Lesk8 zemRdNI|I sk8 wuniverzita v Pr

Fakulta |lesnick8 a dSevaSsks§

Katedra myslivost.i a |l esnick® zo

VT vo,j a pougiBtiol higs mdpt oGPE& pro studium v

Di sertaln2 pr8ce

Autor: 1Ing. V8clav Silovskl
GkolDddehmnBomsg , KPdht. D.

Pr aha

2024



CESKA ZEMEDELSKA UNIVERZITA V PRAZE

Fakulta lesnicka a drevarska

ZADANI DISERTACNI PRACE

Ing. Vaclav Silovsky

Lesni inZenyrstvi
Ochrana lest a myslivost

Nazev prace

Vyvoj a pouziti hybridni GPS-Biologging technologie pro studium volné Zijicich zvifat

Nazev anglicky

Development and usage of hybrid GPS-Biologging technology for research on wild animals

Cile prace

Cilem disertaéni prace je vyvinout-a otestovat spojeni GPS a biologging technologie pro studium
detailniho pohybu a chovani zvifat. Pomoci dat zaznamenanych touto hybridni technologii klasifikovat
a vyhodnotit rdzné typy chovani zvifat a prostorovou aktivitu v ramci diléich studii.

- Propojit biologging technologii s GPS telemetrii a otestovat vhodnost pouZiti vyvinuté technologie
a validovat ziskavana akcelerometricka a magnetometricka vysokofrekvenéni data pro studium detailniho
pohybu a chovani sledovanych zvifat.

- Sestavit behavioralni model vyuZivajici akcelerometricka data pro popis jednotlivych typt chovani.

- Otestovat vliv vyvinutého zatizeni na sledované jedince z hlediska fyziologie pohybu a jeho zmén vlivem
neseného zafizeni

- Klasifikovat detailni charakteristiky pohybu sledovanych zvirat a kvantifikovat pohybové strategie
v zavislosti na energetické naro¢nosti

- Vyuzit akcelerometricka data a GPS pozice pro studium spankové aktivity prasete divokého (Sus scrofa)
v zavislosti na klimatickych podminkach a lidské aktivité.

- Otestovat navratové strategie a schopnost homingu u jelena evropského (Cervus elaphus).

- Definovat energetické potfeby jeleni zvéfe pfi managementu populaci v pfezimovacich obdlrkach a mimo
né.

Metodika

Metodika disertaéni prace bude postavena na datech ziskanych z nové vyvinuté a ovérené hybridni GPS-
-Biologging technologie, kterd bude kontinudlné zaznamenavat pozi¢ni, akcelerometrickd a magnetomet-
rickd data ve vysokofrekvenénim rozliSeni. Pomoci této technologie budou oznaceny vybrané druhy zvifat
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pro ziskani vhodnych dat vyuzitelnych pro nasledujici-analyzy zamérené na studium prostorového chovani,
navigace, detailniho pohybu a jednotlivych typu chovani sledovanych zvifat s ohledem na ostatni faktory
prostredi.

1) Sestaveni hybridni sledovaci technologie

2) Rekonstrukce detailniho pohybu a spotfeby energie

3) Behavioralni reakce zvifat'na lidskou aktivitu a klimatické zmény
4) Efekt Fizené translokace a navigace jeleni zvére

5) Management pfezimovacich oburek pro jeleni zvér v zavislosti na distribuci energetickych potieb

Veskera manipulace se volné Zijici zveri bude provadéna na zédkladé schvaleného projektu pokust s kvalifi-
kaci a odbornou zpUsobilosti ha Useku pokusnych zvifat dle §15d odstavce 2 pismeno a) zékona ¢&. 246/1992
Sb., na ochranu zvifat proti tyrani, v platném znéni.

Harmonogram:

Rijen 2018 — Prosinec 2018 Technické propojeni GPS telemetrie a biologging technologie

Leden 2018 — Unor 2018 Testovani novych senzort a primarni zpracovavani novych dat

Unor 2018 — Duben 2018 Imobilizace jeleni zvéfe a oznaceni jedinc pomoci GPS obojkii's biologgery.

Duben 2018 — Duben 2019 Kontinudlni sledovéani oznaéenych jedincl, zpracovavéni dat za kazdy mésic
pozorovani.

Unor 2019 — Duben 2019 Imobilizace jiz sledovanych jedinc( a néslednd translokace do novych lokalit.
Duben 2019 — Duben 2020 Kontinualni-sledovani oznaéenych jedincd translokovanych do novych lokalit.

Kvéten 2020 — Kvéten 2021 Sledovéni jedincl, pfipadné premisténi dal$ich jedinct do novych lokalit, ana-
lyzy a zpracovavani vysledka.

Duben 2020-Bfezen 2022 Analyza dat a publikovani vysledku
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Abmkatc t

Moni toring and observing wild animals to ¢
orientation, or types of behavior and activi
many ani mal Sspeci es. The goal of these stud
expanding knowl edge about the biology and ec
conservation. A significant fteohk0bBogi dalol a
technol ogy combined with standard GP&8st pheie
of our project, we devel opefdraghgicy dadeel er
magnet omet er t hataxreesc oartd sa dfarteag uienn ctyh roefe 10 H
that records positions at intervals ofeBf mi
data acquisition (over 1 year) on individual
(Susofka) . The hybrid technology was evaluat
relative to the body weight of the monitorec
using the developed device withdumowvemdnnte naf
monitored animals. The technol ogy meets the

to the ani maThe Mbheodyn sveriwgdtti.on of detail ed r
bi ol ogging technology showed a tendency for
di fferentiati on, compared to significantly

bi ogiongg data focused on the sleep rhythms of
negative | mpcacitmadfi cexXtarcema s on the quality

monitored individual s. For deer, the ability
home ranges after managed transl|l ocaowamndsvath
home range was significant for GPS positions
from the release point. The results Angthhemgh
significant findingsiisngt we nteest eechcd wistua keisl ift
and spring periods to reduce movement and et
forest vegetation. The deer demonstrated r ec
and sighifBbheantmowe ment activity prior to th
results can be wutilized to understand the ec
in connection with nature conservation and t
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domovskich okesk®v§gn? vhodnosti pfanamgewmani

obTetk §8vzhl edem na spot Sebu energie na z§8kl ad

14.



