 38069.59 0.00 0.64 7 -19027.80
Duration Passive Alert~(1|Bear) + Hib Stage 3807292 333 0.12 6 -19030.46
Duration Passive Alert~(1|Bear)+ Hib Stage + Temp 38073.01 3.42 0.12 7  -19029.51
Duration Passive Alert~(1|Bear)+ Hib Stage + Light 38073.89 4.30 0.07 7  -19029.94
Duration Passive Alert~(1|Bear)+ Hib Stage + Light + Temp 3807491 5.32 0.04 8 -19029.46
Duration Passive Alert~(1|Bear) + Light 3810241 3282 0.00 3 -19048.21
Duration Passive Alert~(1|Bear) + Light + Temp + (Light * Temp) 38102.60 33.01 0.00 5 -19046.30
Duration Passive Alert~(1|Bear) + Temp 38108.08 3849 0.00 3 -19051.04
Duration Passive Alert~(1|Bear) + TOD 38114.42 4483 0.00 3  -19054.21
Duration Passive Alert ~ 1 38118.03 48.44 0.00 2 -19057.01
Duration Passive Alert~(1|Bear) + Day 38118.18 4859 0.00 3 -19056.09
Duration Passivélert~(1|Bear) + RGR 38119.72 50.13 0.00 3 -19056.86
Duration Passive Alert~(1|Bear) + Precip 38119.88 50.28 0.00 3  -19056.94
Adult Interval [September 2015 to May 2016Passive Behaviors
Duration Passive~(1|Bear) + Day + TOD + Hib Stadeght + RGR 179572.6z 0.00 0.69 10 -89776.32
Duration Passive~(1|Bear)+Day+TOD+Hib Stage+Precip+Temp+(Light*Temp)+RGI179575.3¢ 2.75 0.17 13 -89774.69
Duration Passive~(1|Bear) + TOD + Hib Stage + Light + RGR 179575.8¢ 3.21 0.14 9 -89778.92
Duration Passive~(1|Bear) + TOD + Hib Stage + Light 179620.74 48.11 0.00 8  -89802.37
Duration Passive~(1|Bear) + TOD + Hib Stage 179663.3z 90.69 0.00 7 -89824.66
Duration Passive~(1|Bear) + Day + Hib Stage + Light + RGR 179737.57 16494 0.00 9  -89859.79
Duration Passive~(1|Bear) + HibStage + Light + Temp + (Light*Temp) + RGR 179742.74 170.10 0.00 10 -89861.37
Duration Passive~(1|Bear) + Hib Stage + RGR 179760.5¢ 187.96 0.00 7  -89873.30
Duration Passive~(1|Bear)+ Hib Stage + Lightermp 179782.84 210.21 0.00 8  -89883.42
Duration Passive~(1|Bear) + Hib Stage + Light 179783.3t 210.71 0.00 7  -89884.67
Duration Passive~(1|Bear)+ Hib Stage + Light + Temp + (Light * Temp) 179784.3c 211.69 0.00 9  -89883.16
DurationPassive~(1|Bear) + Hib Stage 179824.0€ 25143 0.00 6 -89906.03
Duration Passive~(1|Bear) + Light + Temp + (Light * Temp) 180229.4: 656.80 0.00 5 -90109.72
Duration Passive~(1|Bear) + RGR 180248.37 675.74 0.00 3 -90121.19
DurationPassive~(1|Bear) + Temp 180273.07 700.44 0.00 3 -90133.54
Duration Passive~(1|Bear) + Light 180379.57 806.94 0.00 3  -90186.79
Duration Passive~(1|Bear) + Day + TOD 180385.4€ 812.82 0.00 4  -90188.73
Duration Passive~(1|Bear) + TOD 180410.0C 837.37 0.00 3  -90202.00
Duration Passive~(1|Bear) + Day 180519.31 946.67 0.00 3 -90256.65
Duration Passive~(1|Bear) + Precip 180537.1z 964.49 0.00 3  -90265.56
Duration Passive ~ 1 180543.66 971.05 0.00 2  -90269.84

1 black bearepresents individudllack beaas a random effecbayrepresents Days at the BBRC (Septerlay), TODrepresents Time of Daffemp
represents Temperatufreciprepresents PrecipitatioRGRrepresents adult female Relative Growth RHib,Stagerepresents Hibernation Staged

Light represents Photoperiod.
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1679 Table 5. Models analyzed for the second subset of video data (recorded every 11 mins), theaffaprmgl

1680 intervaldataset, for mother bears from January to May 2016 for active, passive alert, and passive behaviors using
1681 the Akaike Information Criterion (AIC) to rank models. Model definition describes the variables in the model,

1682 &A1 C represents the di fahddehe mmnodeliirepresénts@odeleveightekeisithemo d e |
1683 number of parameters, and LHgé the-2LogLikelihood.Data was collected from tiéack BearResearch

1684 Center in Blacksburg, Virginia.

Model Definition AlIC &Al C wi K Log(l)
Maternal Interval [January to May 2016] Motheri Active Behaviors
Duration Active~(1|BearID) + Mother RGR + Biological RGR 2223397 0.00 066 4 -11112.98
Duration Active~(1|BearID) + Cub Age + Mother RGR + Biological RGF 2223593 197 025 5 -11112.97
Duration Active~(1|BearlD) + Cub Age + Time of Day + Precip + Terr
Light + Mother RGR + Biological RGR 22238.92 495 0.06 9 -11110.46
Duration Active~(1|BearlD) + Time of Day + Biological RGR 2224115 7.18 0.02 4  -11116.57
Duration Active~(1|BearID) + Cub Age + Time of Day + Biological RGF 22242.69 873 0.01 5 -11116.35
Duration Active~(1|BearID) + Biological RGR 2224325 9.28 0.01 3 -11118.62
Duration Active~(1|BearID) + Cub Age + Time of Day 22260.14 26.17 0.00 4 -11126.07
Duration Active~(1|BearID) + Cub Age 22261.65 27.69 0.00 3 -11127.83
Duration Active~(1|BearlD) + Cub Age + Time of Day + Temp 22262.12 28.15 0.00 5 -11126.06
Duration Active~(1|BearID) + Light 22263.23 29.26 0.00 3 -11128.61
Duration Active~(1|BearID) + Mother RGR 22268.59 34.62 0.00 3 -11131.29
Duration Active~(1|BearID) + Temp 22269.48 3551 0.00 3 -11131.74
Maternal Interval [January to May 2016] Motheri Passive Alert Behaviors
Duration Passivélert~(1|BearlD) +Cub Age +TOD +Temp +Mother RG 24820.20 0.00 0.73 6 -12404.10
Duration Passive Alert~(1|BearlD) + Cub Age + TOD + Precip + Ten
Light + Mother RGR + Biological RGR 2482298 2.78 0.18 9 -12402.49
Duration Passivalert~(1|BearlD) + Cub Age + TOD + Mother RGR 2482492 472 0.07 5 -12407.46
Duration Passive Alert~(1|BearID) + Cub Age + Temp + Mother RGR  24827.86 7.66 0.02 5 -12408.93
Duration Passive Alert~(1|BearlD) +Cub Age+Mother RGR+Biological 24833.32 13.12 0.00 5 -12411.66
Duration Passive Alert~(1|BearlD) + Cub Age+TOD+Temp+Biological | 24833.65 13.45 0.00 6 -12410.82
Duration Passive Alert~(1|BearID) + Cub Age 24843.27 23.07 0.00 3 -12418.63
Duration Passivalert~(1|BearlD) + Light 24855.61 3542 0.00 3 -12424.81
Duration Passive Alert~(1|BearID) + Temp 2491799 97.79 0.00 3 -12455.99
Duration Passive Alert~(1|BearlD) + TOD + Biological RGR 24940.10 11991 0.00 4 -12466.05
Duration Passive Alert~(1|BearlD) + Precip 24946.79 12659 0.00 3 -12470.39
Duration Passive Alert~(1|BearID) + Biological RGR 2494746 127.26 0.00 3 -12470.73
Duration Passive Alert~(1|BearlD) + TOD 24948.41 128.21 0.00 3 -12471.20
DurationPassive Alert~(1|BearlD) + Mother RGR 24952.23 132.03 0.00 3 -12473.12
Duration Passive Alert ~ 1 24956.70 136.51 0.00 2 -12476.35
Maternal Interval [January to May 2016] Motheri Passive Behaviors
Duration Passive~(1|BearID) + Cub Age + TODemp 79365.85 0.00 051 5 -39677.92
Duration Passive~(1|BearID) + Cub Age + TOD + Temp + Biological R 79367.74 1.89 020 6 -39677.87
Duration Passive~(1|BearID) + Cub Age + TOD + Temp + Mother RGF
Biological RGR 79368.55 271 013 7 -39677.28
Duration Passive~(1|BearlD) + Cub Age + TOD 79371.07 5.23 0.04 4 -39681.54
Duration Passive~(1|BearlD) + Cub Age + TOD + Precip + Temp + Lig
Mother RGR + Biological RGR 7937112 528 0.04 9 -39676.56
DurationPassive~(1|BearlD) + Cub Age + TOD + Mother RGR 7937129 545 0.03 5 -39680.65
Duration Passive~(1|BearID) + Cub Age + TOD + Precip 79371.36 5.52 0.03 5 -39680.68
Duration Passive~(1|BearlD) + Cub Age + TOD + Biological RGR 79373.03 7.19 0.01 5 -39681.52
Duration Passive~(1|BearlD) + Cub Age + Temp 79527.81 161.96 0.00 4 -39759.90
Duration Passive~(1|BearlD) + Cub Age + Temp + Biological RGR 79529.81 163.96 0.00 5 -39759.90
Duration Passive~(1|BearID) + Cub Age 79532.20 166.35 0.00 3 -39763.10
Duration Passive~(1|BearID) + Light 79558.80 19295 0.00 3 -39776.40
Duration Passive~(1|BearID) + Temp 79780.86 415.01 0.00 3 -39887.43
Duration Passive~(1|BearlD) + Biological RGR 79840.87 475.02 0.00 3 -39917.43
DurationPassive~(1|BearIlD) + TOD 7991545 549.61 0.00 3 -39954.73

1685 1biack bearepresents individual mothbtack beams a random effedRGRis Relative Growth Ratd®recipis Precipitation
1686  Tempis Temperature, andght represents Photoperiod.
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1687 Table 6. Models analyzed for the second subset of video data (recorded every 11 minutes), the maternal

1688 offspring dataset, for biological cubs from January to May 2016 for active, passive alert, and passive behaviors
1689 using Akaike Information Criterion (AIC) to rank models,. Model definition describes the variables in the

1690 model, &AI C represents the differ e mwiaepresenismadelC bet we e
1691 weight, K is the number of parameters, and Doig(the-2LogLikelihood.Data was collected from th&lack

