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Edi tori al IAmism gdmisn dgr Ba

Vernon C. Bl ei ch
Department of Natur al Resources and Environme
NV 89557, USA
Desert Bighorn Co:ibci l Tr

Last year Isowmees miegehpgpil i edt § on, and tihdaetal | vy
sapgur suedDe sbeyr tt EBeiugnhcoiricho no't orithienatoe recomsci

(Councethnical Staff prtodg,oceoelgamel ess of how
editorshep Defert Bi glhcammmoCobecifli xed and shou
Transagtrtamanegxfttiomsa f apirloufrees soifon al l'iterature.
responsibility resul tverdi tii mbieancerf & ps éi wd prhees e
publicati on of t he k2FEnecssecan beAlderirtect e
unf ortunat e, it val i draegtsepdo ntsheoi Il mp g r tfaonrc e d aif n ¢
Transactions for commadi-itahii enfg s(cHEle)ce oafnd any
management . Vol ume 57ConxsW23)i nbasedbheeom s and

compl et ed andnet Ibi8s) ibgsmegcsi ¥bl expertise in the
Transactions up to datae primariyingsgdgonmsievalu
I am very much a pquglmaty standhaprienggent ati o

spent my entire profebkayootal ecdarteoerrs wort h ftolmena
California Departmentt excthnFcah sasakdl IGamand t al
(CDF&hnd during whichinclgai mgd man depend on
appreciation for the prnopfoerstsainocrealofpr oappli ¢t a
and basic research. Swinlcle He&O 9 &at iThfaiverll ICwil tdh o w
adjunct or research preafresssdrhehi md t atmatee ghrte:
uni ver sicthiads,ed c d3 o caedputagarece of a manuscr i

commi ttees (1 MS, 2 Phbeseandtsoemveandn etdhea or
graduateteeommftaddi t ipemal ti mate version of a
student s (9 .DMIS,i ng Ph®&s ®uring manuscript r

f

opportunities, | buil proapmgtumdecseshandbogi o
and appreciation forhotnheest i mpevtadnae ed.f Ever
contributions from thdi aoadami teaommbareyg in
and applied research.erPubtihbeecguabnt pf preductct si
observations, or i deaascceptgadd| fes @fubbhneasi o
affiliati opniom jicb dempootritnaantte troesponsi bil ity
t he advancement of mamawlcad pd raensd,s wi t h th
especially, to thtehatomserasvatoin@an | oyh ad J eernogiedse r e
many speci@isnoffudviihg |l biheghoconsul ting editors,
she@pi ¢ c adadenisn ¢ production staff. I serv

| f resul ts are toCalei fofrnival Uvd,slat hapua r tGaarn
informati on shoul d jhawren a lmewainti m gWwapl rl idovri dteo ¢

i mplications from thetbbahad poeAstseodcEdaadtil@ir®r vy or

Bl eAlcnhsi ghts from the Editor
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yeaDur.i ng t Hetarpeerdi ach,delcawnecynl Reports have b
decision has the popewetivalewt procaws somee
criticism from one $§ Kumae maonr etanalt he2023) .
Al t hough both assignmamdsi sitpmmet ames wér enemor i
stressful, I aways befbewmadi othnhegccwemre el y
rewardi ng. I n part, trheattr iiesrawhy Fommateedst be
serve the Coumaiclt i aonsElke@asigmi zEBrdan( Di az and Cc
a previ oQasl iEfloCr Mioa Fi sThr aannsda cGainmbens have been
warned me, however, inpakerecawii bnnevecebeha fo
perfect i ssue, 0 aanmoch g nBitghev er yGonuen c i | ( Kr aus m:
t hem t he aut hor s, dAaespesak®23ediTtoomrse,s et é
revi ewer s, for mat ediTtansactanodnsewest drhiecal |
previousdwedtit ocarl(wsa)y s ddet ulsaprpggport s, .ncoat sees c
wi t h your deci si ons .hd stTdirei es o meandnes omment a
di fficult, albeit necédad9928)y, | dbavei ehesenadet DI
job al most thankless atsitmngles $deactiresut hatd whn
better contributions(hbpefsatighcéutuTleevol um
opportunity t o return TArsa n & arteecideomtsl yt obya nun
schedule of iocegal ao habl beeihst s, t he very fo
rewardl nlgoughhas nbierintper ogf essi on ar e based o n
more chalhlaemndi n@anti ci @laserdvati ons made under
The EI C al so has aanrde stphoen sniebeid ittoy sthoar e or
our age submi ssionob®ér v atpiporopr aatde ot her
uscripts. Thi s p hwii Ilded o/p hayn d reefefod cetenpvheal syi zhe
und maintaining hi¢ghespahdan®8 30 fNidamid theerl ik
acceptance, and theope&eeseievnecdo urrealgeivnagn c e
hors to submit manuscrepssnghegy imi glhdi mept i
tiaitdgr coo be i mpoOdlalngr en00Oy,h Bloei ch 2018
rant publication i Thomrar @9 od,tesaaridomaDR2édPuesal
may help provide BANorhmewgorw Iflor deetupg t
est.i gMdvemtshel ess, mpesi onevsf ewomnservation
wi dely accepted sgameamdifomr orhé¢ wonhifabde dl
uation of scientifiactworaknnd andchhel pgypc e
S weed oQuterumsmeiopmiisfoina | experience wi t
i ngl essPactoammgtliuso o s96: 2) .
o trhecctogpéeee|l psvi eWwhe same caveat appl
reliable amsei eht iwiilcdl irfeesubt el ogy, p
e adenso e xissitmploy i ncreasi ngf dagaeinmattioovra rvdi
alue your reseatebhnobodgegn deemphasi z
y papers pubi mpbetdancien, ofi Whae egoaefly
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wl edge about bi ghohhas slheepr ( Kd a naschdaanr ceesau | t
et al . 2023, Torres 20@8hndlbogesbeitnag@lemp2l0o2yse)
uscripts combmidter adwabsnraavse at het et hahaoa meeess

o
o
oS = o

<
®
-

Bl eAlcnhsi ghts from the Editor



20DESERT Bl GHORN COUNCI L TRASB8SACTI ONS: \

an objective (NicholsteamcdhoWogi cams a@0a@8bces i
Hebbl eawnhdi tHaydon 2010)andMamreoverc, al sitnrtoenlglliyg e
simply assuming t hati ndfdaemde atdhvea nhoaesgds b & ehma t
technol ogy can be a sewlpdtoirteudtresoufedio wr iagrotrioculse s
fiel dwordka nge(blobse bchl devel oped for publicatio
201d4nd is a concern wist lt o mbhuectéhegarthiyappradt hes es a
ot hers have concurredchosimdaehewdy armal (t Bl eairceh i
2018) ( Gui neetr aal . 2020; Kraus
As convBlgediaorsnocke&€ronr oy 2023a, 2023b, 202
(2023:91) , A...remote2028nsinlg a@nmcual Iwithe Bs
g ad gaentgds z mdtshcei gethadve (2025) t hat ecol ogi cal
made the study of s efcrroem | prreo csemesceide sd alt as swi | |
chall enging and the cgrheptiodn naft uqg wd p thd tst toor w
data much easier. But btilmhé oggt¢thbobaygpratbbeddwniva
focus solely on the speadiefidchtattapeet aspeai esT,hrr
the environmental forcesewlkat rcamainaad édoan adtlihcatr
behavi orese@herfmeréds on orabondi ti ons encounterec
the ®war g@t Wisr onment , tomai ntans®, may be of tro
l eads to a better undeustradi hgVednishaet amea sna l
and its world. o Additicomal Ihy,e ttloe rwe licso niie. .s.c inec
and more evidence thahatsomay innodti viindvuoallvse t he
would rather ... viewadwbocemenbds thruansstiitltled:.
directly . .. to a vidaestdiespbkawpyf thbaar extpenA
ti med energy in a fiedrde sedaurndc,g.tthe \Bdieemhwi
2023: 2) . Moreover, awvailwmeoraesi megltyh odesmmame C
strategy employed by sBeseattchecsmeshod o6hbht &sn
datgaat hgred@dbs evend decadeCsonfusing tool ss with
earbyeother Bndegdiboif datrec kol ogy ,aefdorceanbir@lsad
analyzéncsepdhbsyi categosof y wahe ugguhetst i ons ( He
then by utd$ed i(vestr gatnedr Hay damrde2iOnlvOe)n,t i ng pr o
i nnumer abl e model s thtahatpogreemtiiaddlyy eweprleaihni g
(1) mihghtodawrered baclkspkenal by opr celvleemmat ouont
(2) mwihgitte occurring apr adwectpireesenhbd conservin
ti me; ormi @htcwhatn thidhémturwi | dl i feewhebhet og]
(make your <choice) hurdped oactviiynd ddidce treats or
from the c ®o mffdritc e of( Btobte corcad @ gpyu rlsOuli t of t he
2023: 2) , perhaps withohitobyp eece¢ermoc eu kg Hliys ng
t he speci es of i nNtenesestsannyd &b & ¢dhreetud tauwnty e of
familiarity with the aorsemha&triedmomanhtie Hdaséao
wer e coll ected ( Krauamaaoamp202slh)e.d Thoes@dat e i n
individual s frequentliyntearestr ebecawesge tfoai bhar e
Akeyboard warriorsor {(Béet ehddegmGayx:.t2ehat has b
machi ne 6 Gu lmnmeetr sdls. 2b0e2f Goarned .r.ar el y i s there
Beli kov et al. 2022) considerati o-heror rtehseealt c
The rampant rise irnreqtuuhe edv daiol alpiploiothp iqaitee t
and use of 1 mage proceoaseprgyat emot earse n srama,g e

Bl eAlcnhsi ghts from the Editor



20DESERT Bl GHORN COUNCI L TRASB8SACTI ONS: \

mammal ¢ Bl ei ch 2018: 54AMQ0K N ORNLrEtDIGEME,NTISh e
current emphasis on sometimes questionabl e
metrics, such as number sl ofianddlownR.oads, Blowyer
scores, citation scomMHed f elofri nignepagctP. fRCt Kr au:
i kely wil.l compel a alneds s 8r iGhoeTopsrt@ewirdi ma@s it
nderstanding and moreommenhes daphmlti cianhip roonv eod t
ercdhl ogy, al beit at t ke seox jitchna@edr. g EW. ma@eph.loefr |,

he questions that redpar eagnonfs.weW.s .aWddopkre vy r f «
he upward treAdwiild dtihsec ug ssehoare dn sagagdidt S pi ni on
courage movement awagpghrdmngciehee appliitcat.i
been known and i nféammaleodyhe twaywi Itdlaitf e
t science I S p urPsruoefde,s s ircddAm@aBtaornP hplbies East e
ducted, articles aBeedeael Oprtder r efsaurl t sA parl
ceived, and how Emahaggment i S

duMtiedf these cause me great angst

aiskbe proliferati oREFEEFRENICES ool s i n

ience risks introducing a phase of scientif]
qulisriyan] whicwi pwe du c énderson,J. G.2017. Why ecology needs natural
re[wewitiinder st and | ess o higtaye Amercanj Scientist 105:290

d Cr ock®Bnto u2goh2 4s:a i d 297.

Over t h@r ayresaatesd,d onBsarnasAF and J. T. Fisher. 2025. Will using

rtificial intelligence to rev ew camera
serveadhager s, researcher 9

. ra r‘r?ag rEdUCG conne tlon to
i mportantly, conser Ak 0 o w.ld'}f "dohiddy”
sheep well

nal | yguethhe per vasggemg | 0ss
ofi nsti tmetmoarya t i 0 n a knitps://doi.org/10.1002/wsb.1588
amnesi a; Fiosum 1 P Belikdvasv., A. Rzhetsky, and J. Evans. 2022.
been unfortun . u bl i s Brediatign ofirabust Ecier@ifit acsdrdmi 0 n s
will ensure t avail abi litérague. Natfire Maehaen Intelligeficei | a n
potentially i rtant ob4X¥10. émtﬁs'/bl@}1§38/$ﬂ225122-e sul ts
to future inv i gator s, 0048%d wi encourage
others to do so, w hBergeg J., VSCI Eﬂ?'{‘}haf' W%rlz.
providin a outelsetectfer Iose our blologlca connectio
re to endure changln tlmes’>
advanced proachAs t I%UI %%
e
[

g
EI C, I h t hat wiIdI ager mené
t

c, I 8%
scirentis nvol ved wdtgh %Z(ﬁlbsorcﬂvlaﬁﬁ‘teé?npnﬂﬁ' I o
i ncrease bmi ssions toCl@ﬂsecro\,rhal,@ﬁredb,{;@érn
publicat.i , with the reéedmplitehatwi ToERiINfSea C$d cOiNe
wi || be increasingly r £24604g6ni z e d as a
meaningf ul and i mporBtl @hnth, pY.o fGeCG®rlilyaal &1 Rewv it ehve
jour Aalcl ose wor king recldtfifonene pmands pionee
bet ween member s of thendedosdrﬁd‘ldlbae mythical
Publications Committee, 'Té@%l'?‘ﬁm%h’ayl MStFéOfr”OCker
rei ewand, the EIC will i g)l OrnLﬂ 'Sglgnd Wi |
visibility and SCIentIfIﬁ

O ST SO O;m

I
u
t
t
t
e
h
t
c
p
c
b
S
e
m
a

>0 >0 Mm®OoOMmOoOITSTYD S

>
Qo ~
WO P TE®a 5
-

~ O

I ti1 o
neea
f28323
e P

mgjme

£5 4) Vel|

_ _ b Ay 7 F ot o 1%
and i ncrease i nterest i py@d@, H—r@anrs r ,
and are objectives that b gvrhdjeg[rsmp]g@ﬁtghemnd

Bl eAlcnhsi ghts from the Editor


https://doi.org/10.1002/wsb.1588

20DESERT Bl GHORN COUNCI L TRASB8SACTI ONS: \

myt hiinc@ahd a-em Transactions of t he Ro
memoir/ ?2ut m_medi >. Bi ol ogi cal Si2i3elni2c.es 365
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Desert Bighorn Councill
Keynote Addressd 2025

Kevin P. Hurley
Wild Sheep Foundation, Bozeman, MT 59718, USA

Desert Bighorn C&GidrOci | Tr

As an avid reader ,frlomhawve maomagewlo arenot
earnest effort to reatdodaasy.mulch apaer éeécicane f amd

ti me for, and of parguicddhmace i rmatnar epdr 4 me artei va
what | would cal/l Acl ds ghos & isrm etelpe omvd |l Ide sheeeyg
wor |l d. From Honess aredc adaxonst O0s 1942

bul lAetWyromi ng Bi ghtoon Shelenp &btuidgi pati on of t
Dwight SmiTheo8i 48bdAn Sheemped nmul tiple source
|l dghd 6ve read many acamawntt sd easbeorutt sRwoecekpy manag
Mountain bighorn sheepemthunyhe WRedbeetn ML. SAnde
and Canada. Having spbnbopRKimorsotc ko fManmy: clalre eEar |
working with and mana@€iangobhilPd@KF sahdapcimati
the northern Rockies,fordvme,t rasedAntdoerisroma den a
my portfolio to incl wpkaspleet dessrtofbi luorcch
s@dep and northern thiphoneeshagp slhietegr altiualeqggi
soaking up as much i n€Commanednwianhkd Catebnas 1
I can from authors whol kimoown tthheei rTexuwalsj] eGatme ,
matter so well. Commi ssi oMant:i t Tade, Great
Foll owi9yg@amy caa®0 eerEwempn Dhe Desert Bi,ghorn
Wyomi ng Game and Fi s ht h(kespearctaiifegtads Tamdeosunt s i

now having spent l5somean$ tcdme ttthreeats t o d
Conservation St aff odentuey Wigod. Shespn felt
Foundati on, and as | pra pnparroya cha utshkee olialdfec !l i ni
century mark as a wildumber i oMacsgi she and fwiulxd
sheep consemvcxatriedryi satprtpailelcrscaatde wor ker s. Comp a
the invitation and opQParsaeamdg yviewsddnedsd htols &
Desert Bighorn Councill9a® obse202abiBnenofalAr i
Meeti ng. Thi s year 6s s hceoerpf e we n ©re ctomemeempor ary
Management of Desert iBmpgahcotrsn tSoh eckgs eirnt -abi ghor
Changing Landscape: s@khReldl emgés | iared (e. g.,
Opportunisti efsapcused Moj avédre Des ecrhta)ul i hgr gter uo
contemporary i ssues Qf... g hdhe dmiyne lat hMoeenci ,
|l earned mu c h about desseskt obi ghearnng skhieeped on
from many of you alnsda ihe ghavamst oday, and

Hur AKgynote Address
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According to Carsowhilbg d668rtdedbeémgthorn cor
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sheep were further decmmactes Wwhem rhangchh etrrsaf f i
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At the initial DesbkbotsBigmaormurCroawncurmber s |
meeting held in Las Vepagsasade df95Fdamiii gyt dFrsees
certainly today woul dadn8ur mo@es aApcptr oopfr iladt7el,, a
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and i nfor matei ohnopewifitthbhather f watdély used toxice
coul d take one good ildaeragehigyme owisi et bdmto be
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interestlng observati ppresumalty nematl yr a7l0Ol% o fc
the attendees at t hei dleon5t7 f DBG@ mesetpotgent i al
wor ked for feder al aperediae s pot gidfort avshti | ehdti t |
wi th today Gesr ea uldbide ngcueeyeashi mate of mountain (I
l ess than 10% of t hed eastetretn dleieg h owonrsk, fbourt no
feder al agenci es, n o Miloorueb tr eacne nitn dyi, c amo uonmnt aa fn
t he fiscal uncertaintgeséertvieilghersnrsitd e wnlsags
prevailing political icnmpionmattaentafffaecdtoirndy mBniyc
feder al agencies and wbekirngmphmaytehaesst ern Uni
Il n what warwerd®psband | i miting desert bi gh
vumomentpresenters at andedifsitrrsitbubB©O©n i n the
meeting identified r eismpliemndnteatfieonnci nogf alsotnrga
the international boumdany awint h i dewx icoolmtasolanha
i mpedi ment t o desertin Wiegontnbi glhowem sheep |
movement s, al ong withurdenmdmet.i t Comt rfacrt t he
forage and other i mpaptushbaeskl!l tainndg €romi € es ml

hor ses, omedttilee, galat s,coandoldeprmrograms agai nst
Nearly 75 years | aterwaswiglud tsehdaekemgnagerwnws | i
have hei ghtened and ©6&ewni ffi camyt Iceoghaler nbhal l e
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It i's unlikely tharteceinet DBQ efr@auruder,s but t
nd participants in trheedd®i5wWg)inaomer adf DBEBe
onference coul d havehiesveori ginmaegdi naecdc owmmats of

moderary -enénagy arrayst,o ntalsesi management and (

wi recher gy devel wegmhdrtdsd,esespi deirghorn sheep. 1n
transmission l i nes anrad y o/ arhmwabpl gela tbadlimisee 0| |
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Nonet hel ess, t hose ewir i iy dedaybs baghendees,
managers certainly meatdleoredf hbmamMBC Tr ans
encroachment and di srefleante askdfammaidd moine
i mpacting desert bi ghtoo nAdsdireeesps pCohpaul |l aetnigoenss a n
and their habitats. Desert Bighorn Sheep. 0
Presenters at the 1957 DBC inaugur al

conference, includinglWaReemwgkKelzley aqidveei ck ed
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bighorn surveys, dat acrciotlilgewce ,i omnd almenafcitti ver
manaqpdme While coll abpubgticemedewwrlnhs), and c:
state and feder al desthei bifgchaomyme nma & @&lgeesfeadet! d
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di fferences of opinion regarding access to
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t heir habitat), as evaddnagdereecbyy cboimenu Diecs&trit on
National Wi ldlife RefwsgeenPisbs tam dp amamagge rod
t he Wil derness( ahdt 1idfs ghlo9réerd s heep. Il n my opi
subsequent addenda), aofesttlrd ce oenrst obBni gahootrinv eCo
desert bighorn sheep ymanasgemgaot cilrmawhgt saw
woul d become designatiendf ¢wi-thad @ r-wil@ad mi Mg easd, fo
rarely appeared on anryecnagma geerdds ftrhaarma,r . Bnd
recent decades, howeveirsagiteemenmmys ,opidniifofner en
and t hat ofdt many set B@tisvted debat e, and cr
application by some I htperdealvedbadeddenecttesme
of what | 6d | abel aswodpdriasltl ws hdpe neshsoon e,
val ues, mor es, and r emdtriiwcatiensrieadoirkne n ddheeseqr
and adversely i nfl uepcelbd celngs emgt bil gladi mg t
sheep management . management outcomes.

The -coftted Wi nston Churchi |l

guot e, AThose who do 3n€bobntieauae hindt oa mp lair fey
doomed to repeat 1ito issieatti dimclay | yppdds<ad!| emat
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nt hropomorphic presshresighandcdeihrungagenner osi ty
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dowuebdlgeed swordo t hat 7 .d&osretritnulkei gehmod nexpand S
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.Def end and grow thandiCpinpelrivme i pmoj ect s,
ermito strategy emplsoayteed byt emoetchdebkegy t o
ighorn sheep state wemdtiet g apenlke-ke&se ranndgn f c
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oundly supported-andniadmameed mpgctnsonof stoc
overnment al desert keivemarsn (eogser mathelbipde s,
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al es. hreekenocaudgh hunhamigtat qualities or qua
i censes 1| ssueidnctroe ameaeehtg vtah @ ewdrl abor ati on b e
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rami fications of phydioeaaglriny dmecwirrmn gp bdoayshearttn o s |
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Uni ntended consequences
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Comparisonof Two Sampling Protocols for
Mycoplasma ovipneumoniam Hunter -
harvested Desert Bighorn Sheep

Ann Fan! and Anne JusticeAllen?
Arizona Game and Fish Department, Phoenix, AZ 85Q8A

2Arizona Game and Fish Department (Retired), Phoenix, AZ §3086

Desert Bighorn Ch&:RilcH | Tr a

ABSTRACT In Arizona, bacterial pneumonia associated Wiftoplasma ovipneumonidas

caused population declines in desert bighorn sh@efs (canadensis nelsoni, O. c. mexicana
prompting routine disease surveillance during capture operations. Owing to the limited and
irregular intervals of captures, the authors initiated the collection of nasal swabs from hunter
harvested rams at mandatory hunter ckhiaskby the Arizona Gamand Fish Department starting

in 2020 to enhance monitoring coverage and frequency. This study compared detection rates and
agreement oM. ovipneumoniadetween bilateral deep nasal swabs collected by the hunters at
harvest and by biologists at checkduring the 2023 and 2024 hunting seasons. Paired hunter
biologist samples from 32 individual bighorn sheep were analyzed in 2023, and 68 were analyzed
in 2024, revealing moderate agreement between methods, with-baléeted samples showing
slightly higher detection rates than those collected at eimeck

KEY WORDS  Arizona, desert bighorn sheep, hunter, huhtavest, Mycoplasma
ovipneumoniae, Ovis canadensis

Bighorn sheep @vis canadensjs canadensis and two subspecies of desert
BHS) are an iconic North American species bi ghor n s he(@.g.:nelshing insonads
that faced substantial population declines in the northern region and MexicarO.( c.
the late 19th centuryThese declines have mexicandin the central and southern regions
been attributed to wunregulated hunting, of the state. Through sustained efforts in
livestock competition, and disease (Brewer et translocation and population augmentation
al. 2014). Since the 1960s, conservation over several decades, Arizona has
efforts have primarily focused on successfully increased bighorn populations to
translocating BHS from stable populationsin  unprecedented levels across their native
efforts to augment or restablish herds in habitats, fdowing nearextirpation events
histarical habitat (Krausman and Bleich similar to those experienced in other western
2013, Whiting et al. 2023Arizona is home states during the early twentieth century.
to the Rocky Mountain bighorn sheep. (. Since 1955, the Arizona Gamand Fish
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Department (XGFD) has captured and
released approximately 1,400 desert bighorn
sheep. Although desert bighorn populations
exhibit fluctuations, there has been an overall
increase in  numbers. The statewide
population now exceeds 5,600, and with
substantial growth obsexd in the Kofa
Mountains, where the estimated population
increased from 404 in 2012 to 941 in the 2021
based on aerial survey results.

Many threats persist, however,
among which are drought, predation, habitat
loss, and multibacteriatespiratory disease
(Brewer et al. 2014). Mycoplasma
ovipneumoniaéMovi) has been identified as
one of the principal pathogens causing
pneumonia in BHS. Mycoplasma
ovipneumoniaecan lead to high mortality
rates, create Movi carrier animals, and
severely reduce lamb recruitment for
multiple years, thereby posing risks for
smaller BHS populations (Cassirer et al.
2018). In Arizona, desert bighorn sheep
populations have been notaldyfected by
Movi. For example, an all age mortality event
occurred in the Black Mountains of
northwestern Arizona in 201%esulting in a
53% deline of individual BHS observed
during surveys.

The AZGFD initiated active Movi
surveillance during capture events in 2009.
Mortalities of BHS also were investigated
and tested for Movi These surveillance
efforts had several limitations. Capture
events require substantial resources. Risks
are involved when capturing and handling
animals for both staff and BHS. The BHS
populations also must meet specific criteria
for them to be selecteduch as geographic
location, disease status, and population
quality. These factors result in infrequent and
irregular intervals of specific populations
being selected, which leads to limited and
biased surveillance.

During live captures, blood, bilateral

TRABSACTI ONS:

were collected. The nasal and oropharyngeal
swabs were immediately placed in cryovials
containing tryptic soy broth (TSB) with 20%
glycerol. Blood samples were refrigerated,
and the swabs were either refrigerated or
frozen prior to diagnostic testing ateth
Washington Animal Disease Diagnostic
Laboratory. These samples were tested for
Movi cELISA, Movi reattime polymerase
chain reaction (PCR), and aerobic bacterial
culture.

The authorsplanned to expand the
surveillance methodology by including
hunterharvested animals. The goaias to
incorporate populations thaterenot part of
the Department captures and to increase the
frequency of monitoring. In Arizona, a
mandatory checkh at the AGFD
headquarters or at a regional offide
required following the successful harvest of
any BHS. Hunters areequired to bring the
head, including the horns of the harvested
animal, to the chech station.The purpose
of the mandatory checkn is to gather
hunting and biological data to aid future
management, as well as placement of a metal
pin to show that this animal was harvested
legally. This process is completed by a
Department staff member, often a biologist.
Successfuhunters have up to 3 days after the
end of the hunt to complete the chegk
process.

Beginning in 2020, the authors
instituted nasal swab collections for Movi
PCR by Department staff during the
mandatory checkn. Postmortem BHS
could be maintained under highly variable
ambient conditions and timeames by the
time of sample collectianFor example, we
have received bothefrigerated heads with
soft tissues attached within 48 hours of
harvest, and frozen heads with soft tissues
completely removed more than two weeks
after harvest. We were interested in
evaluating whether the samples collected

deep nasal swabs, and oropharyngeal swabs during mandatory cheek under various
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conditions would be comparable to freshly
sampled nasal swabs at the time of harvest

METHODS

For2023 and 202sunters with BHS
tags were mailed a sampling kit with
instructions. The kit included a polyester
swab, a cryovial containing tryptic soy broth
(TSB) with 20% glycerol, and a small
envelope for the cryovial. Hunters were
instructed to use the swab perform deep
nasal swabs bilaterally of freshly harvested
BHS. The swab was to be placed into the TSB
vial immediately, and the vial kept on ice and
then frozen as soon as possilblenters were
asked to bring the viatontainingthe swab
with them to themandatorycheck-in.

During the checkn, Departmenstaff
took an additional swab using the same
method; vials were labeled to indicate
Department versus Hunter collection. The
TSB vials were kept frozen until submitted to
the Washington Animal Disease Diagnostic
Laboratory (WADDL) forMovi polymerase
chain reaction (PCR). At WADDL, 16S
Movi PCR wa performed on all samples
submitted, and cycle threshold (CT) values
036 wer e con sliMoe wasd
detected, strain typing was subsequently
performed.

We compared the results of Movi
detectionbetween departmentind hunter
sample source®r the year2023 and 2024
The relationships were calculated using
Cohents Kappa and int
Cruz and Koch (2004).

RESULTS

For 2023, theravere a total of 152
BHS harvested. Total samples tested were
112, including 62staff-collection samples
and 50 huntecollecion samples. Within
these, we tested 32 pairs (i.e., the same
animal with both hunter and staff

Fan
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collectiong. Among the 32 pairs, 24 pairs
were in agreemenivith 4 positive from both
methods otollection, and 20 negative from
both collections. Five of the pairs were
positive from staff collection but negative
from hunter collection; 3 were positive from
hunter collection, but negative frorstaff
collection. The total number of Movi
detections was 7 in hunter collections and 9
in staff collections within the paired samples.
This resulted in a Kappa value of 0.337 (i.e.,
fair agreement; Cruz and Koch 2024).