SRozbor problemati ky
3.1VIivoj, testovg&n2 a pougit?2 hy

V posledn2ch desetilet2ch bylayl vkwicnutnya we
sc2lem z2sk8vs8nkl diat prechobeysgencdh , @io h yoekuoh @ 2
pros.tZBEddbily revoluci ve studi ( Relpldrudedret ¢i

& Wilson, n.d.; Rutz & Hayl,nt>d0@d;s uWi lviee vd ve
d2ky pokrokTm v technologi,i asetmalo® Td? lewi dal
techni k§ch, kter® nyn2 podporuj?2 (tAhor@dadke&le
al ., 2012:; Rattenborg eNutbho,v@alkeypW: cmmeide m
novich biologicklch technik je vygadov§gn i

zamNDSuje na rTzn® odborn® znalosti | Kalylsast e
et al., 2022; Portwugal & White, .2018a; Tui a

3. 1Mdlsteinz driooM® gging technol ogi e

Management a ochrana volnhD ¢gij2c2ch popul a
Vyskytuj 2 a kde by se( Amorhtlsy eptStdla.on RZTWHSH)k Yy 1
monitoring padpal alzror &l 2tcrhe@ivdinmapageémentvu Vv o
gij2c?2 diBwkkl anvdSetHlalv.n2z mi9damkt ory, kter ®

prost Sed2 zvhRNSe, jsou: potravn2? nab2dka, bez
obvyikde8| n2 tklbanbti m(a@etdviok Te.t Taell.emez2ddx)k 8§ GPS
tak mohou poskytovat vel mi dobrT z8klad pro

standqwiagtrl ov. eKombi nack@&lb¢chnadalad ggizeni GRS btr élr
funkcemi je gdmalclez Proutg@tvi§tnaat kvl ch preferenc:
kombinace d2ky sv® rychlosti a kvalithD posou
mo g n o pSteik ok § n 2 pogadavkT studi?2 tTkaj2c2ch ¢
vel ikbwdlid et al ., 2014)

Zv2Sata se chovaj?2? takovim zpTsobem, kterl
vy b2 rpojd2m2 nek vnhDjg2ho a vnitSn2ho prostSed
cel ogi vot(n\Nahtoh afni tenteTsasc hni RQO0OPpug2van® ke st uc

15.



zv2Sat jdou nad r&mec pS2ZmeOmn®r pOIZzOrPeEN2V § rX
tygRS2 zesn2edpn@&mpS. GPS modelvel nébggelfAghtod
vn2maj?2c?2 tepl otCaga aicreti e rezi-Cadu & @ 2401180 ; Wi R ospoenr,

Zej m®na Vv posl edn?2m desetil et? dogl o k roz
kvantifikaci met r(i%k. tWaktaajn?ach?ec hets ealc.h, d80m0%Emu
tak proto, ge vhDtgina chovs8&8§n2 je definovsg8na

kvantifi kovat poémMathankeel at omet20T 2; Shepar
2008aKonkr®t nhD ortogong§lnhN orientovan® tS$2o0

vysok®ho rozligen? definuj2c?2 orientaci biol
s2ly), a proto rozpoznaj? drSjheenpa rtdd | awi(lAssotna,t
al ., 2008a; Shepard, Wi Isg @n ,n DL ij ealksoc hr,o zesta ha Ip

dynami ckouzrylcoh @mépnar d, Wil son, Liebsch, et
Visledkem j e, g &) nsde paokucye?lvearj @ meat ruymibs Suj 2 r Tz

Vsoul asnosti jsou uzn8vsgny jako extr®mnhD v
chov&§ngNavh&atet al., 2012)

Vi 8§mci disertaln?2 pr8ce bude pougita kombi
technologie. TemzmZamehBBi csll egdgpivgmp? jedince za
pSilogen®ho na tNRlo zv2Sete pro pSenos ¥Wdaj"
senzor mTge zaznamenS8vat i i nformace o okoln
rozgi §sjchopmaost sledovat a @hogBdbDti aniMBeb 2 :
pS2tomnosti |plS®wrakddd) pkSt2emr®@hSvjged yvz 2 € Powadhky ttuPmN 1
girg2 z8bNr pro posun z8kladn2ho i aplikova
KromhD toho se uk&8zalo, ¢ge dynamickIl akcelero

pro vipolet energeticklchc&T.dap.T Qladroky eentl canl
et al ., 2011, Hal sey et .alD8)] e2@bBkyRujR. i Widle
i nformace vedouc?2 Kk poclhHopelnz WidHavainsr &ltn2adh

Avgak ne vgechny typy chovg&8§n2 jsou mogn® a

nejdTlegitnjg?2, samotnl akcel erometr nen?
(alignment) oznalen®ho zv?2Sete. Il nter ®r et ace
zmatena napS. silami, kter® samotn® zv2Se ne

odn?2 ptactvo sd€ddHad > erya eneobdot 2v,ihbd2ddcile) Nz p Tsob e

zduchu okolo akcelerometru,i guongaredmerkan lzol

16.



dat eRbpCeorutder t & Wi INsaowrt,c 2Zwd8)gt n2 probl ®m na
rychlost sledovan®ho zv2Sete konstantn2 a je
zv2Se, ke kter®mu doch8z2 zejm®na u moSskT c
klouzavl | eyugpsaj Xkt er(@Hng nl® pWioluldilenmse neto g le.
mTge vzni knout i pSi velmi pomal ®m pohybu rT
jsou datmostpmjjem8§zw2 Sete dTl egitou (sShwelp&asgtd? |
Wi | son, Hal sey, et al ., 20084a; |Shee pjaer do b eWinl Ik
pougit2m el ekt r epnaiscsk ®hiol tfeirliit rtuz vAHIi HfhF neb o

akceleraln2ch dat napSpohpypbuycéhb®mpBit obene ®@nu
(c. J. Clark, 2009; A. M. Wil son et al., 201

(a) Bhw

Accakam@ton
]
1
i

J23

Waloaity
.

P e A A AL f bbb b i 4 Erhddd L AL LLLL o

Accelkemation

Time

Obr 8z-8&k h®mati ckl

graf popisuj2c?2 rozd?2l nost
por ovngn? s rychlost? u automobilu (a) a br
prudk® zrychlen2z pSi N8r Tstu rychl asttanu ni kol

bngec pSi cyklu chTze napygdbpPpbuassabglupehsvo
zpTsobeno pohybem po(Gleissetalt,ZDl)d nahoru a dol T.

Mnoho 2z tRchto probl ®mT |1 ze vgak vySegit
Yohl ovou rotaci. Jsou to ze|[{M®naigyLopkapegetn
kter® j sou | asto Kkombi novs8ny S akcel er ome
sakcel erometrem na j(eNbrdeam emDS2lc.2, m 2z0a1$42.z eR.2 P.
Gyroskopy mnS?2 Yohl ovou rychl ost a jsou vel
podmbDtem drift ul Fzoa gj eedn ocaMaw n k2a0s0mde)t ry nej sou

mTgou bTt opowgieny karovng8n?2 (al i goaomeind ai)
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sakcel erometrem), ale produkuj? signs8ly, kte
protoge vistupy se (Bigdderoddte alm2stDhES5a)a ze