1692 BearResearch Center in Blacksburg, Virginia.

Model Definition AlC ®eAl (wi K Log(l)
Maternal Interval [January to May 2016] Biological Cubsi Active Behaviors
Duration Active~(1|BearlD) + Cub Age+Temp+Mother RGR+Biological | 21389.37 0.00 0.96 6 -10688.69
Duration Active~(1|BearlD) + Cub Age + Temp + Biological RGR 21395.57 6.20 0.04 5 -10692.79
Duration Active~(1|BearID) + Cub Age + Temp + Mother RGR 21406.24 16.87 0.00 5 -10698.12
Duration Active~(1|BearlD) + Cub Age + Temp 21427.15 37.78 0.00 4 -10709.58
Duration Active~(1|BearID) + Cub Age + Mother RGR 2143546 46.09 0.00 4 -10713.73
Duration Active~(1|BearID) + Cub Age 2144055 51.17 0.00 3 -10717.27
Duration Active~(1|BearID) + Light + Temp + Biological RGR 21504.64 115.27 0.00 5 -10747.32
Duration Active~(1|BearlID) + Light + Temp 21513.84 12447 0.00 4 -10752.92
Duration Active~(1|BearID) + Light 21515.07 125.70 0.00 3 -10754.54
Duration Active~(1|BearID) + Biological RGR 21515.65 126.28 0.00 3 -10754.83
Duration Active~(1|BearID) + Precip 21541.25 151.88 0.00 3 -10767.63
Duration Active~(1|BearID) + Time of Day 21553.77 164.40 0.00 3 -10773.89
DurationActive~(1|BearID) + Temp 21554.06 164.69 0.00 3 -10774.03
Duration Active~(1|BearlD) + Mother RGR 21554.79 16542 0.00 3 -10774.39
Duration Active ~ 1 21555.44 166.07 0.00 2 -10775.72
Maternal Interval [January to May 2016] Biological Cubsi Passive Alert Behaviors
Duration Passive Alert~(1|BearID) + Time of Day + Precip + Light 11509.74 0.00 091 5 -5749.87
Duration Passive Alert~(1|BearlD) + Cub Age + Time of Day + Precip 11514.53 478 0.08 5 -5752.26
Duration Passivélert~(1|BearlD) + Lightr Temp 11521.15 1141 0.00 4 -5756.57
Duration Passive Alert~(1|BearlD) + Precip 11523.02 13.28 0.00 3 -5758.51
Duration Passive Alert~(1|BearID) + Time of Day 11530.06 20.32 0.00 3 -5762.03
Duration Passivalert~(1|BearlD) + Cub Age + Time of Day 11530.68 20.93 0.00 4 -5761.34
Duration Passive Alert~(1|BearlD) + Light 11532.27 2252 0.00 3 -5763.13
Duration Passive Alert~(1|BearlD) + Biological RGR 11539.06 29.32 0.00 3 -5766.53
Duration Passivélert~(1|BearlD) + Temp 11539.18 29.44 0.00 3 -5766.59
Duration Passive Alert ~ 1 11540.13 30.39 0.00 2 -5768.07
Duration Passive Alert~(1|BearID) + Cub Age 11541.09 3135 0.00 3 -5767.55
Duration Passive Alert~(1|BearID) + Mother RGR 11541.73 3199 0.00 3 -5767.87
Maternal Interval [January to May 2016] Biological Cubsi Passive Behaviors
Duration Passive~(1|BearlD) + Cub Age + Time of Day + Precip 38715891 0.00 0.65 5 -193574.46
Duration Passive~(1|BearID) + Cub Age +Tim®afy +Precip+Mother RGF 387160.23  1.32 0.34 6 -193574.12
Duration Passive~(1|BearlD) + Cub Age + Time of Day 387168.40 9.49 0.01 4 -193580.20
Duration Passive~(1|BearlD) + Cub Age + Time of Day + Mother RGR 387170.00 11.09 0.00 5 -193580.00
Duration Passive~(1|BearlD) + Cub Age 387328.94 170.03 0.00 3 -193661.47
Duration Passive~(1|BearlD) + Time of Day + Precip + Light + Mother F 387340.17 181.26 0.00 6 -193664.09
Duration Passive~(1|BearID) + Time of Day + Precip + Light 38734055 181.64 0.00 5 -193665.28
Duration Passive~(1|BearID) + Time of Day + Light 387349.81 190.90 0.00 4 -193670.90
Duration Passive~(1|BearID) + Light 387502.24 343.33 0.00 3 -193748.12
Duration Passive~(1|BearID) + Light + Mother RGR 387502.82 343.91 0.00 4 -193747.41
Duration Passive~(1|BearID) + Biological RGR 387664.74 505.83 0.00 3 -193829.37
Duration Passive~(1|BearID) + Temp 387838.35 679.44 0.00 3 -193916.17
Duration Passive~(1|BearID) + Time of Day 387905.14 746.23 0.00 3 -193949.57
Duration Passive~(1|BearID) + Mother RGR 387993.3¢ 834.44 0.00 3 -193993.68
Duration Passive~(1|BearlD) + Rainfall 388006.6z 847.71 0.00 3 -194000.31
Duration Passive ~ 1 388028.5¢ 869.68 0.00 2 -194012.29

1693  1biack bearepresents individual mothbtack beams a random effecRGRis Relative Growth Ratdrecipis Precipitation,
1694  Tempis Temperature, andght represents Photoperiod.
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Table 7. Models analyzed for the second subset of video data (recorded every 11 minutes), theoffspentl

dataset, for foster cubs from January to May 2016 for active, passive alert, and passive behaviors using the Akaike
Information Criterion (AIC) to rank models. Model definition describes the variables inthe redldl, C r epr es e
the difference in AIC between the model and the top madetpresents model weight, K is the number of parameters,

and Logl) is-2LogLikelihood.Data was collected from thi&ack BearResearch Center in Blacksburg, Virginia.

Model Definition AlC &Al C wi K Log(l)
Maternal Interval [January to May 2016] Foster Cubs  Active Behaviors
Duration Active~(1|BearID) + Cub Age + Foster RGR 6751.62 0.00 048 4 -3371.81
Duration Active~(1|BearID) + Cub Age + Biological RGR + Foster RGR 6752.70 1.09 028 5 -3371.35
Duration Active~(1|BearID) + Cub Age + TOD + Precip + Temp + Light + Mother
+ Biological RGR + Foster RGR 675456 294 0.11 10 -3367.28
Duration Active~(1|BearID) + Cub Age + Biological RGR 6755.96 434 005 4 -3373.98
DurationActive~(1|BearlD) + Cub Age + Mother RGR + Biological RGR 6756.42 480 004 5 -3373.21
Duration Active~(1|BearlD) + Light + Biological RGR + Foster RGR 6757.48 5.86 003 5 -3373.74
Duration Active~(1|BearlD) + Light + Biological RGR 6761.57 9.95 0.00 4 -3376.78
Duration Active~(1|BearID) + Cub Age 6764.46 1284 0.00 3 -3379.23
Duration Active~(1|BearID) + Cub Age + Mother RGR 6766.45 1483 0.00 4 -3379.22
Duration Active~(1|BearID) + Mother RGR + Biological RGR 6768.23 16.61 0.00 4 -3380.11
Duration Active~(1|BearID) + Biological RGR 6770.21 1860 0.00 3 -3382.11
Duration Active~(1|BearlD) + Foster RGR 6776.62 25.00 0.00 3 -3385.31
Duration Active~(1|BearlD) + Light 677830 26.68 0.00 3 -3386.15
Duration Active~(1|BearlD) + Precip 6790.07 38.46 0.00 3 -3392.04
Duration Active~(1|BearlID) + Temp 6793.31 4170 0.00 3 -3393.66
Duration Active ~ 1 6796.80 45.18 0.00 2 -3396.40
Duration Active~(1|BearlD) + TOD 6798.01 46.39 0.00 3 -3396.00
Duration Active~(1|BearID) + Mother RGR 6798.77 4715 0.00 3 -3396.38
Maternal Interval [January to May 2016] Foster Cubs Passive Alert Behaviors
Duration Passive Alert~(1|BearlD) + Mother RGR 2242.11 0.00 036 3 -1118.05
Duration Passive Alert~(1|BearlD) + Precip + Mother RGR 2243.32 1.21 0.20 4  -1117.66
Duration Passive Alert~(1|BearlD) + Cub Age + Mother RGR 2243.48 1.37 0.18 4  -1117.74
Duration Passive Alert~(1|BearlD) + Cub Age + Precip + Mother RGR 2245.09 2.98 0.08 5 -1117.55
Duration Passive Alert~(1|BearlD) + CubAge +Precip +MotherRGR +FosterRGR  2246.13 4.02 005 6 -1117.06
Duration Passive Alert~(1|BearlD)Biological RGR 2247.22 5.12 0.03 3 -1120.61
Duration Passive Alert ~ 1 2247.84 5.73 0.02 2 -1121.92
Duration Passive Alert~(1|BearlD) + Cub Age 2248.23 6.12 0.02 3 -1121.12
Duration Passive Alert~(1|BearID) + Temp 2248.33 6.23 0.02 3 -1121.17
Duration Passive Alert~(1|BearlD) + Foster RGR 2248.50 6.39 0.01 3 -1121.25
Duration Passive Alert~(1|BearlD) + TOD 2248.62 6.51 0.01 3 -1121.31
Duration Passive Alert~(1|BearlID) + Light 2248.83 6.72 001 3 -1121.41
Duration Passive Alert~(1|BearlD) + Precip 2249.82 7.71 001 3 -1121.91
Maternal Interval [January to May 2016] Foster Cubs Passive Behaviors
Duration Passive~(1|BearlD) + Cub Age + TOD + Biological RGR 18190.19 0.00 059 5 -9090.10
Duration Passive~(1|BearlD)+TObMotherRGR+ Biological RGR+ FosterRGR ~ 18191.84 1.64 0.26 6 -9089.92
Duration Passive~(1|BearlD) + Cub Age + TOD + MotR&R + Biological RGR +
Foster RGR 18192.82 2.63 016 7 -9089.41
DurationPassive~(1|BearlD) + Cub Age + TOD 18211.70 2151 0.00 4 -9101.85
Duration Passive~(1|BearlD) + Cub Age + TOD + MotR&R 18211.73 2153 0.00 5 -9100.86
Duration Passive~(1|BearlD) + Cub Age + Biological RGR 18215.20 25.01 0.00 4 -9103.60
Duration Passive~(1|BearlD)+Cub Age+Mother RGR+BiologicalRGR+FosterRC 18217.76 27.57 0.00 6 -9102.88
Duration Passive~(1|BearlD) + Cub Age 1823558 4539 0.00 3 -9114.79
Duration Passive~(1|BearlD) + Cub Age + Mother RGR 18236.07 4588 0.00 4 -9114.04
Duration Passive~(1|BearlD) + Light 18271.01 80.82 0.00 3 -9132.50
Duration Passive~(1|BearID) + MothRGR + Biological RGR + Foster RGR 18283.08 92.89 0.00 5 -9136.54
Duration Passive~(1|BearlD) + Biological RGR 18301.50 111.31 0.00 3 -9147.75
Duration Passive~(1|BearID) + TOD 18310.31 120.11 0.00 3 -9152.15
Duration Passive~(1|BearlD) + Foster RGR 18310.86 120.67 0.00 3 -9152.43
Duration Passive~(1|BearlD) + Temp 18317.42 127.23 0.00 3 -9155.71
DurationPassive~(1|BearlD) + Mother RGR 18321.45 131.25 0.00 3 -9157.72
Duration Passive~(1|BearID) + Precip 18326.28 136.08 0.00 3 -9160.14

78

1 black bearepresents individual mothbtack beams a random effedRGRis Relative Growth Ratérecipis Precipitation
Tempis Temperaturel.ight represents PhotoperiodOD is time of day



1702 Table 8. Models analyzed for the second subset of video data (recorded every 11 minutes), the maternal

1703 offspring dataset for interactions between mother and cubs (biological and foster) from January to May 2016 for
1704 active, passive alert, and passive behaviors using Akaike Information Criterion (AIC) to rank models. Model
1705 definition describes the variablesinthemodeA | C represents the difference
1706 the top modelwi represents model weight, K is the number of parameters, and Log(l}&_tgl ikelihood.