For 2024, theravas a total of 152
BHS harvested. Total samples tested were
158, including 8Xktaff samples and 77 hunter
samples. A total of 68 pairs was tested.
Among these, hunter detection was 13 and
staffdetection was 8. Sixtgne pairs were in
agreement, with 7 positive from both hurter
and staff-collections, and 54 negative from
both types of collection. One of the pairs was
positive from thestaff collection but negative
from hunter collection; 6 were positive from
hunter collection, but negative from
department collection (Kappa=0.61),
suggesting substantial agreement (Cruz and
Koch 2004).

Combining paired samples from 2023

dand €@24 eyetlded moderate agreement

(Kappa=0.503)between the two methods.
Hunter collections showed a higher detection
rate at 20% compared to 17% of th@ff
samples, but a lower percentage of
indeterminate samples (5%) compared to
staff samples (7%)In addition to Movi
deteqiiong twe rew Mavist@ainsg BH®24 t o
and BHS132, were identified among the
huntercollected samples.

DISCUSSION

Hunter participation was very good
for this study, with approximately 63% of the
hunters returning the swabs. For 2023, the
envelopes were not ptabeled in the Kkits.
Therefore, we received somgartially or

Hunt er Har vested
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incorrectly labeled envelopes and cryovials. REFERENCES
In 2024, hunters were provided with pre

|l abel ed kits with t heBrdwerrCt B, rVOG Bleich, deA. Bosted, Th un't

number, which improved the process when HoschHebdon, D. E. McWhirter, E. M.

sorting samples and minimized the chance of Rominger, M. W. Wagner, and B. P.

labeling errors. Wiedmann. 2014. Bighorn sheep:
The results demonstrated that hunter conservation challenges and

management strategies for the 21st
Century. Wild Sheep Working Group,
Western Asgciation of Fish and Wildlife

and staff-collected samples both could be
useful for detecting Movi, with slightly

superiorresults (i.e., higher detection rate, Agencies, Cheyenne, Wyoming, USA.

lower percentage of indeterminate samples) cassirer E. F., K. R. Manlove, E. S. Aimberg, P.
amonghuntercollected samples. Ttaithors L. Kamath, M. Cox, P. Wolff, A. Roug,

successfully expanded our surveillance J. Shannon, R. Robinson, R. B. Harris, B.
efforts for Movi by using the hunter J. Gonzales, R. K. Plowright, P. J.
harvested BHS. These samples broadened the Hudson, P. C. Cross, A. Dobson, and T.
distribution of geographic locationgnd E. Besser. 2018. Pneumonia in bighorn

sheep: risk amh resilience. Journal of
Wildlife Management 82:3215.

Cruz, R. F., and S. B. Koch. 2004. Issues of
validity and reliability in the use of
movement observations and scales.

included populationsf BHS not previously
sampled, andve were able to include BHS
from game management units with
previously unknown status during both years.

Increasng access to populations and Pages 4868 in R. F. Cruz and C. F.

geographic locations with lesslenown Borrell, editors.  Dance/movement
status aids in the (early) detection of Movi. therapists in action: a working guide to
Further, in addition to new populations and research optionsCharles C. Thomas

geographic locations, we detected two new Publisher, Limited, Springfield, Illinois,

strains of Movithrough this method. This USA.

was a significant finding and could increase ~ JusticeAllen A. E., E. Butler, J. Pebworth, A.
our understanding of local disease ecology Munig, P. Wolff, and T. E. Besser. 2016.
and improve management actions Investigation of pneumonia mortalities in

Based on  these reSllJ|tS we a Mycoplasmgpositive desert bighorn

: . sheep population and detection of a
recommended the Arizona Game and Fish different  strain  of Mycoplasma

Departmentcontinues_its effort in raising ovipneumoniae Northern Wild Sheep
awareness of Movi among hunters by Goat Council Proceedings 2013.
emphasizing the importance of Movi  Krausman, P. R., and V. C. Bleich. 2013.
surveillance, and providing ptabeled Conservation and management of
sampling kits to the hunters by mail or during ungulates  in North  America.
workshops. Department staff will only International Journal of Environmental
collect swabs during chegks if the hunters ~ Studies 70:3712382.

do not provide their swabs. We also Whiting, J. C., V. C. Bleich, R. T. Bowyer,
recommend testing be performed on selected and C. W. Epps. 2023. Restoration of
sampes based on population history and bighorn sheep: history, successes, and
geographic location, or if the hunters report remaining  conservation  Issues.
evidence of respiratory distress drad Frontiers in Ecology and Evolution
observed interactions between BHS and 11:1083350.

domestic sheep or goats.
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Parturient Bighorn Sheep: Variability in
Selection of Resources Among Source and
Translocated Populations

Sean R. McCaih Kelley M. Stewar, Brett P. Wiedmans, Vernon C. BleicH,
Thomas E. Dilts, and Kevin T. Shoemakeér

Department of Natural Resources and Environmental Science, University of Nevada Reno,
Reno, NV 89557USA

’North Dakota Game and Fish Department, Dickinson, ND 58682
Desert Bighorn CouncilTransactions 58161 39

ABSTRACT Animals translocated to new habitats often face substantial challenges in adjusting
to their new environments. Adaptation to the physical characteristics and climatic conditions of
their original habitat may not align with the demands of the new locatemessitating varying
degrees of ecological and physiological adjustment. Failure of translocated individuals to adapt to
new areas can undermine the success of repopulation efforts leading to high mortality or failure to
thrive, and raising ethical coneer among the public. In 2020, 30 bighorn sheep (25 females, 5
males) were successfully translocated to North Dakota. To investigate conditions of successful
translocations, we quantified selection of resources relative to timing of parturition by aciét fem
Rocky Mountain bighorn sheefyis canadensis canadensis a source population in Montana
(n=7), and animals from that population that were translocated to North D@k®@8) during

2020 2023. We hypothesized that selection of resources, in both areas, would be affected by
topography and biomass of herbaceous vegetation. Further, because females adjust selection of
resources relative to timing of parturition, we tested the hypothesas thatlast month prior to
parturition, adult females, in both study areas, select for areas with high biomass of herbaceous
vegetation. We also hypothesized that during the month following peak parturition females in both
study areas would select areaatttacilitate safety of young over nutritional needs of mothers. We
used resource selection functions to investigate differences in selection of resources prior to and
following parturition in each of the study areasd compared those results between the source
population in Montana and that in North Dakota from 2020 to 2023. In support of our hypothesis,
adult females in Montana and in North Dakota selected for similar resources by using steep, rugged
slopes with acess to high biomass of herbaceous vegetation prior to parturition, but shifted away
from those areas following parturition, when most females were provisioning dependent young.
Our results are consistent with the prevailing notion that similarities bethedgtats at source

|l ocations and release sites may i mprove the s

KEYWORDS bighorn sheepOvis canadensjsesource selection, translocation,-peeturition,
postparturition
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Bighorn sheep @vis canadens)s
declined throughout western America,
Canada, and Mexico during the era of
European colonization because of introduced
diseases, habitdbss or modification, and
overharvest (Lula et al. 2020, Whiting et al.
2023). In efforts to restore the species to its
historic range, wildlife agencies began
translocating bighorn sheep from extant
populations to areas where they had been
extirpated in the earl20th century (Donovan
et al. 2020). Unfortunately, many
translocations resulted in low recruitmemt
limited range expansion, and some were
unsuccessful (Whiting et al. 2023). Some
investigators have implicated a failure to
consider local adaptations to environmental
conditions (e.g., ecotype) as a factor limiting
success of translocations, but research
examining regiorspecific environmental
factors has been limited (Wiedmann and
Sargeant 2014,

Historical records of translocations of
bighorn sheep suggest limited
methodological continuity among states
(Jahner et al. 2019, Barbosa et al. 2021,
Whiting et al. 2023). Early efforts were
hindered by a multitude of factors including,
locatiors of domestic sheep herds,
landownership, and uncertainties regarding
the taxonomic classification of bighorn sheep
(Ramey 1993, Brewer et al. 2014, Bleich et
al. 2018). The desire to preserve genetic lines
was sometimes outweighed by the
convenience of usg readily available stock
(Whiting et al. 2023). Consequently, some
translocations were of the suitable putative
subspecies and others were not. The result
was the incongruous distribution of
subspecies to habitats that were more suitable
for another sulygecies. The translocation of
desert bighorn shee@( c. nelsorjifrom the
River Mountains in southern Nevada to the
Stillwater Range in northern Nevada, where
the habitat may have been more suitable for
Rocky Mountain bighorn sheepO( c.
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canadensis (Berger 1990, Wiedmann and
Sargeant 2014, Jahner et al. 2019) is such an
example. Similarly, California bighorn sheep
(formerly O. c. californiang were
translocated throughout the western United
States from lowelevation areas to some
high-elevation mountain ranges, or to
badland habitats (Wiedmann and Sargeant
2014, Jahner et al. 2019, Barbosa et al. 2021).
Many conservation practitioners have since
transitioned to a translocation model that
prioritizes the matching of ecotypes with
approprate habitats (Bleich et al. 2018). In
the context of bighorn sheep, an ecotype is a
subpopulation of animals that have expressed
behavioral or phenotypic adaptations to
specific environmental conditions (Turesson
1922, Wiedmann and Sargeant 2014).
Timing of parturition is influenced by
local phenological patterns and forage quality
(Rubin et al. 2000). An existing challenge,
is a
mismatch in the timing of seasonal forage
production in their new environment and
partuition, which may have deleterious
effects on lamb survivabody conditionand
adult fitness (Whiting et al. 2011). Recently
translocated females may experience reduced
fitness resulting from asynchronous timing of
parturition with plant productivity and forage
guality as the population adapts (or fails to
adapt) to its new enanment (Whiting et al.
2011). Nonetheless, bighorn sheep in
translocated populations have been shown to
shift both timing and synchrony of parturition
to align with environmental conditionat
release sites (Whiting et al. 2011). Bighorn
sheep that are naive to new areas, may be
more vulnerable to predation as well as
malnutrition until they are familiar with
locations of forage and escape terrain from
predators (Conner et al. 2018, Whitingaét
2023). Such a scenario may have occurred
following the early translocations of the
California bighorn sheep ecotype from
British Columbia, Canada, to westexorth
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Dakota, where the population struggled to
adapt to the environmental characteristics of
the Little Missouri River watershed
(Wiedmann et al. 2024).

Although little information exists on
factors influencing translocation outcomes,
habitat mismatch is likely an influential
factor in the longerm success or failure of
recently translocated populations. Further, a
review of historical translocations suEggs
that environmental and ecotypic differences
in translocation stock are rarely considered
by agencies when translocating bighorn
sheep (Whiting et al. 2023). The success of
the reintroductions in North Dakota and
mixed results of translocations in Ne\zeadd
to a growing body of evidence that
translocated individuals may better adapt to
their environment if they come from source
populations inhabiting conditions that closely
resemble the target environment (Bleich et al.
2018, Whiting et al. 2023, Lutand Bleich
2026) .

Few studies have simultaneously
compared habitat selection of source and
release populations, howeyethe recent
translocations of bighorn sheep from
Montana to North Dakota provided a unique
opportunity to explore this relationship
Therefore, we compared selection of
resources by bighorn sheep at Rocky Boys
Reservation in Montana (source population)
with that by bighorn sheep translocated to
North Dakota. We hypothesized that adult
females in Montana and North Dakota would
exhibitsimilar shifts in selection of resources
prior to and following parturition and that
selection would be affected by topography
and biomass of herbaceous vegetation.
Therefore, we hypothesized that prior to
parturition adult females would select for
high biomass of vegetation to provide
nutritional support for mothers. We predicted
that females prior to parturition would select
areas with greater herbaceous biomass, but
potentially greater predation risk. Following
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parturition, we hypothesized that adult
females would shift selection of resources to
areas associated with increased safety for
dependent young. We predicted that
following parturition adult females would
select areas with rugged terrain and steep
slopesthat facilitate survival of young over
nutritional needs of mothers.

STUDY AREAS

In 2006, biologists from the North
Dakota Game and Fish Department (NDGF)
began augmenting the struggling populations
of California bighorn sheep in the Little
Missouri National Grassland with the Rocky
Mountain ecotype obtained from the
Missouri River Braks in nortkcentral
Montana (Bleich et al. 2018). The Rocky
Mountain ecotype is thought to be well
adapted to western North Dakota because it
occupies an environment with topography,
climate, and vegetation and at similar latitude
to western North Dakot&.he addition of 39
(8 Male, 31 female) individuals from the
Missouri River Breaks, Montana, led to
increased recruitment and population
abundance throughout much of the Little
Missouri National Grassland (dimann and
Sargent 2014, Bleich et al. 2018). In 2020, the
Three Affiliated Tribes Fish and Wildlife
Division collaborated with NDGF to
translocate and reintroduce 30 (25 female, 5
male) Rocky Mountain bighorn sheep from
Rocky Boyods ReseaForat i
Berthold Reservation in western North
Dakota. Those reintroduced bighorn sheep
have demonstrated strong population growth
following translocation (Wiedmann et al.
2024) .

Our study areas included Rocky
Boyds Reservation in
km?), the Little Missouri National Grassland
(4,160 kn?), and Fort Berthold Reservation
(3,990 kn?) in western North Dakota, and
surrounding public and privatands(Figure
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1). Little Missouri National Grasslands and
Fort Berthold Reservation bothare in the
watershed of the Little Missouri River
(Figure 1). Bighorn sheep in North Dakota
primarily occupied steep, rugged terrain
proximate to the Little Missouri River, which
spans lands managed by the Bureau of Land
Management (BLM, 5%), United States
Forest Service (USFS, 50%), National Park
Service (NPS, 10%), Three Affiliated Tribes
(5%), state land (5%), and private land (25%)
(Wiedmann and Sargeant 2014igdmann et
al. 2024).

Bighorn sheep within the Montana
study area occupied the mountainous terrain
of the western Bears Paw Mountains, with
grassland prairies at 800 m rising to the peak
of Baldy Mountain at 2,108 m (Figure 1). The
climate is similar to central Montana, with
long, semiarid and snowy winters extending
from November through April. Summers are
punctuated by  occasional summer
rainstorms, ranging from 27.5 to 51.2 cm
annually. Autumn rains transition to snow in
November, which ranges from 55 to 254 cm
annually (climateengine.org). High elevation
grasslands dotted with patches of green ash
(Fraxinus pennsylvaniga and sagebrush
(Artemisia spp) occur near 1,000 m, and
slope steeply down to narrow riparian
floodplains with intermittent stands of aspen
(Populus tremuloidgs Riparian corridors
with minimal slopes also contain patches of
Rocky  Mountain  juniper Juniperus
scopuloruny, silver buffaloberry $hepherdia
argented, and snowberry Symphoricarpos
occidentaliy. Except for narrow riparian
valleys, steep slopes are sparsely vegetated.
Shadscale Atriplex confertifolig, rubber
rabbitbrush Ericameria nauseog9aand little
bluestem $chizachyrium scopariunoccupy
patches of silt and bentonite clay between
rocks, boulders, and erodible soi(Feist
1997, Jensen 1988).

In North Dakota, topography within
the Little Missouri River watershed, which
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includes both Fort Berthold Reservation and
Little Missouri National Grasslands, consists
largely of riparian flatlands sloping steeply
up to prairie grassland mesas at elevations of
about 1,000 m. Long, cold winters
(Novemberi January) with temperatures in
January ranging fror8 to-15° C during the
years 20202024(climateengine.org). Short,
semtarid summers (Juné& August) with
mean temperatures ranging fronf 1®23° C

in July, during the years of our study (2020
2024; climateengine.org). During winter,
most precipitation fell as snow, ranging from
130 to 416 cm annually during the years of
our study; Desert Research Institute and
University of Idaho 2024). Precipitation
during the warm season (MayOctober) as
rain is bimodal, occurringluring May and
June, andagainin Septembeand October,
ranging from 28.6 to 48.3 cm annually
(climateengine.org).

Vegetation composition of both study
areas is similar and is typical of the northern
Great Plains. The growing season for annual
forbs and grasses begins after snowmelt in
March and April, followed by perennial forbs
and grasses in April and May (Montana
Natural Heritage Program 2017, Jensen
2020). Prairie grasslands contain a mix of
annual and perennial grasses, sedg@esegx
spp), and forbs such as western wheatgrass
(Agropyron smithj, needle and threa®&{ipa
comatg, and prairie coneflowerEchinacea
angustifolig. Vegetation on steep (150%),
north-facing slopes consists largely of little
bluestem, prairie sandreedCdlamovilfa
longifolia), and Rocky Mountain juniper.
Southfacing slopes often support sagebrush,
shadscale, and rubber rabbitbrush. Sandy,
riparian floodplains contain green ash, Rocky
Mountain juniper, and silver buffaloberry
(Montana Natural Heritage Program 2017,
Jensen 202 ) .

Both study areas are host to a suite of
predators that were capable of killing bighorn
sheep including mountain lions (Puma
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concolon, coyotes Canis latran$, bobcats
(Lynx rufug, and golden eaglesAquila

L TRBABB8SACTI
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Wakeling et al. 2026). No effort was made to
manipulate predator populations during this

chrysaetoy(Jensen 2020, Bleich et al. 2018,  study:
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METHODS
Study Populations

For this study, we used data provided
to us from NDGF, which were generated
from adult female bighorn sheep in the
translocated population in North Dakota from
Fort Berthold Reservatiom£25) and from
Little Missouri National Grasslands<£43),
and adult females (n=7) from the source
population in Montana (Figure 1). We only
used data from adult females in our analyses.
Iridium GPS collars (Telonicdnc., Mesa,
Arizona, USA) at both study areas were
applied to adult females, and were
programmed to record a single daily location
at 0600 Mountain Standard Time. We
removed locations with a Horizontal Dilution
of Precision (HDOP) > 9.9 to reduce location
error
eight collars did not generate an HDOP or
other horizontal error measurement and we
were unable to determine positional error for
these collars. We then visually examined
locations in ArcGIS Pro (ArcGIS 10.8,
Environmental Systems Researadhmstltute
[ESRI], Redlands, California, USA) and
eliminated obvious spatial outliers and points
generated while personnel were handling
coll ar s.

To account for the known tracdf
between nutritioal needs of adult females
and safety of dependent young following
parturition (Blum et al. 2023), and to better
understand how bighorn sheep respond to
changes in vegetation biomass throughout the
growing seasanwe focused on the spring
growing season (early Marthnid-June).
Pregnancy of adult females and recruitment
of young by individuals were not recorded in
this population, but prior to parturition adult
females exhibit relative risgrone behavior
using habitats that may be in greater risk of
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predation (Blum et al. 2023). Following
parturition, females with dependent young
may shift to a more riskverse strategy that
favors safety of young over nutritional
requirements of the mother (Blum et al.
2023). In North Dakota, neonates have been
obseved from abou8 April (ordinal day 98)

to mid-September, but peak birthing occurs
during May (Wedmann et al. 2024).
Therefore, we selected the average peak
parturition time (early Mayordinal day 128)

for bighorn sheep in North Dakota as
described by Wiedmann et al. (2024). Using
this date as our signpost, we chose a time
period representing females in the final
trimester of pregnancy and prior to when
parturition would occurdgrdinal days 6596)
(Figure 2).That time period reflected our best

( D6 e o 200%).nTaventy e | estimate of when pregnant females were still

engagi negriomefor ibekhavi or
females were likely pregnant; we refer to this
interval asthe pre-parturition period (Figure
2). Additionally, we chose a time interval
following the peak of parturition to represent
a time period when most females would be
provisioning dependent youngrdinal days
129 160); we refer to this interval as post
parturition. Those dates were used in
developing models for North Dakota and
Montana (Figure 2). Our analyses were
conservative because there was the potential
that not all females provisioned young
throughout the posgtarturition period. If
females were not pregnant, gave birth to
stillborn young, or if mortality of young
occurred, how they selected resources during
the interval following the peak of parturition
may have reflected acquisition of resoes

for the individual rather than to protect
vulnerable youngthis likely would result in
greater variation among individuals during
thattime period.
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Selection of Resources

All of the radio locations were
generated from collars that only collected a
single location per day at 0600 MST
therefore our results reflect selection of
resources during early morning. We used
resource selection functions (RSF) in a used
versus available framework at the third order
scale of selection (Johnson 1980, Manly et al.
2002). To characterize availability of
resouces, we generated utilization
distributions (UDs) for each individual using
a 99% kernel density estimate (KDE) based
on locations collected during the spring,
using R Statistical Software (Signer et al.
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2019, R Core Team 2026, Wickham et al.
2023). We used random locations within the
utilization distribution of each individual to
guantify available resources (Fiebezy al.
2021). We identified the appropriate ratio of
usedto-available locations by generating one
available point per used point and increasing
the ratio until model coefficients stabilized
(Northrup et al. 2013, Osterhout et al. 2024).
Further, we genated available locations
within each utilization distribution at a 1:20
ratio for North Dakota and a 1:100 ratio for
Montana to characterize availability of
resources (Signer et &019.
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We extracted slope (°), elevation (m), projected to NAD 83 Zone 13N and aligned

and aspect (°) from a 3@ resolution digital using the Align Rasters Toolbox for ArcGIS
elevation model (DEM) and transformed Pro (ArcGIS 10.8, Environmental Systems
aspect to Cartesian coordinates@adians) Research Institute, Redlands, California,
using sine (easwest) and cosine (norh USA; Dil ts 2023) . Prio
south) (Table 1; Stewart et al. 2002Zar standardized all continuous variables to

2010, U.S. Geological Survey 2024). We  represehstandard deviations from the mean
computed a localized version of the vector (Zar 2010). We computed pairwise Pearson
ruggedness measure (VRM) to represent an correlation coefficients for all covariates (Zar
index of ruggedness of terraiwith the 2010), and none exceeded our predetermined
Topography Toolbox for ArcProsing a 3x3 correlation threshold (0.7; Arnold 201 ).
neighborhood (Dilts et al. 2023, Dilts 2025;  addition, our variance inflation factor (VIF)
Blum et al. 2023; ESRI, Redlands, analysis indicated no issues with
California, USA). The localized version of multicollinearity (all VIF values <2), and we
the vector ruggedness measure removes retained all covariates for analysis (Arnold
confounding influences  of  folded 201Q Zar 2010).

topography, ridgelines and drainagesich

tend to inflate values in the original VRM TaBLE 1. Descriptions of CoVe

(Dilts et al. 2023). We initially included model ing selection of resc
elevation in our analysis, but later excludedit Mount ai n  bi gh®wins  schaeneapd e r
canadenisnspaotthl Mont ana

after we determined that ruggedness, slope,
and aspect were likely to represent direct
factors influencing selection ofesources
whereas elevation is more of a proxy for a
collection of sitespecific factors that
influence selection of resourcesWe
downloaded vegetation layers at -80

western North Dakad2a3.( ND),

Model Predictor Uis Description

MT,.ND  Slope Degrees  Slope steepness, generated from 30-m
digital elevation model (DEM)

. A MT, ND  Ruggedness NA Vector Ruggedness Metric (VRML),
resolution from the Rangeland Analysis unitless measure of terrain
Platform (RAP, U S Department Of MT.ND  Nortl-South aspect  Radians Measure of aspect with cosine
AgI’ICU“IUI’e 2024) Wh|Ch InCluded transformation, generated from 30-m

. ! L. DEM
aboveground biomass productivity over 2, _ _ _ o

. . MT.ND  East-West aspect Radians Measure of aspect with sine
16‘d ay perIOdS fOI’ perennlal fObe and transformation, generated from 30-m
grasses and annual forbs and grasses. We DEM
Created a tlmarylng Covalate th at MT, ND l’erenni:l: ::’.l;]'l.l‘u and kg/ha R];e:lr biomass 01’]]0.:11.tcell.t)fm||ll 2, 16-

. . grasses (PFG) day biomass productivity estimates
corresponded with the dday mean biomass cbtained from Rangeland Analysi
estimates for annual and perennial forbs and Platformn

i i MT.ND  Aunnual forbs and kg/ha Mean bicmass of 30 m cell, from 2. 16-
grasses at each location obtained from the e e Jomeell |
grasses (AFG day biomass productivity estimates
RAP (A"red et al 2021, US Department Of obtamed from Rangeland Analysis
Agriculture 2024). W Plattorm ues
Of each raster |ayer at é‘a(ﬁ PS Ioca“on MT.ND  Tree cover % Mean percent cover of 30-m cell, obtamne

from Rangeland Analysis Platform

(used and available) for the applicable time
varying covariate. Additionally, we included

annual timevarying estimates of cover for We used generalized linear mixed
shrubs and trees (Allred et al. 2021, U.S. effects models (GLMM) to assess habitat use
Department of Agriculture 2024]). All intensity as a function of covariates.
vegetation and topographyayers were Following standard resource selection

function (RSF) modeling proceduresye
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used a binomial error distribution with a
logit-link function (Gillies et al. 2006; Bolker
et al. 2009; Long et al. 2014; Harrison et al.
2018). We included random intercept and
slope terms to allow resource selection
patterns to differ among individualfeles in
our study (Gillies et al. 2006, Muff et al.
2020). We wused interaction terms to
accommodate differences in resource use
between the prparturition and post
parturition periods (i.e., the 3#ay periods
prior to and immediately following the peak
parturition period).

All  statistical analyses and
visualizations were performed in the R
environment for statistical computing (R
Core Team 2026). We fit RSFs using the
package fAgl mmTMBO ( Br
We used Akai keds I nfo
small sample sizes (AICcBurnham and
Anderson 2002) to select top candidate
models. We assessed model goodness of fit
using the Dharma package in Program R to
test for outliers, overdispersion, and
uniformity of simulated quantile residuals
(Hartig 2022). We visualized the efteof
each covariate on log relative selection
strength  (logRSS), holding all other
covariates at their mean values and using the
mean available habitat characteristics as a
benchmark for comparison (Avgar et al.
2017). We also used our fitted RSF models t
generate predictive maps representing log
relative selection strength (IdgSS) relative
to mean available habitat conditions for each
study area (Avgar et al. 2017).

RESUL.TS

Between January 2020 and December
2023, we wused 1,890 GPS locations,
generated from 7 female bighorn sheep (387
+ 110 [mean £ SD] locations per individual)
in the source popul a:
Reservationin Montana(Table 2). Initially
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we separated the populations at Fort
Berthold Reservation (n=25 collars) and
Little Missouri Grasslands (n=43 collars), but
after thorough investigation, we concluded
that covariate values between Fort Berthold
Reservation and Little Missouri National
Grassland were similar, and we combined the
datasets in our final model for North Dakota.
Therefore, we used 10,979 GPS locations
from North Dakota, generated from 68
female bighorn sheep (237 + 101 [mean +
SD] locations per individual) (Table 2).
When examining our final RSF
models for both Montana and North Dakota,
no other model was
model, so in both cases we chose the top
model(Table 3). Our most supported models
for both study areas included: tree cover (%),
biomass of annual and perennial forbs &nd r
grasses (kg/ha), ruggedness, NéBthuth and
EastWest aspects (rad), and slope (°) (Table
3). During the period prior to partuoh,
bighorn sheep in Montana selected for
moderately rugged terrain and steep, west
facing slopes (Table 4, Figure 3)Ve
observed strong populatidavel selection
for annual forbs and grasses, strong
avoidance of tree cover, and moderate
avoidance of perennial forbs and grasses
during the period prior to parturition (Table
4, Figure 3). During the pogiarturition
periad, females reduced selection of
perennial forbs and grasses, but showed little
variation in selection of annual forbs and
grasses (Figure 3). Females selected for
more rugged terrain during the post
parturition period, compared with the period
prior to paturition (Table 4, Figure 3). We
observed minor shifts in selection for west
facing aspect and slopes between 25% and
31% between time periods (Figure 3). During
both time periods, we observed variation
among individuals in how they selected
resources, @ecially for aspect and tree cover
(Figure3, Figure4).
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TABLE 2. Descriptive statistics for continuous variables of all useel(,979[ND]; n=1,890
[MT]) and available locationsn£219,580 [ND]; n=189,000 [MT]) for adult female Rocky
Mountain bighorn shee®{is canadensis canadensis western North Dakota (n=68) and nerth

central Montana (n=7), USA, 2022023.