Magnetometry nejsou citliv® na zrychlen? | ¢
proto je |lze teakgxepeudmet spolaelzdlzpgi t t ak
I nTch pro kvdmiMairftiilhadiopelzowdnzalzy?2 24116 ;
n et. &loul a26®8)pougit2 tNchto dvou typ
ngn?2 (aldgrghbm®emu )slzevddSva8n2v, cog poskytuj
ktorie zv2Sat pre&bostu) ukaptojkaida ¢sSaad g

ugi te
0
v
e
propojeny s vhodnim |asovim #ezxlkidggimbgne ra gte &
a
e
0
a

Wi | s
zaro

traj

2015 a; Bi dder , Sor eMsaigmee,t oemmet ray . r e 2@PuUj2?) n a
magneti ck®ho pole analogickim zpTsobem, j akc
Prot je zde tak® potenci 8l poug2vat magnet o

charakterisltiik?dy ocde wiSaxatdmdlst 3. aWiclell iea msned tr Ta l

Magnetometry byly vyvi,nuj gdroorsdlcat i syerdz orr €]
vzdS8l emaogsntetlu (ta je zalogena na s#tlaxi ®8kigdc
senzor T, kter® jsou schopn® zaznamen8vat or.i
(tyto senzory se pomadityklay 2amArm&linMa gniia)g.n eM o met r
dokument aci obecn® Gakrteitvtiat ycaakrdervettpyd molc e c nz& z (n
pozice siln®ho magn(elac hbseczh epi odu §& t \Wi8|kidogmigbyra 1919 ©
poug?2vs8nayxi B1bnd magnet oomMeSerny? pvrzidB8irenndo sk i m ¢
um2stNDniTm na zv2Seti a magnetem, kter(R.byl u
Wil son & Liebsch, 2003TenR.0 M.S2 Wit luponby | 2 Oplo
kvantifikaci pohybu kOR.l eWilhsan v&,dn& etha (@ ,v 4

n
d
n

kvantifikaci pohybu Jelist2 pSi pSiRépmame p

Coudert et al ., 20.02Ka@dopRB.dnWi | seoxnt,r ®M0 8 2 )c
magnetometrT nyn? umogRuje sn2m§n?2 intenzit
prostorovich dimenz2ch, a proto dok&8ge rozpc
jedince 32fkMetsamistét lal ., 200.3; R. P. Wil son
Vzhl ed®mok vysok® citlivosti senzor T vzni kEé
syst ®my alkknlDn2 chovgn2 zv2Sat, kter® je zal og

zej mBInaoukhodobNj g2mu oznal en2 volh ndladtiqgqrmet2rch,

kter® zaznamenS8vaj? Wdaj e o os&gmhl| kh#dg dhawyge

pSesnost hodnoty kvantifikuj?2c? Mmadgoe® matr oy
18.



vel mi zS2dka poug2van® pro studium chov§gn?2,
zm2nky o tomtodhbhoympu® sleinzeor gt wSe, zej m®na inf
ve sSpojen? a akcelerometry nebo gymaoskalpy.
nejl epg? n8stroj pro sbhRredatfiyppiigdn e’ Myahk [

Mat sumura et al., 2011; Mi.tani et al ., 2003; Shi
Jeli kog magnetometry a akcelerometry posky
kv Tl jejich rozd2lnost. zaznamen§8vanlch d

synchroni zovan® po utgo?nvtSon 2p S*bpoaud Ns etnoztoirgT . s evh z o
nNgtr o] pro pSesnou kvant(iHf i Kac iWi i T i mthehd edaxsym e
odvozeh®elzerometr T, ektearg@tseevpohlybjuz KkakT m
(Qasem etbyalby | 02 OnioZy)m®? Ipdru?g2nelkevantn2ch ekvi
(napS. %%hI(cR.§8 PnryoM Il soin) et al ., 2013)

3. IVedDBA

Dynamick® zrychl en?2 t DI aDBADY nbalmi & pboouddy? v
parametr uvg§dhDj2c2 energetick® vidaje zv2Sat
viDdci poug2vs8§no celkov® zrychlen? ODBA (ov.
dynami ck®ho zrychlen2 t NI at r(eVie®BrAt) cujmd Owsé dp & t
pops8no porovn8n2 ODBA a VeDBA jakogto paranm
dal g2 ch wweadear®@ .stVvudi i byl o testov8§no 21 | i d?2
rychl ost mi . Po cel ou dobu myphruv m2o shiyl b S &nna® sstvi®

entaci, drghkm®yobr iuenttsa din. vPo cel ou dobu
spot Seba XysPbdkHobao®Ow%daje byly z2sk8v8&ny i ¢
jedn2m bi ol opgSPem®mm, s radvtam | wh tleisd 2 byl a |jak (
dobr T mi phao cdamee tthvayyg g$rmi neg 0, 88. Ni cm®&nnD ODB

or i

avgak signifi kamnrell W2eddB Av d ip®&o 20s W08Jdi.i Vnebyl
Gg8dn® viznamn® rozdméyi zARBAMa ndp®Bipwa dvedc h o K

byl o porovng8v_gno puS#2ns@nDne ¢oii konE®nty gsemsluruwd.i eV z am
zv2Sata byly ODBA a VeDBA Jalbirdmidchp avsatmep m?
porovng8vanilch v T2 i NintamBPiietin ®DBA OpSedst avoval
signifikantnDpehDogd&mags ¥YyODBAt uSvmult8nn2z s\
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pro zajigtnNDn2z stability konletin mohou | 8ste
odpov2d8 soultu slogek pro oduygnami cBBA akcyer.
tNDla). Nelze tedy pSedpokl §dat, dgeAvpkgwomiom
vipoltem. Nicm®mdi adrkezérn2 vi ®t 0 jednoduch®
nejvhodnRhj g2 parametry pkobsykh®ven®uapiot Sk
nejsou schopni zarulit alespoR p8B8gmBBanhDbikonm
poug2vs8§no parametruhd&edDBtAa piMo®y ®epm® oxvt8wmadi is by
akcelerometrickg8 data pSevedena do DBA zapr
z8znamov®kad | kan §leaddodncz?zenm 2k st a(t Qacske®dm ae&ktf eahle.r ,a c2
pougit2 klouZ{a®sh@par dr Tl séotn, alQuN §18 & &ald s e
statickg8 akceleracéGbdebstbaTptto shedtdgy prd
posl|l ®ze sel|lteny,(RbyP.pos K ytolny e®DDBA ., 2006)

VOO0 LS O D S
ODBA, kde Ay, Ax,dpAamsok®opg&#b@imeyhblzaes eaodi

korespontdsijédslPm ®srtogons§l n2jmejaikclte!| eelomert o elinm
(VeDBA) vych8zeQRédsém et alzt ah20l1l2)

wQ0606 06 0 0O

3. 1De3ad reckoning

Viznam slova dead reckoning | ze pSelogit | e
z8kl adn odhadu smRru a pSekonan® vzd§l|l enos:t

astronomi ckT DR kpozmwrzaqg Sre2n.® nab2dce senzor T

vestavilDn® akcelerometry poug?2t j ako kr okomL
kompasu. Pougit2 dead reckoningu pro suchoz
PDR) | ze pougth ketdogl nButgacel podobnim zpT:

nai gace nebo k rozg2Sen? navigace do obl ast?
jednoduch® i mplementaci ugi vat el dr g2 svTj 1
pozice posune vpSed o pevnou vzd§ljenomanezweea as
pSesnost? senzoru, magneti ckT mi por uchami uv

poloha pSeng§8§gen2 a d®l ka kroku. Dal g2 vIizvou
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je Jj2zda na kol e, chTze PSedsekodeemchrebel pf

existoval o mnoho vlastn2ch syst®mT PDR. Zat
l i ne8rn?2 ugl ® vzdS8l enosti, syst ®my PDR maj 2
VI astn?2 syst®my PDR mohoai 8§12t 2 arm olhmt ,p oadmpads k v
byla variabilita nosn® polohy minimalizov§8na

Re8&8l nl vipolet PDR je pomRDrnhD iszogat Tz§klradm:
ale tak® zvl 8dnout rTzn® sc®n&§Se a pohyby p
model y @Wileifpendi a) .