1707 Data was collected from tHéack BearResearch Center in Blacksburg, Virginia.

Model Definition AIC &Al Cwi K Log(l)

Maternal Interval [ January to May 2016] Mother Interactions
Duration Interaction~(1|BearID) + Cub Age + TOD + Behavior Type 4631194 0.00 1.00 6 -23149.97
Duration Interaction~(1|BearID) + TOD + Behavior Type + Mother RGR
+ Biological RGR 46323.79 1185 0.00 7 -23154.90
Duration Interaction~(1|BearID) + TOD + Behavior Type + Mother RGR 46334.58 22.64 0.00 6 -23161.29
DurationiInteraction~(1|BearID) + TOD + Behavior Type 46339.38 27.44 0.00 5 -23164.69
Duration Interaction~(1|BearID) + TOD + Behavior Type + Precip 46340.49 2855 0.00 6 -23164.25
Duration Interaction~(1|BearlD) + Behavior Type 46341.18 29.24 0.00 4 -23166.59
Duration Interaction~(1|BearID) + Cub Age 48984.21 2672.27 0.00 3 -24489.10
Duration Interaction~(1|BearlD) + Light 48998.95 2687.01 0.00 3 -24496.48
Duration Interaction~(1|BearID) + TOD 49003.49 2691.55 0.00 3 -24498.75
DurationInteraction~(1|BearID) + Biological RGR 49022.81 2710.86 0.00 3 -24508.40
Duration Interaction~(1|BearlD) + Temp 49030.56 2718.62 0.00 3 -24512.28
Duration Interaction~(1|BearID) + Mother RGR 49048.61 2736.67 0.00 3 -24521.31
Duration Interaction~(1|BearlD) + Precip 49056.90 2744.96 0.00 3 -24525.45
Duration Interaction ~ 1 49059.53 2747.59 0.00 2 -24527.76
Duration Interaction~(1|BearID) + Foster RGR 49061.16 2749.22 0.00 3 -24527.58

1708 1|BearlDrepresents individual mothbtack beamas a random effectOD is time of dayBehavior Typés Active, Passive
1709 Alert, and PassivePrecipis Precipitation RGRis Relative Growth Ratd,empis Temperature, andght represents
1710 Photoperiod.
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Table 9. Models analyzed for the second subset of video data (recorded every 11 minutes), theatiother

i nteraction
2016 for active, passive alert, and passive behaviors. Using Akaike Information Criterion (AIC) to rank models,
Mo d el defin
mo d e |
modelswi represents model weight, K presents the number of parameters, afjdrépgisents
2LogLikelihood.Data was collected from tH&lack BearResearch Center in Blacksburg, Virginia.

bear& cubs6®6 dat aset, pl ay, and domi

top model (s) noted with (@Al C>2.0).
the Akai ke I nformation Criterion

)

for

nance

compar.i

Model Definition AIC &Al C wi K Loq(l)

Maternal Interval [ January to May 2016] Mutual Play Interactions
Duration Play~(1|BearID) black beaiGroup 7585.59 0.00 0.56 3 -3789.80
Duration Play~(1|BearID) + Cub Agebtack beaiGroup 7587.59 2.00 0.20 4 -3789.79
Duration Play~(1|BearlD) + Cub Agebtack beaiGroup + Precip 7588.99 3.39 0.10 5 -3789.49
Duration Play~(1|BearID) black beaiGroup + Foster RGR 7589.22 3.63 0.09 5 -3789.61
Duration Play~(1|BearID) + Cub Age btack bearGroup + Precip + Fost

RGR 7590.58 4.99 0.05 6 -3789.29

Duration Play~(1|BearID) + Foster RGR 774427 158.67 0.00 3 -3869.13
Duration Play ~ 1 774428 158.69 0.00 2 -3870.14
DurationPlay~(1|BearlD) + Light 774463 159.04 0.00 3 -3869.32
Duration Play~(1|BearID) + Biological RGR 774511 159.52 0.00 3 -3869.56
Duration Play~(1|BearIlD) + TOD 774552 15993 0.00 3 -3869.76
Duration Play~(1|BearID) + Temp 774558 159.98 0.00 3 -3869.79
Duration Play~(1|BearlD) + Mother RGR 7746.26 160.67 0.00 3 -3870.13
Duration Play~(1|BearID) + Cub Age 7746.27 160.68 0.00 3 -3870.13
Duration Play~(1|BearID) + Precip 7746.28 160.69 0.00 3 -3870.14

Maternal Interval [ January to May2016]i Dominance Play Interactions
Duration Dominance~(1|BearID) + TODblack beaGroup + Precip + Mothe

RGR 3680.89 0.00 0.69 6 -1834.45

Duration Dominance~(1|BearlID) + TODbtack beaiGroup + Mother RGR 3683.89  3.00 0.15 5 -1836.95
Duration Dominance~(1|BearID)Btack beaGroup + Precip 3685.25 4.36 0.08 4 -1838.63
Duration Dominance~(1|BearlID)btack beaiGroup + Mother RGR 3685.58 4.69 0.07 4 -1838.79
Duration Dominance~(1|BearlID) + TODbtack beaGroup 3688.59 7.70 0.01 4 -1840.29
Duration Dominance~(1|BearID)Btack beaGroup 3692.21 11.32 0.00 3 -1843.10
Duration Dominance~(1|BearlID) + Mother RGR 3764.01 83.12 0.00 3 -1879.01
Duration Dominance~(1|BearlD) + Precip 3766.72 85.83 0.00 3 -1880.36
Duration Dominance~(1|BearlD) + TOD 3770.99 90.10 0.00 3 -1882.49
Duration Dominance~(1|BearID) + Temp 3772.16 91.27 0.00 3 -1883.08
DurationDominance~(1|BearID) + Biological RGR 3772.17 91.28 0.00 3 -1883.08
Duration Dominance ~ 1 3772.35 91.46 0.00 2 -1884.17
Duration Dominance~(1|BearlD) + Foster RGR 3773.40 9251 0.00 3 -1883.70
Duration Dominance~(1|BearlID) + Cub Age 3773.69 92.80 0.00 3 -1883.84
Duration Dominance~(1|BearlD) + Light 3774.17 93.28 0.00 3 -1884.09

1 biack bearepresents individual mothbtack beamas a random effedlack bearGrouprepresents Cub Groups of Biological

or FosterRGRis Relative Growth Ratdrecipis PrecipitationTempis Temperature, andght represents Photoperiod
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733

Supplementary Table S1. We established five hibernation stagaadkrbeas housed at the BBRC: fije-hibernation hyperphagic stage, when

black beas eat increased amounts of food to build up fat reserves for hibernationshi@)gnmation food reduction stage, when food was reduced to
simulate natural conditions, 3) hibernation-prgh stage, when females decreased activity and metabolic activity but had not given birth, 4)
hibernation posbirth stage, when females gave birth and were nursing but had not emerged from the den, and 5) emergence stage wimeh mothe
cubs emerge from dens and mothers begin eating and drinking, until their releaBat@ateas collected from thiélack BearResearch Center in

Blacksburg

, Virginia.

black bea
ID

Hyperphagia

Hypophagia

Prepartum

Postpartum

Emergence

Start End

Start End

Start End

Start End

Start End

Bearl26

08/07/15 12/06/15

12/07/15 1/08/16

01/09/16 02/08/16

02/09/16 04/10/16

04/11/16 05/04/16

Bearl27

09/24/15 12/06/15

12/07/15 12/25/15

12/26/15 01/19/16

01/20/16 03/05/16

03/06/16 05/04/16

Bearl128

09/24/15 12/06/15

12/07/15 12/23/15

12/24/15 01/24/16

01/25/16 03/18/16

03/19/16 05/04/16

Bearl129

09/24/15 12/06/15

12/07/15 01/07/16

01/08/16 02/18/16

02/19/16 03/27/16

03/28/16 05/04/16

8 2



734  Supplementary Table S2.

735 A) Pearsonb6s correlation matrix presenting corr el aninute@abservabianf f i c i
736 recorded every 16 minutes) for the adult fentdéek bead at aset from September 2015 to May 2016.
/37 are bolded.

[

X;L::?mf;f/%rl Time of Day | Litter size Date Precipitation | Temperature| Photoperiod| Mo md s
Time of Day 1.00
Litter size 0.00 1.00
Date -0.01 0.00 1.00
Precipitation 0.01 0.00 -0.16 1.00
Temperature 0.02 0.02 -0.06 0.20 1.00
Photoperiod 0.02 0.02 0.62 0.03 0.41 1.00
Mo mébés | 0.01 -0.09 -0.48 0.03 0.18 -0.24 1.00
738 B) Pearsonb6s correl at i oefficiemts batween fdpersecend subsetofyyideo data (recorded everynll minutes) for the
739 maternalof f spring dataset from January to May 2016. Mo der atagablgsareor r e
740 bolded and underlined.
M;/taerrlr?gllﬁtfec;:/al Cub Age T'E)naeyOf Precipitation| Temperaturg Photoperiod MR%Q 0 B'Og)cg;';als FlgsGtErs
Cub Age 1.00
Time of Day 0.02 1.00
Precipitation 0.04 -0.01 1.00
Temperature 0.59 0.01 0.12 1.00
Photoperiod 0.96 0.02 0.05 0.63 1.00
Momdés R 0.26 0.00 -0.16 0.07 0.31 1.00
Biological's RGR 0.51 0.02 0.07 0.27 0.46 -0.05 1.00
Foster's RGR 0.31 0.01 -0.05 0.08 0.23 -0.06 0.26 1.00

/41
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/54
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Suppl ementary Table S3. A) Estimates and B) pl ot s black bedwideo databet |
(recording every 16 minutes) from September 2015 to May 2016 for active, passive alert, and passive IddekvioealD was used as a random
effect. B iIis the beta coefficient depicting t he neatgthe 95% abrdideaca d
interval for each beta coefficient. Models in shaded gray represesiupported effects on observed behavior type (95% Cls inclu@a®) was
collected from thélack BearResearch Center in Blacksburg, Virginia.

Model Se Poay Brs Hyper Brs Hypo BrsPre Brs-Post Prs-Emerge Bright Bremp BLightTemp Broo ProRr
[CI] [CI] [CI] [CI] [CI] [CI] [CI] [CI] [CI] [CI] [CI]

Active -0.0041» -1.48 -1.47 -1.38 0.37 4.89" -0.15 -0.05 -0.09 0.11 0.11

Behaviors[0.0060.002] [1.88-1.08] [1.83-1.11] [1.73-1.03] [0.51:0.23] [4.455.34] [1.230.07] [0.050.01] [0.130.05] [0.01-0.02] [0.01-0.02]

P/i‘lf;'tve 3 -0.04 -0.22 -0.51 -0.09 4.15n 3 3 5 0.005 5 s

: [0.090.02] [0.31-0.14] [0.67-0.33] [1.190.01] [4.07-4.23] [0.001:0.010]

Behaviors

Passive -0.0041~ 0.07 0.10 0.13 0.15 5.22n -0.03 8 5 -0.005 -0.03

Behaviors [0.0010.001] [0.01-:0.12] [0.050.15] [0.090.17] [0.130.17] [5.155.29] [0.04:0.02] [0.005:0.004 [0.03-0.02]

~ represents the interceftay represents Days at the BBRC (Septerrlay), HSrepresents the Hibernation StagtS{Hyperis the prehibernation hyperphagia stag¢S-Hypois the pre
hibernation food reduction stagéS-Preis the hibernation pebirth stageHS-Postis the hibernation podiirth stageHS-Emergeis the emergence stagk]ght represents Daily PhotopericBemp
represents mean Daily Temperaturght*Temprepresents Daily Photoperiod and Daily Temperature Interadtob,represents Time of

Day, andRGRrepresents Relative Growth Rate.