Modelt AICc UAl Ci ¥i
North Dakota
{AFG, PFG, NorthSouth Aspect, EastVest Aspect, 2312.698 0 0.857
Slope, Ruggedness, Tree}
{AFG, PFG, NorthSouth Aspect, Slope, Ruggedne¢ 2316.282 3.584322 0.143
Tree, Shrub}
{AFG, PFG, Slope, Ruggedness, Tree} 2330.236 17.53772 0.000
{AFG, PFG, Slope, Ruggedness, Tree, Shrub} 2331.806 19.10806 0.000
{AFG, PFG, NorthSouth Aspect, EadtVest Aspect, 2332.531 19.83293 0.000
Slope, Ruggedness, Tree, Shrub}
{AFG, North-South Aspect, Slope, Ruggedness, 2341.02: 28.32597 0.000
Tree}
Montana
{AFG, PFG, NorthSouth Aspect, EasVest Aspect, 14291.74 0 1
Slope, Ruggedness, Tree}
{AFG, PFG, NorthSouth Aspect, Slope, Ruggedne¢ 14659.18 367.4471 0.000
Tree, Shrub}
{AFG, PFG, Slope, Ruggedness, Tree, Shrub} 14670.04 378.3054 0.000
{AFG, PFG, Slope, Ruggedness, Tree} 14694.99 403.2547 0.000
{AFG, North-South Aspect, Slope, Ruggedness, 14815.96 524.2248 0.000
Tree}
{AFG, PFG, NorthSouth Aspect, EadtVest Aspect, 15697.18 1405.439 0.000
Slope, Ruggedness, Tree, Shrub}
IAll covariates included interaction termsrpresenparturition period.
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parturition periods via interaction ter ms
Model AlCc UAl Ci ¥i
North Dakota

{AFG, PFG, NorthSouth Aspect, EadtVest Aspect, 2312.698 0 0.857
Slope, Ruggedness, Tree}

{AFG, PFG, NorthSouth Aspect, Slope, Ruggedn¢ 2316.282 3.584322 0.143
Tree, Shrub}

{AFG, PFG, Slope, Ruggedness, Tree} 2330.236 17.53772 0.000
{AFG, PFG, Slope, Ruggedness, Tree, Shrub} 2331.806 19.10806 0.000
{AFG, PFG, NorthSouth Aspect, EastVest Aspect, 2332.531 19.83293 0.000
Slope, Ruggedness, Tree, Shrub}

{AFG, North-South Aspect, Slope, Ruggedness, 2341.02. 28.32597 0.000
Tree}

Montana

{AFG, PFG, NorthSouth Aspect, EadlVest Aspect, 14291.74 0 1
Slope, Ruggedness, Tree}

{AFG, PFG, NorthSouth Aspect, Slope, Ruggedne¢ 14659.18 367.4471 0.000
Tree, Shrub}

{AFG, PFG, Slope, Ruggedness, Tree, Shrub} 14670.04 378.3054 0.000
{AFG, PFG, Slope, Ruggedness, Tree} 14694.99 403.2547 0.000
{AFG, North-South Aspect, Slope, Ruggedness, 14815.96 524.2248 0.000
Tree}

{AFG, PFG, NorthSouth Aspect, EastVest Aspect, 15697.18 1405.439 0.000

Slope, Ruggedness, Tree, Shrub}

AL

covariates

Mc Ca i

n AReets oaulr.c e

i ncrleupdrepda & Mmttreirtaicotni

Sel

opne rtieordms t o

ection

i n

Bi ghorn

\

1



205DESERT BI GHORN COUNCI L TRBASBSACTI ONS: \
TABLE 4. Mean <coefficient estimates (b)), 95% con
environmental and topographic variables used in modeling resource selection by adult female
Rocky Mountain bighorn shee@(c. canadensjsin northcentral Montana and western North
Dakot a, USA, 202071 20FR2B.0%Foxmnme i derect ech bvhiam a:
Vari abl e Prepar tur it Postparturi
b Cl b Cl

North Dakota

Annual forbs & 0.98* 0.668i 1.29C -0.13* -0.194i -0.05¢

Perennial forb: -0.0t -0.330i 0.23¢ -0.76* -0.842i -0.67¢

N-Soubhh aspect -0.35* -0.4377 -0.26¢ -0.28*-0.364i -0.193:

BWesstt aspect (r -0.21* -0.265i -0.157  -0.0t -0.108i -0.00<

Slope (A) 0.90* 0.8371 0.957 0.84* 0.775i 0.89¢

Ruggedness 0.51* 0.4547 0.56z 0.55* 0.4967 0.60¢

Tree cover ( %) -2.58* -2.823i -2.331 -2.04* -2.279i -1.801
Montana

Annual forbs & 1.53* 1.3917 1.667 0.52* 0.471i 057¢€

Perennial forb¢ -1.12* -1.535i -0.71z -0.74*  -1.997 -1.37

NSoubhh aspect -0.11 -0.253i -0.037  -0.0¢ -0.119i 0.19¢

BWMesstt aspect (r -0.72* -0.8451 -0.58¢ -0.31* -0.45071 -0.17¢

Slope (A) 1.04* 0.9217 1.15C 0.87* 0.742i 0.98¢

Ruggedness 0.17* 0.210i 0.557 0.41* 0.115i 0.70¢

Tree cover ( %) -2.08* -2.6777 -147¢  -2.17* -2.8117 -1.52¢

For the population in North Dakota,
observed trends in selection for steep slopes
and rugged terraiwererelatively consistent
between the preand posiparturition periods
at the population

substantial

females

Mc Ca i

level we observed
variation however,
individuals in use of rugged terrain during
both time periodqTable 4, Figure 5)We
observed selection for
slopes during the period prior to parturition,
which weakened durinthe postparturition
period, but we observed substantial variation
among individuals in use of aspect during
both periods (Table 4, Figure 5). During the
period prior to parturition, we observed
strong relative selection for areas with high
biomass of annual ofbs and grasses.
Although  most

northwesting

avoided

n AReets oaulr.c e

among

that

During
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ection in

annual

vegetation type during the pesarturition
period there was large variation among
individuals ranging from strong selection to
avoidance (Figure 5).
increases in biomass of perennial herbaceous
plants, bighorn sheep showed little to no
sdection for perennials prior to parturition,
although they exhibited strong avoidance of
perennial forbs and grasses during the post
parturition season, which contrasts with their
strong selection for
biomass prior to parturitor{ Fi gur e
the preparturition season,
predictive maps showed greater predicted use
of landscapes farther away from riparian
areas, but more predicted use of rugged
terrain during the pogtarturition season
(Figures6 and 7).

Despite seasonal

herbaceous

our
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FIGURE 4. Prediction maps, lotransformed Relative Strength of Selection (logRSS),
illustrating the spatially explicit habitat use intensities for female Rocky Mountain bighorn
sheep Qvis ¢ canadensis in northrcentral Montana, USA, 2020023. Preparturition
selection isshown inthe top panel (A), and peparturitionshown inthe bottompanel (B).
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FIGURE 5. Univariate plots representing individual covariates from resource selection figfction
female Rocky Mountain bighorn sheépvis canadensis canadensis western North Dakota, USA,
2020'2023. The green dashed line indicdte=0 line of no selection or avoidance, where values above
the line indicate selection and values below represent avoidance. Light gray lines represent individual
level responses; black lines represent populdégal responses, and orange shading repré&&Siht
confidence intervals. Note that the scale on X and Y axes varies among plots. The left column (A)
represents the predicted intensity of selection of resources duripgupueition, and the right column

(B) represents the predicted intensity of sebecof resources pogtarturition.

DISCUSSION

Our primary objective was to identify
how female bighorn sheep selected resources
relative to timing of parturition at Rocky
Boy6s Reservation i n
popul ation transl ocat

Mc Cai nAReets oaulr

Reservation to western North Dakota. Prior
to peak parturition, we hypothesized that
adult females in both areas would select
resources associated with higher biomass of
vegetation with shallow slopeand lows

.ce Selection in Bighorn
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ruggedness, but shift to selection of more
rugged terrain andlower selection for
vegetation biomass in the pgsrturition
season. Supporting our hypothesis, bighorn
sheep in both study populations engaged in
similar tradeoffs between selection for annual
forbs and grasses prior to parturition, which
was lower in Montaa and avoided in North
Dakota during the posgiarturition period.
Additionally, in Montana sheep moved to
more rugged terrain during the post
parturition period, supporting our hypothesis
that females moved to more rugged terrain to

N LogRSS
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A . <50
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increase safety of young. The translocated
population in North Dakota showed similar
selection for topographic characteristics prior
to and following parturitionin contrast taur
hypothesis that selection would shift to more
rugged terrain following parturition. Sheep in
both study areas were fairly similar in how
they shifted use of herbaceous vegetation,
aspect, and topography, which suggdisat
the translocated populatisnwere able to
select resources similarly to their original
locatiors in Montana

-5.0

Kilometers

Strength
probabili Oves
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The substantial increase in available
biomass of herbaceous annual and perennial
vegetation in Montana and North Dakota
between pre and posiparturition time
periods indicated that with greater

herbaceous biomass, and presumably greater

forage availabiliy, adult females may not
need to be as selective of those forage types.
If a resource is readily available bighorn
sheep would be less dependent on that
resource and selection for that resource
could become less intense even if a tradeoff
between nutrition and safety does not occur.
Conversely, we would predict that selection
would become more intense as a resource
becomes scarcer on the landscape. If nutrient
content is adequate in available forage in
areas used by females where predation risk is
lower, they may not need to tradeoff maternal
nutrition for safety of young. An optimum
strategy would occur in instances where
females were not forced to make tradeoffs
between forage availability and safety of
young. Similarly, Heffelfinger et al. (2020)
observed that mule deer Odocoileus
hemionu}in the Mojave Desert were able to
use areas with high forage availability while
remaining close to sources of water without
having to tradeoff nutritional needs of
lactating mothers with safety of young.

The topography of areas used by
bighorn sheep in North Dakota was inverted
compared to that of Montana, because rugged
terrain and steep slopes occupied by bighorn
sheep were associated with canyon walls of
the Little Missouri River rather than
mountain t@s occupied by bighorn sheep in
Montana. Although biomass of vegetation
was greatest on flat mesas above rugged
terrain, and in some instances near treeless
riparian areas, those areas were used only
occasionally by bighorn sheep, probably
because of highigerceived risk of predation
on young. Females in North Dakota, were
more strongly selective of rugged terrain and
steep slopes during both seasons with little

Mc Ca i
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change between them, which may result from
some naiveté of the new study assalthat
sheep remained close to known escape
terrain. Even when using those flat mesas,
females remained close to steep, rugged
terrain. During both time periods, adult
females appeared to prioritize proximity to
safe terrain in smaller pockets of rugged
habtat near cliffs, rather than on top of mesas
with more abundarh er baceous
Moreover, larger group sizes, especially in
open areas, Wa been associated with
decreased risk of predation in bighorn sheep
and other ungulates (Berger 19R8e 1999;
Childress and Lung 2003). Possibly adult
females were more likely to use those flat
mesas when group sizes were larger, but we
have no information on group sizes of
bighorn sheep. Additionally, bighorn sheep
strongly avoided tree cover in bothudy
areas, possibly because areas with high tree
cover may be perceived to have greater risk
of predation. Similar avoidance of tree cover
has been observed in other studies of Rocky
Mountain and desert bighorn sheep, and
sheep have been suggested togwigh tree
cover because they rely on vision to detect
approaching predators (Risenhoover and
Bailey 1980, Geist et al. 1999, Blum et all
2023).

Although, bighorn sheep in Montana
shifted to more rugged terrain during the
period following parturition, they selected for
somewhat more shallow slopes. Conversely,
in North Dakota, sheep showed little change
in selection for slopes and ruggedness
betwea time periods. This lack of strong
changes in use of ruggedness and slope
following parturition may be due, in part, to
some of the limitations of our study. Our
dataset for Montana was limited to only 7
adult females, which may result in some bias
assocated with small sample size. In both
study areas, we were only able to collect
locations of individuals at 0600 MST each
morning, which limited ourinference to
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selection of resources during early morning
hours. Moreover, we were unable to
determine pregnancy status, provisioning of
lambs, or loss of lamb, which may result in
greater variation in selection of resources by
individuals primarily during the post
parurition period. Indeed, we observed
substantial variation among individuals in
selection of resources, which may be a result
of not all individuals provisioning young
early during the post parturition season.
Unfortunately, we were unable to separate
she@ into those that recruited young and
those that were not pregnant or lost young
early. Blum et al. (2023) reported that desert
bighorn sheep in central Nevada shifted use
to steeper and more rugged terrain when
provisioning  dependent young, but
individuals that were not pregnant or lost
young closely following parturition did not
show the same behavior. Rachlow and
Bowyer (1998) observed similar shifts to
steeper and more ruggd t err ai n
sheep OQvis dall) while they were
provisioning young in Denali National Park
and Preserve, Alaska. During the post
parturition time period in Montana, we
observed little to no shift in use of steep
slopes between time periods. Shifting to
steeper slopes may be useful fadult
females to evade predators, but may be less
advantageous for females accompanied by
dependent young. In contrast, rugged terrain
was selectedstrongly during the post
parturition period in both populations, which
might provide greater concealment for lambs.
The distinction between rugged terrain versus
steep terrain was first noted by Sappington et
al. (2007) and inspired the first use of the
vector rug@dness measure to investigate
effects of rugged terrain rather than just slope
or elevation in bighorn sheep studies. Our
findings also suggest a functional difference
between steep versus rugged terrain for
Rocky Mountain bighorn sheep (e.g., Riley et
al. 1999).

Mc Ca i
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Although  greater biomass of
herbaceous vegetation was located on
elevated mesas, these areas offered limited
protection from predators. In the Little
Missouri and Upper Missouri River
watersheds, tree cover primarily consisted of
green ash in gullies andtermittent streams,
along with dense stands of aspen, which
commonly occurred along riparian valleys.
These tree dominated vegetation
communities may have been perceived as
high-risk areas because of limited visibility
with increasing cover of trees (Sayit996,
Bleich et al. 2018). Additionally, Rocky
Mountain juniper often dominated notth
facing slopes of our study area (Feist 1997,
Ciuti et al. 2014). Dense stands of Rocky
Mountain juniper reduce sunlight availability
at the forest floor, which may reduce the
quality and quantity of forage plants for
bighorn sheep as well as reducing visibility
of approaching predators (Coultrap et al.
2009, Cuitiet al. 2014, Mclver et al. 2022).
That reduction in herbaceous biomass also
likely resulted in reduced quality and
availability of forage for bighorn sheep
(Coultrap et al. 2009, Wiedmann et al. 2024).
The effect on vegetation productivity and
increased pedation risk resulting from
reduced visibility may explain the strong
avoidance of tree cover we observed in our
study areas.

Phenology also may play an
important role in habitat selection and,
ultimately, individual fithess (Renaud etial.
pres3. During our study, perennial and
annual forbs and grasses did not become
widely available until late into the pre
parturition period, which in part may explain
high selection for annual forbs and grasses
pre-parturition and reduced selection post
parturtion because forage availability may
have exceeded demand during the latter
period. We attempted to account for shifts in
productive forage selection by including the
16-day biomass estimates fperennialand
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annual forbs and grasses, but those vegetation from central Montana was an appropriate

classes were likely too broad to capture the
selective foraging of bighorn sheep. An
examination of forage availability and quality
for bighorn sheep combined with a dietary
analysis may elicit stronger seliect patterns
that our broad vegetation categories were
unable to capture. Preference for annual
grasses and forbs pparturition in both
study areas suggests that female bighorn
sheep were maximizing consumption asb
types ofvegetation wherthey first became
available (Marshall et al. 2008).

Historically, bighorn sheep
translocations in the United States have
resulted in mixed outcomesSome early
translocation efforts had limited information
regarding appropriate habitat and ecotypes to
use as criteria for guidance and resulted in
failed introductions or many vyears of
augmentations to supplement lackluster
population increases (Singet al. 2000,
Whiting et al. 2023). Translocation strategies
have seen continuous improvengnt
culminating in the use of modern genomics,
greater consideration of advantages
associated with phenotypes or morphotypes
in the selection of source stock, and the use
of resource selection functions to identify
characteristics that influence lotgrm
population growth between source and target
environments,and all of which are apt to

match for western North Dakota. We suggest
that further evaluation of selection of
resources combined with demographic and
diet information will provide further
evidence of the appropriateness of
translocating Rockiountain bighorn sheep
to western North Dakota. Our results are
consistent with the prevailing notion that
consideration of similarities between habitats
at source locations and release sites may
improve the success of bighorn sheep
transl ocations.

MANAGEMENT IMPLICATIONS

When considering translocations as a
conservation strategy, preference should be
given to source populations that are best
adapted to the habitat to which they are being
translocated (Wiedmann and Sargeant 2014,
Bleich et al. 2018, Wiedmann et al. 2024).
While we were limited to a single location per
day for each individual, it would be
advantageous to have locations of individuals
on the landscape across the-tur day.
Additionally, we recommend sampling
forage availability and quality in both areas
to help quantify responses to vegetation and
the level of tradeoff, if any, that females with
dependent young might engage. Combining
information on selection of resources with

enhance success (Jahner et al. 2019, Flesch et demographic data is likely to provide

al. 2020, Whiting et al. 2023, Lutz and Bleich
2026). We observed some variation in
selection of resources between the source
population in Montana and the translocated
population in Mdrth Dakota, where bighorn
sheep appeared to be more strongly tied to
steep slopes and rugged terrain with little use
of areas with greater availability of
herbaceous vegetation during both time
periods. Similarities in selection of
vegetation biomass dwmg both parturition
seasons in both Montana and North Dakota
may suggest that translocating bighorn sheep

Mc Ca i
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additional evidence that use of approfia
source stock is important, which can be
implemented when translocations occur. Our
data indicated that sheep were able to find
escape terrain, steep slopes and rugged
terrain, and used herbaceous vegetation in
those areas while reducing use of terrlaat t
may haverepresented an increasedk of
predation. Bighorn sheep avoided tree cover
in both areas, and in North Dakota many of
the areas with high tree cover consisted of
Rocky Mountain Juniper, our findings may
support some removal of junipdrees to
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increase visibility and availability of
herbaceous forage forbighorn sheep.
Collecting demographic data combined with

data on selection of resources to compare

source and translocated populations, will
provide additional evidence that bighorn
sheep are using available habitat for survival
and reproduction and may help tmprove
success of translocations.
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ABSTRACT Accurate estimation of home range size and movement metrics is fundamental to
understanding the spatial ecology of large mammals. Most studies quantify home range area,
movement rates, and distances to resources using planimetribé&segh) measuremeriteat do

not account for topographic complexity, potentially underestimating space use in rugged terrain.
We evaluated differences between traditional planimetric metrics and sar&éopographic)
measurements for 37 adult female desert bighorn st@@@p canadensis mexicanmonitored

with GPS collars from 20G2005 on the Cabeza Prieta National Wildlife Refuge (CPNWR),
Arizona, USA. We calculated seasonal minimum convex polygon (MCP) andkered! (95%

and 50%) home ranges, movement rates, and distances to perennialseat®es using
planimetric and surfacbased approaches. Estimates of home ranges, movement rates, and
distance to water sources that incorporated topography Wwé@® larger than planimetric
estimates, with larger discrepancies occurring in more rutgreain. These discrepancies are
biologically meaningful and have implications for studies of habitat selection, resource
availability, bioenergetics, and conservation planning for mouwthailling ungulates.
Incorporating surfacbased measurements pr®s a more realistic representation of space use
and energetic costs in rugged landscapes.

KEY WORDS comparisons, density, energetics, home range, metrics, movemenOnates,
canadensisplanning

Estimating home range size and of habitat selection and use (Tufto et al. 1996,
movements is integral to research on many OwenSmith and Cain 2007, Jerina 2012,
aspects of large mammal ecology. Home Killeen et al. 2014, Reddell et al. 2023, Chui
range estimates are commonly used in studies et al. 2024), habitat productivity relation to
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space use (Relyea et al. 2000, Oehler et al.
2003, Herfindal et al. 2005), and
bioenergetics (Parker et al. 1984, Dailey and
Hobbs 1989). Additionally, researchers
interested in habitat selection are often
interested in distance between animals or
animal bcations, or distance to key resources
(e.g. water; Cain et al. 2008, Harris et al.
2020, Krausman 2026) or anthropogenic
disturbance (e.g. roads; Leblond et al. 2013).
Use of GPS collars allows for precise
collection of a large amount of location data
over an extended time, allowing researchers
to investigate animal movements and spatial
ecology in greater detail than was feasible
with VHF telemetry collars. Home range
boundaries have been historically estimated
using minimum convex polygons (MCP;
Jennrich and Turner 1969), kernel density
methods (KDE; Worton 1989, 1995), or
nonparametric local convex hull methods
(Getz et al. 2007). Both kernel and convex
hull methods a improvements over MCPs

GHORN COUNCI L
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al. 2013). For species that occupy rugged,
mountainous terrain, omitting topography
from movement and home range estimates is
liable to underestimate home range area and
movements. To date, a few studies have
assessed home range topography (Stone et al.
1997, Castleberry et al. 2001, Campbell et al.
2004, Greenberg and McClintock 2008). Use
of planimetric measurements can
underestimate home range size, ranging from
negligible differences1% up to 38% with
differences being largest in mountainous
terrain (Oli et al. 1997, Monterroso et al.
2013, Heit et al. 2021).

While some researchers have
assessed home range using topographical
measurements, most studies use planimetric
measurements to estimate movement rates,
distances to resources, and home range area.
Our goal was to assess differences in home
range areas, dasnce to water, and movement
rates of adult female desert bighorn sheep
(Ovis canadensis mexicanasing traditional

because they can be used to assess intensity planimetric measurements atwimpare them

of use and are less sensitive to outlying
locations. More recent developments, such as
the Brownian Bridge Movement Models and
autocorrelated kernel density estimators,
represent signifiant improvements to

movement metrics because they incorporate
movementased probability to predict

animal space use. These approaches account

for the temporal structure and autocorrelation
of GPS data (Horne et al. 2007, Fleming et al.
2015).

Most home range estimates and
animal movement metrics, however, use
planimetric measurements and do not
explicity  address  topography  when
guantifying movement distances or home
range sizes. For species in areas with minimal
topographic variation, such a8merican
pronghorn Antilocapra americanpg there is
likely little difference in distances or area
metrics estimated with planimetric and
topographical measurements (Monterroso et

to measurements that incorporated
topography (i.e., surface area). Because there
is seasonal variation in movements and use of
areas with varying terrain ruggedness (e.g.,
lambing season), we also evaluated variation
in  topographical  versus Ignimetric
measurements seasonally.

STUDY AREA

The Cabeza Prieta National Wildlife
Refuge (CPNWR) encompassed 3,480°km
along the international border between the
United States and Mexico in southwestern
Arizona, USA. Topography was a series of
rugged mountain ranges separated by wide
valleys with elevation ranging from 20200
m. Our specific study sites were the Sierra
Pinta and the Cabeza Prieta Mountains on the
western side of CPNWR.

Annual precipitation was bimodal,
with peaks during summer and wintemng-
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term mean annual precipitation in the area
(1969 2005, Tacna, Arizona, ~ 64 km north
of the study area) was 107 mm with high
interannual variability (CV = 56%). Range in
average summer temperatures was 22.3° C to
>45° C (Western Regional Climate Center
2026). Mean daily high and low temperatures
during winter were 21.1° C and 2.6° C,
respectively. Based on lofigrm climate
data, we defined 1 JanuaBi March as
winter, 1 Aprili 30 June as early summer, 1
Julyi 30 September as late summer, and 1
Octobei 31 December as autumn.

Vegetation in the valleys was
characterized by creosote buslharfea
tridentatg, white bursage Ambrosia
dumosyd  and ocotillo  Fouquieria
splendenk with ironwood Qlneya tesotp
and blue palo verddP@rkinsonia floridg as
canopy species. Vegetation within desert
bighorn habitat in the mountains was
characterized by ironwood, catclaw acacia
(Senegalia greggij foothill palo verde
(Parkinsonia microphyllum white bursage,
ratany Krameriaspp.), brittlebushEncelia
farinosg , and Wrightos
(Eriogonum wrighti) also present. Prevalent
grasses and forbs included thiaen
(Aristida spp.), gramaBRoutelouaspp.), big
galleta grass Rleuraphis rigidg, globe
mallow (Sphaeralceaspp.), indian wheat
(Plantago patagonich and lupine I(upinus
spp.). The most common succulents included
giant saguaro Gereus giganteys barrel
cactus Ferocactusspp.), fishhook cactus
(Mammillaria spp.), teddy bear cholla
(Cylindropuntia bigelovi), buckhorn cholla
(C. acanthocarpg and chain fruit cholla.
fulgida).

METHODS

We captured 37 adult, female bighorn
sheep with a negun fired from a helicopter
(Krausman et al. 1985) from 2002 to 2005
and maintainedi6l0 radiecollared animals

TRABSACTI ONS:

in each mountain range (Cain et al. 2008). All
animals were fitted with a GPS telemetry
collar (900 g; models 440 and 3580, Telonics,
Mesa, Arizona) programmed with a-h8ur.

fix interval; data were transmitted every 3
days via the ArgosService Argos,largo,
Maryland, USA) satellite system. Our
capture and handling methods were approved
by the University of Arizona Animal Care
and Use Committee (Protocols-021 and
04-180).

We assessed the differences in
movement rates, distances, and home range
areas using the planimetric measurements
commonly used in wildlife studies and these
same measurements incorporating surface
area, thus accounting for topography. We
used the animal avements extension for
ArcView (Environmental SystesnResearch
Institute 2000, Hooge and Eichenlaub 1997)
to estimate seasonal minimum convex
polygon (MCP) home ranges for each animal
and seasonal 95% and 50% fixed kernel
home ranges (Worton 1989, 1995; Seaman
and Powell 1996) using leastjuares cross
validatian ¢okseldtteéha smoothing parameter
(Worton 1989, Seaman and Powell 1996,
Seaman et al. 1999). To determine the
seasonal movements of desert bighorn sheep
we connected all consecutive GPS locations
for each animal with a straight line using the
animal movements extension for ArcView.
Topography, vegetation, and animal behavior
can influence GPS fix success rates of GPS
telemetry collars (Moen et al. 20,6 E 0 n
al. 2002, Cain et al. 2005). To adjust our
distances to account for missing GPS
locations, we converted our movement
distances to movement rates (m/hour) by
dividing the distance between consecutive
locations by the elapsed time between them.
To estimate distance between bighorn
locations and perennial water sources, we
calculated the distance between each location
and the nearest perennial water source.

We modeled the surface ofir study

et
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area using a fh x 10m United States
Geological Survey digital elevation models
(DEM). We then calculated the surface area
(km?) of all MCP and kernel home ranges
using the surface areas and ratios extension
for ArcView (Jenness 2002, 2004). We used
the surface tools for points, lines, and
polygons extension for ArcView (Jenness
2005) and the seamless-adDx 16m DEM

of our studyarea to calculate the surface
distance between bighorn sheep locations and
the nearest perennial water source, and the
surface distance between consecutive
locations and calculated movement rates by
dividing the surface distance by the number
of hours elaped between GPS fixes.

We modeled home range area,
movement rates, and distance to waters using
a linear mixed effects model with season,
range, year, and measurement type (i.e.,
planimetric or topographic) as factors. To
account for repeated observations on
individual animals vithin and across seasons
and years, we included animal ID as a
random intercept in all models in R (R Core
Team 2022). We included season and year as
factors because we expected that home range
size and movements of female bighorn sheep
would change annugl due to precipitation
related changes in forage conditions and
would change seasonally due to parturition
and lambing. In addition, there were
differences in the topography of each
mountain range that warranted including
mountain range as a factor. Totekenine if
differences in area, distance or movement
rates were consistent across seasons and
mountain range, we included interaction
terms between measurement type and season
and measurement type and range. Finally, we
modelled the magnitude of the diféerce
between planimetric and surface area metrics
as a function of the distance or size of the
planimetric measurement to determine if
longer distances or larger home ranges were
more or less prone to underestimation when
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not accounting for surface area. We
considered a difference in home range area,
distance to water and movement rate > 5% to
be biologically significant and determined
statistical significance aP = 0.10 for all
analyses.

RESULTS

Home ranges that incorporated
topography were larger than planimetric
home ranges. The 95% kernel home ranges
that incorporated topography were on
average 12.8% larger (Table 1) than
planimetric home range$ (= 1.67, SE =
0.91,t = 1.84,P = 0.067). Interaction terms
between measurement type and seaBen(
0.014, SE = 0.846,=-0.017,P = 0.986) and
measurement type and ran§e=(-0.93, SE =
0.182,t = -0.512,P = 0.609) indicated that
the differences between 95% kernel home
range estimates that incorporated topography
and planimetric areas were consistent across
ranges and seasons. At the 50% core area
scale, topographical home ranges were
17.6% larger than plametric home range®(
=0.33, SE =0.16,= 2.03,P = 0.043; Table
1). Interaction terms between measurement
type and seasoib £ -0.001, SE = 0.18,=-
0.007,P = 0.994) and measurement type and
range b = -0.15, SE = 0.32t = -0.47,P =
0.640) indicated that the differences between
estimates that incorporated topography and
planimetric areas were consistent across
ranges and seasons. The magnitude of the
difference between kernel home range
estimates incorporating surface area versus
planimetric area increased with increasing
size d the planimetric area for both 95%
kernel home ranges and 50% core areas
(Figure 1). For a given planimetric home
range size the magnitude of the difference
between surface area and planimetric area
was higher in the Sierra Pinta than in the
Cabeza PrietenountaingFigure 1)
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TABLE 1. Mean (+ standard error) seasonal 50% core area and 95% kernel home range’pessittkated
using planimetric area (2D) and surface area (3D) for female desert bighorn sheep on the Cabeza Prieta

National Wildlife Refuge, Arizona, USA, 2002005.