Vizkum ekologie volnR §gij2c2ch zv2Sat st §
kurlen2 polohy =zv2Sat. Syst®my GPS vgak za
pSerugovanhlD a neposkytuj2 g8§dn® informace o
towozithND cesty mezi dvDma pozicemi. Vysokof
energii, cog vygaduje pougit2z velkokapacitn?
givolichT, a u velklTch savcT doce8zk?o nkien gauk rj g
alternativn2 pS2stup, kterT skTt§ urlitl pot
givolichT a dodat n8m i nformaci o detail n?
spot Sebovanou energii.-r eSksrtidgieus bfiovp Sed e v g2
vodn2m prost Sed2?2, nebyla doposud pSedlogena
dr uhBi dder et al ., 2015a)

Pohyb zvz2bSiad| ozgeyj *tno8ge mi mo jin® url uje ¥sp
potravn2ch zdrojT, vyhTbg&n2 se pSed predac?2,
zi sku eorkeBiaier dz, 1994; Stephens & Krebs, 198/
PsphRch jednotlivcT modeluje pdNaltdoaem &t Szad?2 ,
Pro pochopen?2 pohybu zv2Sat existuje tak® Sa
zmNDn ve vyug?v§m2 ag oo yhdrkwdnkt Trdocl Ta, ochrana ol
drushTpSedv2admg DEP Sea@at al ., 2000; Kot et al.
et al. ,Z29B8N2 pogadovanlch informac2 o pohyl
protoge mnoho ¢givolignTch druhT ¢gije (vL.prost
S. Davis et al ., .19MrBgh oRolpieat eelte neelt.r,i ckd @) -
protoge vyluluj2?2 pot Sesbtuu dvoivzan8( Si¢ihuo | kiGooht lad t e
200BY DN metody, kter ® tseer ensetjr|iacskt@nj ip rpoosut §Sevda?j 2p
pol oze zv2Sat, | s(oRiod/HeEr 8, GPB0 1 e | Wt B | e Ga d
vgak maj 2 (sReS iomeezte nHE ,j 044Yyeden8 metoda,
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znaln® vynalto@re®idu emreo gi mplvEmenyaei whsP ed®TF
GPS telemetrie se povyvdglupertraé&AFPfdso nsichera tn
zkresl en2 podl e Duosdsma?unl etk eptr oaslt.S.e d2®9 n®nkar ail i
vegef ®amo et naebo t200p0000)( ®BDEe n k ea.j ialyal T 2 &0 2d):
z2skanTch obhNma metodami pSedpokl| §d®&i tptSe2 n&l |
Wilson, péesyto je |logick®, ¢ge pSirozenl pohyl
vgesmKkrndmer & McLaulgeltiendy 2209elj)m®, e | sou

zv? Qatl eko pSesnhDjg2zm mNS2tku v prostoru i |
odr&8§get skutelnoupposaby VMpahhi kese.2uVedastk,wt20 In0x
] e jedinou bi otel emetrickou met odou, j ej2n
suchozemsklch zv2Sat v mal ®m mNEBt amarfti . et !
1988; R. P. Wi lson et al ., kl%®e>18, dR.k 8Rp e Widksoom
jedince tak pSesnh, ¢ge jej(RzePdoWohsenpetuja

Funkce dead reckoning vypol?2t8 vektor <cesty
smDr u, rychl ost i (RaP. Wilsdd,2(02)v €] akwmii $ le® j@sd ohot o
trojrozmRDrnou cestu pohybu rdeakno® sst@dtwsevidacti | nt
Tyack, 2003; Mitani et al., 2003; Shiomietal.,2008)Pr ot oge data jsou zaz!
um2 st NDnT mi na ogagmatun ®nm ekhioo Yl i nnost nen? ovl
(Dussault et al., 1999; Frairetal.,2004) cog je dTlegit® pro z2sk§8n
(Bradshaw et al., 2004; Sims etal.,, 20060) Funkce dead reckoningu by
pohybu v odR WcDaviscetraly, ROD1; Sato et al., 2003; Shepard, Wilson, Liebsch,

et al., 2008b; Ware et al., 2011; R. P. Wilson, 2002; R. P. Wilson et al.,,1994)l e nyn?2 b
pougito pro vipolet pohybu suchozemsklch @i
suchozemskich ¢givolictaTvpeutobthgn®hogutNeg?2
suchozemskShepdrderal, 20080 j e proces, kterl je jec
|l ze poug?2t mechani ck® met ody (Ecker 2002; Kassack i | n 2

et al., 2007; Ponganis et al., 1990; Rojiartidert et al., 2006; Sato et al., 2003; Shepard,

Wilson, Liebsch, et al., 2008b; R. P. Wilson et al., 1993; Yoda et al., 1999, Zdhbpnost

spolehlivhD odhadnout rychl ost u
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Obr 82Z®lohyby |l ovdDkem veden®ho konleyv ®mt dhro® n2 a
rohu obr8zku. Lern8 trasa = sledov8§nn2 pomoc
url en8 poReckomemgu (20Hz) bez pouzit?2z GPS
nem§ mNRS2t ko, protoge vd8lenost pohybu je o
viine8rn2hmdmrdtachwu e DBA. Co dokazuje pot Sebu
Ve | tverc2ch je zn8zor nNDnpohyustolyslrkivastekc h k dpo &
GPS byla celkovg8 dr8ha konhD dlouh8 10, 127 km

suchozemsklch zv2Sat by vgak ve skutelnos
reckonignu pS2mol aSejg2m(mRegPu Wodspaobedpigebdl
pozemskl pohyb nepodl ®h 8§ posunTm(DaTds dleanloah
et al .nebb995c)e§nskEbhormiroedTRNi. M§r2nt20n8 )pr ob | ¢

pozemskl dead reckoning tedy mTge blt jedno:
zajigtDhDno, jelikog tento pS2stup by mnlI pos
zv2Sat mezi m®NN | astalnthimi | @loanloic2 a lj n 2nrhic h¥%pa jois
( R. P. Wilson et al., 2008)
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Dynamick® zrychlen? mNRSen® pomoc?2 inerci §
poskytuje vhodn® %Ydaj e(Biduer,0Qasen, letaad, 2013) cAhl | koosl tiiv
vztah mezi dynamickIim zrychlen2m a rychl ost ?
t e r (Biaddgr, Soresina, etal.,, 2012) mogn® kumul,jaak ® nBy loiR.€hma kgn
Wilson et al., 2007b,2008) mohou bTt odstranhRDny nebo oprav

ze simult8nn?2 GPS telemetrie, kter8 bude ve
jedince. Ve skutelnosti je tento zpTsob nejf
vipoleteckomd ngu. Dal g2 vihodou |jae@epbogvgh?
urlitTch typT chovgn?2, Kkt e(Béwnmtoah @u3bbH A. n§sl