A) Adult Interval — Active Behaviors B) Adult Interval — Passive Alert Behaviors C) Adult Interval — Passive Behaviors
Postpartum 038" Postpartum 18T
[Hibernation Stage] Postpartum | 2.9_5} [Hibernation Stage]
Prepartum 1 ag [Hibernation Stage] Pre -
. ! L partum a.1
[Hibernation Stage] Hibemation Stage] 3
Hyperphagia 1.4 """ Pre, E] .
partum | 0.51 Hyperphagia .
[Hibernation Stage] Hibernation Stage] — [Hibermation Stage] ¥
Hypophagia 149"
[Hibernation Stage] Hypophagia oj1g***
P— " -0.04 Hibernation S
Day of Year 028- Hyperphagia | g (Hbemation Sage
[Hibernation Stage] *
Day of the Year 0.4
Time of Day 0.0§
. Hypophagia | -02g ™ Time of Da 0.0
Temperature 0. [Hibernation Stage] - y
. -0.0g
Light 01§ oba- Light o
s Time of Day 4 1 N
Temperature * Light -0.0g( Mother RGR -0.04
[interaction]
2 15 -1 05 0 05 1 -1 05 0 05 1 -1 0.5 0 0.5 1
Standardized Beta Coefficients Standardized Beta Coefficients Standardized Beta Coefficients

Supplementary Figure S2. Beta values and 95% confidence intervals for A) active, B)-plssiaad C) passive behaviors for the adult interval
are plotted in Table S3 above, with red indicating negative beta coefficients and blue indicating positive beta coBfitziems. collected from
theBlack BearResearch Center in Blacksburg, Virginia.
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/56 Supplementary Tabl e S4. Esti mates of mmaternaleffspring videe data set (feamndingtevery 11t o p
757 minutes), for mother bears when cubs were present from January to May 2016 for active, passive alert, and passivé belagiorst he bet a
758 depicting the magnitude and direction of covariate influence in the top model(s). Cl represents the 95% confidencerintaivdidta coefficient.
759 Models in shaded gray represent ysupported effects on observed behavior type (95% Cls inclu@atd) was collected from thigack Bear
760 Research Center in Blacksburg, Virginia.
Intercept bca berer bumrer brop Dremp
Model Set [CI] [CI] [CI] [CI] [CI] [CI]
Active 411 [4.06 5 0.22 -0.07 5 5
Behaviors 4.14] [0.150.29] [0.12-0.03]
Passive Alert 3.81 [3.67- 0.009 0.06 5 0.010 0.04 [
Behaviors 3.96] [0.007:0.011] [0.01-0.13] [0.0040.016]  0.01-0.08]
Passive 5.88 [5.85 -0.004 -0.002 5 0015 [ -0.007 [
Behaviors 5.91] [10.005°0.003] [0.0110.001] 0.025°0.003] 0.009-0.006]
/61 CArepresents CUbAgBRGRr epresents Bi ol ogi calMRGRrbedpsr eRseel nattsi vMo tGr eorw t BheTabDadpseseRte Tineet i ve Gr owt h Rat e,
/62  of Day,Light represents Daily Photoperiod, afidmprepresents mean Daily Temperature.
763
A) Maternal Interval — Mother Bear B) Maternal Interval — Mother Bear C) Maternal Interval — Mother Bear
Active Behaviors Passive Alert Behaviors Passive Behaviors
Cub Age Cub Age Cub Age
Temperature Time of
Day
Mother Time of Day
RGR
Temperature
Biological
Cub RGR ol
Mother Temperature [}
Foster RGR
Cub RGR
764 ‘Standa”rﬂdized B;ta Coe(1]’;icienls ‘ ’ Stand.oaardized Egeta Coe:f:‘"lcients 1 1 Stand:rdized Bneta Coe;cients ‘
765 Supplementary Figure S3. Beta values and 95% confidence intervals for A) active, B)-pkssiand C) passive behaviors for the mother interval
766 for mother bears are plotted in Table S4 above, with red indicating negative beta coefficients and blue indicatinggp@sideéibientsData was
767 collected from thélack BearResearch Center in Blacksburg, Virginia.
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/68 Suppl ementary Tabl e S5. Esti mates of b-oftspriegfvitido dataeet fresordings levery Dl pninumes)d
/69 for biological cubs from January to May 2016 f or atiogmagngudeapda s s i Vv ¢
/70 direction of covariate influence in top model(s). Cl represents the 95% confidence intervals for each beta coefficisnt Btatdd gray represent
/71 nonsupported effects on observed behaviors (95% CI includidga®y was collected from thiélack BearResearch Center in Blacksburg, Virginia.

Intercept BLight Bremp bca Bprecip brop dmreR

Model Set [CI] [CI] [CI] [CI] [CI] [CI] [CI]
Active 529 [5.24 0.26 -0.06 [- 5 5 5 5
Behaviors 5.35] [0.18-0.34] 0.12-0.01]
Passive Aler 4.33 5 5 0.000 -0.14 0.02 [0.01- 5
Behaviors  [4.07-4.59] [0.0030.003] [0.21-0.08] 0.03]

Passive 412 5 5 0.000 0.003 -0.001 [ 0.001
Behaviors [4.11-4.13] [0.00£0.000] [0.001-0.004] 0.0020.001] [0.00%0.002]

/72 Lightrepresents Daily PhotopericBemprepresents Daily Temperatu@A represents Cub Ag®@reciprepresents Daily PrecipitatioMOD represents Time of Day, aMRGR
/T3 represents Motheros Relative Growth Rate.

A) Maternal Interval — Biological Cubs B) Maternal Interval — Biological Cubs  C) Maternal Interval — Biological Cubs
Active Behaviors Passive Alert Behaviors Passive Behaviors
f Cub Age
Cub Age { . Time of |
Day
Temperature |
of= Time of Day
Precipitation -
Mother |
RGR
Precipitation
Biological | Photoperiod
Cub RGR
-1 05 [] 05 1 1 05 [] 05 1 -1 0.5 0 05 1
/75 Standardized Beta Coefficients Standardized Beta Coefficients Standardized Beta Coefficients

/76 Supplementary Figure S4. Beta values and 95% confidence intervals for A) active, B)-pkessiand C) passive behaviors for the mother interval
/77 for biological cubs are plotted in Table S5 above, with red indicating negative beta coefficients and blue indicatiadpptasitoefficientata was
/78 collected from thélack BearResearch Center in Blacksburg, Virginia.
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780
/81
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/83
/84

/85

/86
/87

788
/89

Suppl ementary Tabl e S6. Esti mates of b c o edfffpring videmdata set (eecordihgheeery tL1o p
mi nutes) for foster cubs from January to May 2016 depictingthe magnitude and p 8
direction of covariate influence in the top model. Cl represents the 95% confidence intervals for each beta coefficiemt. $haded gray represent
nonsupported effects on observed behaviors (95% CI includirfgada was collected from tli&élack BearResearch Center in Blacksburg, Virginia.

Intercept bea bvRGR berGR brrR brop

Model Set ey 1] 1] 1] 1] 1]

Active 4.02 [3.77- 0.009 5 -0.12 [ -0.11 [ 5
Behaviors 4.27] [0.0050.012] 0.38°0.13] 0.20-0.02]
Passive Aler 3.88 [3.77- 5 -0.21 [ 5 5 5
Behaviors 3.98] 0.36°0.06]

Passive 6.11 [6.02 -0.006 [ -0.01 [ 0.16 5 -0.007 [
Behaviors 6.20] 0.0070.005] 0.040.02] [0.090.23] 0.009°0.004]

CArepresents Cub Ag¢JRGRr e pr esent s Mot her BeBRGRrse pReelsaetnitvse BGrod wtgh cRad FRGRrdpesentsRe | at i ve Gr owt h Rat e,
Foster Cubds Rel aODrepeseds Tame bfflbayRat e, and

A) Maternal Interval — Foster Cubs B) Maternal Interval — Foster Cubs C) Maternal Interval — Foster Cubs
Active Behaviors Passive Alert Behaviors Passive Behaviors
Cub Age
Cub Age
Mother Time of Day
RGR :
Foster -
Cub RGR Biological
RGR
3 a5 1] 05 T 1 05 05 7 k] as o 0s b
Standardized Beta Coefficients Standardized Beta Coefficients Standardized Beta Coefficients

Supplementary Figure S5. Beta values and 95% confidence intervals for A) active, B)-plssivand C) passive behaviors for the mother interval
for foster cubs are plotted in Table S6 above, with red indicating negative beta coefficients and blue indicating pasitredfioents Data was
collected from thélack BearResearch Center in Blacksburg, Virginia.
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Suppl ementary Table S7. Esti mépéds Cef 2b 0¢ o-bfsdringtidee datnset (leamlea everg 11t o0 p
minutes) for interactions between mother and cubs (first row), mutual play between cub groups (second row), and dowibeiveseplaub
groups (biological and fosters) from January t o Maitydeand diréctionbf i s
covariate influence in the top model. Cl represents the 95% confidence intervals for each beta coefficient. Modelsgraghegessent nen
supported effects on observed behaviors (95% CI includidga@y was collected from tiéack BearResearch Center in Blacksburg, Virginia.

PaT-a PaT-PA Der-p broo bca Pecs Pecr Pvrer Perecip
Model Set [CI] [CI] [Cl] [CI] [CI] [CI] [CI] [CI] [CI]
Mother 4.240 0.32 1.54 -0.003 [ 5 K k) ) o)

Interaction: [4.154.34] [0.26-:0.39] [1.47-1.57] 0.0050.002]

Mutual
0.001 5.01» -0.85
| Play 8 8 8 6 [0.0050.005] [4.625.40] [0.970.73] O 6
nteraction:
Dominance 5 5 0.02 5 4 550 -0.97 0.14 0.12
Interaction: [0.01-0.03] [4.31-:4.79] [1.1670.79] [0.01-0.27] [0.02-0.23]

A represent the intercefT represents Behavior TypBT-A is for Behavior Type ActiveBT-PAis for Behavior Type Passive AleB]-P is for Behavior Type Passive[OD
represents Time of Daf;Arepresents Cub Ag8G representblack beaiGroup BG-B is for Biological Culblack beaiGroup,BG-F is for Foster Culblack beaiGroup], MRGR
represents Mot her Be arPiedpreRresensstDaily Rrecigitatiorwt h Rat e, and

B) Maternal Interval — Mutual Play C) Maternal Interval — Dominance Beh_a\;lt;r Supplementary Flgure 86' Beta‘ Values and 95%

A) Maternal Interval — Mother Time

Allocation & Interactions confidence intervals for the materr@fspring video
e rosten = data set (recorded every 11 minutes) for A) interactions
between mother and cubs (first row), B) mutual play
- . Time of Day o between cub groups (second row), and C) dominance
" Day 1 play between cub groups (biological and fosters) are
Hronen| plotted in Table S7 above, with red indicating negative
e e Precipiation ~ beta coefficients and blue indicating positive beta
coefficients.Data was collected from thBlack Bear
Behevor e Motrr ; Research Center in Blacksburg, Virginia.
Sté}]da:iiiz;d B:1a éoemlrfcierits 71Stand;:dized l;eia Cc:fﬁciems : St;;daraizednéetaGCoerF:cien;s
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Abstract

Foraging ecology studies for many species are

content sammpki ngcsatnatbl]lye i sotope adiaétyspedtiol ée

food availabil Atyhenghhsamphdegapse. effective

carnivor es,| itkhelsges amed chooudrsat e fAmre rabnirabtelar es s u C

Ursus amer ibeeafatusma st , t ubearse rmhmeraey esqg m@alnat & luy

| i kperloyduci ng i ncomel| eit e | dizetd @r amiilgeae. dat aset

depl oyed on 15 bears (8 males, 7 females) 1in

understand seasonal di et patterns atmdatck det e

befhoragi ngVepdwoueadng hat opuart tdeersnesmd dvap o s ietpioonn e d
the pileéeviemadt hwietghh a few Pepvdolsadenmideisf i can:
and substamnkmdWwly dicgtheist aWed asl esabsi ofgnbsurdyd e t
overl ap bet weenbuhtelmad eand efnedrmal ¢ ®, have higher
summer t.Baahadl lisgher | evoeH esr od c ecounss usnpftti oma s t
sprtimgt occurredewled s pgamedh ufshammé @es and cl oser
for f eérmailtesand goend nsdrferdel mma st (especially fart|
|l i vepaostdfhorresmadeseri c f omwdetrfeaalfsio rd if etnfsaal redsn si st
magttcl oser to crkepnakmrds bfod re drhalndd ynigi-tteer d aeddrs
(OGdocoi |l eu9gf &@awn8)i nti hmannu smal es §,p gnianlgesspdeits wrheé d
similar deaftmbewns a@RBadsadiuémalneou(r2o)bDuenrvt aoino g
deer consumption events was |l ongerdewhren bears
consumpti ommoevee motfst emeroeccurred farther from hu
Mal es consumed ammotrher éoopbigeemal e sf opaéds ti aodarl y i
cl oser dev ehlugndmerfdeansal es mor e often,ecpresumed yi |
earlier in the year and at .Mail reismanorteo cramondn@emad ty
consumed invasive speciloseirnwioh &aopid iesg s1mo ret h
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Il ntroducti on

Foraging ecology is the study of various aspe
and can aid in understanding a spge&woiyesatddi et

Pl otnickF@0AQdi)ng behavior has two broad biol o
growth/ devel opment and survival, and devoting
requ(iBreeded and. MBoclke BOH&YiIi or is often discuss
bet ween time and energy, or as(Hpghes ziagOpay:
Danchin et Thl. g2a2008) in which animals reside (
determines how ani madlesmbdée eph@rhist, keld m @dl c. m edtD s/
al . 2015, Breed and Moeaaeud,l6f,orAldxammelte ala
deviate from typical foraging IfHohvaevti hora muh elne ibb

201Roch et. al. 2018)

Direct observation in the field/lab or indir
coll ection are comnoornd gyi Mo tedsaHdodhboconducal f