Overall Earlysummer Latesummer Fall Winter
50% 2D 1.88+0.12 2.06+0.24 1.70+£0.17 2.09+0.31 1.66 £0.21
3D 2.21+0.13 2.40+0.28 1.98 +0.20 2.45+0.36 2.01+0.25
95% 2D 13.01+0.70 14.19+137 11.74+1.01 14.34+1.88 11.89 +1.33
3D 1468+0.76 1591+150 13.21+1.10 13.21+1.11 13.63+1.49
///
PR /
§4 /
&
8 10 //
g =74
0 = 1] -

2D home range area (kmz)

3D-2D area (kmz)

20

2D home range area (kmz)

FIGURE 1. Differences between seasonal (circles = winter, triangles = early summer, squares = late
summer, crosses = fall) home range estimates (50% top, 95% bottom) for female desert bighorn sheep that

incorporate surface area (3D) versus only planimetric (2inhates as a function of planimetric home
ranges area size in the Sierra Pinta (pink) and Cabeza Prieta (blue) moWdhiersa Prieta National

Wildlife Refuge, Arizona, USA, 20G2005. Shaded bands are 96&nfidencentervals.
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Estimates of MCP home ranges that
incorporated surface area were on average
12.9% larger than planimetric home ranges,
but the main effect of measurement type was
not significant = -1.62, SE = 1.74t = -
0.933,P = 0.351; Table 2). The interaction
term between measurement type and range
was not significantf{=-1.22, SE = 1.3%,=
-0.87, P = 0.383) and indicated that the
differences  between  estimates that
incorporated topography and planimetric

GHORN COUNCI L
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differences between measurement type and
season, however, indicated that the difference
between estimates that incorporated
topography and planimetric areas differed by
seasonff{ = 1.37, SE = 0.66t = 2.08,P =
0.038; Table 2). The magnitude of the
difference between MCP home range
estimates incorporating surface area versus
planimetric area decreased with increasing
size of the planimetric area for both 95%
kernel home ranges and 50% core areas

ONS:

areas were consistent across ranges. The (Figure 2).

TABLE 2. Mean (+ standard error) MCP homer range sizeS)lestimated using planimetric area (2D) and surface
area (3D) for female desert bighorn sheep on the Cabeza Prieta National Wildlife Refuge, Arizona, US200302

Winter

Overall Early summer Late summer Fall

2D 12.82+0.49 13.76 £1.09 12.35+0.82 11.41 +1.34 13.29 +0.61

3D 14.47+0.54 1555+0.93 13.74+0.90 15.88+1.57 12.88 +1.07

-

3D -2D area (km”)

20 40
2D home range area (km?)

FIGURE 2. Differences between seasonal (circles = winter, triangles = early summer, squares = late summer,
crosses = fall) MCP home range estimates for female desert bighorn sheep that incorporate surface area (3D)
versus only planimetric (2D) estimates as a fiancof planimetric home ranges area size in the Sierra Pinta
(pink) and Cabeza Prieta (blue) mountains, Cabeza Prieta National Wildlife Refuge, Arizona, U$202802

Shaded bands are 95%nfidencentervals
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Mean movement rates (m/hour) of areas were consistent across ranges and
desert bighorn sheep were 6% higher when seasons (Table 3). The magnitude of the
estimated using surface distances compared difference for movement rates estimated
to planimetric distance$ € 4.89, SE =1.72, incorporating surface versus planimetric
t = 2.84,P = 0.005; Table 3). Interaction distances increased with increasing
terms between measurement type and season planimetric distance (Figure 3). For a given
(b=-0.210, SE = 0.41,=-0.506,P = 0.613) planimetric m@ement rate the magnitude of
and measurement type and range: ¢0.98, the difference between surface rates and
SE = 0.898¢ = -1.09,P = 0.275) indicated planimetric rates was higher in the Sierra
that the differences between estimates that Pinta than in the Cabeza Prieta Mountains
incorporated topography and planimetric (Figure 3).

TABLE 3. Mean (z standard error) seasonal movement rates (m/hour) estimated using planimetric distance (2D)
surface distance (3D) for female desert bighorn sheep on the Cabeza Prieta National Wildlife Refuge, Arizona, USA,
2002 2005.

Overall Earlysummer Latesummer Fall Winter

2D 37.81 +0.31 38.93+0.54 37.29+0.56 37.12+0.71 37.66 +0.71

3D 40.70+0.33 41.79+0.57 39.96 +0.59 39.80 £ 0.75 41.02 £0.77

20D area &m°)

30

- ‘..‘,.};..‘ Ay

v

2D home range area (km’)

3D -2D area (km’)

20 home range area (km”)

FIGURE 3. Differences between seasonal (circles = winter, triangles = early summer, squares = late summer, crosses
= fall) distance to water (km; top) and movement rate (nibttom) estimates for female desert bighorn sheep that
incorporate surface area (3D) versus only planimetric (2D) estimates as a function of planimetric distance in the Sierra
Pinta (pink) and Cabeza Prieta (blue) mountains, Cabeza Prieta National Wildlife Refuge, Arizona, UB20@%02

Shaded bands are 9586nfidenceantervals
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Distance to perennial water was an average
of 7.8% greater when measured
topographically than planimetricallyb (=
3.19, SE 0.041t = 7.83, P <0.001).
Differences in distance measurements were
consistent across seasoffis= 0.006, SE =
0.009,t = 0.608,P = 0.543; Table 4) but
differed by mountain rang® € -0.099, SE =
0.021,t = -4.68,P < 0.001); on average the
surface distance to the nearest perennial
water source was 9.3% greater than the
planimetric distance in the Sierra Pinta

GHORN COUNCI
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whereas in the Cabeza Prieta surface distance
to water was 5.2% higher than the
planimetric distance (Table 4) The
magnitude of the difference between distance
to water estimated incorporating surface
distance versus planimetric distance
increased with increasing planimetric
distance (Figure 3). For a given planimetric
distance, the magnitude of the difference
between surface distance and planimetric
distance was higher in the Sierra Pinta than in
the Cabeza Prieta Mountains (Figure 3).

TABLE 4. Mean (+ standard error) seasonal distance (km) to nearest perennial water source
by mountain range estimated using planimetric distance (2D) and surface distance (3D) for
female desert bighorn sheep on the Cabeza Prieta National Wildlife Refuge, Ad&@na,

2002 2005
Early Late
Summer Summer Fall Winter
Sierra Cabeza Sierra Cabeza Sierra Cabeza Sierra Cabeza
Pinta Prieta Pinta Prieta Pinta Prieta Pinta Prieta
2D 253+0.03 220=0.03 249+003 243=0.03 280=0.03 249=0.04 246+=0.03 224=+0.03
3D 275=0.03 233=0.03 271003 255004 3.06=0.03 2.64=0.04 270=0.03 238=0.03
DISCUSSION
Home range areas and movement result in underestimation of these metrics

distances are commonly presented in terms
of planimetric or map area (Jenness 2004);
however, areas inhabited by desert bighorn
sheep are steep and rugged, resulting in a
high degree of topographical variation
(McCarty and Bdey 1994, Krausman et al.
1989, AlvarezCardenas et al. 2001,
Krausman 2026). Similar to other
assessments comparing planimetric map
measurements to those that include surface
area(Oli et al. 1997, Monterroso et al. 2013,
Heit et al. 2021) our results suggest that
failure to incorporate topography or surface
area into estimates of desert bighorn sheep
home range area, movement distances or
rates, and distances to point resources will

ranging from 6 to 18%. We believe that the
magnitude of the difference reported in our
study is biologically significant and can have
implications for a variety of ecological studies
on desert bighorn sheep incing those on
resource availabilifgpace use relationships,
movement ecology, wildlitdabitat
relationships, and bioenergetics.

Home range size of terrestrial mammals
is commonly associated with body size,
resource requirements, resource availability or
habitat productivity (Harestad and Bunnell
1979, Oehler et al. 2003). Larger bodied species
and those with larger resource regments
generally maintain larger home range areas.
Habitat productivity is also relatetb home
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range area, with species that occupy highlgome ranges was likely due to larger MCPs for
productive habitats being able to meet thedesert bighorn sheep typically inclod
resource requirements in a smaller home rangeitlying points, that result in the inclusion of
compared to species occupying less productivaore areas with flatter, less steep terrain, where
areas (Jewell 1966, Harestad and Bunnglilanimetric areas more closely approximate
1979). This relationship between alfitat surface areas. Conversely, the smoothing that
productivity and home range area has beestcurs when estimating kernel home ranges,
widely reported for ungulates, including desertesults in the omissioof these outlying points,
bighorn sheep (Leslie and Douglas 197%esulting in more of the home range or core area
Krausman et al. 1989, Tufto et al. 1996, Relyebeing in typical desert bighorn habitat.
et al. 2000, Oehler et al. 2003, Cain et al. 2008%imilarly, the magnitude of the difference
Movement rates of ebert bighorn are also between surface and planimetric measurements
associated with forage conditions, with highewas higher in the Sierra Pinta than the Cabeza
movement rates in areas with poor foragin@rigta Mountains. We believe this is attributed
resources (Krausman et al. 1989). Seasonal the structural differences between mountain
changes in forage resources are associated wiinges. The Sierra Pinta is a long, fault block
changes in home range size and movememtountain range with steep ridges and canyons
rates, botlof which tend to be highest for deserbriented perpendicular to the main direction of
bighorn sheep during seasons with lowthe range, whereas thalkza Prieta Mountains
precipitation (Warrick and Krausman 1987js a mostly volcanic mountain range complex
Alderman et al. 1989, Krausman et al. 1989y ith numerous flat valleys between rugged
Cain et al. 2008). terrain, mountain terrain. These flat valleys are
Our results reveal that bighorn sheemarrow enough to be readily crossed by desert
home range areas estimated planimetricallyighorn sheep and are thus incorporated into
underestimated actual surface area. Largemost fome ranges.
topographical home range estimates were The distribution of animals in relation to
consistent across seasons, years, and betwelea location of key noffiorage resources, like
mountain ranges. Movements were also higherinking water, is related to the degree of
when accounting for topography. Lack ofdependency on that resource, which can change
variation  between  topographical  andseasonally. The location of desert bighorn sheep
planimetric measurements across seasons cian be heavily dependent tation of water
likely attributed to yearound selection for sources, particularly in summer (Leslie and
steep, rugged terrain (Simpson et al. 1978Pouglas 1979, AlvareCéardenas et al. 2001,
Differences in topographical and planimetricCain et al. 2008, Krausman 2026).
home range sizes were consistent for both MCEBonsequently, use of  topographical
and kernel methods. For kernel home rangesjeasurements of home range are more likely to
the magnitude of the differences betweenccurately characterize distance traveled and
planimetric and topographic home rangescreased energetic costs associated with
increased with increasing size of thenavigating more complex terrain (Walter et al.
planimetric home range, larger areas had larg@013). For example, Dailey and Hobbs §29
disparities between estimates. With homeeported that oxygen demand for mountain
ranges measured with MCP metrics, howevegoats (Oreamnos americanyisand bighorn
the magnitude of the differences betweesheep more than doubled when traveling on a
planimetric and topographic home range21° slope versus a flat surface. In our study area,
attenuated with increases in planimetric MCPghe average slope at GPS locations collected by
The differences between the kernel and MCilemetry collars was 28.3° (SD = 19.Wwith
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over 46% of the locations on slopes of 31° (oMcCasland, and J. R. Morgart of the Cabeza
60%; typical definition of escape terrain; J.WPrieta National Wildlife Refuge for logistical
Cain, unpublished data). Such steep slopesipport. We also thank J. J. Hervert and D. M.
could be associated with significant increases i@onrad of the Arizona Game and Fish
energetic demands that may not be capturedDfepartment for capturing study animals.
we assumed planimetrltome range estimatesComments by V. C. Bleich, K. M. Longshore,
are sufficient. Incorporating topography intoand T. D. Nordeen improved an earlier version
space use measurements for desert bighoohthis manuscript. We also thank W. P. Smith
sheep more accurately represents distancks helping track down an important reference.
traveled and the resulting increased energetic
costs associated with movement in
mountainous or ruggeerrain. REFERENCES

For species located in areas with
minimal topographical variation, planimetricAlderman, J. A, P. R. Krausman, and B. D.
measurements are likely adequate (Castleberry Leopold. 1989. Diel activity of female

et al. 2001, Campbell et al. 2004). However, in desert bighorn sheep in western
areas Wwhere topographical variation is a Arizona.  Journal  of  Wildlife
significant part of the landscape, plantnie Management 53:26271.
measurements may underestimate home ranfvarezCardenas S., |. Guerrefardenas, S.
area (Smith et al. 1989). Because of the Dgp, P. Galindessaro, and S.
significant difference between topographical Gallina.2001. The variables of physical
and planimetric measurements for desert ~ habitat selection by the desert bighorn
bighorn sheep, however, and likely other sheep Qvis canadensis weerpsn the
mountaindwelling ungulates, inclusion of Sierra del Mechudo, Baja California
surface area for home range size, movement ~ Sur, Mexico. Journal of Arid
and distace metrics will more accurately ~~ Environments 49:33874.
characterize the energetic consequences ®fiN, J- W. lIl, P. R. Krausman, B. D. Jansen,
movement and habitat selection. The thoughtful and J. R. Morgart. 2005. Influence of
use of GPS datasets could allow for further topography and GPS fix interval on
assessment of energetic expenditurarofals GPS collar performance. Wildlife
traversing their home ranges in such terrain.  Society Bulletin 33:926934.
Additionally, researchers might also use thesg@n, J. W. lll, P. R. Krausman, J. R. Morgart,
findings to determine if there are fitness B. D. Jansen, and M. P. Pepper. 2008.
consequences associated with use of home  Responses of desert bighorn sheep to
ranges with more topographical variation in removal of water sources. Wildlife
alpine ungulates. A better undersfing of Monographs 171i132.
bighorn sheep ecological needs could also hefp@Mpbell, T. A, B. R. Laseter, W. M. Ford,
managers identify key habitat for conservation and K. V. Miller. 2004. Topographic
activities, and this starts with more realistic home ranges of whittailed deer in the
representation of space use. central ~ Appalachians. Southeastern
Naturalist 3:645652.
ACKNOWLEDGMENTS Castleberry, S. B., W. M. Ford, P. B. Wood, N.
L. Castleberry and M. T. Mengak.
Funding was provided by the United 2001. Movements of Allegheny
States Fish and Wildlife Service. We thank M. woodrats in relation to timber
Bissell, M. Coffeen, T. Henley, C. S. harvesting.  Journal ~ of  Wildlife

Management 6348 156.

Pari kPATep o giHa mBRd rtg e Mo & e the Bit g h 8hfere p



20BDESERT Bl GHORN COUNCI L TRASB8SACTI ONS

Chui, S. Y., W. M. Getz, M. Henley, D. P.He i t , D. R. , W. Or ti
Seidel, M. Keith, F. Parripiand L. Montgomery. 2021. Landscape
Karczmarski. 2024. Habitat use complexity persists as a critical source
strategies of African elephants under of bias in terrestrial animal home range
different seasonal and ecological estimation. Ecology 102:e03427.
constraints. Wildlife Research Herfindal, 1., J. D. C. Linnell, J. Odden, E. B.
51(9):WR23139. Nilsen, and R. Andersen. 2005. Prey

Dailey, T. V., and N. T. Hobbs. 1989. Travel in density, environmental productivity and
alpine terrain energy expenditures for homerange size in the Eurasian lynx
locomotion by mountain goats and (Lynx lyny. Journal of Zoology 265:63
bighorn sheep. Canadian Journal of 71.

Zoology 67:23682375. Hooge, P. N. and B. Eichenlaub. 1997. Animal

D6Eon, R. G., R. Serr ouynavemedt. ex®nsion htq Aaviaew. C.
Kochanny. 2002. GPS radiotelemetry Version 2.04. Alaska Biological
and bias in mountainous terrain. Science Center, U.S. Geological
Wildlife Society Bulletin 30:430439. Survey, Anchorage, Alaska, USA.

Environmental System Research Institutedorne, J. S., E. O. Garton, S. M. Krone, and J.
2000. ArcView 3.2. Environmental S. Lewis. 2007. Analyzing animal
System Research Institute, Redlands, movements using Brownian bridges.
California, USA. Ecology 88:235%2363.

Fleming, C.H., W. F. Fagan, T. Mueller, K. A.Jenness, J. S. 2003urface areas and ratios
Olson, P. Leimgruber, and J. M. from elevation grid extension for
Calabrese. 2015. Rigorous home range ArcView 3.X, (v 1.2).
estimation with movement data: a new <http://www.jennessent.com/arcview/a
autocorrelated kernel density estimator. rcview_extensions.htm> Accessed 13
Ecology 96:118P1188. December 2014.

Getz, W. M., S. FortmanRoe, P. C. Cross, A. Jenness, J. S. 2004. Calculating landscape
J. Lyons, S. J. Ryan, and C. C. Wilmers. surface area from digital elevation
2007. Nonparametric kernel methods models. Wildlife Society Bulletin
for constructing home ranges and 32:829 839.
utilization distributions. PLoS ONE Jenness, J. S. 200Surface tools for points,
2:e207 lines, and polygons extension for

Greenberg, D. B., and W. J. McClintock. 2008. ArcView 3.X, (v 1.6.
Remember the third dimension: terrain <http://www.jennessent.com/arcview/a
modeling improves estimates of snake rcview_extensions.htm> Accessed 13
home range size. Ichthyology and December 2014.

Herpetology 2008:801B06. Jennrich, R. I, and F. B. Turner. 19609.

Harestad, A. S., and F. I. Bunnell. 1979. Home Measurement of nenircular home
range and body weight: a reevaluation. range. Journal of Theoretical Biology
Ecology 60:389402. 22:227 237.

Harris, G. M., M. J. Butler, D. R. Stewart, E. M.Jerina, K. 2012. Roads and supplemental
Rominger, and C. Q. Ruhl. 2020. feeding affect homeange size in
Accurate population estimation of Slovenia red deer more than natural
Caprinae using camera traps and factors. Journal of Mammalogy
distance sampling. Scientific Reports 03:11391148.

10:17729. Jewell, P. A. 1966. The concegithome range

Pari kPATep o giHa mBRd rtg e Mo & e the Bit g h 8hfere p

z

\Y,

O

C



20DESERT Bl GHORN COUNCI L TRAS8SACTI ONS:

in mammals. Proceedings of the include a third dimension? Ecology and
Symposium of the Zoological Society of Evolution 3:22852295.
London 18:85109. Oehler, M. W., Sr., R. T. Bowyer, and V. C.
Killeen, J., H. Thurfjell, S. Ciuti, D. Paton, M. Bleich. 2003. Home ranges of female
Musiani and M. S. Boyce. 2014. mountain sheep, Ovis canadensis
Habitat selection during ungulate nelsoni effects of precipitation in a
dispersal and exploratory movement at desert ecosystem. Mammalia 67:B85
broad and fine scale with implications 401.
for conservation management.Oli, M. K. 1997. Winter home range of snow
Movement Ecology 2:15. leopards in Nepal. Mammalia 61:355
Krausman, P. R., J. J. Hervert, and L. L. 360.
Ordway. 1985. Capturing deer andOwenSmith, N., and J.W. Cain Ill. 2007.
mountain sheep with a net gun. Wildlife Indicators of adaptive responses in
Society Bulletin 13:7073. home range utilization and movement
Krausman, P. R., B. D. Leopold, R. F. patterns by a large mammalian
Seegmiller, and S. G. Torres. 1989. herbivore. Israel Journal of Ecology and
Relationships between desert bighorn Evolution 53:4238438.
sheep and habitat in western ArizonaParker, K. L., C. T. Robbins, and T. A. Hanley.
Wildlife Monographs 102:132. 1984. Energy expenditures for
Krausman, P. R. 2026. Characteristics of locomotion by mule deer and elk.
habitat for mountain sheep. Pa@si Journal of Wildlife Management
377 in P. R. Krausman and W. Jex, 48:474 488.
editors. Mountain Sheep in NorthR Core Team., 2022. R: A language and
America: biology, ecology, environment for statistical computing.
conservation and management. CRC R Foundation for Statistical Computing,
Press, Boca Raton, Florida, USA. Vienna,  Austria.  https://www.R
Leblond, M., C. Dussault, and J. P. Ouellet. project.org/
2013. Avoidance of roads by largeReddell, C. D., G. W. Roemer, D. K. Delaney,
herbivores and its relation to T. Karish, and J. W. Cain Ill. 2023.
disturbance intensity. Journal of Anthropogenic  subsidies influence
Zoology 289:3240. resource use during a mange epizootic
Leslie, D. M., Jr., and C. L. Douglas. 1979. in a desert coyote population. Oecologia
Desert bighorn sheep of the River 201:435447.
Mountains, Nevada. Wildlife Relyea, R. A., R. K. Lawrence, and S.
Monographs 66:i3%6. Demarais. 2000. Home range of desert
McCarty, C. W., and J. A. Bailey, J. A. 1994. mule deer: testing the bodyze and
Habitat requirements of desert bighorn habitatproductivity hypothesis. Journal
sheep. (No. 69). Colorado Division of of Wildlife Management 64:14@.53.
Wildlife, Denver, Colorado, USA. Seaman, D. E., and R. A. Powell. 1996. An
Moen, R., J. Pastor, and Y. Cohen. 2001. evaluation of the accuracy of kernel
Effects of animal activity on GPS density estimators for home range
telemetry location attempts. Alces analysis. Ecology 77:2072085.
37:207 216. Seaman, D. E., J. J. Millspaugh, B. J. Kernohan,
Monterroso, P., N. Sillero, L. M. Rosalino, F. G. C. Brundige, K. J. Raedeke, and R.
Loureiro, and P. C. Alves. 2013. A. Gitzen. 1999. Effects of sample size

Estimating home r an g enkesnel home rangetesgtimatésurmal

Pari kPATep o giHa mBRd rtg e Mo & e the Bit g h 8hfere p



20DESERT Bl GHORN COUNCI L TRAS8SACTI ONS:

of Wildlife Management 63:73947. Walter, W. D., J. W. Fischer, T. J. Frink, S. E.

Simpson, C. D, L. J. Krysl, D. B. Hampy, and Hygnstrom J. A. Jenks, and K. C.
G. G. Gray. 1978. The Barbary sheep: a Vercauteren. 2013. Topographic home
threat to desert bighorn survival. Desert range of large mammals: is planimetric
Bighorn Council Transactions 22126 home range still a viable method?
31. Prairie Naturalist 45:227.

Smith, W. P., J. M. Benner, D. Borden, AWarrick, G. D., and P. R. Krausman. 1987.
Bailey, Y. RobinetClark and K. M. Foraging behavior of female mountain
Endres. 1989. Evaluating a three sheep in western Arizona. Journal of
dimensional world with two Wildlife Management 51:99.04.
dimensions: how much difference can iWestern Regional Climate Center. 2026.
make? International Symposium on Climate data, Kofa Mine, AZ station.
Biotelemetry Proceedings 10:6784. https://wrcc.dri.edu/cgi

Stone, K. D., G. A. Heidt, P. T. Caster, and M. bin/cliMAIN.pl?az4702. Accessed 26
L. Kennedy. 1997. Using geographic Jan 2026.
information systems to determine Worton, B. J. 1989. Kernel methods for
home range of the southern flying estimating the utilization distribution in
squirrel Glaucomys volans homerange studies. Ecology 70:1i64
American Midland Naturalist 168.

137:106 111. Worton, B. J. 1995. Using Monte Carlo

Tufto, J., R. Andersen, and J. Linnell. 1996. simulation to evaluate kernbhsed
Habitat use and ecological correlates of home range estimators. Journal of
home range size in a small cervid: the Wildlife Managemenb9:794 800.
roe deer. Journal of Animal Ecology
65:715724.

Pari kPATep o giHa mBRd rtg e Mo & e the Bit g h 8hfere p

\Y,



20DESERT Bl GHORN COUNCI L TRAS8SACTI ONS:

Wil dli fe Water Devel or

Advances and | nnov.
James C. 'adredvoRagynahd M. Lee

Ari zona Game and Fi sZ85D@®BaArt ment , Phoeni x, A
Ray Lee LLY3®B24A08dYy, W
Desert Bighorn Coh@&#Bec7i | Tr

ABSTRAGI | dlI i fe management agencies developing
t hle940s. The earliest sources often consisted
primarily gallinaceous birds. As desert bigho
ail abtt andirregg water t o tshebseeg aannitnoa lnso,r pdhe vienltoc
phisticated designs. Triggering these chanc
urces to desert bighorn sheep and ot her des:e¢
asonsgnshawerdeesmodi fi ed, as early designs wer
uling to refill these facilities. Another ¢
ut hwestern areas eva8pOoOrpaemi oye acran Tbhee asurmient
aling and shading tinajas (nhanksa(l aog& @i W
catch rainwater and RWG epigpe uhdyv sit op magret) s .
ed as appropr i atue ptoos ea asnpde ctihfeirce siist enoamnsd ng |l
e of t he most significant i mprovements in
nitoring tools. These devices measure the a
water depletion, and -vimesalteltistwhemnovi dea
onse. These devices are an essenti al el em
human resources neetdedf dro dnas erttai mi gvlaa rem
i fe.

OS>SW”WOMm®mO® M®O o<

Q30 TV TT V0O

ﬂ
(¢

S
d
I

=9
- 5

p
d

KEY WORDE8skRirghorn sheep,erfidncOwmmsgt ¢ a harthe mamtit e

sensing, safety, techniqgques, technology
Availability of LWi0t3g h | eThehsaebi habit at C C
determines the distripukiaposadi satnriblewddeldo ft h
desert bi Pivorsn cam@pEpenfdesert bighorn sheep ran
t hat a given area can( Buewer tet( Barleewe2r0 1ed4t) . al
2014) To meet the requiMesmentdesofi ptuidcradl ef
desert bighorn sheep d&mapbphasaitze tthhee arnepaor manic e
contain adequate amoushel bér foamadefoeresdaepert
terrain to evade predadtoarsdi ngambatngr asdut oad i i
arewster, and unobst rcuocnipeodn e mbovememtual i ty halt
corridors (Hansen 19 8i04 e pMchK i sntnuedyy eotés tadhned i mege

deVos adwat éreeDevel opments in Arizon



20DESERT Bl GHORN COUNCI L TRAS8SACTI ONS:

water for desert bi ghofronr sdheeseepr twalsi calondrdnl edele & ei
by Turner (1973); basprdesesn thkkapoorseddyhathemai
ncluded that desert fbriegeghanrdn ngh eweapt ecro uwas nahn

(¢
o

survive extended per ifoars agfendtioé¢s aandd i yd s
conditions without wattoerenlgaigreg i mvaol abhker e
Studies also haveoshowheap clpoyal adir oakator t
bet weesnt alnrdeieng water asdbs$specipeedhache sttoorvaad
of desert Dbighorn sheéeilfho@SRataeust haords Wou rkmami z e
1983, Cunningham and GQGlemarrtal 19 8p)a.ctBhetsoe bi gh
correlations increase adlnitmgnhobt , hudmayn penf od:
and particularly duri npgowerrde diiensg aamdl t mamnhapoo
peri ods (Hansem WB&8O0erelsuulnteri nan sol ation of
1980) . i sol atnigona bfeaict or t hat |
There have been fewedeoperttshefpdesent t i me
bighorn sheep |iving wWeshioetamdceswsgltas f19&8)
water, with those being Asn asmabUl tmoaifn ttahiens e
ranges and smal l populTatoimbausa dkKr assembhh @a2600)
Leopol d 1986) . Consiideriimgportthaent | arogemai nt a
i ntermountain movement sncnaidoen by esnosnuer i ng t he
desertshegporint i s postshibd emehapopubkation had
these few cases, the daewocird bbghobr ne xsthiereppa tweorn
able to access free waitreaorfparnat eodut sn dea ocfo ntphr
typical home range ( Wihtahbaim rmenedd sSmfii ¢ h WBFF 8, she
OQugh and deVos 1984). 2014) wh o al so recomme
Il n one study Cain enmanaagenfe2n0t0 8 )a guesnecd easn an
experimental design t oadcwadacay egrdesey termd@dawonrn
sheep response to thedirsetmoivbaut i fn aovaiwatbdre t
water on sever al behawixdrsali ngn dp edreemmong rad p harc e
characteristics o f demreaui §h iowihlod Ini fsehewat eirn
sout hwestern Ar i ztounday., whsnpappr opritdties. s
water sources were manag¥ar itoouse n sruersee atricahter s
water was available tdevdelseped bmgdelrs tshhaete ppr
and other wildlife foffort wodesyeeratr sbi Alidoem ¢ hee
phase, al |l avail abl e watemtsalr caese awse rfeo rmasduec
unavailable for two yesahrese pdutrri anrgs Ilwchd athi adresar ¢
bi ghorn sheepmorneistpoornesdd sfpomea €l y value water a
di fferenti al use pattiemmaer taatnt waptaerrasmea ed { 6lia

demographic ch-angast meh®8B&8) .prAes the concept o]
period was one of sevefrree®danoduignhgg wantdernr hteoposdt
treat ment was an abovwasawercaogeni pedi ocawnlfy pi
rainfall, with the resemaft t¢therndteoanaeneucil ryg mtohl:
the differsiung edl| iimatteh @riaet ur a @ muvtak ter g oault rao crka
measure the desert pbhiugglger nhslhee,ep peesppsses
the drying of the anagibleablpeatwangr Bm@urace s h
dry period. evaporati ba89qQWeFnguyre 1
I n a recent assessneanttc honfie nhta b irtiams g awedreen s r

t o
t o
a

deVos adwat éreeDevel opments in Arizon



20DESERT Bl GHORN COUNCI L TRAS8SACTI ONS:

constructed, and stepsi nduwetgriintyo tiha&t r cecankyg.i nTetea
fences or grates were Holi lor anoaeadcDedengsél!
feral and domestic | isveecsatnodc kt,y pa&ndf i de vseolnoep me
cases, use by predat oresx.i sTthienng etxichn alfjsaoner weroe
built to preclude ferapl aacnedmailn uwat eandf | iow <
cases to é@)cslusd ea flwenalrcsarhiesse aut hors dasewustsepge
mount ai(furha oagnckoveonrt udkelveg) oped primarily for
modern projectsr dgeueiamiewmigludiltief el asgeh Odscomuleal s
dozens of | aborers ame mihcemavisyt hegqghpmpnt ng an
(except I n wil der nessprairmarsy , dewevhoegmealhttisplloe
9, 500storage tanks, addv gleanqments eorfs ianl gl types
devices to determine wadtaenrni sntgorgaudg el el evww ¢ Ihs eagd
check for | eaks. water devel opment s used

Hal l oran and Demi ngSo(ult9h5wBe)s tr e v(i Aerwiezdo n a Gar
the state of water d eDeeglacpmemtts 2D 4 nd) dtelsatr ti s

bi ghorn sheep on the Kdhfea morsd Ciad ednat &ce r 230 2a4n.
game ranges in Arizona, alnd 1946 Detshet AGamen a
Depart ment (AZGFD) Dev
Mai nt enance crew built

guzzlero6. Water developr
1950s with the AZGFD an
feder al wildlife man a
devel opingi maatidrys fprr

(Callipepla gambell a n d supporting

game bird i ntroductions
devel opments targeting
was at Pusch Ridge, Sant
which was developed in t

pack ani malmattea itarl sn g pgar
Asvas the case with most
i n the American Sout hwe
the expansion of an exi
nat ur al plunge hol e.