Campbell et al., 2013; Shepard, Wilson, Halsey, et al., 2008a; Shepard, Wilson, Liebsch, et al.,
2008b; Shepard, Wilson, Quintana, et al., 2008b)Met oda pozemsk®ho dea

postup pro korekci wugllTch tras na ovhRSen® G
(Bidder et al.,, 2015a)fen saml autor ve sv® nov® studi.i
reckoningu pro suchozemsk® givolichy p

i, b :\ =

d) & e) f) ©
&l B
= '&_\—
Obr 832 cesty pohybu sl edovan®ho |l ovhbDka pom

Reckoning bez korekce, d) DelBdckoning kor ek c?2 Kk a¢Re® kd ns enag, se )k ol
kagdl ch 5 -Reeck,onfilngDesack orekc?2 kagdlch 10 sec

spojujakdatar ametrupemagdet @Y rtdea seymezt r i e .

dead reckoningu m8 potenci §I pro zaznamen§yv
detailn2zm mnRS2tku. Pro z2sk§g8n? stej n®t¥r ovn
telemetrick8 zaS2zen? vygadoval a tvaekltko® mman o&ymn
mNS2tku vel k® nepSesnosti v zamhRSen2. PSesto
a sl adkovodn? druhy, | et n® me tkoncciec knRa pdSaetkeScgt
suchozemsklchpodg it &lui cbhyTl. oZdhad wyYyehllastm dera
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rekoningu pro suchozemsk§ zv2Sata probl emat
vySegen poudgit2m akcelerometrT a novou kor el
pozice. Tato technika m8 potenci 8d irmfzovrzmoeva
o model ech pohybu, kter® | ®pe odr §gRijddesrk ud te
al ., .2015a)
54.319 -
™,
54.318 - S~
.-'l-. "
2
3 S4N7q ]
g L
E : i -\‘L'\'-".
a 54.316 - — o
= f;f’r : w,
T 54315- ! %
=t i':{:‘_ | - .
- * . ' F HH "\.‘
54 314 - - ‘.\__ ! "'._.
{ )
Ry, _.-""'
54.313 r T T T T T T T T 1
5282  -B.260 5258  B258  -B.254 £252 6250
Longitude (degrees)
Ob r 84z Bdtekce trasy dead reckonilgo moc2 GPS bodT zaznameng§8va
minut 670 metrT dlouh8 trasa sledovan®ho jeze
mi nut . Ltverce ukazuj?2 detailn?2 pohyby zaznam

3.2.Anallza vysokofselWdeaoamneghbbvge
3. 2Kllasi fi k8§tor typT chov§8n?

Pro kvantifikaci chovgn? zv2Sat se uks§gzal
um2stNDhichogiger ech. Tato zaS2zen? byl a poug
chovgn2 -wpaphniSmgP 3 mikanauprSseisntuosg)e, se tent o dr uh
studuje pS2mlimep®n @t oV § hpuraoi vieodeegnboben2 vol nnN

pavi 8§nu

deset

pomoc?

jedincT.

oboj kT, kter® zaS2zen?

Oznal en?

nesly
j edictnlce m bzyd d h yntait t§ | veen¢
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pSirozen®ho chovg&n2. DTlegitou abuélSet &8 medtyd u
zvi déd edi ska | asov® stopy. Na z8kl adnD jednot
byly n8slednhD pops8ny YsesiyaawdkniEméoaemEsk &
apli kaci tohoto modelu na zbyl 8 zaznamenans§
| earni ngf, akutteornBatslck®Mu k ozpozn8v_En?2 nast a\
chovsg§n2. Ve studii zamNSen® nab ptayvpi T8 ncyh osve§ np?o,
ngsl ednD rozeznal automaticky i pol 2t%l] . TNDC
zcel kov®ho | asu pozorovanich pavignT. Odpol
identifikovg8&ny s vysokou pSesnost?2 automatic
kl asi fikaci v2ce typT chovgn? z d@anti na&tcoeMier
(Feh!l mann .et al ., 2017)

ZakcelerometrickPlacmteat &ityeali § zpeol2 @iz & al tent
popis tSech druhTVelhpegvulspéskybpbeen®i Aut
chovg&n2 a pSi aplikaci na z2pkKeshoBt dda6éofh
pSesnost sekusektTanh odvaatl,a kkt er ® byly nejdS2ve |
poS2zenlTch videoz8§znamT chovgn2 oznalenlch |j
dd acto metodgipB@Escev Fehl mannpaS2epadaldit 2 (2DU.7)zo0
kl asi fickr8uho®huo njae di rvaud pleis gokyyl lagpbpeSens@ o(st k1 as i
%, cog umogRuje pougdgit?2 klasifik8toru na V2
(Painter .etDadlg.?2, k20als6)f i k8§t or chovg&8§n2 byl vy
(Epi nephe)zd ®l ®ldaarkani covitlcht SPas®hbylakczl e}
od biologgerem oznalenlch rvybakvT8r ibuy|sye nzaatngh
zej m®na na chovs&n2 pSi krmen?2 potravou. Stud
zt ypu pSekl §dan®ho kr miva, a t2zm bylo poj?2d
rozligit typSesnppgtehdVHoarT&%ea MAH&e!| roadnigt r
data definuj2c2 druhy chovg8§n2 jsou zaznamens§s
zVel kK® Br(ivt§&miuee zodi os bayd m etamdlS.e.na2 hk5)st an o\
typT chov§gn?2 a vytvoSen? model u wurluj2c2ho
pracoval jjeidjopowse®us dakceyehamdjy? wyalbzz.nl mi
VeDBA hodnoty. Med hoadvi &ma? uvkylocem & znetl §ap 12 ho s | e d«
gesti oznal enlTch jedincT a z8znamu tohoto ¢
z8znamu. Tewnybhydnpoemid tt kpT chovg&n2. VIsledk)
vTIi real i tDPbwpl typ8§8dleggdewnj22 c*8, 6 3 %, 55% pro
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(V8zquez Diosdadveegn8§ameft odDk&) stanoven? <cho
z rAdoat oce&kpheaSl2usbyl i opat Sepir ThRbel ePomedopy
nat 8§leni nat viptlebdbRameérmy . na ukzzaevnFe nAlucsht ragklvi§er iv2
tato s tpuwdioejneS§dvngot | i v® typy model T poudg2vanTich
chovg&n2 na z8kladhR akcelerometricklch dat. N
SVM (ASupport Vdatdars mdc Ribrdebm)® 16t odi ka by
sl edov 8h@hnoev grAiea(i no€eragofTheérium si)myg ,gnPi ce
africe. PSesnost modelu) akbe®Phozpeaekav §Balch
jednoho tTdne u nosorogcT, by(he8Ropd% ptoaby

3. 2Ek20.l| ogi e sp8nkov®ho chovgn?