Dawson etorali.n 202 RB)fDebgbaypyi sehbbhgg2006y choli

wher e pcoaslsoirbillcé n mamkle997, Van.DéowBerg ,etdialect
observation is not possible for many wildlife
danger i 1f Bohwer eitngl . 2013 Siuthyheenasetfal. At

bl acl Ulf samer i,c amaurdelacdbckld) 6 which are typically
in natur al environments and could pose risks

used to obtain information on their di ets and

St udibd sa cKf ebeedarn gt @ cwod dbgryst and di et profiles

| andscapeprciomariitliyonlsave relied on analysis of
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(Cottam et al . 193%, BaeeimanamdhdP&®let dronl A®B,0 He
Al t heua/gsht osnammoi ngmf f emneétitved f or cuanrdreirvsaraonudsi n g
Sspedgigisehesearpeet @oitdsaacl dwrratoansu v bt @ s Ist thetareat

vegetati on, hianr da dadnidt isoonf ¢(tKamaadnsi¢crhaulh rmeat dadd.r. 201
2019, Bard and Cai n .ARdc0c2dr,d ibnagw syy rdf roehte sael . 202 1)
met hodol ogies | ikely do not fully @cgesni bfl er
|l eavaeabadshea fl eshyf cotmpatn eanrte odi gested quickly
not appeart oinpaacenp(Merslolre et al . 2013, Breed and
Qui nn DaWs®D,n e)ltCoanv.er200d2llg e st i bl eo fcto ampaestiea s , o f
fruitdereaddsesr Adf-magtamnpasseetdhrsmdfgh the dige
i Bc@Auger et ladauwWn2@mer2tovereftti matiemportance of

items fil&Kmybaads Pl otnick .2007, Morin et al. 20

Previous resthe chmpaxramameceagof Ol atksbeteftcsod
have found varying |l evels of plant matter in
using only coarse scalaemsd datuhdast brnassdent sf g
food (iBuelms et al . 2001,0tDh erDognewnd icens eltawad .u 2dd
Positioning System (GPS)whcedrlldaasf lbbedk@at eerar the
then visited the sites indicated blaGRPSbéearcat

may have consbmadksachad asc ofloluencdt at t hese sites f

(Lesmerises et al .. ZIOsleSs, e iTeesz utkyap ieda lally. r2e0p@2a3r)t
of food items in the enviavamnmawaillialyesttabdbl ish
bears. rmHoswearew#reoeh Iyersd abl i sh exact bV awhaateefiood
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1907
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1909
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1911

1912

1913

1914

1915

1916

1917

1918

1919

when prese(nMerak!| & heet satt.es2@Qil8) deposited at t he

t hat was eaten hours or days before at a diff

Further, much of tileadlerhdaleedtmirvae r a giske@aea@ holomg

invol ves$ at hens-wi p dtna fergarcaernivos set al . 2015, Kir
Lewats al. (2015) analyzed arnthterapl gleeCiot oa md on &
and found that bears in urban and suburban ar
f ood seosuprecceisal |y when ns toumr.carl e af soeodd cpornosduunepttiioonn
ant hhropomor phil @ df iaordesa the/ d ietair sh(dneamiss et al . 2

Questiondlrnelkadbrexdgritrog eao |l pgyv alt eédiarcki dghetags i n
behavior al components suchli asl|l epwbr &l hawabemra
wi bdack beadetermine if they return to specif
rou{Fnes et al. 1987, .BMa ¢ kshlehdahwr ea nbde eo w eelslt e2d0 1If
memory in foragi mg ubddaheayv,i arfs ,noktutalmgsthave bee

(Zami sch and Vonk 2012)

I n this study, wei ngedhlaagoakd ebedarapmpoaghnga

| ocatiWwensuse GPS collars fitted with video can
identify all species and durations of Otfi mes b
the few pastHesibnaErltardtad A0y tersal i a, pl aced camer
kangaroos to assess space use and diet and fo

met hod to i dentify plants (down to family) th

associate foraging events with GPS |l ocations,
fine (i .e., a single pat(cHer merdt aedmrertzdd! q 6 8 &).
weretwsesdudy kill Urades) afatbo®gnl dteiamg ¢t her



1920

1921

1922

1923

1924

1925

1926

1927

1928

1929

1930

1931

1932

1933

1934

1935

1936

1937

1938

1939

1940

1941

(Brockman ,etaldlowi2a@1 mMore accurate estimates o
Tezuka2®p3mdd a si mil arAsfiadrtaagilenlply saansa | tyysiobset a nu
this study using camera collars to build a di

to assess differences between the methodol ogi

Bl acks berag often consi ((BasRlowbhd geawratl islt. sk
al . ,20tk@a)tul d peloddtt liavems i f search time i s |
avai Halwlkea@ @ar t h eApcpean taacahld aenlss ewher e ,bbh atciseibr adi s
caenx hi bit a more specitalHri 158 te armmyjinvsiusmemeaso It ¢ eiyn es
from hibernation to replenish their body cond
cal ori e,i fcgmoatseism.c hl na st hree actena t r aphriiAnpaphsid tagc hi a
tail gddadeeirl eusheili egi)onen sdeiegdtiieovn nger 2022, ClI

al . &g b ammenrd dfi &ltls, where they resume a mor

Foraging strategies and food availability wi
l inked to better under st@Midti nlge lal sprddhiursgwe Ir le s :
understanding how bears use the lianeéscaope fadcr
agricul towr dllearn dasnadasp e u € e ap u deismaint yh atb@w aat i on t he
provide infor mbt aokofpard ralEd wadgiamg et al . 2015,

2019)Furtitmecror porating environmentpalecwapdit albli @,
veget aitd,eost ainndl | ow furtherf bonagmea@iPéd sne on t dnte a
201B9r e xPaingpel cerf2 Oelt6 fadund t hat ambient temperat:
bears habitat selection and their spatiotempo

|l andscape.
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1943

1944

1945
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1947

1948

1949

1950

1951

1952

1953

1954

1955

1956

1957

1958

1959

1960

1961

1962

1963

1964

1965

We utilized GPS points pafioreadgiwig he vkennotwsn o bosr
camera collars to better understand foraging
objectivesnwdlfey Woiequeiteégms via video coll ars
| iteratur e vanad ssctaatbsl/es tiosnobatconpse anal yses; 2) ex
nihe overlap in diet for all bears and separat e
sex, season, | andscape var ibabalceks olremagridn @ ne € ¢ i0o |
and diet consumption ti nsipnegc;i faincd |l hdizgahi dent af & a -
the | andscape where bears forageadiwnrnamlaantt cul
speci es.

Met hods

StudtiAppal achi an Mount aibBat h nCoNersttrey,n WA r gi ni
Our stwadlyoccatted i n Bat h CoVanlthyeRti \dRyregsi inoi gar, a pwhiitch
Province of the central Appsl aclha @machMsumg ed n s
' ineamandi agexati veAlyorbgp adithds| hegs was ori gina
Virginia Appalachian Carnivore Study (VACS) t
and agency concern abomwtt edde dblyi ndiencg edeseerd rhwmb ee
(VDGI F. 2alr&)w composed of a small amawmdt of an
agricuhandembedwdadchi n | arge sections of mature
mat ure mi xed har dwoocodl/lceoendi nipegrd %6 ecorfe stth,é ashtducdhy a
within the county is 56% publicly owned, with
( GWNF) managed by the UDSA Forest Service (US
including the Gathright W Il dlife Management Al
Wil dlife VROWRuraed Dout hat State Park managed

Conservation and Recreation (DCR). I n additio



1966

1967

1968

1969

1970

1971

1972

1973

1974

1975

1976

1977

1978

1979

1980

1981

1982

1983

1984

1985

1986

1987

1988

| arge preserve

accounts for |

managed by The Nature Conserva

ust urmAd em s3I%2®2Ma rhee d eatnadi la)r.ea (

Dat a CoilVliegghpeal aCahrinanwore Study (VACS)

ThroughVA@QESoNs) bDeas4s were coll ared for the

(gl obal posicl iueniemg $pwystdemument deer predati o

cluster search

which were eaf

es for bears were inefficient [

edebbb waschlyesult of predatio

scavendgddclkklyibaeakri.l i Hlmaubss s thd oafc swde afri tt ed wi t h

Vectroni cBAerosp ¥E&TEBXNnYPLUSEhEGEOt EaEedi Wi deo

camer a, GPS un
moved across t

angl eornviperwe s et

i t, &nd cddcamddairamnhs tvamtdyt @ st rt ehek a
he | andscape. Cameras were set

intervals to recortdoviddeaomeaver

foraging activity and facilitamnhe/tome scsaarealygi mn
bl acl If&awguwr)e 2A

Il n 2018, camer a c olllaacrisg fhuicearre f glmadc ed , oM i tven
2. All ten cameras were recover edo; alkcdwaseeaarr, o

struck by ai mtghhei cclaeme rdade majinrdlceyp r ® ente 2d0elMBlg & r s wer e

programmeds @gomondkwei 2€dos ev-E4 yh@dr snimud &y for d

mont hs, coinci

ding with the peak in fawn birt

vi deo Wbdhaak pimaddrel)

Il n 2019, ei
recovered, but

tobbhhclf dre atrhe

ght camera col |l ars aeallel pwearces d
one mal e dauned toon emafl ef neaplod 1 doindg n on

20T heser coy | meadr .wer e epcroongdr a mme
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1990

1991

1992

1993

1994

1995

1996

1997

1998

1999

2000

2001

2002

2003

2004

2005

2006

2007

2008

2009

2010

2011

videos every 20 minut2smdrmtrhsl,6 fiso& w oswlepdy i bdye als0
every 20 minutes f-bdrwdedk houTlse preexis aigotharryv dl
videos every 60 minu2 emoritoh-sdcioheénvy Bdaos agv d o)
mi nutes for 15&5 lWweeks,6 a sdeacyofnidonrasliddye,0s8 every 30
hours a dayb fweEklhkase fviarald B¥dad | € c Hdéadt @all écobviod e ct i
extpasts utmmeeerason t &l e tkeebhaamieor s i n the fall,

hunting season.

Vi dEenotMeyt hod s

We recorded l¢dimd @o ch cd @ehcvieaesst h lg@it .ea o tb liancgkes t e d
beayrconsumed. We recorded duration of time spe
source (i.e., finding acorns in leaf I|itter,

with the environment (including-abg¢geichtsy amapec:

inter &etcanhsegorized food items consumed into
subgroupings, to allow comparison of diet com
categories were: ani mal (deer and other speci
mast, herbaceous soft mast, and fruit and see

|l denti fication and Verificati on

For each foraging or consumption video, an ob
species and the part interacted with or consu
had a team of observers familiar with Virgini,

consunbeldacbky. b&a@ar each foraging and consumpti or
initial observer identified species, genus, o0

knowl edgeabl e about Virginia plants, would vel



2012

2013

2014

2015

2016

2017

2018

2019

2020

2021

2022

2023

2024

2025

2026

2027

2028

2029

2030

2031

2032

2033

2034

vi deo. These were then cross validated and if

species, the identification of the plant was
consensus of the plant identification, it wou
occuri0e®s o6brthe total observations.
Environment al & Landscape Variabl es

To rkell @a¢ knobveeamrent and foraging to enwidaohment a
mean temperature and porreauiap nt afhend PRY&NM RI p ana
Gr otulpr ough Oregon Hatrat ea nUlih iBeeshrl g i2t0gl 5c)el | s at 1
raster &i wedeframgé of monitoring networks, a
measures, and devel ops spaatnidail el mdti enad et gpxad
(PRI SM Cl i matWe GCerxoturpa c2tOe2ddpb b et it opowmidgdi ia¢ TP )
met hod of terraitnhaekcl ascsdéi chteaaohwthatra point |
surroundiong earteeas understand the rudg®dness or
Geol ogi c,c20 L Bhuesyeyval ues were extracted througt

extract( Hiunnecatnison2022)

We extr acvtaerdi ahbalbeist aftor each GPS point | ocat
taken andiektanaet &di &labbe i antt etgyrpaed ivnagr raster | a
Nati onal Land Coven heatUudb &oe e(sNL SR hvii cge , b ya ntdh
teddM ons9 2TOhZzids resulted in eight broad habita
(Zea )bppl dgMa laupspolsep par ds, and other agricultur e
areas, f orestpreedsgceruirbineedar ea$ or @ 8 tB,esclacucsees si on al
anthropogenic areas compr i sewes uucshe da dsinsatla n cpeo rt

settl &Wemehoswsnd a correl ation between distance



2035

2036

2037

2038

2039

2040

2041

2042

2043

2044

2045

2046

2047

2048

2049

2050

2051

2052

2053

2054

2055

2056

2057

cropland rasters, which resulted in us mergin
|l ayer forWalldseadhakwysleisdean di stance instead of
analysis to reduce the number of categorical

rangesbbhackabibaravi ng the same habitat composi

in our (&€oahesi &t al . 2003)

To assess distance t o anstthruovpi oigheensi ct hset rcuocu n
and surrounding area using physical addresses
| nformati on Network (VGIWesdaViabgisrei d o6l Yi D@t
dat abase for WeétWe¥tryYingianaddGeSsEaschnical Ce
Geographic I nformation .Ne@nvoaploailAld \sti seerry Bdartd
used nearest neighbor methods to extract di st

meters in ArcGIl S.