FI GURE Mo st early devel opmend S tWed € next fi
w

vV e
i mprovements to existidtGePopmeatpaeks gnwi &t e
the i mprovements beingdamcdngdddct iy ®mi &4 e € B Od
to increase storage cCagpvagCliviey,, @R welhlasasr s€@ll
cracks and removal of dnatt €H medts ttypRds hasvemd efeu
trapped with wateoofl opwst i Nnthtt hg| IP| Ucnodnet rPi b u't
maiemtance | oad. Progressi
Range in Nevada. A unipeuwea oglkemenphajod, Watheer ne
devel opment t hat theseegel bpment epPfrt athewagary
the engineering planscae¢vemeped wheréhanUaPr ol
Fi sh and Wi ldlife Servaicef aand dihee Cawndli ant
Conservation Corps thatyaper &miusienfiiaau rt & ex)e.
projects; many prentisous water devel opm
were pl-ananredd lommcked the structural

deVos adwat éreeDevel opments in Arizon



20DESERT BI GHORN COUNCI L TRASBSACTI ONS:

in managing waters for d
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Mycoplasma ovipneumonia$train Typesin
Arizona: Spatiotemporal Trends Inform Risk
Assessments

Anne JusticeAllen, Erin Butler, and Ann Fan

Arizona Game and Fish Department, Phoenix, AZ 85086, USA

Desert Bighorn Council Transaction58:68/ 72

ABSTRACT Bacterial pneumonia in bighorn she€p/{s canadens)as caused periodic all age

mortality events and low lamb recruitment in several regions of Arizona. Since 2009, the Arizona

Game and Fish Department has used stygaiimg of Mycoplasma ovipneumoniglovi) bacteria

as part of routine herd health assessments and to guide translocation and management plans. We

found that Movi strain type patterns varied across the state: in the Black mountainstigiog

disappeared from the population and new strains were detected while in the Kofa mountain

complex multiple strains have consistently been detected in over several years.

KEY WORDS Desert bighorn sheef@yis canadensjdycoplasma ovipneumoniagrain typing

Three subspecies of bighorn sheep
(Ovis canadenis canadensi®. c. nelsoni
and O. c. mexicanp are managed by the
Arizona Game and Fish Department. The
Department has been capturing bighorn
sheep for research (habitat use and landscape
connectivity) and population management
(translocation) for 70 years. During captures,
samples are collected tesess the health and
disease status of the population. Since 2009,
testing for exposure to and infection with
Mycoplasma ovipneumoniagMovi) has
been included.

Epizootic bacterial pneumonia has
caused declines in several populations of
desert bighorn sheep in Arizona (Rominger
and Goldstein 2007, Wakeling 2007, Justice
Allen et al. 2016). This disease involving
multiple bacteria species is initiated by

J u s {Ail ¢ @ nAV/tc oapll .as ma

infection with Movi (Besser et al. 2013).
Outbreaks are often associated with the
incursion of an infected bighorn sheep or
domestic sheep or goat or with the
movements of infected bighorn sheep (Besser
et al. 2012, Cassirer et al. 2018, Jusfdlen

et al. 2016). The outooe of the introduction

is dependent upon the pathogenicity of the
Movi strain, and the disease history of the
bighorn  sheep population including
immunological naivety to the introduced
Movi strain (Cassirer et al. 2017, Cassirer et
al. 2018). We analyzed the temporal and
geographic distributions of Movi strains as
identified through multilocus sequence
typing (MLST, Besser et al. 2019, Kamath et
al. 2019, Manlove et al. 2019) in relation to
bighorn sheep mortality events to gain insight
into Movi epidemiology.

oyti rpanieru mbynp ease

TRABSACTI ONS:

Il nform Ri s



20DESERT BI GHORN COUNCI L

METHODS

Live animal sampling: Blood, and
nasal swabs were collected from bighorn
sheep at captures from 2009 to 2024. Swabs
were placed in TSB with 20% glycerol and
kept cold or frozen until submitted to the
Washington Animal Disease Diagnostic
Laboratory (WADDL, Pullman, WA).
Samples were shipped overnight on gel ice.

Hunterharvested ram sampling:
Nasal swabs were collected from hunter
harvested rams at check in from 2019 to 2022
or, in 2023 and 2024, by the hunters
immediately following harvest. Samples
were placed in TSB with 20% glycerol and

frozen wuntil shipped owvaight to the
diagnostic laboratory.
Diagnostic testing: WADDL

performed Movireattime polymerase chain
reaction (Besser et al. 2019, Manlove et al.
2019); positive samples were tested via
MLST at four loci (1623s intergenic spacer,
small ribosomal unit 16S rRNA, RNA

polymerase B, gyrase B); generated
sequences were aligned via MUSCLE and
matched to previously identified strains in the
WADDL database (Cassirer et al. 2017,
Kamath et al. 2019). When strains differed by
more than 4 single nucleotide polymorphisms
(SNPs;Kamatha et al. 2019), a new strain
type number was assigned.

RESULTS

From 2009 to 2024, 131 samples were
successfully tested by MLST. Eighteen
strains were identified according to the

scheme described by Kamath et al. (2019).

Strain distribution was delimited temporally
and geographically (Figure 1, Table 1). The
variationin the strain type patterns is evident
in the differences between the Black
Mountain and KofaYyuma metapopulations
with a series of strains occurring in the Black
Mountains one after the other and multiple
strains occurring together in the Kofa/Yuma
metap@ulation.

TABLE 1. Mycoplasma ovipneumoniagraintypes identifiedn Arizona bighorn sheep

metapopulationsStrain type numbers as identified in Kamath et al. 2019 and as assigned by the

Washington Animal Disease Diagnostic Laboratory.

Strain?! Metapopulation

BHS-001 Black Mountains

BHS-002 Black Mountains

BHS-003 Black Mountains

BHS-004 Kofa-Yuma

BHS-005 Gila

BHS-006 Gila

BHS-007 Gila, Kofa-Yuma, Bighorn, Cabeza

BHS-008 Grand Canyon

BHS-009 Grand Canyon

BHS-010 Kanab Creek

BHS-011 Kanab Creek

BHS-012 Kanab Creek

BHS-013 Kofa-qua, Southern Black
Mountains

BHS-014 Virgin River

BHS-024 Cabeza

BHS-096 Grand Canyon

BHS-097 Grand Canyon

BHS-099 Southern Black Mountains

BHS-132 Growlers

J u s {Ail ¢ @ nAV/tc oapll .as ma
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Land Staiais

Arizona Bighorn Sheep Metapopulatlons and Mycoplasma ovipneumoniae Straing|
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FIGURE 1. Distribution ofMycoplasma ovipneumoniagains identified in Arizona bighorn sheep
populations.

TABLE 2. Temporal pattern of strain types in the Black Mountains, Arizona, USA,12022.
Strain types as identified in Kamath et al. 2019; + indicates strain was detected in the population.

Year
Strain? 2012 2013 2015 2017 2019 2020 2021 2023 2024
BHS-001 + + +
BHS-002 + +
BHS-003 + + + + + +
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The Black Mountain metapopulation
is a native population of0. canadensis
nelsonilocated in the northwestern portion of
the state. It has served as a source population
for translocations in the northern part of the
state. Movi has been detected in the
population since 2012 (Figure 1, Table 2). In
an all age mortality event in 2015 in the Black
mountains of northwestern Arizona, we
identified the incursion of a strain (BH®?2)
initially detected in the Marble Mountains,
California and the Spring Range, Nevada
during 2013. This event resulted in a 53%
decline in the number of bighorns observed
on survey. This strain was then replaced by
another strain (BH®03) of unknown origin
in 2017, but phylogenetically related to

TRABSACTI ONS:

strains found in bighorn sheep across western
Arizona (Kamath et al. 2019). This
population has not recovered to historic highs
at this time In the early 2000s, the Kofa
Mountains population experienced a decline
of 50 percent, accompanied by an increase in
the seroprevalence to Movi. Since then, we
have detected 3 different strains (Ba&4,
BHS-007, BHS013) of Movi in the Kofa
Mountains (Figure 1, Table 3).
Seroprevalence and detection of the Movi
strains by PCR has persisted and yet the
population has recovered to previous
numbers without additional management
actions. This suggests these strains possess a
low level of pathogenicity as the population
has recovered to piecline numbers..

TABLE 3. Temporal pattern of strain types in the Kofa Mountains, Arizona, USA, 2022.

Year
Strainl 2012 2013 2014 2015 2016 2018 2019 2020 2021 2022 2023 2024
BHS-004 + + + + + + +
BHS-005 + +
BHS-006 + +
BHS-007 + + + + + + + + +
BHS-013 + + + + + + +

In contrast to the well sampled areas
of  the Black and Kofa/Yuma
metapopulations, strain distribution is not
well understood in the poorly sampled Kanab
CreekGrand  Canyon metapopulation
(Figure 1, Table 1). In the early 2005 the
population experienced a arked decline
with a loss of 80% of the animals. Disease
testing in 2006 detected Mown eight of
eleven animals (AZGFD unpublished data).
Several different strains (BH&L0,-011, and
-012) have been detected animals captured
for disease testing in subsequent years (2009,
2015, and 2015, respectively); this
population continues to be b®lohistoric
numbers.

In all, 19 strains with distinct
geographic distributions have been identified

J u s {Ail ¢ @ nAV/tc oapll .as ma

in Arizona bighorn sheep managed by the
Department. Management of Moghdemic
populations remains a challenge for the
Department. Some endemic populations
appear to be doing well in the face of the
pathogen as in the Kofa/Yuma complex.
However, other populations endemic for
Movi remain below historic numbers (Black
Mountairs, and Kanab Creek). We cannot be
certain if this is a result of additional stressors
on the population such as drought, population
genetics or the pathogenicity of the Movi
Test and remove has demonstrated some
success (Cassirer and Besser 2025).
Implementation of this management action in
Arizona is not being considered at this time.
An additional complication for bighorn sheep
population management, especially in

oyti rpanieru mboynp ease |
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northern Arizona are the multiple agencies
involved. Collar data have demonstrated that
many Arizona bighorn sheep populations are
connected to populations managed by other
agencies (State, Tribal and Federal). In order
to better manage disease in bighsieep, we
should establish regional datharing
agreements and management objectives for
bighorn sheep.
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From Field Notes to Policy: 65 Years of
Science to Management in the Desert
Bighorn Council Transactions

Steven G. Torre's Vernon C. BleicR, and John D. Wehausén
ICalifornia Department of Fish and Wildlife (Retired), Loyalton, CA 96118 USA

’Department of Natural Resources and Environmental Science, University of Nevada Reno,
Reno, NV 89557, USA

3Sierra Nevada Bighorn Sheep Foundation, Bishop, CA 93515, USA

Desert Bighorn Council Transaction§8:73/ 105

ABSTRACT The Desert Bighorn Council (DBC) meetings have been an important forum
supporting expertise, applied science, communication, mentorship, scholarship, and best
management practices, and much of this has been conveyed through publications in the Desert
Bighorn Council Transactions (Transactions). Recent reviews and commentaries on the
organizational history and accomplishments of the DBC and a critique of shortcomings ended with

a proposalo examine the partnership between science and management, and to determine how the
DBC can continue to use or support the application of the best available science to benefit the
management and conservation of desert bighorn siiaap ¢anadensis nelsQniOur objective

was to examine this important partnership, consider notable scientific and technological junctures
from 1960 2025 and how these developments contributed better understanding of desert
bighorn sheep natural history and resdlh updded managementracticesThis caevolution of

science and its resulting application is fundamental for better understanding and for the
advancement of any field of science, and this has been a primary objective of DBC. We review
many of the early contributions to knowledge puidid in Transactiongr f r om mor e r
articles publ i s thatdesuited in atneammedigteoastiom ta Ibenefit the
management and conservation of desert bighorn sheep. There is a continuing need for such actions
in the context of the advantages of applying current knowledge and contemporary theory to
conservatiorefforts, with an emphasis on the wider application of metapopulation dynamics as an
example.

KEY WORDS bighorn sheep, conservation, corridor, demography, fragment, landscape,
metapopulation, mountain sheep, moveméwis canadensjglanning, population

Desert  bighorn  sheep Oyis histories and are initially presented herein as
canadensis spp.) conservation and chronicled through the Desert Bighorn
management have a broad scope and lengthy Council (DBC) Transactionélransactions).

Torred &troanl Field Notes to Policy
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We also expand to include other scientific
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by a continuing absence of metapopulation

references in more recent decades in response science in contemporary State management

to conservation science, technology, and
publication forums (Berger et al. 2024)
across species and landscapes. Although
Transactions do not provide a published
record for all science and management
related to or affecting desert bighorn sheep,
the DBC has provided an important forum
through  meetings, newsletters, and
Transactions for researchers and managers to
discuss new ideas and concepts since 1957.
Through preseations at its annual (1957
2002) and biennial meetings (20@8esent),
investigators made their work known prior to
formal publication either in Transactions or
another journal competing for manuscripts to
be submitted for publication (Berger et al.
2024).

State status reports, natural history
observations, management actions, panel
discussions, and abstracts of research
publications have been published as part of
Transactions since
These, when combined with the publication
of more famal research results, provide an
important record of this past and current

partnership between science and
management State status reports have
documented respective  histories  of

management and other actions. Reviewing
past and present management practices are
important to recognize successes, possible
mistakes, potential opportunities, and future
needs to ensure the petence of desert
bighorn sheep on the landscape.

Most importantly, the DBC has
served as a forum for scientists and managers
to communicatePart of our motivation for
this paper was our collective, but
independent, observations that from 1995 to
2025 the ceevolution of science and
management appears to be diverging, with
management practitioners being slow to
implement new scientific approaeh and
opportunities. In particular, this is evidenced

Torred &tr oanl

plans. As highlighted by Torres (2023), self
reflection and criticism are fundamental to
the DBC fulfilling its mission. While some
comments may be critical, challenges and
debate are an important part of advancing
conservation and have a long history in
Transactions.

This historical review of desert
bighorn sheep conservation proceeds with an
acknowledged bias toward (1) population
assessments, habitat use, distribution, and
movements; (2) enhancements of technology
associated therewith; and (3) the scientific
advancerants that have resulted from the
latter. These tools and data are fundamental
to framing conservation in a regional
landscapdevel context for desert bighorn
sheep. Our retrospective commentary will
conclude with thoughts on current
conservation challengeand will advocate
that the DBC continue to support

D B ¢bhaborafion amomgisaiegtists amd niadagers.

that will enhance opportunities for species
conservation.

This history includes the
simultaneous development of conceptual
advances and technological enhancements
that allowed data collection previously not
available. These are not independent
histories, in that new opportunities for data
acquisition can influere scientific questions
and basic concepts that can be pursued. As an
example, the ability to extract DNA of
adequate quality from fecal samples of desert
bighorn sheep (Wehausen et al. 2004)
allowed the topic of gene flow between
populations to be reseamh a subject that
previously would have been ignored because
of the inability to develop large enough
sample sizes from what were considered to
represent neighboring populations.

Our objectives start with presenting
key developments in science, technology,
and management in a time seriedlustrate
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the evolution and establishment of
metapopulation science as it can be applied to
management of desert bighorn sheep. In this
process we examine the partnership of
science and management, future conservation
challenges, opportunities of metapopulation

scielce as a management principle,
interagency and interstate planning and
cooperation, scientific and management

collaboration, and the role DBC has played.
This historical chronology will help to
establish context and emphasize the
continued need to apply weconservation
science to management.

THE 1960s AND 1970s: PIONEERING
SCIENCE AND MANAGEMENT
EFFORTS

This early era largely represented a
call to document and consolidate knowledge
and resulted in a period of discovery through
the greater sharing of information. These
discoveries included important
organizational guidance and changes to better
define thepurpose and goals of the DBC
(Torres 2023). These early efforts and
research occurred at a time when new
scientific results or knowledge incrementally
contributed to advancing management. For
example, more comprehensive and -pre
telemetry efforts at populan assessments
(Welles and Welles 1961, Weaver and
Mensch 1970a) and development of water
resources (Baker 1969, Warburton 1969,
Welsh 1970) were advancing during the
1960s. Many other elements of natural
history (e.g., information on life requisites,
predation, long range movements, disease)
were limited by theravailable methods or
technology that, in some cases, resulted in
anecdotal descriptions or speculative results.
Shortcomings were compensated by
intensive field
direced largely toward collection of data
pertaining to seasonal distributions,
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Nevertheless, these subjects were addressed,

and often discussed in detail, in early issues
of Transactions. The recognized need in 1962
to collaborate and consolidate knowledge
inspired DBC to producghe Desert Bighorn
(Monson and Sumner 1980).

Intermountain Movements Inspire a
Landscapelevel Perspective

Early during this period, Simmons
(1962:57) pointed
species can be wisely managed, something of
its behavior must be
behavior, he meant on habitat use and
movements. At that time, desert bighorn
sheep were ricknown to make frequent long
range movements that are an essential
component of metapopulation dynamics
facilitating use of
and recolonizati on.
movement s occur r el
(Schwartz et al. 1986; Bleich et al, 1990a,
1996; Epps et al. 2003). Regarding leng
distance movements, Monson (1964:11)
noted, fAnéwe stild]l
to draw definitive conclusions regarding this
phase of their
A T W |dividuality and their thin numbers,
in the most difficult terrain, makes them hard
to study. o

At this point, we emphasize the
i mportance of
they illustrate the evolution of scientific
inquiry about behavior and movements at the
level of the landscape, which is important to
advancing management in a larger regional
context, and is foundational to the
conservation of metapopulations of desert
bighorn sheep and other species. Monson
(1964:11) al so
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won wide acceptance. Somewhat typical is
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(1939) Game in the DesertThe bighorns
move from range to range following, the
spotty desert rains, and during the mating

surveys, construction of water developments,
and to capture animals using drive netting,
corrals, or chemical immobilization via aerial

season the breeding r darirgg(Jessup et al.r2014).iTheaide pf.fixed 0 .
Al t hough O6Connor 6s swigt areradt nahd hekcoptera saeghentech
anecdotal experiences, bighorn sheep more intensive ground monitoringand

biologists now know the statemerdashmore
validity than was appreciated in 1964.
Monson had documented several empirical
records of longange movements from 1942
to 1964, and concluded that lerange
movements are very rare amd {SH2IOUAvel
appears to be mainly by males, and long
distance travel occurs mainly during the
rutting seasono
he acknowledged the movements by rams,
Monsonos di smi ssal
observations as unscientific reflected the lack
of supporting data at that time; that dismissal
was unfortunate in the context of its
conservation significance.

During the 1970s, the science and
management of desert bighorn sheep
benefited from newly developed very high
frequency (VHF) radiotelemetry technology
and its application to wildlife work. This
early use and testing of VHF telemetry
collars was problemat due to high failure
rates (Douglas and White 1979, McQuivey
and Pulliam 1980), and expense.
Nonetheless, as technology improved during
the later 1970s, knowledge about natural
history, distribution, survival, and habitat
requirements advanced as the utesof
monitoring radiecollared individual animals
and was described widely in Transactions
(Cooper and McLean 1974, Golden and
Ohmart 1976, McCutchen 1977, Lenarz
1977, Douglas and White 1978, Campbell
and Remington 1979). Most largndscape
efforts wee assisted by periodic fixeding
aerial monitoring to determine locations and
survival or mortality of marked individuals.
Helicopters were being used in desert

bighorn sheep research by the 1950s (Jones et

al. 1957), and became frequently used for
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yielded a better understanding of distribution
and movements. As a result of these and other
comprehensive  population inventories,
habitat and distribution assessments began to
address additional scientific questions about
the spatial scale of movementattern and
frequency of movements, sexual segregation,
philopatry, and mortality. The answers to
these 1vere 4important. in Abuitding @y h
understanding of natural history and its value
fay advanciggécahsenvationr 6 s

Methods to quantify the relative value
of habitat patches to desert bighorn sheep
were developed in the 1960s (Hansen 1967)
and were applied by investigators by the end
of that decade (Weaver and Mensch 1970a,
1970b;Breyen 1971; Weaver and Hall 1971).
It was not until Ferrier and Bradley (1970)
published their findings in Transactions,
however, that the potential use of such an
approach was realized. The bighorn habitat
index of Ferrier and Bradley (1970) was
based omlata collected through field surveys
that quantified grass abundance, distance to
water, and topography (i.e., degree of slope)
in southern Nevada. This early, albeit simple,
model represented an important scientific
development that could be applied
immediately to management, and inspired
future approaches as data became available.

Building  further on regional
landscapdevel assessments, Yoakum (1973)
initiated a survey of potential desert bighorn
sheep rantroduction sites on all national
resource lands in California, Nevada,
Arizona, Utah, and New Mexico. Using a
survey distributd to all Bureau of Land
Management field offices, the potential value
of these areas was assessed from historical
records, status of watawvailability, and the
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guantity and quality of grasses, forbs, and
browse available. This effort identified 91
sites as potential desert bighorn sheep habitat
(Figure 1). These objective, scieruased
efforts were particularly important as an
increasing number of states werebarking

on translocation programs to -establish
bighorn sheep populations. During the same
period guidelines for capturing and -re
establishing desert bighorn sheep were
published in Transactions (Wilson et al.
1973). These guidelines made important
recommendations for management efforts,
served as a starting structure for
translocations, and provided a basis for future
improvements.

§ 4\
' x
N H
®
x \!
NEW MEXICO \

: s = x
FIGURE 1. Results of an early rangeide
survey to determine potential desert bighorn
sheep habitats on national resource lands in

the southwest (adapted from Yoakum 1973).

After publication of the
aforementioned guidelines, a commentary
calling for genetic research was published in
Transactions (Wilson 1974) and represented
very advanced thinking for the time. The
author envisioned that genetic research could
offer addition&tools for desert bighorn sheep
management , stating:
have presented data and theories indicating
that some bighorn populations are declining
because of 6genetic
1974:50), and he further suggested four areas
to consder: isolation and inbreeding, rutting
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behavior, selective harvest of rams, and
di seases and
visionary, but science and genetics
technology in the 1970s were not yet
advanced enough to address these topics.
Nonetheless, such forethought and insight
paved the waydr future work that led to
important considerations and advances in
bighorn sheep research, and eventually to the
application of metapopulation theory to
population management.

Technology to Reduce Mortality and
Maximize Data Acquisition

Bighorn sheep researchers in the
1970s faced other challenges. For example,
high rates of capture myopathy or mortality
were ongoing concerns for capture and
translocation projects (Spraker 1977, Dalton
et al. 1978, Jessup 1982) and warranted
consideration These problems were
substantially reduced as wildlife managers
moved away from the use of chemical
immobilization and toward the use of less
risky netguns fired from a helicopter
(Sandoval 1980, Jessup et al. 1982, DeForge
et al. 1984, Remington anigVos 1985), and
the use of drop nets (Erickson 1970, Papez
and Tsukamoto 1970, Schmidt et al. 1978,
Fuller 1984) or drive nets (Jessup et al. 2014).

Today, al |l of t hese
continue to be refi
sheep ma (Beeigheamek Lutz 2024,

Lutz and Bleich 2026).

THE 1980s: TECHNOLOGY AND
SCIENCE ADVANCE MANAGEMENT
AND SPECIES RECOVERY

i R eDUrng the 19805, deser pighgrp s
sheep science and management continued to
benefit from important advancements in

techpQlogy, @ardg the o develggments g

improvement of methods * for capture,
monitoring, and transport These
Field Notes to Pol
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developments helped increase the feasibility
of more research and management projects to
benefit species conservation. During this era,
state  wildlife management agencies
embarked on the largest radiollar based
monitoring efforts of extant populationgty
undertaken and conducted many
translocations of desert bighorn sheep to re
establish populations in historical habitat or
augment small or isolated populations. Given
this large number of pioneering efforts, we
characterize thif®l
peri od, wher ein
designed to test specific hypotheses. Rather,
managers were focusing on restoring
historical populations, and thereby adaptively
learning more about desert bighorn sheep
natural history. The outcomes dahese
projects provided opportunities to evaluate
results and generate best management
recommendations for subsequent
translocation projects (Leslie 1980, deVos
and Remington 1981, deVost al. 1981,
McQuivey and Pulliam 1981, Morgart and
Krausman 1981, Rowland and Schmidt 1981,
deVos 1982, Dodd 1983, Elenowitz 1984,
Remington and deVos 1985). The 1980s
continued to represent a period wherein
science was directly applied to management
prectice. For example, revisions of capture
procedures for bighorn sheep were produced
by Wilson et al. (1982).

During the 1980s the reliability of
radiotelemetry  collars improved, and
acquisition of information increased
substantially, resulting in a dateh period
with learning opportunities for researchers.
In addition, the increased use of fixethg
aircraftfor aerial monitoring (Krausman et al.
1984) and helicopters for population surveys
and captures (Jessup 1982) provided even
more data. These efforts provided
opportunities  for population analyses
(Furlow et al. 1981, Leslie and Douglas 1982,
DeForge 1984), habitat assessmenfHoll
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1982, Wilson et al. 1980), and survival and
mortality investigations (Munoz 1981).
Although habitat analyses and movements

provided new informationt h e ability
reliably interpret t hose
|l ocati onal accuracy of t
and navigational i nstrum

t hat (Jaegemet al. 1993, Oehler et al.
1996).

It was at this same time that
researchers and managers began to appreciate
pictod dtairalandmportanc

movement corridors (Ough and deVos 1984)
to the behavioral ecol
s h e €gehran and Smith (1983) reported a
male crossing large tracts of level terréiu p
t o 17 .daringkseveral intermountain
movements. While other investigators
previously had described intermountain
movements (Monson 1964Nitham and
Smith 1979), Cochran and Smith (1983:2)
concluded t hat, n. .. c
magnitude are uncommon. 0
During the early 1980s, Ough and
deVos (1984) detected additional extended
movements that they described as primary
movement corridors connecting higke
areas within and between mountain ranges.
Primary corridors contrasted with the rarer
secondary travel corridors that crossed broad
stretcles of unsuitable habitat (Figure 2).
Intermountain movements were considered
in a conservation cont e:
intermountain travel and the distribution of
resources within a mountain complex is
necessary to mitigate the impact of travel
corridordsr upti ons effectivel
deVos 1984:32). This represented an early
recognition of movement corridors as an
important component of bighorn sheep
habitat, and shortly thereafter was found to
have a substantial influence on effect the
viability of desert bighorn sheep populations
(Schwartz et al. 1986).

09
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FIGURE 2. lllustration of desert bighorn
sheep primary and secondary travel corridors
documented by Ough and deV@$984).
Primary corridors were represented by the
shorter lines between mountain ranges.
Secondary corridors were represented by
longer lines over flat terrain (habitat types
1,2).

THE 1980s: CONSERVATION
SCIENCE PROMOTES LARGE
LANDSCAPE APPROACHES

New conservation science was
developing during the 1980s that considered
the importance of large landscapes, habitat
connectivity, and the management of wildlife
populations in the context of lofigrm
viability. Building on the landmark work of
MacArthur and Wilson (1967), Soulé and
Wilcox (1980) published seminal
contributions representing an important
juncture that advanced conservation science
to a broad scale and was directly applicable
to single and multispecies management
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approaches.