Sp&nek je pozorov§8n( Amrafkit i etjya lun evaggd® )z&s?tS
gi vptjeekrdrav2, kognit.ivDdevikor a&§kl adhpn?2 i mu
i muni tn?2 @ &P pwitmfoenkagiaf Beme dovsky , etpo@dpor uj2e
produkci jheomembthalhbohbhi cKkManzaguledacial . , 2815; M ¢
podporuje udrgovsgn2 nervT(KNinmbjngoekual. ko@
2018¢n2 poc,hyde oprt Prmdorbna8 skpr88ntkku§ a ztr 8t a sp§&n
| etnTmi gkodlivimi % inky na zdrav2 a kogni
hori tdoehmsson et al ., 2dae?2m€o thnoist d2 ed Thé
jeho z8sadn2 pS2nosy, spdHnehbvsanRejpesid remrs B bolbsh
jel sbhdg2 zv2Sata se nemohou zaplpjig maop S2hkolva
potravyantebdaalk ® ps @b Dhvu ysspt8anvkeun ap rveldd ajlz2 mfumu
i AiCkawpel |l ini .RSedsplok,| §2®10ke) vjako,uapezespgnek
l asticitu, protaod@el m ao rvglahno dsym Pprokstkeyrz®@ o € p g ince
| odidn o ldm20jfeSt. S. Campbel.Me&i Tobk an,S jdeads 4n)cp
tejn®ho druhu budo ue e ®Hn RhoodSohhingpmuo do e jae jvizo
e regulovg8n stejnimi (BeuBof gampbebi ZBammigp e

nw a9 T —

—

sp8nek omezen® variace Vv r8mci jedeontbylve i
studovsgn péebde@indnprwidSediyb2 omezen2? doby
zkr8cen? doby sp8nku. Laboratorn?2 studie a n
j sou vredMist o omezeny mal ou velikost?2 vzorkT

vvyv ajpauemezenl rozsah .poAdAmdhekceiinagtgdead2odhad
jak se sp8&nek mhRDn2 wuv-hit&dhameti pfedonetbpgnk
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zv?2Sat a kvantifikovat, j ak se pomDr pS2nos
konti pa§btuBj 2 mDnpréstseeuysddm? skyudovat spé&nel
po dloufMordbbuok.et al ., 2024)

~

3.3 Pougit? novlich technologi 2 pr

3. 3Prlostorovs8 kognice

VNt gina zv2Sat smhRNSuje jejich pohybovou ak
tvoS2 domovsk® okr gky.r dMmiNkeo lvievoimpasdad wrhD no?k r s
vel mi dTl egit® pro z8&kladn2 vizkum a ochran
dynami ku, velikost ajévdodbuddoedoskacal oRr s &
se m§ zamowskeowWr skgonvil@ vlRovE&ny z8kladn2m t

kter® se daf®evxwahB8a ePascyacghz2me2Qlix)k® studie o
kter8 se pohybuje mezi 30 a 75 % pro . UTzn® Kk
danl2 zvbBTen®i vedxTehkogméitetviieh vh klomnost sl
fakt ozkml ekitnitvenl2i genc e, odvozenim prostSedni
hi erarchickou strukturu studovan® popul ace,
kvocient |I|.| esoulalsn® mwyt udi e prov8§dhDn® na zv?2
rozd2| T v kognitivn2ch dovednost ecH Pjassdu am:tas

et al., 2022)

Je pSedpokl 8d&no, ¢ge pSi n2zk® popul aln?z nh
viastn2ch prefemancdstafg&rolpD, edwn@pask 2s popul a

zdroj T na preferovan®m stanomDiter ®vpepddi keev

jiomi m®n D pr ef eRFroovr ame’®g thlasbd it aggpul ac? , sl ogen
biodiverzitu ekosyst®mu | e vel mi kl 2] ov® poc
vz8visl osti na( pe&@pad knd m2a hditatalgOdn22¥bI3I NN se
bTlogravecT l|lidskou rekrealn?2 aktivitou mTge

kterT vznik§ potoapeam2 mreiBs@&sanpehdiecad@oyi g
zvNDS2 vn2man®hg¢gJpyakaldy2roe milzika&011)
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3. 3Nvr at ov®

strategi e

Homing je schopnost zv2Sat naj2mJTgesbTt dbaRg
popi sov8n jJjako inherentn? schopnost zv2Sete
obl asti Toto m2sto mTge bit buN domovskTr
krozmnogovsg8§n2 (Wi kipedia).

PSi zad&n2 slova homing do VillMdécl® d&aboab &z
bylo nalezeddlceRNRkdemkNeB publikac? obsahuj?2
term2n homing pougdgivgn ve v2ce willzgnea mavcehd e nkot
definic?2 tlkaj2c? se nageho
nal ezeno cel kem 746
studi em

z8] mu, je nutn®
z§8§zneonbogIn® d i h@emian g,Sea

chovg8§n2z givolichT.

vRDdeckTch publikac?2ch

Vyvinut 2

Dal g2v az ahj?nmanvgo s\ ¢
um2stNnTch

Yol i nn®h o
jak®hokol iv

\
h o mi
vel.

sekci bi o
ngu, |l 2mg je n8vrat
zv2Setpohykhwer ®Z\ 22Sautzap Trodwe o jk?
kTmi prostSed2mi a jaklmkoliv chyapreins nkTr a |
senzomotoricklich syst®mT, kter® byly for mov
Showing 123,171 records for TITLE: (homing) Citation report feature not available 7]
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Navigace zvz2Sat, prostorovs8 orientace a pa
umogRuj2 dos&8hnout konkr®tn2ch c21 T, jako | s
efektivnhD vyug2vat p(rholsetrosrtoavn) & eB2kakpreanm®, zAQ Ic
al ., .MO@Hd)givolignTch druhT vykazuje vRDrnos
se kagdou sez-®@macnverbacc ej z dradkuli Bl iwtbt @®™MbF ner
Gulland et Obvylht®oSe) a, kyeoEouykthae®Rkalui t N
vracej)] 2?2 na imnhetdot 0 awesbhod kvaeclimin tbyl pnzdpko® mj €4 w ¢ h
st §8valnHagtCadrn ® s et al ., . EX0QX31;uq Paapdlyznp0b2d)ak
upSednost Rdve&n22 wrolmotylsdai® & haisotkor siksTou spoj eny
chov8mPmty (pC§ Sanp? 1986; Loghenbonpetspéaamidt 201
vytvg§Sen2m domovskk®bon(ideer ke rea =zm§kl, adDil4;
2009)