We al so recorded habitat charactéirmi stics s

approxi mate understory demspayh Petlh.typétesne

vegetation), water edge, creek bed, emergent
road/ trail, old | oghldamp@p rroxad dsa,t eanuch dpepawd d rryo ad
Daubenmi Deubemamiewidt L 9t5®®¢9g f ol |l owi ng categories

t he wvpiednd wog,viemi ma% ¢ Hvemder ab @ ¢ @ Heatrc k7 %50
coVv,eeds e9d %H 769, veemp | et C®bevi t h the addition of |

when this occurred on the videos (Suppl ement a

We divided seasons into 4 groups: | ate spr
began at the earliest camera collar start dat
summer vegetation coming into season as seen
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2059

2060

2061

2062

2063

2064

2065

2066

2067

2068

2069

2070

2071

2072

2073

2074

2075

2076

2077

2078

2079

2080

t h

t o

1

D a

e alruenakf{dIfifevi nger 2022,. CWe vdendgesy wardnenal 2220 2
August 31, because the first signs of hard

unt il Nwoavse nchaetre g3q0r iase d hd sb | Faslslwihematnhé o decr

t idwirttywng this time peri od aBarfloy dweirfretaesrd evdasso n

cember 15, which is when the camera coll ar s

ring the hibernation period when bears | arg

iterature Review

r oAlghu st ,wd KXdHDBBolye @& fSocrh olliatbelraactkd rbeet adrn wi t h

rms idrcdwsgi apgelraclandesat composition. Our r es:s
of il e of hlhaecldeéerdanlomplosddi on based on prev
ot,o@ats asntaol nyasci hs,ocro ndtierretcst. Tloibs eresadlitoend i n ove

cprtiew of which were met o Wwrl arcdss tweiacht iao nssi nti
edat or g@uiwlpd YQedsn ies)plbunpiwvan @Urr sus )apedioss, wher
aclk lweare the | argest predator in the | andsc
ri bdeeramd t hgWe nd ympaongad ad edb lea c ks olngdabre Bt 1 0

eting 6womcthiserilaterature review to compar

ith the diet claséFédcaanonet dakcrk2boed, bbMebw

ta Analysis

Di

To

19

gr

ca

et Breadth and Niche Overl ap Analysis

assess overlap in dietarylLewienrdsapdiluety hinregga d
7t400 understand the diversictomsamenuimlyern nafi vd i
ouplsevi nés diceatt ebgroeraitzhe di si no fkresmebds we2l0a2slg) i f i ¢ a

| cul ated Levinds diet breadth by individual

10



2081

2082

2083
2084

2085

2086

2087

2088

2089

2090

2091

2092

2093

2094

2095

2096

2097

2098

2099

2100

2101
2102

identify trends i 8tddgtFed emdangieMecdsmadr.t dr8 1)

f

ol l o

ari e

i ank

ompo

wu h(gKk rfeobrsm 202 1)

b 08I0 QB0 e P
0 00 & OOV QDO QR 6 0B GENE 'Q QU EEXIIQ F0N

is equation takes the sum of number of wu
he nine potenti al diet item classificat:i
j arueedor mali ze the values for compari son
l e, if a Levinbdés diet breadth wvalue is h
ty whertrikfaistrheiwal,ue i s | ow (relative to ¢
i dual or group has a narrower diet bread
Xt, to assesswe veeallRayd rakre @i e(tiPdrdackoees €Lr9l7adp

mmonl y oweed atpo i mssdlesed niche, wusually bet
ason, but can be applied to assess overl
adbs niche overl ap between sexes and betw

sition from our study. This method takes
ach species, out of the total di et items
cts for each diet item, then divides by
of each proportional diet item for speci
t he fwlldKkowbsg20D@dm

S o
b Q6 & RO 0 Qi & S
BnBn

n 01 €Néil QNEDVEDDOMO £ 6 W £ 06 IODANI £ p N
n 01 £€néil QNE DG OMO £ 6 A £ 04 (O@ANI £ 9 N
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2107
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2110

2111

2112

2113

2114

2115

2116

2117

2118

2119

2120

2121

2122

2123

2124

2125

& "YE 0&XNG WM Qi £ 6"DENGNE N A0 EDBQL € 0 1) i
Piankads overlap tabuebh Bahatb6bundedobgverl ap
compared our average niche overlap by season

utilized different food resources and i f t hat

Foraging and Consumption Anal yses

To analyze the duration of the duration of ti

item or the presence of a particular diet ite
used generalized |inear mixed models (GLMMs).
the influence of covariates including date, t
temperature (Celsius), sex, understhaanddansit

Enhanced Veget,dtainadmls alt ndNex ma@EVIzed Difference Vi
di stance to habitat types (lisbkedchklsbsma), and
random effect to accoAht domtimadows duame dii ¢ & le
scal edc ®orye zt o be c ¢ hboeeetrae dv aolnu e0s soof tthhaee coef fi c
We added predictori nv ar wasdbsdetdwpeere f adamd wiby dad t h ¢
Akai ke I nformation Cr{(Alaibanfi@AT&)phsitodoer adkmmd
competiaogAgl G fbetthwee en G(hBeumm nwhaasm <an2d. OAmdes s d na 200
correl ati on cnoartrreilxa ttioo nt ebsett weoern variables and

vari @B0e60) in the same model

Weuse all bears in the arsalty steos daentde ranmisnoe sie
mal es and females had different patterns of f
di stribution to code GPS points asfofroargagnigng o

behavior events (0) to allow a true compari so

10
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2130

2131
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2133
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2135

2136

2137

2138

2139

2140

2141

2142

2143

2144

2145

2146

2147

2148

consumption beha¥boagi acgodnoskunnapatni ainiK ebaethianvg oar nsd

Cherry 2004, Johnson et al. 2006)

We buila prmoatil ef of hypothesized i mpacts a
effects that we tbh aw ¢ hotr eaagoi unl gd ei cnof b dugeyn lcbedbseead o0 n
bi ol ogy and findiS3uwpp lodeghriteey. iSoFuosr setxuadmpdse,( we
sehei gher | evels of foraging on vegetation i n h
consumption of deer fawns i acanosdiemead ef & vwn sd einrs
used as fawgGbaevwdengabkit2g8l7, Cl 8Bwicrmgesre DdE®2AZ,s
respond to seasonal déoexpacvtaechabegesoyal( pr opor
ma jdoirtey pesvi t h higher her bprceepairsh issopf tgfhmars tt and
and seed rmosfummers,t parnadp chinaitr gdio ensdt Bte enmdrmldnd Pel t
1980 Hell gren et al. 1989, RamaNen adtsoalant2 @1 .
ant hhropogensaampo oganr bsaugceh, acso it m, i maclrdedaesré Iserman
settl,enpeansttsur e sd uoeh itaphep | pmesence of( Kihrelsye d to o c
al . 2016, 2019 ,.Waiolnlsmamdéd teidale. a2@22nt eractive
resul t sa fproioodreil s ptoos tinuhxoecd model s, whheer e we co
strongesfrpmediuct best modelFsorwictohmpslkteefpewiilsires ts ec

hypot heses, see Supplemental Table S1).

Diet Classification GLMM Analysis

To underbtaol bBewr consuming di etc ointdeuntst eodn tthhee

GLMM analysis on diet iteinsvitaeadt bbseavharge
resulnt eanal yses broken down by sex for all di e
where we combined all bears. We had | arge eno

10



2149
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2157

2158

2159

2160

2161

2162

2163

2164

2165

2166

2167

2168

2169

2170

2171

food consumption (but not females), female in

into different sexes for all wvegetation types
For deer consumption events, we often obta
another in a series and therefore we used dur

var iaasbsleess pot endderl coorbsywemmttiedsiwedrsee not parti c

common. Additionally, for al/l ot her ani mal <col
(deer, DbearRr dodyayn oroatcacnokonrnown) , part consumed
skin, head, or unknown), <carcass state (inclu

met hod of acquiring deer for consumption (hun
whet her events were verified kill seen in vid
GLMMs, given the right skew in th8odahaedi atr

200Q3)

Invasive Species GLMM Analysis

To underbltaold bhewr consuming invasiueesdpecies

GLMMen thi oywdetxoadeeer mine i f there were differ
consumption ofpeic@nessurnestpdhpnMasieae pbhergel gpeci
consi autedmaoaElode a@n(s) uambde IWRanteab &€ r p g o)Wei col asi u
useli momi al di stri buti oai tcho diinnvga sGPvS psopiencti eosf it
GPS points for any other plant consumption ev

predictors of duration of foraging as in preyv

Seasonal Plant Consumption and Landscape Hotspot of Target Species
Tdhetter understand sweastoonoakl tphlea ntto pc olnés upnhpatnito n

the proportion of the 15 bears that had the s

10
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2185

2186

2187

2188

2189
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2194

diet that plamtnplbpetedst bempagaedtsrte nedasc hi no t phles
species consumption by season by bears. For a
noted the daily pr esengreapohfi caa lslpge eislelaucsetarsaftoeb st

speciielsackome@amgdtesitlon | ook at the presence of th

calcul ated the daily proportion of Avheirsagsepec:i
Presence ®&f a$ kEaneasmptdi om Dihet gr aph.

Lastly, to understdadrcandumpvasnvevsepéesi e
weverl ayed on their home rangRlson®96é %2 aKDERehon

study area. To do this, we used heat maps gen:
of foraging events for each observedreVd I mt. W
Pro with the value to index it as the number

examipl ¢ here was only one occurrence of a spec
|l ow intensity on the heat scale, where if the

intensity on the heat scal e.
Resul ts

Across 15 bears with camera collars,- we accum
August) ranging fr obm adc k8 Obr ebamis | 1ladd & Sb endoiulr s iprer 2 (
( Mabyecember ) we accumul ated 56.85 hours of wvid

bl ackclrenadrs acist he pmet aalnal yzed 135. 72 hours of

across the 15 bears in this study. Due to a p
recorded in the dark were unusabl e, resul ting
recordedd m8daomearla ocfol | ar events. Of these obse

foraging or consumption events (29.88 hours).

10
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and consumin

(21.1%) and

We observ
season, we o0
insufficient
9.53% of all
(69.73%) and

foraging and

For under

t he anal yses

4. 08% of t he

(21.40%), 3,

understory (

Of the 43

t he water) f

events that
consumpti on
seedmaotf t 45
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ar
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8,310 successful
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t o
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| dhatt d et ¢ pmlo,dDiEfodr ave i
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6. 5%. There wer

78. 9%) foraging

nsumption event
oragihag &ad con
mdpsamod edonsumpt
umption events
bserved 2,166 (

S observed.

re were 430 for
in trees (429)
umption events
tory (2.36%), 2
a moderate wund

vents observed

or water, t her e

yielding no food c
curtrredsj nantenishhengh & u mp

were composed of

ant hropogenic foods ( mi

i n
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d not
i n the

10

excl

be

uded from our GL |

assigned, |l eaving

anal yses.