Although the importance of science
and its application to conservation was
recognized by wildlife managers and other
applied scientists, the new concepts were just
emerging and, A .
academic colleagues thought the subject was
beneath their
1980:2). Indeed, it was a concept that was
recognized by practitioners but not yet
accepted by or widely established in
academic circles (Soulé and Wilcox 1980)
despite the foundational importance of
natural histoy to wildlife conservation
(Berger et al. 2024). Desert bighorn sheep
managers at this time still viewed populations
as occupying independent islands of suitable,
mountainous habitat, but largely in the
absence of an appreciation for their
importance andelevance to each other over
a broader region (Schwartz et al. 1986).
Consequently, any appreciation for
movement corridors and the importance of
inter-mountain areas remained a lower
priority. This situation also promoted many
reintroduction projects fo@@d on restoring
historical population(s) that resulted in
isolated, less optimal sites being selected
(Bleich et al. 1996).

During the 1980s, bighorn sheep
population status and viability primarily were
determined by size, with the smaller
populations considered less viable. Based on
a simple analysis ofiistorical data, Berger
(1990) modeled desert bighorn sheep
populations and predicted the extirpation of
popul ations est.i
within 50 years. This paper was challenged
by Krausman et al. (1993), Goodson 1994,
and Wehausen (1999) whohawed this
simplistic basis of predicting population
persistence was flawed, concludibgh a t
| osh@r m persistence
popul at i othese predidtians. eAd
Wehausen (1999:384) pointed out, many
factors affect the dynamicef mountain
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sheep popul ations
extinction are likely to be correspondingly
compl ex. o |l ndeed,
small population paradigm (Caughley 1994)
to this species is appropriate, but the
extirpation of numerous populations largely
hasbeen explained by the widespread effects
of pathogens and resulting disease (Clifford
et al. 2009). Localized and independent
extinction, and colonization of formerly
occupied or otherwise vacant habitat are,
however, fundamental assumptions and
important elements in metapopulation
dynamics (Lin 2022).

As managers were learning about and
beginning to appreciate the potential
importance of connectivity between habitat
patches, the movement of individual animals
through long and shordistance corridors
became an additional factor to be considered
in ther management.

In one of the most important papers of
this era, Schwartz et al. (1986) examined the
issue of genetics and inbreeding concerns in
desert bighorn sheep populations in
California and Nevada and demonstrated that
genetic diversity could be maintained by a
relatively low frequency of individual
movements between mountain ranges.
Considering historical and recently known
movements of desert bighorn sheep, they
concluded the observed rate of movement by
individuals between populations was
adequate to alleviate breeding concerns.
Given these movement dynamics, Schwartz
et al. (1986) speculated that their study area
could more appropriately be thought of as a
single metapopulation, or as a system of
populations as defined by Levins (1970).
This 1986 analysis andrgsentation further
illustrated the potential importance of
intermountain movements to the
conservation and viability of desert bighorn
sheep populations by elevating recognition in
the value of open netraditional habitats
between mountain ranges.
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t hha tearliesth statewidea dissribuson o f
map of desert bighorn sheep in California
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in 1914 (Figure 3). This early effort generally
outlined the distribution of desert bighorn
sheep but did not include many attributes
other than recording some select years that
important observations were made. In the
latter 1980s, other investigators were
working on an inventory and mapping project
of all known historical and extant populations
of desert bighorn sheep in California
(Wehausen et al. 1987). This important effort
helped produce the first accurate
representation of desert bighorn sheep
populations  statewide and assigned
demographic attributes to each: native,
relocated, and extirpated. As this project
continued into the 1990¢his1987 inventory
was updated and digitized into a geographic
information system format (Figure 4). This
new technology proved to be a valuable tool
given the land management changes
following passage of the California Desert
Protection Act (U.S. Congss 1994). The
resulting map became an invaluable visual
resource that further informed and inspired
habitat and population management and
served as an important base upon which to
build.

During this period, recognition of the
vulnerability of desert bighorn sheep
populations to pneumonia following
association with domestic sheep increased
(Foreyt and Jessup 1982, Goodson 1982,
Jessup 1985) and resulted in management
guidelines for domestic sheep when in the
vicinity of bighorn sheep habitat (Desert
Bighorn Council Technical Staff 1990).
These guidelines helped establish the need
for spatial sepatmn and provided
parameters that later were adopted by federal
and state agencies and remain at the forefront
of recommendations regarding the
management of domestic sheep grazing in
bighorn sheep habitatMesternAssociation
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of Fish and Wildlife Agencies 2025). large mammal systems ecology expanded
Despite development of novel across numerous species and fields and the
methods and the forwaitiinking articles eventual transition of annual DBC meetings

that were published in Transactions over a to a biennial schedule, with the result that
period of nearly 40 years, contributions to the  Transactions have been published every other
journal dropped substantially starting in the year since 2003. As a result, we expanal th
mid-1990s. Thus, citations of papers following discussion from our initial focus on
published m Transactions are less  Transactions to publications in other journals
represented in our continuing discussion of and sources that have contributed to desert
the application of science to management. bighorn conservation during the more recent
This was coincident with a period wherein  past.

DISTRIDUTION MAP

UL O VT R ATE R0

FIGURE 3. The earliest map of the statewide distribution of bighorn
sheep in California was prepared by Joseph Grinnell in 1914.
California Department of Fish and Game archives.
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FIGURE 4. The first precise representation of
bighorn sheep populations in California and
the population status (native [green]; re
established [blue], or extirpated [red]).
California Department of Fish and Game
archives, 1993).

THE 1990s: SCIENCE AND
TECHNOLOGY BUILD NEW
APPROACHES TO MANAGEMENT

The 1990s established opportunities
where new technology and conservation
science inspiredt h e
management

Technological advancements included the
availability and application of advanced
navigational technologies to wildlife

science, and particularly large mammals,
including desert bighorn sheep. Among
thesewere the use of LORANC (Jaeger et

al. 1993, Oehler et al. 1996), followed by
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applica
acpopsr ¢tamge h e
landscapes and over longer time frames.

satellitebased Global Positioning System
(GPS) technology (Torres and Bleich 2000)
combined with remote data download
capabilities; these developments enhanced
mapping accuracy of telemetered animals
during aerial surveys. In addition, the
combination of5PS and satellite technology
enhanced opportunities to investigate
sudden, rapid movements or migrations,
timing of mortality events, and increased
mechanistic  insights into  climate,
movements, and population linkages
(Hebblewhite and Haydon 2010). The
enhanced availability of habitat data across
large landscapes (e.g., the USGS GAP
Analysis Project), geographic information
system software that facilitated processing
and presentation of multivariate, spatially
explicit data (e.g., ARC/INFO, ESRI,
Redlands, California, USA), and the
development and application of lotgyrm
population viability modeling and risk
assessment tools were important. New
methods and improved capabilities for
storage, testing, and analysis of genetics and
disease samples also were developed.

During this era researchers
continued to refihme
importance of movements through flat and
largely open intermountain habitats between
mountain ranges and introduced
metapopulations as an ecological construct
that fits how desert bighorn sheep
populations distribute regionally (Bleich et
al. 1990a:384 Fi gur e 5):
{mlaurdtainouso fapitat that are not
psermar[ﬂently ac upied but that may serve as
Ostepping stoneso
be recognized for their potential importance
to relatively isolated populations of
mountain s h ewonlx . was
foundational in the recognition that desert
bighorn sheep populations function as a
system of interconnected populations
(Bleich et. al. 1990a).
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FIGURE 5. Populations of desert bighorn sheep comprising a metapopulation fragment that
was created by construction of Interstate Highway 40 and Interstate Highway 10 in San
Bernardino and Riverside counties, California. Stippled mountain ranges currently have
resdent populations of the approximate size listed. Mountain ranges with N = 0 are
extirpated populations; ranges with no N value listed are not known ever to have had
resident populations. Arrows indicate documented intermountain movements by desert
bighorn sheep at the time of publication (Bleich et al. 1990a). Movements between 8

additional pairs of mountain ranges inhabited by bighorn sheep have since been confirmed.

Bleich et al. (1996), while
recognizing that metapopulation theory
initially had been applied to desert bighorn
sheep using estimated levels of gene flow
(Schwartz et al. 1986), demonstrated how
the founding properties (habitat patches, and
recolonizationand extirpation events) that
defined metapopulations (Gilpin 1987,
Hanski et al. 1991) fit desert bighorn sheep.
Bleich et al. (1996) also showed how desert
bighorn sheep distribution over broad
regions reflects interconnected and
independent populations herein
recolonization and extirpation events are
part of a dynamic system of populations

Torred &tr oanl

occurring at a landscape level. They
emphasized that this regional landscape
level conservation approach is necessary to
ensure that reserves of adequate size are
established and protected (Agee and
Johnson 1988) and emphasized that
interagency cooperations essential to
implement strategies to manage reserves for
the longterm persistence of large mammals
(Salwasser et al. 1987).

This fusion of science and
technology inspired the application of
metapopulation science to the management
of desert bighorn sheep. This approach
seemed particularly ideal for what \kave
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learned about desert bighorn sheep. With the updated information on the distribution and
recognition that the distribution of these  size of populations and observations on the
large, specialized ungulates reflects a system dynamics of metapopulation fragments in
of demographically independent, yet California  (Appendix A). In a
geographically interconnected, populations metapopulation management  context,
that comprise a metapopulation came the populations can be viewed as both
realization that many historical independent and interconnected in a system
metapopulations have been subdivided and of populations (i.e. as metapopulation
now are defined by anthropogenic barriers fragments, with extirpation and
or activities that have fragmented the recolonization as part of a measurable
landscape (e.g., interstate highways, canals, dynamic. Establishing the use of natural
solar developments, windfarms). Hereafter, —metapopulations, or metapopulation
we use the ten metapopulation fragments  fragments, as a management principle has
in reference to many of the metapopulations demonstrated its potential to be highly
identified and use them to define effective in addressing conservation
management boundaries. Although a challengesi nvol vi ng the mai
somewhat academic distinction, these mov e me nt corridors (or
fragments represent portions ofoneormore condui ts; Jenks 2018) or
large metapopulations that histotiga barriers relative to the
existed across an intact landscape (Bleich et a n dserves as a strong model for
al. 1996). management programs in other

Recognizing its applicability to the
conservation of desert bighorn sheep (Torres
et al. 1994, 1996; Bleich et al. 1996),
metapopulation fragments became the
bighorn sheep management units in
California (Figures 6, 7). Torres et al. (1994,
1996) formally aopted this approach as a
management principle and provided a map
of 11 extant and historical metapopulations
(Figure 6) while also assigning size classes
to the populations within  each
metapopulation fragment. Using this
approach (Torres et al. 1994) pided a
method of using size classes within
metapopulations to estimate statewide
numbers, and to provide a way in which
those size class profiles can be compared
within  and among metapopulation
fragments over time.. These population
inventories later wereaupdated to reflect
demographic changes in desert bighorn
sheep populations from 1995 to 2004
including extirpations, reestablishments
through translocation, or natural
recolonization (Epps et al. 2003), providing
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jurisdictions.

\orlhta\u rn

% Desert Bighorn Sheep
Metapopulations

Central Mojave

e,.) :

Western Transverse

Range
.

{ “South Mojave

San Gabriel” — t\ ;‘
Peninsular (\ .\ l‘Sonoran
Ranges | \
FIGURE 6. First published map of
hypothetical metapopulation  fragment

boundaries of bighorn sheep in California,
including the then putative subspeci@sc.
californianaandO. c. cremnobateflorres
et al. 1994).
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75 KM

M Native
Reintroduced

FIGURE 7. Thirteen metapopulations of desert bighorn sheep were spatially
defined in California circa 1850 based on historical information at that time
(Bleich et al. 1996). By 1970, the number remained similar to that circa 1850
because additional metapopulatiorsated by fragmentation were offset by the
loss of what were thought to have been insular populations or were population
pairs. Since 1970, proliferation of the interstate highway system in southeastern
California further fragmented mountain sheep metajadions. Also shown are

the distributions of Sierra Nevada bighorn sheep, and several insular
populations of desert bighorn sheep not linked to the metapopulation criteria of
Bleich et al. (1996), from which this image&sadapted.
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THE 2000s: INTEGRATION OF
SCIENCE AND METAPOPULATIONS
AS A MANAGEMENT STRATEGY

This period was one that integrated
science across many disciplines.
Advancements in sciences and technology
and the resulting accumulated finer scale
data led to improved habitat modeling, a
greater recognition of the importance of
intermountain  movements enhanced
monitoring of causepecific mortality,
implementation of epidemiological
investigations, and the addition of genetics
investigations into all these sciences.
Together, these advancements led to an
increase of metapopulation science and its
direct application to management practices.

Desert bighorn sheep in the
Peninsular Ranges of southern California
have been identified as a metapopulation
fragment, were classified as a distinct
population segment under the Endangered
Species Act (ESA, U.S. Congress 1973),
which was the first time anspecies (or
subspecies) of North America@vis had
been classified as such under the ESA.
Although previously considered a distinct
subspecies . canadensis cremnobajles
this taxonomic distinction was called into
guestion by Wehausen and Ramey (1993,
2000), who synonymized them with
Nel sonds b iOghelsonm

Additionally, the classification of a
particular subspecies seemed like an
inappropriate listing criterion from a
conservation standpoint. At the time,
endangered species listing petitions
primarily relied on population size and
habitat boundaries as elental criteria. This
approach appeared to be an inadequate
representation for a widenging terrestrial
mammal such as bighorn sheep, particularly
given the immediate threats to habitat that
were associated with development in the
Coachella Valley and theeed to maintain
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connectivity among 9 distinct herd units.
Desert bighorn sheep in the
Peninsular Ranges occur in a relatively
narrow easfacing band of habitat typically
below an elevation of 1,400 m from the San
Jacinto Mountains at the northern terminus
of those mountain ranges in Riverside
County, Californiaand southward through
much of Baja California, Mexico (U.S. Fish
and Wildlife Service 2000, Valdez et al.
2026). Following recognition of bighorn
sheep in the Peninsular Ranges as a distinct
metapopulation ~ fragment,  population
viability modeling was usedot establish
several delisting criteria: a minimum of 25
females must be present in each of 9
recovery regions during 12 consecutive
years (2 generations) without continued
population augmentation; the rangéale
population must average 750 individuals
with a stable to increasing population trend
over 12 consecutive years; regulatory
mechanisms and land management
commitments must have been established
that provide for longerm protection of
desert bighorn sheep and all essential
habitat. Essential habitais that which
includes landscape features essential to
conservation such as areas for lambing,
feeding, and watering. Additionally,
connectivity among all portions of habitat
must be established to allow sheep to move

s h e efgeely(throughout the peninsular rasy

This initial ~ application  of
metapopulation science to population
recovery and management stands as a
demonstrated success by integrating the
importance of intermountain  habitat,
connectivity, and the potential
recolonization of unoccupied habitats. The
metapopulation approach also was used for
bighorn sheepQ. c. sierrag¢ occupying the
Sierra Nevada (Figure 8). Given that this
metapopulation occurs almost entirely on
public land, the primary threats were from
domestic sheep grazingllotments and
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mountain lion Puma concolor predation
(U.S. Fish and Wildlife Service 2007). The
discontinuous spatial occurrence of these
threats has proven the metapopulation
model to be a very effective strategy in
developing management priorities and
recovery criteria, and metapopulation
processes are now wetlocumented for this
subspecies (Wehausen 2023). Natural
colonization and localizeélxtirpations have
been recorded, and a high potential for gene
flow between herd units is evident by
movements of telemetered sheep and the
application of assignment tests to genetic
data. Indeed, actual gene flow has been
documented via parentage testingnd,
natural  colonizations have reduced
translocation needs.

’:)' Sierra Nevada Bighorn Sheep Recovery & Herd Units
o, () Northern recovery unit

Bl Central recovery unit

Bl Southern recovery unit

Bl Kern recovery unit

’, - v -o-o-n?
{ :!M ,«"’3
| et MR \ i
FIGURE 8. The four recovery units and herd
units (i.e., populations) that comprise the
metapopulations of Sierra Nevada bighorn

sheep (U.S. Fish and Wildlife Service 2007).

The concept of managing bighorn
sheep based on metapopulation theory was

Torred &tr oanl
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built on the observations and critical
thinking of many pioneering members of
DBC and the application of those
observations in the context of advancements
in concepts about population ecology (Soulé
and Wilcox 1980, Soulé 1987). As a result,
conservation b desert bighorn sheep has
shifted toward the paradigm of
metapopulation management. In the last 25
years, metapopulation conservation tools
have become available, have been applied to

desert bighorn sheep management, and have

had immediate and largely ptige effects
following implementation. This
conservation approach powerfully blends
higher resolution data derived from newer
technologies and science, as in the following
examples.

Identifying Interconnectivity, Pathways,
And Priority Corridors Using Landscape
Genetics

Recognizing the need to predict population
connectivity and animal movements in

complex landscapes, Epps et al. (2007)
tested dispersal and corridor models using a

TRANSACTI

ONS

combinati ecos¢fd finoedadst ng

estimates of gene flow. This effort was
successful at predicting  population
connectivity, predicting probable movement
corridors, areas where migration rates may
be higher, and investigating the role of
barriers, or translocations, that have affected
connectivity. As a result, this work provides
a valuablegool to begin assessing landscape
connectivity for management. Following
this initial effort, Epps et al. (2018)
reexamined functional connectivity in a
metapopulation to consider changes over
time. While they did observe changes in
connectivity over justtwo generations, it
occurred only in specific locations, and the
authors recommended that movement
patterns be revisited periodically to enhance
scientific management, particularly in
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dynamic landscapesr t hos e
f ragment e dondrycts dr actioas

Investigators have wused GPS
location data to evaluate movements and
derive and calibrate models that then were
used to simulate and identify probable high
use locations along highways that may serve
as barriers to movements (Crabb and
Bristow 2015, Aielloet al. 2023). These
results were used to compare previously
predicted genetic corridors and roadkill
events. Their results demonstrated how
simulation may reveal the probability of
movements within historical
metapopulations that have been fragmented,
and how strategies can be developed to
restore corridor function and assess potential
benefits of restoration. Had these methods
been considered prior to the passage of the
California Desert Protection Act (U.S.
Congress 1994) and had that information
been usé in the planning process, some of
the issues (e.g., wilderness boundary issues,
habitat enhancement constraints, isolated
populations) that desert bighorn sheep
managers currently face would have been
lessened, if not eliminated entirely (Bleich et
al. 2@3).

Predictive Analysis and Modeling
Population Persistence Within
Metapopulations

Epps et al. (2004) demonstrated how
metapopulation structure can be sensitive to
climate change patterns and how certain
parameters were positively or negatively
associated with population persistence. This
large landscape analysis allows managers to
evalwate suitability of different mountain
ranges within metapopulation fragments
when considering management actions or
priorities, such as translocations, predation
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t h a tmaragement, e dabitat

enhancements.
Wehausen and Epps (2021) revisited this
modeling approach and further
demonstrated its robustness and immediate
applicability to management (Figure 9).

An important additional finding was
that habitat patches, identifieds 1 n d i
mo unt ai nvariedh greptysin their
ability to support persisting populations of
desert bighorn sheep. The authors further
discussed how populations in the best
habitat patches need to be provided with the
highest protection in the context of
metapopulation conservah, a concept
upon which recommendations for habitat
enhancement was based (Bleich 2009). The
work of Wehausen and Epps (2021) serves
as an important example for assisting
wildlife management agencies to further
visualize how metapopulation fragments are
structured when establishing management
priorites (Wiedmann et al. 2024),
particularly as they relate to the conservation
or enhancement of habitat.

Prioritizing Management Within a
Metapopulation

Creech et al. (2014) creatively used
a modeling approach based on network
analysis to prioritize management actions
within a  desert bighorn  sheep
metapopulation fragment.This method
facilitated identification of the most
important habitat patches and dispersal
corridors requiring protection or restoration
with the goal of optimizing landscape
connectivity. Their models relied on genetic
data to construct networks of gemetind
demographic connectivity to identify high
priority habitat patches. Wehausen and Epps
(2021) later pointed out that this approach
can be improved by considering habitat
differences amonpgotentialpatches.
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Extinction probability
categories
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FIGURE 9. Categories of extinction probabilities developed by Wehausen and Epps (2021)
for desert bighorn sheep populations comprising metapopulation fragments in southeastern
California. Bighorn sheep inhabiting the Sierra Nevada, the Peninsular Ranges, or the
wedern Transverse Ranges were not included in the modeling exercise. Adapted from
Wehausen anBpps(2021).
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Genetic Analyses for Optimal Strategies
to Assist Translocations

Buchalski et al. (2016) examined the
phylogeographic and population genetic
structure of bighorn sheep in North
American deserts and concluded that the
subspecies (including the Peninsular Ranges
metapopulation) should be managed as if
they remained distt taxonomic entities to
preserve maximal biodiversity. These
authors further recommended avoiding

transl ocations among
and Mexican bighorn sheep, and adoption of
the 61 ocal i s best d

(Ramey 1995) as the mostiaddle means for
preserving local adaptation and phenotypes.
Gille et al. (2018:838) similarly concluded,
AAl t hough
successfully contributed to the
reestablishment of desert bighorn sheep
populations in Arizona without diminiging
genetic diversity, future translocations
should proceed with caution to preserve the

genetic integrity and potential local
adaptations within
Mexican desert bighorn sheep

met apopul ati onséo,
simultaneously for Ovis c.. canadensis
occupying an entirely different ecosystem
(Bleich et al. 2018, Jahner et al. 2026).

a

Analysis of Disease Risk and
Transmission in Metapopulations

An epidemiological approach to
investigating disease fits well for species
distributed as  metapopulations by
contrasting exposure or infection measures
with demographic parameters, including
genetic diversity, at broad regional
landscapes. Because habitetgmentation
lowers genetic diversity (Gutiérrdzspeleta
et al. 2010), decisions on managing for
connectivity are challenged Hiye risk of
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exposure to or the spread of disease, as has
been emphasized with respect to
translocations (Thorne et al. 1992, Griffith
et al. 1993). Thus, connectivity among
populations represents a doubldged
sword: necessary for gene flow but
potentially deleteriosl from the standpoint

of disease transmission (Simberloff and Cox
1987). Dugovichet al. (2023) reported that
connectivity was correlated with higher
immunogenetic diversity, a protective
immune response, lower disease prevalence,

apdethe iretatve isodation of Many of thesé s |,

populations did not protect them from the
intasicen nf pdthogesa t i o n

Genetic and demographic properties
are important to connectivity in desert
bighorn sheep metapopulation fragments.

trans| oc at iDekelaitanedah §2028)rfoeind tthat $er, sige,

and infection status at capture influenced
intermountain  movements and seasonal
movement ratesuting 20132018 for 14
populations in California following a
pneumonia outbreak. Males, older animals,
and uninfected individuals were most likely
to hneake iNterinaurtan 6 movementsd and
females that tested positive at capture had
lowes n mdaru sdaily n moveement hess, d
providing evidence of pathogen infection
decreasing individual mobility and thereby
limiting spread of the pathogen.

Likewise, research conducted on 18
populations of desert bighorn sheep within
and among metapopulation fragments over a
period of 40 years indicated that population
connectivity, environmental suitability for
disease vectors, and proximity to cattle
grazirg allotments affected pathogen
exposure, specifically for pathogens that can
infect desert bighorn sheep and domestic
cattle (e.g., bovine respiratory syncytial
virus, Chlamydia spp., and parainfluenza
Virus-3 ; Carpenter et al
subset of serological tests had any positive
association withpopulation connectivity,
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challenging the longlebated assertion that
increasing metapopulation connectivity will
most often lead to increased risk of disease

GHORN COUNCI L

conditions and competition that may exist as
a result of human, livestock, feral burro
(Equus africanus asinlyis or any other

exposure. Instead, these data suggest that the mammal encroachment; (3) the need to

benefits, and costs of population
connectivity on managing wildlife disease
are dependent on
(Carpenter et al. 2025:1). Collectively, these
researchers favor increased metapopulation
connectivity as a viable conservation

strategy in the long term.

Management Planning

The  metapopulation  approach
applied to the statewide management of
desert bighorn sheep in California (Torres et
al. 1994,1996; Epps et al. 2003)
demonstrated an effective framework with
which to integrate innovative conservation
sciences into managemermagtice. This is
especially true for the rapidly advancing
sciences of disease and genetics
investigations. The California Department
of Fish and Wildlife (2025a) recently
completed and released the plan for bighorn
sheep in California This document
recognizes the metapopulation structure of
bighorn sheep populations and incorporates
that concept in the delineation of 6 bighorn
conservation units (BCUs): Northern
Deserts, North Central Deserts, South
Central Deserts, Southern Desert3)d a
Transverse Ranges (Figure 10). The sixth
BCU is in extreme northern California, but
only transient bighorn sheep from
neighboring states currently use this area
(Glass et al. 2025).

Delineation of the BCUs are based
on or derived from previously designated
metapopulation fragments. As dictated in
that statewide plan, each BCU is to have a
management plan prepared that provides
information on: (1) the numbers, age, sex
ratios, and distbution of bighorn sheep
within the conservation unit; (2) range

Torred &tr oanl

relocate or reestablish bighorn populations;
(4) the prevalence of disease or parasites

recommendations for achieving the policy
objectives. Each of these requisites haerb
included specifically in the previous plan
(California Department of Fish and Game
1983), and 3 years later each requisite was
legislatively mandated and codified in state
law (California State Legislature 1986).
Unfortunately, the current California
bighorn sheep plan has used the term
subpopulations  when  referring  to
populations known to be independent of
each other. This terminology confuses the
fundamental recognition of metapopulation
structure, independent dgmics, the
recolonizatiorextinction dynamic, genetic
connectivity, and the use of metapopulation
fragments as a unique measurement variable
that provides value for regional assessments
or management planning. Subpopulations
are not defined as elementdlie context of
metapopulation dynamics, and we urge the
use of that term be abandoned. To date, a
management plan has been drafted only for
the North Central Deserts BCU (California
Department of Fish and Wildlife 2025b).

DISCUSSION
Science and management -co
evolved with new approaches to

conservation implemented through capture
and survey methods, determinations of
causespecific mortality and survival rates,
water  development planning and
development, disease investigations, and
halitat suitability assessmeniBhese newer
approaches to conservation, however, which
emphasize the importance large landscapes,
metapopulationsintermountain corridors,
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CREGON L £ eghom Conservation Units
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FIGURE 10. The six bighorn sheep conservation units defined in the recently completed

management plan for bighorn sheep in California (California Department of Fish and Wildlife
2025).

and population structure and genetics, are status reports published in Transactions. In
not being widely implemented by the absence of implementation, new
management agencies, as evidenced by the scientific approaches reported in research
continued absence of those terms in desert publications represent missed opportunities
bighorn sheep management plans or in state limiting a wildlife mana e ralilis/ toapply
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that knowledge proactively. Since 1994,
California has been the onggate inhabited
by desert bighorn sheep that has firmly
established the concept of metapopulation
structure as a management principle.

If scientists and managers could
agree that managing desert bighorn sheep
populations as metapopulation fragments
over large landscapes is the most appropriate
conservation strategy in the long term, that
consensus should greatly assist conservation
within states and foster collaboration
between or among state wildlife agencies,
especially for those populations or
metapopulation fragments that straddle state
lines Additionally, if state wildlife
management programs use a common
nomenclature for describing their bighorn
sheep population resource, then standards
for reference can be established and
priorities and research can sleaed readily
across jurisdictions. Further, and from the
human dimensions standpoint, biologically
defined metapopulation maps potentially are
more meaningful than hunting unit
boundaries, would reflect a management
approach that is grounded firmly in scielit
and the ecology of the species to which
management focus is being applied, yet not
preclude harvest constraints on populations
comprising either the metapopulation or a
metapopulation fragment. Such an approach
would facilitate the application of
metapopution science to address important
conservation priorities, including habitat
enhancements, population connectivity,
barriers to movement, recommendations for
translocation(s), and risk of pathogen
spillover, while simultaneously permitting
appropriate regjlatory constraints.

Building on these fundamentals, data
visualization is important to establish the
biological context for addressing stressors
promoting habitat fragmentation, or use in

Torred &tr oanl
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land-use planning, habitat protection, and
water developments, and management of
exotic ungulates.Using metapopulation
fragments as a management foundation
allows flexibility in the designation of
boundaries that can be established on known
connectivity of populations, geographic
boundaries or anthropogenic barriers,
resource stressors and uncertas)tieor
management convenience if deemed
desirable. Once such boundaries are
established and mapped, populations within
them can be inventoried and assigned
attributes that document the status and
management history of eadBoundaries of
metapopulation fragments can be modified
or adapted as interconnectivity and
movements become more evident or are re
established An approach that documents
and serves as a standard baseline of data also
preserves program memory (Fisher 2021,
Diaz and Corti 2025), communicates the
distribution of the resource to the public and
agencies, and proactively helps to address
future conseration needsThe importance
and use o$imple data visualization through
metapopulation maps should not be
underestimated.