Znal ost podnDt T, kter® zv2Sata poug2vajz2 p
studijn2m oboru, a to zejm®na prot o, ge mr
r oz oelnnASeis. mezi druhov® rozd2ly, |l ze vhRDtginu
nNDkterTch obecaMamdanech2a®18 mTManmdad?2 nets oaull.a,s
ch8p8&n2m vgak mTgeme pouk§zat na t-§ienzjtdwrk®
(neboli vrozen®), smysl(ola&®n cae.rp,oldindm 52 dz DV ies |i G
l ze tak® rozdnDlit na podnRDty vnDjg2 neboli a
prost Sednictv?2m (sMiytstled vs@haor dui n 2&m&Mi2tvtne It Stn& r dotc
kter® zahrnuj?2 virozen® preference, vzpom2nk
propr i(oMaenpdcael., 2018)

Ze vgech apgwdrmttT ckéchviPDtlo vn2man® jako \
podnhRDtem pro zV@rSanian s& .BiNlakeh®t§) rozd2| Tm
vizugln2ch podnhRtT u =zv?2Sat z2sk8vaj? vgec
prostorov® informace prostSednictv2m zraku,
astronomicklch podnPMandahk R20:8pkoln2 Kkraj.i

Jig v roce 1911 Santschi demonstroval, ge
tNDles k vIibRru a udr@@anrt sua.HiiNy®D 1jlsdm droub Speo h:
zv2Sata poug2vaj?2 rTzn® nebesk® podnhDty a tor

jejich |linnosti a dostupnost. vybranTch pooc
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konkr ®t n2ho dr uhu, zat?2?mco noln2 hmyz se po
MNs2c¢c nebo (Ma®lkre8§ edr &h.a, 2013; el Jundi; et al.
denn2 hmyz jako napS2klad pougtn2?2 mravenci s
neg na po(M®Maustdlulnc& Cronin, 2011; v. Frisc!
M¢l | er., KdOoyoge )se moSsk® gelvy vyl2hnou v noci,
smRrem k Anej m@®nhD(tombm®mouiA&hbohkareanl Mmd»SE) ol
poskytuje v noci. Pokud je ale pl &8g umbDle os-
svhDtelnTm zneligtNn2m, nam2sto toho ml §Nat a

vnitrozem? .

Zv2Sata ale tak® opeonidj 3t poov®n oo dyiod Fri v :

vli astnost mi (tvar, veli kost a biarzWanhd may ke .
Tyto orientaln? body se mohmohkiolv?y sdk3pltoemadnbllp o
vzd8§lenlTch m2stech (nap$S. pohoS$2). Zv2Sata s

tyto body |jso®Rsmpro cbBstukadat plogadovan®ho c¢?2
smDrov® veden?2 od orieodnp|l pmadakhf bmde? t Naknd st
stanoven2 smDRru k orienifalnemuobbdd gak&apal
S i stanov2 smbDr k dal g2mu referenln2mu bodu
bod femtvo pS2padh GMahdgh, naPyEzB pwme | mi | astc
promi nent n?2 pSedmhakyo | (20 rsi ve@htoa | ché maob%oadtyl) e bvb N M
potravy (Graham et al., 2003). Hmyz poug?2vs
navigaln2 %l ely: pr8cSzemg@gz 8§ vsSmikrjoKE 2 (kn&kp S. n
spotravou) a pro reIpo82ngcdl llawvRdEl MO®) ai zuSs§
mohou slougit pr(oGawl2d a& aGo wlld,S kg (8K)ycnr oal vseonnc
et al a, v1@99) medonos(nAndeApsiosn, melldiffégeoruaPDz n § m®,
zpoug2vegn2 tNDchto vzd8&lenD um2stNnich maj §kT
na c2l1 z vizu8§ln2ho panoramatu okoln?2 krajin
oriental n2mi body, a panoreamavam ofpd odms kK Tomir
kontrastuj2cC@Grialpamt& O©lHhdmog,e)2009)

Ol f gkec e egdrmnwru2 zh smysl ovich modalit, kter$§
rozhodnh jednou z nejdTlegithRNjg2ch smyslovlc
a nav(iJgaaccoib s , 2012; D. A.. WZhsdmcé& ®Bhekhwensoh
|l ichov® podnhDty produkovan® j i mi samotnl mi r

zv?2Sat mTge poug?2vat gradienty pachT z pros
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stopovl ceWaplyaff[f & . AMdtea&®, mhoboO) daCgr dm®, &) a
Wi | lis, kdoWei)issbur gFaluszi,mmpX9%4a)i | r a,f fpo RP21\69|
pachogkod n2 ho prost Sed?, kter® jsou di stribu
chom§IVi Tkernsebo200ioc)hov( EhekandihtkioR® z&§pachy
jsou pro zv2SatAtkemahot®@6krajinou

Poylw prostoru zpTsobenl |ichovimi podnhDty |
mr av ¢ 15¢ ie c k,, Vv2(0&lr2y)s c h, 1967, Rei nhaMndo h& Slrriuri
mravencT pokl 8d8 na zem tyto feromonov® ste

kterTch se dalg2? |lenov® ze stejn® kolonie n
zpNDt do s(v@ahrod @ nettzdaal ., 1995; MWeéhtdopleced& We
kagdim jedincem po vyzvednut? potravy, cog v
sv®ho hn2zda, | 2mg se pos2luje intenzita pod

vyl erps&§n, pSestane ebsittu,p oak | |8 dcgno v @& rpoondomN tnya tc
tak® zn8&8mo,( SGgarmrn av,enc(i@®byeh2chl)ab3gn@ND0&) a
2000Bz)nal uj?2 svTj vstup do hn2zda nebotd®dkal 2 s

a pS2slug2c? dan® kolonii. Tento z8pach, jim
ostatn2ch. Jako pachov® or iokmtlhao np?S 2brooddyn 2sheo tr
(Buehl mann et al ., 2015 ;:ZaMenmzaevi® & eGr ejgeg epr i,
jedince pachu spojen®ho s nhRkterTm zn&§mim m
Tento |ev byl pod BN buepam®red wl v)] el2012,; R
Vsoul|l asnosti j e vel mi detailnhD pops8na ol fal

feromony apod. Avgak u savcpgr oietbor ou & ko[r ij een tt

vel mi m81| o.