2217

2218

2219
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2221
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2224

2225

2226
2227

2228

2229

2230

2231

2232

2233

2234

2235

2236

2237

2238

2239

Average precipitation was 3.04 ¢cm (range O
and consumption events, with most rainfall i n
2018. Average dai |AGQ tt 6pBT at ABLe bWes DbD.thl year
foraging anavemtns,umpittitont he hi ghest temperaturl
the | owest in the | ate Avadrlage adDdWl owa sNolO.e7mb2(
0.1415 to 0.9798) over both years, with highe
2018, and the | owest NDVI valAveriamget &/ | f avlals 9
(range 0.0827 to 0.8810) over both years, wit

2018) and | owest EVI valwue in fall (October 2

Di et Co rCpamiatrii s n
VACS Diet Composition

We observed bears consuming 183 unmnuinguad doiret i
vascul ar plant speseeusmni(gionecelcud it nygpegemse mask ixves) ,
speci esuniagnode hsrioxpogeni ¢ food items (including
unknown (Suppl ebenttdlre § T8 kvda sSc2ul.ar plwawent spec
observed 97 soft mast plant spedse$twmbBtheth
species witbompoanéniasndc ce®udme df,o usri xa rhtalrrdo proagse n

pl anttswiouangggeéci es.

The majority of bearsdé diets were composed
(08 6[ 9500588L), followed by herbaceows 1(7di)gest i
insects -.0149]8) [ Oha®&rld mast (i .e0,18¢0rnsleehi ¢«
[ 0:0005]), anthropofevid¢)f ood&nown0ODo@d.]OL ems

ot her ani mal s@p.e@@inaes fUh.gWG3 s[p@.cl®®]BE)i g0ar 6803) 0. 0D
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2240

2241

2242

2243

2244

2245

2246

2247

2248

2249

2250

2251

2252

2253

2254

2255

2256

2257

2258

2259

2260

2261

2262

spring, across 7 bears (3 females and 4 mal es
proportion of theOspwBhergenadst be aumtheb6afpO0089 a
and seed soft mast was83tlhe Imi ghaddt, aatc r0o.s6s8 6] b
mal e), fruit andompeprihsesdfitghmasst | 2gailnof consu

0.85], fo

| owed by .B&#1d mast at 0.38 [0.06

We found significantly higher herbaceous s
(6580, p<0.007.20 apdOf@0O), (amrd in tHMe 6d4pmheDOor
(Figure 3). We also found si gnr/7i.fOibpamt I0W)Il ower
proportions in spring versus summer diet and
mast i n spring-2c @rp.dor5e dvet é ofuamldl m@tr gi nal Il y si g
insects in the diet in 8ufhmeWecampar édutna fhalg
in the diet in fall compared t o 0s4dr.i nlgn (g en2e r7a

bl ackdibegarin spring consisted of herbaceous so

and some fruit and seed soft mast |, then switec
i nsect s heabhbdhssedmmesmast , and then switched i n f
soft mast, with small components of all other

VACS Ani mal Matter Diet Composition

Deer consumption was hi-0g.h2e5s]t) ians tehxep escptreidn,g wiOt
species being consumed at similar | ow | ower |
diet class included @fabtithsas pweresnandi deunti &ni
four ani macl Bggd¥F edeos composi ng 3 bulna cgku eb esaerr
consumptiodn cangntoal rlamd aleero (c o mpars | basitledrsrer i e s

tur Meye@grislgaldepavompoainig oheserdieans i fi abl e
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2263

2264

2265

2266

2267

2268

2269

2270

2271

2272

2273

2274

2275

2276

2277

2278

2279

2280

2281

2282

2283

2284

2285

(suspectedgitze e gae omiseed wo o,dclocwki,dea campaegi n
There were 10 instances of unknown ani mal bon

portions of meat consumed.

Literbat€omeg osi ti on

We found 26 articles and reports thaprenget our
community. Of those articles, only nine (eigh"
proportions of diet item classes that <could b
the articles grouped alDy k R2Orjbit,tarne .rd Oclkbiirelty iette m
al201kei rby2@t7 alnhd for those, we had to compil e
class to compare. These four awhilcé etsheveagteh at

articles were®olslcadt ioon samaasihbsse.gquent macr osc (

Di et CormrgpaoawiatiiVBG8 Vv s. Literature

Stable isotope studies had five diet classifi
ant hropogenic foods, insects, unknown food it
found that the majority of bea098#Adi)dtowwas bye
ant hropogeni c -0f.0405d]s) ,( Oa.n2Z8ma |l{0O0mBB 2 )e,r i(r0s-Oatt, s [(0Q
0.04]1), and unknow®.DAadd.i Wembo(pBdOgdjghDf DOan
ant hhropogenic food +0On Ooddur, WACOS. 0d5)e,t whoi.l0e t[hoe |

confidence intervals overlapped (Figure 4A).

We found that scat and stomactclh ooant ebtsepap:
in item classifications. The majority of bear
with fruit and seeidl.shS5# ¢gmalsawe d .By7 ,h g robaee eCd u s

(0.24510. BB6IBB6as the two | argest c obrpaocnkent s
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2286

2287

2288

2289

2290

2291

2292

2293

2294

2295

2296

2297

2298

2299

2300

2301

2302

2303

2304

2305

2306

2307

2308

bedrets in our study had significantly higher
the diet. The remaining diet items, had over/|

the | iteratur e.

Seasonal Diet ComparisdnVACS vs. Literature

Oof ftihewe scat or stomach coll ection and subseql
Il iterature r € \Bieeewnanf awnrd, dPfid ¢ttt boggmda® 86t al . 1989
Pelton 1999, BensompaanddiCétmmdaemp as int i200E)by s
comparison to our nine dliretsprtiermg ctl mes smd ji @wrait ti
weherbaceous sofiD. M86L2]()00. Wwhich5%as | ower t ha
VACS, but Cls di dihevdriltep atRuirgeurmre sauA)t.s al so s
consumption in spring than we found, but CIls
di fference. Most other diet items occurred in
food items, which were subsitZ)nthiadH e/r-Oa(mid 135 g[nC

in the |iterature than what we found.

From the | iteodbt @arcds unenmeer ndaijeotr itays frui t ar
(0. 440 [®D8]30, but it was significantly | ower (1t
and seed soft mastt hleFt gmu e @ onbuBcghd hling hceorn tl reavsetl ,s
ant hhropogeni c-0f 82d9 ,(0nlBBumne®@3than our study
found in similar amounts, except for unknown

(B=;1940 than in our study (Figure 5B).

The | inecamdaved t hoed mahjeo rfiatly di et -was hard
0.60]), similar to |l evels found in our study

fruits and seeds compared to hard mast and co

11



2309

2310

2311

2312

2313

2314

2315

2316

2317

2318

2319

2320

2321

2322

2323

2324

2325

2326

2327

2328

2329

2330

2331

overl apped. Ant hr oplo eni)c weaoced sa g(ad .nl1l 2nu[cth. OhG g h
our findings, but Cls overl apped (Figure 5C).
significantl y0.hH03g me run(ktho3v.n7 f,oom=items in the

study.

Alt hwegbnly had 19 foragipmgeceée walntng fsdratwisn
anal,ysadd of 't hose awepreea rheadr dtoamadsiitft feewdt ¢the r es u
|l iterature winter dietotomphesdtebonwabBoWweditha
(0. 360.[]®8]0M4, foll owed by hear. b&8ddedeus ano fmal maPpte
(0. 120 [D4100, instctd] ),0.0OMBkMOWMONodé]i)temardOn
(0.06-0. L8] PO ant hropoeemi3dd )f, o amchsd -kl P )(.0[. DNE O

waso fungus ahseirunmetdhidoinwiem tag.wlr e s

VACS Levinbds Diet Breadth

For all VACS bears combined, the average annu:
used was 21.1080(4RND% CEli gure 6) across the 15 be
breadth had the hi3gesgt, Vallde wetd b.y3 5 u(mMmea3 av
1.82-2(.00.8366 and fall with thle. 832)wesRordieltl blrecaa
di et breadths al/l had ovbelrdcakp pteenaggrg €1 anaoabsdi
breadth50w@ss20), with spring again be2n94h, ghe
foll owed by 2abDb)atabhd6dgumbhed-ladS7)owawst hanol.
statistically significant dibdlf®clavkeesmrgac aos s a
diet brz2ad0k.wW®S, with spring again having hi
3.53), foll owed B2y. 88ummearn datf a2l.l2 6ble(iGn3gp 2l oWee s t

found statically significant higher 0i)ef obr ea
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2332

2333

2334

2335

2336

2337

2338

2339

2340

2341

2342

2343

2344

2345

2346

2347

2348

2349

2350

2351

2352

2353

2354

females and females also had signifi2c9gntl y hi

poe04, Figure 6)

VACS Piankadés Niche Overl ap
For all VACS bears combined, we found | owest
overl ap between spring and summer diets (0. 33

(0. 82, Figure 7A). Mal e VACS bears exhibited

spring and summer (0.17), and spring and fal/l
Femal e bears had much more dietary overlap in
and fal/l diets (0.26) than males, and al so hi

than males (Figu0e98CliewWarfyyoonmdroOapPpb6bet ween

(Figure 7D).

VACS Diet Composition

Ani mal Consumption

We had a apnpie@améhstmpb6BO®on videos composs ngndl ui
t hfeoe agnilhygensuccessful bird neerie&samchessdud
(onmalbé ac kwalseanrot observed cdheum wgraninmal emat
deer ani mal consumption events to model, but

bl ack hbagarwas r ebpankiamknarbfadri sarlt levents (3 uni
as the oprgdeseobonand the majority of the un

(60. 0% unknown bones events, 66.7% unknown me

Deer Predation
There were 52 unigqgue deer consumption events

(FigumMal &@A) chradl f2e8ma4 esnih@uwWe consumPdasoann aelvley,t s
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2355

2356

2357

2358

2359

2360

2361

2362

2363

2364

2365

2366

2367

2368

2369

2370

2371

2372

2373

2374

2375

2376

2377

17 uniqguewém@ansumedain the spring. Of these 1

with 3 of thane adadd vagcogneeln gaerdl from a bobcat c:

kl eptoparasitism). Femal e bear s spnSs nogiedwhaitc hl
were |likeéelgohtint mdd as hunt edmomsewivieen@,e d5 bg/c a
kl eptoparasitism from bobcat caches. Only 2 a

scavengedblbayc kb ubndeahre wn mo ratnadl i1t ys csaovuerncgee)d f r om
femal é nbsammer , 18 fawns saeae@de 9c syl dmeaedel €9 by

bearod, tweag e9 scpivkesgendf,i rmed as kleptoparasitis

hunted. Of the 9 fawns consumed by female bea
malbé ackiubrdanrg a mating series), ,1 @mahse rceo nlfiikrente
hunted. There were 10 adult deer consumed in
All of whi ch. wlen et lse afvaelnlg,edno f awns were cons.
consumedblbyc leoalleya,r al | of which were scavenged

Therealwaonsi derabl e variati on i n Dbtlhaec kn ubnebaerr
consumed-lQrangeué® deer per bear). We observed
some point during the study. For males, 7 out

deer, with the averkalgac klebrabmr a3.kbi bdecawrat pe o n sna fine
any )delor females, 6 out of 7 conisnBgneld dleetrweer

f embl ac k1 bfeabnlad ekd i bde anrot ¢ o n.s ukmer afnaywmrd ecean s umpt

only, 4 out of 8 bears consumed fawns, with t
averaging 1.63 fawns per male bear, and 4 mal
of 7 consumed between 1 and 9 fawns, klveaclkgin

bedrd not consume any fawns.

11



2378 For the duration of deer predation, we had

2379 together that included carcass state of scave
2380 settl ements, distance to mesic forests, and d
2381 S3). Longer duration of feeding on deer <carca

2382 shorter time spent feeding associated with sc
2383 moderate effects such that | onger feeding dur
2384 cl oser to mesic forests, with slightly strong

2385 coefficients for temperature and distance to

2386 Ant hropogenic Food Item Consumption [ Mal es On
2387 For anthropogenic consumption events for mal e
2388 season, understory density, temperature, and
2389 herbaceous pastureland (Table 4, Suppl ement al
2390 food summer montwlse rcsogmmpi anrge dnotnot hfsalolv,er | apped t

2391 9B). We found strongest support for males con:

=y

2392 cl oser to uma@r 0t talnedmendntso (@¢ 1 ower understo

2393 moder ate s

c

pport for consumption at warmer te

2394 and f art he

]

from mesic forest (Figure 9B).