Without the ongoing and continuing
implementation of evolving applied science
in management programsgenciesmiss
opportunities to demonstrate contemporary
sciencebased conservation. We suggest
strongly that desert bighorn sheep
management not risk being perceived
primarily for hunting or harvest objectives.
Rather, those goals should represent the
realized besfit of successful management
programs based at a landscape level.
Numerous organizations, many with a
strong focus on sustainable hunting
opportunity and are partners in conservation
dedicated to the persistence of desert
bighorn sheep, agree with thaeprise

Field Notes to Pol

TRANSACTI

ONS

cy



2025 DESERT BI

THE ROLE OF THE DESERT
BIGHORN COUNCIL
TRANSACTIONS

Transactions have played an
important role recording and
communicating science and management.
Krausman (1992:48) provided an excellent
commentary on the use of Transactions and
reported that authors used nearly 200
sources when writing about mountain ghee
In ranking these sources, Transactions were
the 0. . S i xdtdd soartes af v e
literature and the second most commonly
cited source among pemviewed
journal so. Mor eover,
Transactions were cited 157 times among
the 22 chapters comprising the most recent
and authoritative book on North American
wild sheep (Krausman and Jex 2026). These
statistics confirm the importance of
Transactions as a source of information over
more than 30 yearslf maintained as
historically intended, Transactions will
remain an outstanding source of information
on desert bighorn sheep and their natural
history, biology, management, and
conservation successes, as investigators and
managers continue to rely on them

Currently, efforts are underway to
revitalize and ensure the future utility of
Transactions as a meaningful source of
scientific information. The first step was to
obtain an International Standard Serial
Number, which will facilitate use of
Transactions byliterature review services
and the generation of a journal impact factor,
both of which will encourage investigators
to publish their work in Transactions (Bleich
2023). Such an outcome may be facilitated
by the emergence and global proliferation of
what have been described as paper mill or
predatory journals that offer nemstant
gratification to authors by ensuring rapid
peer review and publication. There now are
so many such journals that the metrics

Torred &tr oanl
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previously used to assess academic
performance may no longer be meaningful
(Fire and Guestrin 2019), and others are
beginning to question the role of those
journals in science (Joelving 2024, Crabtree
et al. 2025, Richardson et al. 2025). As a
result, Trasactions may see renewed
interest as an outlet for applied research.

In addition to ensuring peer review
of technical reports, Transactions are unique
because they possess historical and valuable
information on desert bighorn sheep
manabement that other publications often do
not (Krausman and Jex 2026). This includes
state status reports, contemporary and
higicgigale r commpntiabels,i sahde d they n
memorialize outcomes of management
efforts, whether positive or negative. State
status reports remain particularly important
because this type of information often
cannot be found edgiand may not exist in
a historical context. It is valuable fetate
management programs to continue to put a
priority on preparation and publication of
these reports, as they serve to communicate
and document management efforts often
unique to the era. When implementing
science in management, the authors of such
future accounts should consider defining
metapopulation fragments and including
information on the bighorn sheep resource in
that context and report fractures in genetic
and demographic linkages that might
redefine the metapopulation fragments.

Good examples of Transactions
assisting managers and scientists by
documenting state management efforts
include translocation summaries
(Tuskamoto 1993; Bleich et al. 1990Db,
2021) Such accounts demonstrate how
important it is for managers to publish and
thereby retain valuable information that
otherwise would be extremely difficult for
future investigators to access. Accordingly,
we strongly recommend that DBC members
and other invstigators expangbublication
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of peerreviewed research, commentaries,
noteworthy field observations, and case
histories in Transactions, which provide a
venue for material that has potentially
important management implications.

MANAGEMENT CONSIDERATIONS

We are pleased that conservation
science is advancing, but are concerned that
implementation of landscagevel scientific
concepts in management and plans has been
lacking, or has been implemented slowly at
best, over the last 3 decades. Previously,
science and management were better aligned
and more responsive. For some reason,
however, the implementation of
biologically-based, landscagevel science
currently appears to be viewed as an
obstacle to resource management.

The Bureau of Land Management
(1989) prepared and published a
management plan for bighorn sheep
occupying all applicable desert mountain
ranges in the southwestern United States,

setting as a goal, f
popul ati ons
Although  this  proposed  objective

emphasized population size as the metric
that characterized success at the time, the
plan was visionary in that it promoted a
broad, landscapkevel approach to
conservation. Bleich et al. (1990a:386)
recognized the value of this approach but
noted, however, that for it to be successful,
A...there remains a
metapopulations of mountain sheep as well
as known and potentialintermountain
corridors throughout their desert range, and
to develop conservation strategies on that
geographic scal eo.
metapopulation fragment designations so an
historical account of what once was, and
what conditions could &e in the future, is
memorialized.

After further demonstrating and
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recognizing the need for landscdpeel
conservation efforts, Bleich et al.
(1996: 367)
ramifications of metapopulation structure
for mountain sheep conservation are clear:
managers must ensure that anthropogenic
extirpations are mimiized and that
opportunities for natural recolonization by
females and the migration of nuclear genes
via males are not impeded. For mountain
sheep, the future is now. Adequate planning
and interagency cooperation will best serve
the future of this speciésWe emphasize
that opportunities to develop proactive,
rather than reactive conservation strategies,
should not be wasted (Wilcove 1987).

There is still important work to do
for the future of desert bighorn sheep
conservation. Dastate wildlife and federal
land management agencies, however,
support a regional landscafeyel approach
to management that includes using
metapopulation biology as a management
principle? If so, then there is an opportunity
to define the desert bighornedp resource
in a strongehb@logica aomextéhat yncludels

t d \sihelelpenamgemenuusits hagedl 6n a structure and

on terminologies that can be used
consistently across jurisdictions and
international boundariesTo do so would

facilitate interagency, interstate, and
international collaborations and the sharing
of scientific tools to address stressors such
as habitat fragmentation, defining
movement  corridors  (perhaps more

conduts; Jenks 2018), water availability,
identification of priority translocation sites,
renewal of partnerships with land
management agencies, or developing
addressing influences of exotic animals, and
modeling disease gks. All of these issues
could be addressed and statistically analyzed
with more scientific power, which would
also help future managers prioritize
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communi cation with the pAsbthe clate Ditkh aMeavéra s

a need for better communications between founding member of the Coungilhad said

the research technician or scientist and many ti mes, AWe need to

others both outside and in the field of t he sheep. o Transacti ons

wildlife management 0 played a@mommentlrdetn/advaneing.desert
It is essential that researchers and bighorn sheep conservation and

wildlife managers work together to apply = management, and it is our hopattthis role

newfound scientific strategies to benefit  will continue.

desert sheep conservation and management

Ael ' d |ike to say t hAOKNOWLEDGMENTSt he bi ggest

complaints today about the research

biologists in the wildlife field is that they do We thank B. Jex and B. Wakeling for

not apply their research or they do not or providing many thoughtful comments and

cannot communicate to others outside of suggestions that greatly improved the

their field the reason behind their research, manuscript. The second author (VCB)

or they don't communicate the knowledge thanks the specialGuest Editor for this

t hey have gai ned f r onamuscrigt &d thereby awidiray ra cdmfbct

(Hansen 1967:83). Within the Desert of interest in the review process, as well as

Bighorn Council, this has been recognized for his additional helpful comments. This is

for decades and we hope our thoughts will Professional Paper 166 from the Eastern

help keep scientists and managers Sierra Center for Applied Population

collaborating in appliedresearch (Torres Ecology.

2023) Moreoverfil n t hi s second part of the

purpose of the Council we deal not with the REFERENCES

gathering of information and its

dissemination but in the translation of this Agee, J. K., and D. K. Johnson (editors).

information intodecisiongsic] andactions Ecosystem management for parks

[sic] that will have a definite effect on the and wilderness. University of

welfare of the animals. This part of the Washington Press, Seattle,

purpose calls for action and the achievement Washington, USA.

of definitely stated Ao €l Ms 8. I(. Galaway, 1P &6 : 1 0) .
We emphasize that it is important Prentice, N. W. Darby, D. Hughson,

and necessary for the DBC to continue and C. W. Epps. 2023. Movement

serving the vital role of linking professionals models and simulation reveal

and advancing conservation. To do so, highway impacts and mitigation

Transactions must remain a viable outlet for opportunities for a

the dissemination of knowledge and serve to met apopul ation distridctk

help mangers adapt to conservation
challenges as they arise. For this to occur,
we must encourage individuals to
collaborate and implement optimal science
in their approach to management and
conservation. We thereby encourage and
support DBC member states to betdign
current management with  scientific
advancements.
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Number of Sheep Comprising the Metapopulation

Metapopulation 0 <25 2550 51-100 101-150 151-200 201-300 >300
Peninsular Ranges 2 0 1 20 1 0 0 0
San Gabriel 0 0 4 1 2 0 1 0
W. Transverse Range 0 0 0 0 0 0 1 0
Sonoran 1 0 1 0 0 0 0 0
South Mojave 7 4 5 7 1 1 0 0
Central Mojave 1 0 5 2 0 0 1 0
Central North Mojave 1 0 1 3 0 0 0 0
North Mojave 2 3 2 5 1 0 1 0
Very Southern Sierra 2 0 0 0 0 0 0 0
Southern Sierra Nevade 3 2 1 3 0 0 0 0
Central Sierra Nevada 4 0 1 0 0 0 0 0
Northeastern California 7 0 0 0 0 0 0 0
Total 30 9 21 23 5 1 4 0
1995 Total 36 13 20 17 10 10 0 0
Change since 199B] -6 -4 +1 +6 -5 -9 +4 0
Torred &troanl Field Notes to Pol

Desert bighorn sheep population size class profile and summary by
metapopulation for the 2004 population inventory (Epps et al 2003), with comparisons to the
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ABSTRACT Bighorn sheep are well documented to experience major population reductions from
diseases contracted from domestic sheep. The relationship between cattle and bighorn sheep is
notably less clear, despite the widespread grazing of cattle in and neambétpleep habitat.

Herein we review the literature on the question of the influence of cattle on desert bighorn sheep
in the context of potential ways in which that influence might be manifested. Regardless of how
cattle grazing might affect desert bighohresp, to be a conservation concern it would have to
depress bighorn sheep populations. Such an effect could be evaluated by assessing the impact of a
major change in cattle grazing. We present three data sets from the Mojave Desert of California in
which attle grazing was eliminated or greatly reduced and use circumstantial data from helicopter
surveys and other population metrics to test predictions on population dynamics of desert bighorn
sheep from the hypothesis that the presence of cattle leads uctisadof bighorn sheep
populations. We also test the alternative hypothesis that cattle do not have a demographic effect
on desert bighorn sheep, in which case population trends instead would be expected to track rainfall
variation as it influences nutneavailability. In all three study areas, the population trends did not
track variation in a diet quality index based on rainfall. Instead, those trends were consistent with
the hypothesis that cattle grazing can substantially depress populations vbagsen sheep.

Our results, however, exhibit shortcomings associatedoivithmstantial data. We recommend a
purposeful experimental approach to this question that developsdsiglution demographic data

on bighorn sheep populations before and after removal or a major reduction of cattle that is
replicated in different locains.

KEY WORDS cattle, competition, demography, disease, grazing, livestock, pathogens, bighorn
sheepQvis canadensis

Through most of their range in North ~ spillover from domestic sheep, and
America, bighorn sheepOfis canadens)s occasionally domestic goats (Goodson 1982,
have been influenced by interactions with Wehausen et al. 2011, Besser et al. 2013,
domestic livestock (Buechner 1960). Notable  Cassirer et al. 2018). Bighorn sheep readily
have been dieffs due to respiratory disease intermingle with domestic sheep agdats,
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which facilitates exchange of respiratory tract
microbes through direct contact. The
respiratory disease relationship involving
domestic sheep best explains the widespread
extirpation of bighorn sheep from much of its
historic distribution, in contrast witthe lack

of extirpation of native sheep populations in
North America north of where most domestic
sheep grazing occurred (Wehausen et al.
2011). Such spillover events continue to
occur and the one fundamental principle from
a large amount of research tisat bighorn
sheep conservation requires minimizing the
probability of contact with domestic sheep or
goats (Wild Sheep Initiative 2025).

Cattle also have been grazed in or
close to a large proportion of bighorn sheep
habitat (Aardahl 2023). Although one
respiratory disease epizootic in Rocky
Mountain bighorn sheep was thought to be
attributable to spillover from cattle (Wolfe et
al. 2011), the potential negative effects of
cattle grazing on bighorn sheep lacks the
clear association sa for domestic sheep.
One reason is that disease spillover from
direct contact is less likely because bighorn
sheep do not readily intermingle closely with
cattle. Second is that cattle rarely carry the
bacterium Mycoplasma ovipneumoniae
(Wolfe et al. 2010, Carpenter et al. 2025) that
in recent decades has been considered the
primary precursor for most outbreaks of
respiratory disease in bighorn sheep (Besser
et al. 2013, Cassirer et al. 2018).

Cattle might have negative effects on
desert bighorn sheep in multiple ways. One is
through direct competition for forage sought
by both species (Buechner 1960, Ferrier and
Bradley 1970, Whiting et al. 2026).
Localized overgrazing by cattle in desert
bighan sheep habitat has frequently been
reported (Webb 1972, Gallizioli 1977,
Wehausen and Hansen 1986). Both species
have digestive systems with large combined
rumen and reticulum capacities relative to
body mass that allow them to consume and

COUNCI L TRANSACTI ONS:
digest grass in a full spectrum of
phenological states (Hanley and Hanley
1982, Krausman et al. 1993), thereby
increasing the potential for forage
competition.

In addition to direct competition for
forage there is also the potential for
interference competition, whereby bighorn
sheep avoid using habitat patches because of
the presence of cattle, or forage less
efficiently due to increased vigilance
behavior (Brow et al. 2010, Bissonette and
Steinkamp 1996, Garrison et al. 2016).
Bighorn sheep can utilize steeper and more
rocky slopes than cattle, but they also forage
on lesssteep slopes that are readily available
to cattle. Albrechtsen and Reese (1970) and
King and Workman (1984) noted that
attributing minimal range overlap between

these species to differences in habitat
selection may, in realty, be a
misinterpretation of the effects of

interference competition. Reports of changes
in habitat use by bighorn shefglowing the
introduction or removal of cattle also have
been consistent with interference competition
influencing habitat use by desert bighorn
sheep (Irvine 1969, Wilson 1975).
Interference competition can be particularly
detrimental to desert bighosheep relative
to surface water that is a notably limited and
important resource in the hot, arid
ecosystems they inhabit. In addition to the
presence of cattle potentially limiting the
availability of some water sources to bighorn
sheep, cattle can foul ater sources and
thereby make that important resource
undesirable for use by bighorn sheep
(Wehausen and Hansen 1986). This
phenomenon similarly has been documented
for desert bighorn sheep relative to feral
burros (Dunn 1993).

Apparent competition is yet another
way in which cattle can have adverse
influences on populations of desert bighorn
sheep by serving as nortive prey that
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subsidizes mountain lion®¢ma concoloy,
which also prey on bighorn sheep. In
particular, predation on domestic calves can
allow mountain lions to exist in desert
ecosystems with a prey base otherwise too
low to support that predator. Such subsidized
mountain lions have the potential to Kill
substantial numbers of bighorn sheep
(Rominger et al. 20Q4and evidence of such
has been reported in the Old Woman
Mountains of California (Wehausen 1992).

Disease transmission is yet another
way in which cattle can negatively affect
desert bighorn sheep. Cattle may rarely be a
source for  transmission of M.
ovipneumoniagbut there are numerous other
diseases that may spillover to bighorn sheep
from cattle. Considerable testing of blood
serum from bighorn sheep captured in
California for antibodies over four decades
has documented exposure to a variety of
diseases (Turnaand Payson 1982; Clark et
al. 1985,1993; Dunbar et al. 1985; Jessup et
al. 1993; Sanchez et al. 2022). Of the diseases
potentially associated with cattle, these
reports suggested low rates of exposure to
bovine herpes virus, bovine viral diarrhea,
andLeptospiraspp. In contrast, considerable
levels of exposure were reported for bovine
respiratory syncytial virus, Chlamydia
Toxoplasma gondii Anaplasma spp.,
Parainfluenz&, Brucella ovis bluetongue
virus (BTV), and epizootic hemorrhagic
disease (EHD).

Bluetongue virus and EHD are
closely related hemorrhagic diseases
vectored byCulicoides gnats (Ruder and
Christensen 2023), facilitating transmission
of those viruses to bighorn sheep from nearby
cattle that are not strictly sympatric with
bighorn sheep. BTV has caused deaths of
some captive bighorn sheep (Blaisdell 1975),
but such documentedeaths of freeanging
bighorn sheep are rare, raising the question of
whether BTV and EHD influence the
demography of bighorn sheep in the wild, in
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part because multiple factors are involved.

Transmission of either virus to
bighorn sheep can lead to a range of
outcomes: subclinical infection, mild and
transient disease, severe and fatal disease, or
moderate disease and tissue damage followed
by the chronic form of hemorrhagic disease
(Ruder andChristensen 2023). Additionally,
physical symptoms of these diseases overlap
evidence of other diseases, thereby requiring
virus isolation or a positive PCR test to
establish the cause (Ruder and Christensen
2023), which greatly limits the ability of
investigators to confirm these viruses as the
cause of deaths. Further, cattle typically have
subclinical infections of BTV or EHD (Ruder
and Christensen 2023), making them
potential reservoirs for these viruses for
extended periods of time. BTV has been
isolaed from a few desert bighorn sheep in
California (Sanchez et al. 2022), but those
infections were not associated with clinical
evidence of disease, thereby making it
difficult to interpret serological evidence of
widespread exposure to these two
hemorrhag viruses. The same can be said of
data suggesting exposure to other diseases
listed above. They may be causative agents of
clinical disease only when combined with
additional stressors, or the effects of other
pathogens (Dubay et al. 2004).

In a study focused on the question of
disease transmission involving cattle, mule
deer (docoileus hemionlis and desert
bighorn sheep in the San Bernardino
Mountains of California, cattle were well
documented to harbor BTV, but there was no
evidence of transmission to the bighorn sheep
(Singer et al. 1997). Nevertheless, it is
possible that pathogens transemtt from
cattle can negatively affect bighorn sheep, as
suggested by Wolfe et al. (2010). Carpenter
et al. (2025) found for blood serum data from
California that proximity to cattle grazing
allotments was by far the strongest predictor
of pathogen exposuren desert bighorn
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sheep. For such exposures to be considered
problematic, however, there must be a
demographic effect.

The same can be said of potential
effects of ecological factors discussed above.
Gallizioli (1977) concluded that a growing
body of circumstantial evidence indicated
that bighorn sheep populations do poorly or
disappear in the face of sympatric cattle
grazing. This finding is supported by parallel
natural experiments in which bighorn sheep
popuktions  declined following the
introduction of cattle, or increased
substantially following the removal of cattle
(Webb 1972, Galliziolil977, Bates 1982).
Here we present additional circumstantial
evidence on population changes of desert
bighorn sheep in three different desert
mountain ranges in California after cattle
grazing was eliminated or greatly reduced.

Our research design included two
alternative hypotheses. One is that the
presence of cattle is a factor that depresses
populations of desert bighorn sheep. From
that hypothesis we deduced two predictions.
First is that following the introduction of
cattle the bighorn sheep population will
experience a declining trend until it is
extirpated or stabilizes at a lower number. A
temporal series of metrics of population size
of the bighorn sheep after cattle have been
present for some years might therefore
exhibit trends varying from no change (at a
lower population size) to a declining trend.
The second prediction is that the removal of
cattle, or a substantial reduction in cattle
numbers, after numerous years of cattle
presence, will lead to an upward trendhe t
bighorn sheep population until it stabilizes at
a greater number. Depending on how the
cattle serve as a depressing factor on the
bighorn sheep, there may be a lag time in
when the bighorn sheep population increases.

The alternative hypothesis is that the
presence of cattle does not lead to changes in
the size of desert bighorn sheep populations.
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The prediction from that hypothesis is that
the dynamics of bighorn sheep populations in
the presence of cattle, or after the removal of
or a major reduction in cattle, will reflect
other influences, notably rainfall variation as
it affects diet quality (atrient availability).
We considered diet quality variation to be the
more parsimonious explanation of bighorn
sheep population trends if corroborated.

STUDY AREAS

Our study populations are all in the
Mojave Desert of California, and each
experienced a recent major change in cattle
grazing in and near bighorn sheep habitat, in
which that grazing was eliminated or greatly
reduced (Aardahl 2023). All grazing
allotments were open range, but some
localized fencing kept cattle off of major
highways and away from some key habitat
for desert tortoises.

Cady Mountains

The Cady Mountains extend from
Interstate Highway 15 {15) southward to
Interstate Highway 40 {40) in the Mojave
Desert about 50 km east of Barstow, San
Bernardino County, ranging in elevation
from 400 to 1400m (Figure 1). They include
Afton Canyon, though which the Mojave
River once flowed. There has remained a
subsurface water flow in Afton Canyon that
rises to the surface locally, providing water
for bighorn sheep. Two additional artificial
water systems were installed in this range in
1972 and 19820 provide bighorn sheep
water across a larger geographic region.

The Cady Mountains were grazed by
an unknown number of cattle beginning in
1965 and by approximately 172 cattle
beginning about 1975 on an allotment of
25,900 ha. That grazing ended in 2005 when
the Department of Defengeirchasedhe
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FIGURE 1. Map of study areas in the western Mojave Desert, San Bernardino County, California,
in which cattle grazing occurred and wherein we investigated population responses of bighorn
sheep following removal or reduction of cattle, San Bernardino County, @#&ifdySA, 1984

2020.

Afton Canyon grazing permit as mitigation
for expansion of the National Training Center
at Fort Irwin, located north and northeast of
the Cady Mountains. The Cady Mountains
include extensive terrain of shallow slope and
low ruggedness that cattle readilggotiated.
Consequently, there was a large spatial
overlap between cattle and bighorn sheep
where cattle were clearly consuming a large
amount of forage that otherwise would have
been available to bighorn sheep (Wehausen
1992).

Newberry, Ord, and Rodman Mountains

The Newberry, Ord, and Rodman

Mountains (hereafter XD-R Mountains) also
are in San Bernardino County, immediately
south of +40 a short distance southwest of the
Cady Mountains, and about 20 km east of
Barstow (Figure 1). They range in elevation
from 750 to 1900 m.

The Newberry Mountains were
grazed by cattle continuously beginning
about 1900, and the Ord Mountains are
thought to have been grazed sporadically up
to about 1960. During 1973980 this
allotment was grazed yelong by 108 cattle.

In 1984 the Bureau of dnd Management
(BLM) expanded this yeaound allotment to
26,913 ha and 307 cattle in an amendment to
the 1980 California DeserConservation
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Area (CDCA) Plan. That plan called for the
elimination of livestock grazing in bighorn
sheep habitat south of4D (Aardahl 2023).
Such grazing, however, was not eliminated in
the Newberry and Ord Mountains at that time
because the bighorn sheep population in
those ranges was considered extinct by 1957
(Weaver 1975). The grazing permitte¢ela
informed J. Wehausen, however, that he
knew that bighorn sheep persisted there.
Beginning in 2006, the number of cattle was
voluntarily reduced to about 30.

Clipper Mountains

The Clipper Mountains are a small
range immediately south of4l0 and west of
Essex Road, 150 km east of Barstow, also in
San Bernardino County (Figure 1). They
range in elevation from 750 to 1400 m. There
are three springs fed by underground aquifers
that provide yeatround water (Zdon et al.
2018). In addition, four rainwater or seep
catchments and drinkers have been installed
in the Clipper Mountains to provide water for
bighorn sheep.

Cattle were grazed in this range
beginning as early as 1920 on a 3,391 ha
portion of the Colton Hills grazing allotment
south of #40, but the stocking rate is not
known; a helicopter survey in 1983
documented a minimum of 21 cattle. We also
know from perenal observations that in the
cooler season some cattle wandered
westward from the Clipper Mountains to the
neighboring Marble Mountains. Cattle were
not removed from the Clipper Mountains
following the completion of the CDCA Plan
because of a failure tomplement that
provision Aardahl 2023). Those cattle were
removed in 1993, after the California
Department of Fish and Game brought that
failure to the attention of BLM.

COUNCI L TRANSACTI ONS:

Vegetation and Climate

At lower elevations all three study
areas have creosote buslarfrea tridentatg
scrub communities that also include burro
weed Ambrosia dumo9ga littleleaf rattany
(Krameria erecty brittlebush Encelia
farinosg and joint fir Ephedra spp.
Washes include smoke treBsprothamnus
spinosuy cheesebushHymenoclea salsoja
catclaw Acacia greggij, and desert willow
(Chilopsis lineari3. The perennial grasses
big galleta Hilaria rigida) and Indian
ricegrass Qryzopsis hymenoidgsccur in
suitable sandy areas that in the Cady
Mountains are widespread due to
considerable blow sand from the Mojave
River drainage that runs through Afton
Canyon in that study area. In that canyon the
higher water table supports patches of honey
mesquie (Prosopis glandulosgand saltgrass
(Distichlis spicata. Higher elevations on Ord
Mountain pick up additional shrub species:
spiny hopsage QGrayia spinosy desert
almond Prunus fasciculatp California
buckwheat [Eriogonum  fasciculatujn
rubber rabbitbrush Hricameria nauseoga
bladdersage Palazaria mexicana
blackbrush Coleogyne ramosissihaand
sagebrushArtemisia tridentata

Rainfall in this region is bimodal with
about twethirds during the cooler months
(October May) and onethird during the hot
season (JuliySeptember; Wehausen 2005).
Annual rainfall varies with elevation;
Mitchell Caverns (Figure 1) at 1,300 m
elevation averages 26.3 cm, while at 585 m
just east of Barstow (Figure 1) at the Daggett
airport that average is only 9.5 cm. At the
Daggett airportrepresenting low elevations
in bighorn sheep ranges, monthly average
high and low temperatures vary from 15.6
and 1.7 C in December to 40 and 22.8 C in
July. Higher elevations experience lower
temperatures.
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METHODS
Population Data

We compiled population data for our
three study populations from a variety of
sources. These included many helicopter
surveys conducted by the California
Department of Fish and Wildlife, but also
included some markesight population
estimates. Helicoptesurveys differed from
such estimates in providing only minimum
counts of populations.

To account for variation in the length
of helicopter surveys, bighorn sheep
observations per hour (catch per unit effort)
is sometimes utilized to compare results from
surveys with varying levels of effort (actual
survey time). Wehausen and Bleich (2007)
noted, however, that the relationship between
survey length and the number of sheep
observed is not linear, but instead is
asymptotic. That relationship was evident in
results they presented from an experiment in
helicopter counts of desert bighorn sheep in
the Marble Mountains. They suggested that
for helicopter surveys in the intensity region
near the asymptote that raw count data would
be a better metric to compare between
surveys as a good index of population size,
rather than sheep observed per hourw¥ee
able to use that approach only for the Clipper
Mountains. Wehausen and Bleich (2007)
expressed survey intensity in minutestkm
Based on their survey intensities, we
determined that past helicopter surveys of the
Clipper Mountains lasting 1.62.65 hours
represented that asymptote region. For that
population we eliminated helicopter surveys
outside of that range and compared cawnt
data. For helicopter surveys of the Cady and
N-O-R Mountains we compared sheep seen
per hour because of considerable variation in
survey duration. For the Cady Mountains a
minimum count from a helicopter surveys
also was used to compare with an early mark
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resight population estimate.

As the reproductive base, we
considered adult females as the most
desirable bighorn sheep class for which to
examine changes in population size. Desert
bighorn sheep exhibit sexual segregation
during much of the year (Bleich et al. 1997).
Population dynanes based on size metrics
that include males have the potential to be
misleading if dominated by the sampling of
males, and can have ramifications for the
interpretation of survey results for a variety
of reasons (Rubin and Bleich 2005). For
these reasonsyhere possible we focused on
females in our examination of available
population data, but we also included all
sheep as corroborating evidence in some
cases.

Rainfall Effects

Wehausen (2005) identified cool
season rainfall as the variable that accounted
for most of the large yedo-year variation in
annual nutrient intake by desert bighorn
sheep in the region of our study areas. That
was based on 17 years of continuous tragkin
of diet quality in the Marble Mountains via
the log of % fecal nitrogen. Wehausen (1995)
showed that fecal N closely tracks
digestibility of the diet in a curvilinear
relationship that can be linearized with a log
transformation. Digestibility correlatesell
with nutrient intake. Wehausen (2005) found
that October through April (hereafter, cool
season) rainfall was a strong® @ 0.808)
predictor of fecal N data integrated from
February to June for monthly samples. That
winter-spring diet quality index covers the
critically important period during which
lambs are reared. Wehausen (2005) found
that the relationship between that djetlity
index and rainfall was curvilinear
(asymptotic). An important consequence of
that curvilinearity is that small differences in
rainfall at the lower (drought) endf the
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relationship have large influences on diet
quality in contrast to a much lower sensitivity
to equivalent rainfall variation at the high end
of that relationship. Rainfall differences
across the range of variation are therefore not
the same relative to bighn sheep diet
guality and, thus, also population dynamics.
To accommodate this asymmetry, we did not
compare raw cool season rainfall data as an
alternative potential explanation (hypothesis
2) of population trends we found. Instead, we
used the equatiom Figure 7 in Wehausen
(2005) to convert cool season rainfall each
year to a Februaryune diet quality index.
We then compared yearly values of that index
for different time periods viatests, but also
looked at the variation among years. The
relationdip between cool season rainfall and
February June diet quality will be somewhat
different for different mountain ranges, but
all mountain ranges in this region would be
expected to have the same basic curvilinear
relationship. We could use the relatioimsh
developed for the Marble Mountains because
our comparisons were only within mountain
ranges.

Because the rainfall data Wehausen
(2005) used to develop the relationship
between Februaryune diet quality and cool
season rainfall all were from the National
Weather Service Cooperative Station at
Mitchell Caverns (Figure 1), we used those
same data foall of our analyses. The rainfall
data set at Mitchell Caverns ended in 2011,
so we used rainfall data from the nearby
Sweeney Granite Mountains Desert Research
Center (Figure 1) to predict cool season
rainfall for Mitchell Caverns for 2012018
via regession analysis.

Rainfall in the cool season when
lambs are born greatly influences the survival
of lambs that year (Wehausen 2005). Rainfall
in that year therefore also will greatly
influence yearling recruitment the following
year. Our demographic analyses treated
yearling females as adults. Consequently, for
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population trend periods of interest, our
consideration of rainfall as an alternative
explanation of population trends did not
include rainfall in the final cool season of the
trend.

Wehausen (2005) also presented data
indicating that the relationship between diet
quality during the lamivearing season and
lamb survival was not monotonic. Lamb
survival increased linearly with increasing
diet quality for most of the variation in diet
quality, but at the highest rainfall levels that
relationship suddenly reversed in a pattern
that Wehausen (2005) suggested might
reflect a disease process associated with very
high rainfall. In examining the data in that
high rainfall zone plotted in Wehaars
(2005), we found that it was only in years
when the combined February and March
rainfall exceeded 17.8 cm (7 inches) that
lamb survival exhibited a large departure
from what otherwise would be expected for
high FebruariyJune diet quality associated
with high cool season rainfall. However,
because those departures were still in the
range oflamb:adult female ratios associated
with population increases, we concluded that
they would have little influence on our
results. There were only six years in that
extreme high FebruaiMarch rainfall
category over the 59 years of rainfall data that
we usel.

RESULTS
Cady Mountains

In September of 1988, one of us
(JDW) participated in a fivaour helicopter
survey of the Cady Mountains during which
only 11 desert bighorn sheep were observed
for a sighting rate of 2.2 sheep/hour and 0.6
females/hour. Only three of those were adult
females, and one of them was captured and
collared. The following day an additional five
females were captured and collarédvo
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years earlier, in May of 1986, four females
had been collared. In December of 1988 a
total of seven collared females were available
for markresight population estimates.
Extensive ground sampling between
December 1988 and early March 1990
produced a rando sample of 52 females that
was used to generate a magsight estimate
of 24 females (95% CI = 1@1) for the 1989
population (Wehausen 1992).

It was 16 years later when all cattle
were removed from the Cady Mountains in
2005. Two years after cattle removal a-5.6
hour helicopter survey documented a
minimum of 109 desert bighorn sheep, of
which 59 were adult females.

To enable consistent future helicopter
surveys, in 2009 the Cady Mountains were
divided into sampling polygons, with a
survey time allocated to every polygon. In
September of that year that survey plan was
implemented in an 8-Bour survey during
which 167bighorn sheep were recorded, of
which 92 were females. The 2007 and 2009
helicopter surveys produced almost identical
sighting rates of 10.5 and 10.7 females/hour,
respectively, and 19.5 and 19.4 sheep/hour.
These 2007 and 2009 survey sighting rates
werel7.7 times the 1988 rate for females and
8.8 times that for all sheep seen. Another
helicopter survey in 2010 used results from
the 2009 flight to improve the survey
efficiency. That 2010 survey recorded a
minimum count of 102 females and 174 total
sheepin 6.7 hours. It bumped sighting rates
up to 15.2 females and 26.0 total sheep per
hour, which respectively were 25.3 and 11.8
times the 1988 sighting rate The 2010
minimum female count was four times the
markresight estimate from 1989 when cattle
were present and well outside of the 95%
confidence interval. Given that such fall
helicopter surveys in that time period and
region recorded consistently alktless than
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half of the sheep present (Wehausen and
Bleich 2007, J. Wehausen unpublished data),
the actual population may have contained
about 200 ewes, or about 8 times the 1989
estimate. Population estimates based on
helicopter flights and camera traps between
2015and 2025 suggest that the reproductive
base of this population has stabilized at about
three times the 1989 estimate (R. lanniello,
personal communication).

N-O-R Mountains

Once it was determined that bighorn
sheep persisted in the-©+R Mountains,
helicopter surveys were initiated by the
California Department of Fish and Game. A
short (1.75 hours) helicopter survey in May
of 1988 detected only 15 bighorn sheep, of
which 8 wee females. In 1994 a 3.9®ur
helicopter survey yielded observations of
only 21 bighorn sheep, of which 12 were
females. Helicopter surveys resumed in 2016,
2018, and 2019 with much longer flights
(5.656.98 hours) 11 years after the cattle in
this areawere greatly reduced. The hourly
observation rate in 2016 was 2.6 times the
rate in 1994 for females and 4.6 times for all
sheep, then increased steeply in 2018 and
2019 (Figure 2). For the 2019 survey,
sighting rates were 6.0 and 8.7 times the 1994
rates for females and for all sheep,
respectively. Population estimates from the
2019 helicopter survey and more recent
camera data strongly suggest that this

population exceeds 300 sheep (Prentice et al.

2019, Vu et al. 2021).

The short 20162019 period of a
well-documented steep increase in
population had considerable variation in
predicted diet quality, but in the middle of the
range of this diet quality index (Figure 2), and
was not different from the 1952004
averaggP = 0.852).
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FIGURE 2. Numbers of female and all bighorn she@wié canadensis nelsqréeen per
hour in helicopter surveys of the Newberry, Ord, and Rodvhamtains, San Bernardino
County, California, 1988019; and Februaijune diet quality index for the same time
period based on Octoheépril rainfall data from Mitchell Caverns and the Granite

Mountains.
Clipper Mountains

Fifteen helicopter surveys of the
Clipper Mountains between 1983 and 2015
met our duration criterion. The number of
adult females counted in those surveys varied
considerably within a limited range of
variation that suggested major population
dynamics (Figre 3). The patterns included
first a declining trend between 1983 and
1997, a period that overlapped the presence
of cattle up to 1993, a steep increase for five
years from 1999 to 2005 during which the
number of females counted increased from 4
to 21, tken a major population crash between

2005 and 2006, which was followed by a
second strong population increase between
2006 and 2015 with 20 females recorded in
2015 (Figure 3). The most recent (2022
2025) population estimates from camera data
put the reproductive base of this population
arourd 30 females (R. lanniello, personal
communication).

Average winterspring predicted diet
quality during the 19831997 declining
population trend was 6.7% higher than that of
the previous 24 years (195882), but not
statistically different P = 0.213). Average
predicted diet quality associated with the
2000 2005 steeply increasing population
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trend (Figure 3) was 3.3% lower than the
previous 40 years, but statistically very
similar (P = 0.664). That period of steep
population gains included environmental
variation ranging from an extreme drought
year with very low predicted diet quality to
years of high predicted diet quality (Figure
3). The second sustained population increase
for 20061 2015 again included a considerable
mixture of levels of predicted diet quality

COUNCI L TRANSACTI ONS:

(Figure 3) with an average diet quality index
12.7% below the 1983997 period of
population decline § = 0.069) and 9.1%
below the average for the first 40 years of
data P = 0.107). The population crash
between 2005 and 2006 coincided with the
highest (56.9 cm) cool season rainfall in the
53 years of data for Mitchell Caverns, 3.1
times the average and 22.8% higher than the
next highest value.
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FIGURE 3. Numbers of female bighorn sheepvs canadensis nelsgni
counted in helicopter surveys of 1i@/65 hours duration of the Clipper

Mountains,

San Bernardino County,

California, 1983l5; and

FebruaryJune diet quality index for the same time period based on
October April rainfall data from Mitchell Caverns anthe Granite

Mountains.
DISCUSSION

In contrast to previous literature on
cattle and desert bighorn sheep, we

the Mojave Desert of California. Our results
appear to be consistent with the hypothesis

assembled and presented data in an attemptto that the presence of cattle can cause

choose between two alternative hypotheses
that might explain bighorn sheep population
dynamics associated with cattle grazing in

population declines for desert bighorn sheep,
leading to depressed populations. For the
Cady and NO-R populationsdataobtained
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after major grazing reductions documented
notably larger populations of bighorn sheep
compared with data from before grazing was
reduced. However, the data we assembled
relative to this question are circumstantial
and potentially suffer from the limitatisrof
such data. A primary problem is that the data
on bighorn sheep populations were not
collected to be temporally coordinated with
when cattle grazing was eliminated or greatly
reduced. Given that limitation, we cannot
know if some of the bighorn sheeppulation
trends we elucidated might have occurred in
a temporal pattern uncorrelated with changes
in cattle grazing. For the Cady Mountains
there was a 19ear gap between earlier
demographic data and the first helicopter
survey after cattle were elimiret. Despite
different minimum numbers of female
bighorn sheep counted in the 200010
helicopter surveys, it is unclear that those
three helicopter surveys represent more than
a single data point, given the variation in
survey length and amount of habitat covered.
That data point clearly indicated a large
population increase relativeo tdata from
1988 1989, but we cannot know if it grew to
the larger size before or after cattle removal.
It was therefore not possible to make a
meaningful test of the alternative hypothesis.
For the NO-R study area there was a
22-year (19942016) gap between sets of
helicopter surveys, in the middle of which
cattle numbers were greatly reduced (Figure
2). It is therefore not possible to know if the
apparent increase in the bighorn sheep
popuhtion detected in 2016 might have
occurred prior to the reduction in cattle. In
contrast, the steep population increase after
2016 (Figure 2) to recent estimates of >300
total sheep in this population all took place
after the major reduction in cattle. Fibrat
study area the bighorn sheep population
effectively has increased from being
considered extinct for decades during which
it was grazed by cattle to >300 sheep after

COUNCI L TRANSACTI ONS: VOI

most cattle were removed. The midrange
variation in predicted diet quality clearly did
not limit that increase after 2016 (Figure 2).

The Clipper Mountains  had
considerably more years of population data
than the other two study areas, but also lacked
data immediately before and after the year
when cattle were removed (Figure 3). The
data nevertheless exhibited a history of
considerable @pulation dynamics, most of
which was consistent with predictions from
hypothesis 1: a declining bighorn sheep
population during cattle presence and strong
increasing trends after cattle removal. There
were two such episodes of population
increase separateby a major population
crash in a single year (Figure 3). That crash
coincided with a year in which cool season
rainfall was the highest ever recorded at
Mitchell Caverns. That population crash also
is consistent with the suggestion (Wehausen
2005) thatwvery high cool season rainfall may
produce conditions conducive for disease(s)
in desert bighorn sheep. In the Clipper
Mountains there was apparently a high
mortality of adult females sometime after the
2005 fall helicopter survey that had yielded
no obsevations of lambs with the 21 females
recorded. That this severe population decline
lasted for only one year also is consistent with
the idea that it was related to very high
rainfall. The immediate sustained growth of
the population after that crash isnststent
with what would be expected from a severely
depressed population. That population
response occurred despite three consecutive
years of low predicted diet quality after the
population crash (Figure 3). The first period
of steep population growthsa included an
early year of extremely low predicted diet
quality (Figure 3).

Both of these increasing population
trends in the Clipper Mountains support the
interpretation that the population was
severely depressed at the time cattle were
removed. Density dependenzan beviewed
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as a force to increase populations that is
strongest at low densities and weakens as
populations increase in density. In wild
ruminants this operates through competition
among females for the most nutritious bites
of forage, particularly during seasons and
years when such bites are less abundant. That
the population in the Clipper Mountains
could increase readily during drought years
of low nutrient availability speaks to how
depressed the population was and how little
competition there was for nutritiousrage
early in each period of strong population
increase. As population densities increase,
the influence of rainfall on the availability of
nutritious forage has a steadily increasing
influence on the ability of females to
successfully rear young; thus, het
relationship between diet quality (nutrient
availability) andamb:adult female ratios that
Wehausen (2005) reported.

There are multiple reasons why there
may be a time lag between when cattle are
removed or reduced and a population
response by bighorn sheep. If pathogen
spillover is involved in a population decline
of the bighorn sheep, it may take some years
for the digase(s) involved to be cleared from
the bighorn sheep population. Another
potential source of a lag is the time needed
for vegetation to recover from overgrazing.
Time lags were evident in two of our study
populations. For the Clipper Mountains there
was an eightyear lag after cattle removal
before sustained population growth began
(Figure 3). For the ND-R population, the few
available data points suggest the possibility
of a time lag of perhaps about 10 years before
that population also entered a peraddaapid,
sustained population growth (Figure 2).

Habitat carrying capacity for desert
bighorn sheep and stocking rates for cattle
both are influenced by the elevational range
and area of occupied habitat. The difference
in habitat among our study areas is reflected
in the numbers of cattle grazed andrdeent

We h a u s e AC aet tt
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sizes of the recovered bighorn sheep
populations. Of our study populations, the
habitat in the Clipper Mountains is most
limited in area and elevational range. The
Cady Mountains have a slightly greater
elevational range, but contain a much larger
area ofhabitat available to bighorn sheep.
The NO-R study area has the greatest
elevational range and also a large area of
habitat. Numbers of cattle grazed track this
ordinal series: probably <50 in the Clipper
Mountains, 172 in the Cady Mountains and
307 for NO-R Mountains. Recent data on
sizes of bighorn sheep populations follow the
same pattern. Our study area with the highest
habitat potential and the highest number of
cattle (NO-R) may have seen the greatest
negative impact on the bighorn sheep
population for many years the bighorn sheep
population was so reduced that it was
considered extirpated. Wehausen and Epps
(2021) noted the conservation problem that
better habitat patches for desert bighorn
sheep are more likely to suffer competition
from domestiand feral ungulates.

Looking forward, there is the need for
additional research on the influence of cattle
on desert bighorn sheep wusing an
experimental approach (Macnab 1983) that
includes the acquisition of consistent, high
resolution demographic data on the bighorn
sheep fo at least several years immediately
prior to cattle removal and for potentially
many years after the removal of cattle. Data
from such a research design should allow
more finegrained tracking of bighorn sheep
population dynamics. We recommend an
approachthat attempts to distinguish a data
signal associated with a change in cattle
grazing from the inherent population
dynamics noise in the bighorn sheep
population driven largely by variation in
rainfall. The circumstantial data we have
presented suggestisuch a signal related to
cattle grazing may be strong relative to that
environmental noise. Unfortunatelypther
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factors such as mountain lion predation and
introduced respiratory disease have the
potential to derail such studies by
confounding the data.

Given the politics of livestock
grazing, it may not be predictable when cattle
grazing might be terminated in any particular
mountain range. It is therefore important to
choose candidate populations and collect pre
removal population data until the opparity
for cattle removal occurs. The major
shortcoming of the data we relied on is that
cattle removal or reduction occurred
suddenly, and there was no attempt,
opportunity, or even recognition of the
importance of collecting high quality
demographic datarjpr to and immediately
after major changes in grazing. Such
investigations must measure population
variables for bighorn sheep at high resolution
to produce data that can be readily compared
over time. This might include methods based
on fecal DNA or cammas carefully placed at
water sources to allow recognition of
naturally marked females (Bleich et al.
2026).

As emphasized by Macnab
(1983:401) , NnScience
by manipul ative exper

occurs in and near desert bighorn sheep in
numerous mountain ranges across multiple
states, and opportunities to further explore
the effects ofcattle on bighorn sheep likely
will present themselves in the future. We
suggest that our recommended experimental
approach to determine the effects of cattle on
desert bighorn sheep populations be
replicated in different locations to the extent
possible.
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Status of Bighorn Sheep in Arizonéd 2024

Erin Butler

Arizona Game and Fish Department, Phoenix, AZ 85086, USA

Desert Bighorn Council Transaction§8:124i 128

Esti mates of
sheep Qvis canadensis mexicarand O. c.
nelson) populations have remained relatively
stable statewide. Ram:100 ewes and lamb:100
ewe ratios averaged 59:100:30 in 2024/2025
with 1,823 bighorns observed. Arizona
currently has an estimated population of
5,500 6,000 desert bighorn sheep based on
survey data.

The desert bighorn sheep population in
the Kofa Mountains (Units 45A, 45B, and
45C) in southwestern Arizona remains strong
and once again surpassed the recovery
threshold met in 2019. The 2024 aerial survey
resulted in a population estimate of 1,121
bighon sheep, exceeding the pi®us
estimate of 800 in 2000. The Black Mountains
(Units 15A, 15B, 15C, and 15D) of
northwestern Arizona experienced a disease
outbreak which resulted in a 53% decrease in
the number of bighorn sheep observed on a
survey in 2016 and 2017. Even though Unit
15D is somewhat isolated from the rest of the
Black Mountains by Highway 68, the disease
crossed the highway and impacted that portion
of the population. Aerial surveys in 2022
showed signs of recovery in Unit 15C, but a
slight decline in Unit 15BW and 15D.

Rocky Mountain bighorn sheep( c.
canadensis continueto prosper in Arizona.
The surveyegbopulation is estimated at 1,200
animabk. Ram:100 ewes:lamb ratios averaged
44:100:35 in 2024 with 533 observed. Arizona
currently has an estimated population of
1,000 1,500 Rocky Mountain bighorn sheep
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based on survey data alone, but surveys are not
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surveys about onthird of the Rocky
Mountain and desert bighorn populations
annually, although some areas of specific
concern or recent translocations are surveyed
annually.

RESEARCH
Disease Monitoring

A total of 188 nasal swab and
additional biological samples were collected
from bighorn sheep in 2023 through capture,
hunter submission during cheak roadkill
inspection, or other encounters, and tested for
disease agents. A trial was conducted to
investigate detection rates of Mycoplasma
ovipneumoniaéMovi) between hunter harvest
samples at #time of harvest in comparison
with Department samples taken at chetk
that typically occurs several days pbsirvest.

A new Movi strain was identified in Unit 46A
(Growlers) through this huntsampling
effort. In 2024, 200 samples collected by
hunters and through the Department's chack
process were analyzed to repeat this thal
report was drafted and oral and poster
presentations were delivered at regional and
international meetings. Rdssiconcluded that
the collection of samples at harvest yielded
slightly better results than collection of
samples at check in. Going forward, we will
ask hunters to collectamples aharvestin
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units where Movi detection and monitoring is
a high priority.

Movement and Corridor Studies

Tonto National Foredt Region 6 staff
renewed a Minimum &guirementsAnalysis
Franework (MRAF) to complete several
capture efforts over a-year period within FS
Wilderness on the Tonto National Forest to
continue monitoring efforts for disease and
track movements in response to fires. Special
conditions included restricting helicopter
landings to less than 30 in ay#&ar period.
Throughout the area, 36 collars were placed on
desert and Rocky Mountalighornsheep in
2020, 21 additional collars were deployed in
2021, 10 were dépyed in 2022, 21 were
deployed in or near the approved Wilderness
Areas in 2023 and 14 more were deployed in
2024. The additional collars deployed during
2021712024 have provided much needed
information in the areas where gaps in data
were identified from previous collar
deployments versus known and anticipated
occupied habitat. Monitoring the movements
of these collared bighorn sheep have allowed
Department stéfto modify their aerial survey
routes, thereby producing more effective
surveys.

Unit 16A 7 In February of 2022, 26
bighorn sheep (9 rams, 17 ewes) were captured
across five mountain ranges in Unit 16A. All
were collared to aid in survey efforts, and
sampled to establish a disease profile for Unit
16A. Several mortalities occurred ihet first
six months following deployment and were
redeployed in November 2022 and again in
October 2023. The data collected by these
collars revealed longange movements by
bighorn sheep from this herd into other units
(Unit 44A) as suspected. The-desgned
survey polygons were flown and bighorn
sheep were observed at a rate of 4.3 per hour,
an increase of 0.8 over theyBar average of
3.5 per hour. After a second year of data
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analysis, redesignedsurvey polygons were
flown in 2024 and bighorn sheep were
observed at a rate of 2.5 per hour, a decrease of
1.0 bighorn sheep per hour, likely due to the
dramatic total number of bighorn sheep seen
on the surveyThe data is being evaluated in
conjunction with BLM for risk analysis
between neighboring units.

Yuma Proving Ground$ Document
water catchment selection and
seasonal/corridor movements through the use
of GPS collars. Five bighorn sheep were
collared November 2022 and five more May
2023. One ewe mortality was documented in
August 2023 and a ram caltal failed at the
same time. Ewes express more tightly defined
home ranges than rams who express more
movement between mountain ranges using
many different catchments. Four additional
collars failed by November 2024. There was
no change in water catchmerste or area used
from 2023 to 2024.This information will
prioritize water hauling activities during the
limited windows of accessibility into the
restricted airspace, as well as guide decisions
about permit allocations for the accessible hunt
areas.

Galiuro FireScape Projeét In 2016,
the Safford District of the United States Forest
Service (USFS) began implementing the
Galiuro FireScape, an eighear plan to treat
137,000 acres of USFS land in the Galiuro
Mountains (Units 31/32) with prescribed fire.
The longterm goal of th&aliuroFirescape is
the return of the historical natural fire regime.
The treatment area was divided into 8 burn
units, one unit treated each year. As of
February 2022, over 60,000 acres have been
treated, and every burn unit at least partially
treated.

In conjunction with this project, the
Department augmented populations of desert
bighorn sheep in Aravaipa and Redfield
canyons in 2016h = 31); two rams and 8 ewes
were fitted with GPSransmitting collars to
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evaluate the poselease success of
populations and response to the prescribed
burns. The collars deployed in 2016 reached
the end of their life expectancy before
prescribed burns were completed in currently
utilized habitat, so the Department collared an
additional 9 rams and 1 ewe in November
2019. The data from the ewe collared in 2019
showed longer periods of use in an area treated
with prescribed fire in February of 2022.

Maintaining active collars on this
landscape has allowed for the accumulation of
GPS data identifying the home range and
habitat use by bighorns in occupied habitat
before and after prescribed burn efforts.
Unused desert bighorn sheep habitat and a
potental corridor between the two existing
desert bighorn sheep populations have been
identified, as the gap between the Aravaipa and
Redfield bighorn sheep populations has closed
from 30 km to 11 km.

Ten additional collars were deployed in
November 2023 in Redfield Canyon. These
collars, and the collars deployed since 2015,
have documented an expanded use of habitat
by resident bighorn sheep, and longer periods
of time spent in areas peseatment wih
prescribed fire. It is recommended that the
Department continue to support the efforts of
the USFS and BLM in managing this
landscape through their Firescgpan, survey
additional areas adjacent to former survey
blocks, and implement a predation
management plan, if feasible.

HABITAT

The Department works with private
organizations (primarily the Arizona Desert
Bighorn Sheep Society (ADBSS) and the Wild
Sheep Foundation (WSF)) and federal
agencies to achieve habitat improvements for
bighorn sheep. In 2023, the Departniest
Development Branch and the ADBSS teamed
up to repair four catchments in bighorn sheep
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habitd, Rock Trick Tank #431, Frank
Reservoir #478, Javelina Mountain #885 and
Paloma Wash #1041n 2024, Development
Branch partneed with the same organizations
and refurbished a water catchments Gonzales
Pass #77, Slurry Tanks #824, Marquetta Pass
#1000 and Sheep Mountain #1050. Ranchbot
water monitoring systems have been deployed
on over 50% of the Department's maintained
waters.

Much of eastentral Arizona is still
recovering from several large fires totaling
574,275 acres between 202921. A marked
decrease in bighorn sheep observations
occurred in the Mescal Fire burn area of Unit
24B, although poor flying conditions were
noted.Special surveys and collaring efforts are
being conducted to monitor the effects of these
large wildfires on bighorn populations in these
units.

Water hauling effortglue to extended
periods of drought has become regular practice
in many parts of the state, with Region 4 (SW
AZ) bearing the brunt of the activity due to the
high number of catchments on the landscape.
The region experienced a slight reprieve from
water haulingin 2023, but in 2024 demand
rose agairand staff and volunteers delivered
651,010 gallons of water to catchments, many
of which solely benefit bighorn sheep. About
143,500 gallons were delivered by helicopter
to catchments inaccessible to water trucks. The
Department is actively working to improve
collection and storage capacity at many of
these watercatchmentsso the demand for
hauling water is continually reduced.

HARVEST

Bighorn sheep permits remain the most
soughtafter hunting permits in Arizona. In
2024, 28,993 individuals applied for the 156
desert and Rocky Mountain bighorn sheep
permits available for draw.

During the 2024 season, 156 hunters
participated (includinghreeSpeciaBig Game
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Tags), harvesting 150 rams in 693 days of
hunting. Hunt success was 96%. The age of
harvested rams ranged from 4 to ¥=(7.7),
and horns greescored from 107 2/8 to 193
6/8 (k=162 3/8 B&C).

In 2023, 156 permits were issued to
those drawn from the pool of 27,232
applicants. One of those drawn did not hunt.
Of the 155 hunters in the field, 96% were
successful, with a combined total of 726 hunter
days in the field. The average age of harvested
rams in 2023 was 8 years; B&C grestores
ranged from 70 3/8 to 184 6/8 with an average
of 162 2/8.

The Arizona Game and Fish
Commission awarded the Special Big Game
Tags for bighorn sheep (two tags per year) to
ADBSS in 2023 and 2024, with a third tag to
the Arizona Big Game Super Raffle
(AZBGSR). Each year, ADBSS has
traditionally partnered with the WS to
auction one tag analctionthe second at their
fundraising banquet; the third is raffled
through AZBGSR. In 2023, a total of $555,950
and in 2024, a total of $921,340 was raised via
these Special Big Game Tag Sales. 100% of
the proceeds of all three tags come back to the
Arizona Gane and Fish Department to fund
the conservation and management of bighorn
sheep in Arizona. Since its inception (1984),
the Arizona Bighorn Sheep SpecidabgBsame
Tags have brought in more thab5$8 million
USD through 202%0 support bighorn sheep
management in Arizona.

TRANSLOCATIONS
Desert Bighorn Sheep

A project to expand the desert bighorn
herd in the Harcuvar Mountains in Unit 44A
into unoccupied portions of their range was
initiated in 2021. A total of 23 bighorns (20
ewes, 3 rams) were captured and translocated
from the Plomosa Mountains in Unit 44B
November of 2021 with 22 GPS collars
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deployed during this event. A followp
translocation of an additional 30 bighorns (3
rams, 27 ewes) from the Trigo Mountains in
Unit 43B was conducted in 2022 with an
additional 25 GPS collars. No bighorn sheep
were translocated in 2023 due to source
popuation disease testing results. In 2024, a
total of 28 bighorn sheep (4 rams, 24 ewes)
were relocated from the Kofa Mountains in
Unit 45 with 10 collars.

Rocky Mountain Bighorn Sheep

Efforts to relocate Rocky Mountain
bighorn sheep from the Morenci Mine area in
Units 27S and 28N have been ongoing since
2002 with dropnet and darting operations
resulting in the capture of 386 bighorn sheep
through 2024. In 2023, six bighorn sheep (3
rams, 3 ewes) and in 2024 six bighorn sheep (4
rams, 2 ewes) were translocated to Upper Blue
River (Unit 27N). These bighorn sheep are
being monitored to see if they return to
Morenci Mine or establish home ranges in
Upper Blue River. This brings the total of
desert and Rocky Mountain bighorn sheep
captured and translocated in Arizona or to
other states to 2,797.

BIGHORN SHEEP AND DOMESTIC
SHEEP AND GOAT INTERACTIONS

The Department regularly responds to
reports of domestic sheep or goats in areas that
create the potential for interactions with
bighorn sheep. In 2023, two domestic goats
were located in bighorn habitat in Unit 15C
(where Movi is already presengnd were
captured using aerial nrgunning, collected
and turned over to the Department of
Agriculture, and both tested negative for Movi.
A lone domestic goat was observed
commingling with Rocky Mountain bighorn
sheep in Unit 28 in November 2023; a
helicopter and capture crew were diverted
from a nearby collaring project twatchand
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remove the goat from the area. They were
successful, and also deployed two collars to
monitor movements of bighorns observed with
the goat. Tests on the samples collected from
the goat and the bighorns captured were
negative for Movi.In 2024, two domestic

goats and three wild bighorn sheep were
located together in East Clear Creek Unit
4A/5A and four wild bighorn sheep were

located with domestics in Unit 6A. Neither of

COUNCI L TRANSACTI ONS: VC

the domestic animals tested negative for Movi.
All seven wild bighorn sheep were euthanized
in the two areas, of wbih,none testegositive
Routine monitoring conducted annually on
harvested rams after these events found no
positiveMovi cases
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