2395 | nsect Con

7]

umption [ Females Onl y]
2396 For insect consumption events for female bear
2397 of the year, time of day, understory density,

2398 forests, and xeric forests as drivers (Tabl e

2399 consumed signifi(mast | gomwmo @l y na medcaraglnidernt eir mi tt lee

2400 The strongest two drivers included Hfsaad con

11



2401

2402

2403

2404

2405

2406

2407

2408

2409

2410

2411

2412

2413

2414

2415

2416

2417

2418

2419

2420

2421

2422

2423

525%) and closer to xwhertehdesrree swesr e( Fvegalkreer %G ,f
insect consumption closer to human settl ement
(Figure 9D). Weak effects also indicated f emal

day.

Herbaceous Soft Mast Species

Preliminary analysis anfedfiarnagi nig fd\weretns erse aenda
model ed sexes separately f drerthlae emamaismd d¢r mafs
consumption events for maltédabeams)|] udedhasedas on
year, understory density, TPI, temperature, a
drivers (Table 6, Supplemental Table S4). Ma |

compared to fAadldi t(iFoingaurley,1Oma)l.es foraged on so

settl ements, with all other covariates only nh

Forer baceoucsomoudmptmasnt by female bears, our
day of the year, understory density, rainfall
edge as drivers (Table 4, Supplemental Tabl e
herbaceous soft mast earlier in the year (Jun
influences included consuming soft mast at hi
human settl ements, mesic forests, herbaceous

Effects of more herbaceous soft mast consumpt

coefficients crossed zero.

Fruit & Seed Soft Mast Species
For fruistofamanasadienpti on events for male bears,

included season, day of the year, understory

11



2424

2425

2426

2427

2428

2429

2430

2431

2432

2433

2434

2435

2436

2437

2438

2439

2440

2441

2442

2443

2444

2445

(
f

r

ettl ements, agriculture cropland, herbaceous
rivers fosoftombsampgt sead( Table MAMe FSwpumlde men
eason to be t he nsalreosn gcelosotwf ednue dv esaanfdtni dineae dita t

pragomgpared to fModer(artieg uerfef elcltAs) i ncl uded mal e
eed soft mast at higher understory densities
ettl ements (Figure 11B). All other effects w

Figure 11B).

For fhbelmead kk rbue ar samfdt csoeeesdt mpt i on, we had a si
hat included season, day of the year, time o
i stances to cropland, mesic forteatddl| @erbace
uccessional forests, and xeric formadtes as dr
ons umefdr uriotr eaonfdt ssmeedline menptrhi ng and fall overl a

FigurModerCdt el y strong effectodti malsuided nmame |
arther from pastures amhefracbals aehec ébfest ss|

el atively small

Hard Mast Species

For Imlad ekh abnedasronsumpti on events, we had a sing
of the year, NDVI, and distances to human set
drivers (Table 8; M@8uppl empatumbedTabhbei §4rantly
the end of the year i n October and November (
hi gher consumption of hard mast c¢closer to cro
effects were consumption at a higher NDVI , an

11



2446

2447

2448

2449

2450

2451

2452

2453

2454

2455

2456

2457

2458

2459

2460

2461

2462

2463

2464

2465

2466

2467

2468

The single tmasmandalmpftaronhdrod femal e bears
of the year, understory density, temperatur e,
herbaceous pastamrdbdbhedsuandsseaohgl forests as
Suppl ement &E&maTals| € ® 8 ¢ ) mienid chaanmd syt f o otdo wsaorudrsc e s
the end of the yemontwilmshpapedi,t onsigtithingmgtrims f al |
overlapping (Figure 12C, 12D). Several covar.i
hard mast at | ower understory densities, at h
and closer to mesic forests (Figure 12D). We .

herbaceous pasturelands aeaadloyniddil mals uefcfeessti © n@a

Invasive Species

We fdendhstances of invasive spelcdléshléadnl umpt i
besad total diets. Seasonally, summer had the F
consumption at 1006 observations (419 by mal e
observations (81 by males, 54 by females) and

femal es) .

For male bears invasi we shpealc iae ssitnégd $eu nipotpi ar
i ncldiadyedof the year, under § emp ¢ rachdn sdstset ,a nsceea s C
agriculture cropland, her btamieddlse past ugediammal
and kerastdriver sSu(pTpabelmeegtMatlt gsTaBihgumédcant | y

hi gihemvyasi vespmpiesguearwedmp aff @dHAit A @t Her strong e

includednmanimese i nvasive species anldoser to ag
pasturelands, while moderate effects included
cl oser to s u(ckciegf$ieo nlal forest
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2469

2470

2471

2472

2473

2474

2475

2476

2477

2478

2479

2480

2481

2482

2483

2484

2485

2486

2487

2488

2489

2490

2491

For femahad, awsingle top model that includ
understory density, season, TPl , precipitatio
settl ements, agriculture ctramptidhe, shecbasieonal
and xeric forestasi acomdpledwitedsnadlfe bears (Tabl e
Suppl ement aFga lTad | @ iS¢ty imenid gi anvt al syi viea tsegre cii re st h e
yeari mmrdd mdy especinolnltyh ssoumpmmeared t o f al | (Figur e
with strong edrfdemgos ei nanlviadsilmegges peoi bBer baceous

and to croplands and at higher temperatures a

Seasonal Plant Consumption and Landscape Hotspot of Target Species

The top 16 pl aokdibpeciienscliuded 11 natives, fou
ant hhropogenic species (Figurbd ak&di.leelaar Weartee s p
domi nated by t hr esep enfhitetsy eJaspepwd enpeaaé d eetn}sl ¢ apen
and one invasi (Be dlepa mmilTdhle meaameas di et was donm
nati v e rassppebeipa R uebsulp . bl ue b er r y [\aancdc i hnuilfuknh eshpepr.r y
ant hr op o g eanpipdMesspuesh asemp .6 ne i nvasi VRudbpeci es ( wi
phoeni Polagdsitthee start to middle of the summer
transitioning to fall, whiachewas Rrqumagigetsed by
pokewrheylt ol acc® amar iomend nvasive species (aut
domi nated by fmaugn ¢Maiigan s dplipmipelc o reGsa nmsa@pb.| h ¢ k

wal ma s8Jtu g[l an]sa nrdi gorad u enasspi)s.

Of the invasive species Autumn olive and w
species cdmsvuamsdd,e asmpdkci es consumption was mos

southern portion of the county, and was obser
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2492

2493

2494

2495
2496
2497

2498

2499

2500

2501

2502

2503

2504

2505

2506

2507

2508

2509

2510

2511

2512

2513

2514

2515

bears in this study (Figure 15). Deer consump
on a mix of public and private |l ands, and was
(Figure 16) .

Di scussion

Di et Cormpcsiutsisdmn

Di et vs. Lite€Campaei €Somposition

From our camelrtai matld lay si,devret i fi ed 1&dmB fi,dadmimsy t ¢
Tht st al much higher than other previously publ
uni que diast Bitteenmsnr andd), Pelhtusnipt@®@d@adsiendqg r es ol ut
composilkliamis fdstsarof speci ficityf rionm diceatt si theans it

previouglaytnetuedrl y with Kplaaret ematatd er 2i0d1t heo

Dawson etNoanet h2e0l2els)s, we found fruit and seed
composition of bearso6 diet (except in spring)
studBesman and, Pdélktlogr 4a®8&t al . 1989 he®trat mal

studileresweowenhde ma | or iways aonfd ¢ ttChaer | doicekt cert aa Imi x1 908f3
ant hhropogenic foods( Bens direr dracdt e © hwahm ecaht It aimia 82 0 (
duteo easier identificati on iam ds tvaatisntag re vsetl ssmaocf!

humpnesa&anrces s sdiufdfye raerneta s

To compare our diet tbobhsessiftentons, moeehd:

| arge number of items and categories into onl
|l iterature, potentially resultingblackobeanf
diets. Nonetheless, these broad diet classifi

vegetation the dietpabutitn/teag ettlygpaga sd niineer sbtial cde onuost

soft fmast, sacfdt ,snhaegte)byl ismvieired yi nf erence from
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2523

2524

2525

2526

2527

2528

2529

2530

2531

2532

2533

2534

2535

2536

2537

2538

st

an

st

hi

t o

ufddBesi n et Aaddi,t2i00@n6a)lsltyabl e i sotope studies
t hropogeni o Diyckesdsr at hean adur s@ L 686h Kesr byxypettab
udies were conducted in arwwas!| eilldadhbhdighielr a h

mp o s(iDiitonmesr eStt aabll.et 20sloGh)opebaveebernl gdvanci

iet T tem identiChriasvibiradnebapailiodb®iBdryi el d spe

sul tist eamsvesa distinct (Baabheet stphbuosp 20l &Rldy n
ading toipmacfpoiMpderit ®esen van Manen etAnal . 201
vantage of itshowughdesatuflyesg( Ent byopogGuhri c20
w |l evels of such food items more | ikely res
pear ednhatvoe rtahree loyp p o rstuwrhi tf yo atdosh,carmasnhineEs i ng s u
ents on video. I n fact, the anthrbaopaoagenic f
it sit epsr oavnidd eldh piabreadss wer e from typically obs

od s ourgcaersb asgoec hccéelhbeprsk | e et al . 2 O0WNe@ifdibMudr r ay

igher fruit ustedabbed, sbatdi esesbr bars overl ap

d scat/ stomach | iterature, | ikely due to su
ousr study
Her baceous soft mast was the | argest compo
ri ng pgirdagseinrs most available food on the | ands

i bermMdaearnin man eOnlay.oR2€1df the three scat sampl

sult (Hel lwghreerhehaest t wlo. 01 989) studi es had wuni d
ghest in springa( Begtemathnmamdpmieél Relhtyd@®@ 859 99

identify soft maWe fSpemrd emorn &é@ Sicm@itwsg dt it oima<s

t hheet erature compared to our video analysis wi
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2540
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2542

2543

2544

2545

2546

2547

2548

2549

2550

2551

2552

2553

2554

2555

2556

2557

2558

2559

2560

2561

componetno,c alt U tsstt ounflabcahe d s i nainlt ahrrloyp ohgiégnhideupes t o
being in more huma(nBednosnoinn aatnedd d heanrabsHcealgpbdea n e @ Q 6 6

soft HmadtgrEen)kdawea\Vv etrhlex8&9 were significantly hi

the | itenatuceslparillyyher st uodbres compared to
I n fauit vaad tslkeeedl argest di et component in
hard mast. I n general, fall diets from the |

having highest fruit( Beds sre ealnd a@hlammdarhlmaigrd g2 (
as the primaéyr abodPedtToeeddmMPOhant food sourc
failsds typically thoboht cbo be kNardamaet by seasc
(Beeman and PEYdugpmamdBM0O9) udy cpait i tmep ®tdd & atnlcee o
fruit and seéMed cwelllld inmt o cfoanlplar e our winter di
si,bat al l 19 videos were beaf"slLéatirmguhar ¢t ma

more variation than what we found, but t hat C

We expected to fiothkerdmclrermndiesn estolfd mitaiseanat ur
particul ar bwyc hnafreep desansgi (| a sds are s¢ te dault. n2o0s21)of t
ti mes our QGlhse dJdreloamenedke were sughkndbiwoahobd
iteams all 3 seasons n( $mrei,dna,bédwdmnmge re,ntfoalgluest i ¢
of diet studies fr on o sroetsoopleust ea nyd sgeesactr s Nbdety odm ae
when unknown food itemsbilcaaeahklriledasd i a Fmbjeot ipenr
and seed ssounl inkaeslty has bbee em svsiedlde hays eddosc upreesnst e d
through the digestive-ctomapaakd meft a reitsahldss mwgi tihn
being depoSAugdar i et saxlat s200 2, BeNetzi ssur2®0i9si Mg

we found similar |l evel s of fruit and seed i n ¢
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2563
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2567

2568

2569
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2571

2572

2573

2574

2575

2576

2577

2578
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We docusntemareg seasonal diet changes within
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antlers or bones is common among mammalas saara
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