Mnoho stRhovavTl ch( Rhyibl I(il poss,o slov8i 6t ;®@mk WtbiyEn §etl
(Lohmann et pal8.c,{ Waad Os&)v cet al . , 2002; awi | t sc
hmy(zDr eyer et aabl uys26D8&) er § n(evioirgar wejt? calumw 22%:
(Boles & LohmahetnRO0OB3XiWal mbleo ghmy zvuali g2 v &2j0
magneti ck® pol e Zemh j ako dTl egi t] podnit
geomagneti ck ®ho (kBampkass & SMryagMernygi 208 3v | 8lug hl
(Frier et al ., 1996 ;)] sWaul keeirt & vBi tntae rinmakng | nl129
geomagneti ck®ho pole a mohou takov®to anom§l
V prostoru. Tyto anom8lie mRDn?2 toroifeonctyatceic hg e |

obkl opuj?2 abdomen tDla hmyzu,; to zase mBDn2
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neur 8l n2 Amaboetesi ghgHgane7studie ukazuje,
poskytuje nezbytnl a dostatelnl referenl|ln?
(Fl ei schmann Net mmlg.n,et2o0le&)epci se pravdDpodob
mechani smT, kter® obecnlD funguj ?2( o Klodpnbi (@8
jakTmi je n@yWbhkRe&ilmdetsvadllt.l,o 2016; Phillips et

Zv2Sata se nhRDkdy pohybuj 2 a updordgnujt2u .s tNaabpid?2
pogtovn?2 hol ubi a mnoho stRhDhovavich pt8&8kT p
bod, nicm®nN vgak samownddpobdydrmemd Pigdy al
azi multeyas k., @MiIdj7y) se | 8streellml isvymBrmam pwd™IniDt u,
kunebo odpadami®thuw. PSes sv® vel mientast® ppkadd
potWw@spr §vinanhder , 1975; La&shonmdk@zlodE)no na or
jednotlivich | 8st2 tRla vJT@®io ssglidstvavau§jyvem) e
na pTsoben2 vnhj @ nRA tvak tjSaR c {oHsitnésmtwand i,& g dkneps
2014)0rientace mTge bit definov8na |jako mec
aktu8l n?prpasltolrw wzhl eden Abéd est d\lemTRymeu zcazhlr
chovg§n2z, kter® akti vnplr oksqtrdotamuallew j e 963D oh mT Mz
pougito jako obecnhDjg2(Mandadah, zaa6ta&8uj2c?2 tak

Pro pwost ®orientaci se mohou =zv2Sata spole
kompasu (naps§. geomagneticklI, nebeskl nebo
a/ nebbormace z2skan8 konspecifika (komuni kac
Abgesoci 8 n2 skupiny hmyzu spr8vnhD orientova
mus?2 m2t tzv. (pMarmsdalr oevtoualz.n,al 2617 ; Pahl et
Wy strach & GrAabhymsoc2 @1 2y bl anokS2dl 2 hmy z
sobkl opuj2c2m okoln2m prostSed2m, pZzdv§dapfs
pohyy se nazlvaj2? orientace a patS$S2 mezi NN ne
spojewlyml sd§vg&n2m a pSing§gen2m potravy. D2
zapamatovsgvaj2oboiz2ohabu?fcbhbo¢FhervdchmahBvahi §

2017; Wystrach & JGx alaemmi 2064aP¥% mav®, ge vV e
|l et T/ papbdzekbyl a pozorov8§na n8padn8 podobno
napS. hmyz,(Cap&dt¢idi a.esawdi., 1999)

Kognitivn2 mapa je ments8ln2?2 reprezentac?2 pr
(a pravdhDpodobniD i geometodk&®dmviza ahgl ataipB

vzd8l enosf{iO6mezrif eni hob 7.8 tVakolviPamenl B4 &P repr e
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zfm® loa heti c k® enptoadlnn?t yb o(doyr)i konstruovat k ompl
refegf®®nc€ol l ett et al .., A1&l3;i vFaagxa mmaeati c&lI§. ,d
mapy je st8le (LhedmRimam cebatly , 2014; ,Cheuncg
tak kognitinv2 mapa togplord owji eack®W j éket lickr 8o ® mpa c ©
uspoS§ds&n2 orientaln2ch bodT, a metrickou i
“%4hl ovich vzd8§8lenostechPanexzdt ,oPBEEhd)mhosdmi t dk

kognitivn2 map je naikat@®¥@Emmi rui r& zqd rsrhivadaix,c

(Tsoar ea wl&pbwPkPO1131986; Menzel et al ., 2005
PodobnlT model, ve kter®m se zv2Sata navig
vztahT mezi krajinnT mi prvkysha mez aitkowndu pm
(Wal | raffZv2®artdd mohou z2skat mozai kovou map
pravidelnlTch n8§vgtnNv pS2slugnlich lokalit, a
obl @6oval d, NOOMO) zv?2Sat sengimak®, mAgadodaolit t
zmDny jednoho nebo v2ce gradientT v prost S
reprezentovat prostor jako mapu dvou souSadn

Put man et laals.t,0o 2nCalzll)v&§na jako mapa gradient’

olohy na dvou souSadnic2ch (napS. porovngn?2

rostomogRaoapg u pSem2stPDnim zv2SatTm naj 2t o

(
p
aktu8l n2ho um2stDn? a Adomovaf) mohou zv?2Se
p
zn8§mo, ¢ge zv2Sata hodnot2? gradiepBuehf m&ace a
a

I ., 2012; Lohwam nnn &@m®malpr,o0s2t000r7u) a mi mo zn §

extrap@dwljck, 2014; PhNavippasscsebds alvVou REO6BJ enc?
mozai kov® nebo gradientn2/rastrov® mapy | e
navigQAaklee, 2001; Papi, 2012bhb)

3.3Tr3ansl okace oznalenlch jedincT

Prav§ navigace a navigace pomoc2 mapovlich g

velmi zS2dka pS2stup k domovskT nobdraisent al2n 2om
bodu. Zejm®na zv?2Sat a, kter8 jsou @ascegslDuop
kdomovu, kterou nikdy pSedt2m neabsolvoval a

spol ®hat se pouze ndi smdoiraniacaa keem® mad3]|
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Abstract

Biologging has proven to be a powerful approach to investigate diverse questions
related to movement ecology across a range of spatiotemporal scales and increas-
ingly relies on multidisciplinary expertise. However, the variety of animal-borne
equipment, coupled with little consensus regarding analytical approaches to interpret
large, complex data sets presents challenges and makes comparison between stud-
ies and study species difficult. Here, we present a combined hardware and analytical
approach for standardizing the collection, analysis, and interpretation of multisensor
biologging data. Here, we present (i) a custom-designed integrated multisensor collar
(IMSC), which was field tested on 71 free-ranging wild boar (Sus scrofa) over 2years;
(i) a machine learning behavioral classifier capable of identifying six behaviors in free-
roaming boar, validated across individuals equipped with differing collar designs; and
(iii) laboratory and field-based calibration and accuracy assessments of animal mag-
netic heading measurements derived from raw magnetometer data. The IMSC capac-
ity and durability exceeded expectations, with a 94% collar recovery rate and a 75%
cumulative data recording success rate, with a maximum logging duration of 421 days.
The behavioral classifier had an overall accuracy of 85% in identifying the six behav-
ioral classes when tested on multiple collar designs and improved to 90% when tested
on data exclusively from the IMSC. Both laboratory and field tests of magnetic com-
pass headings were in precise agreement with expectations, with overall median mag-
netic headings deviating from ground truth observations by 1.7° and 0°, respectively.
Although multisensor equipment and sophisticated analyses are now commonplace
in biologging studies, the IMSC hardware and analytical framework presented here
provide a valuable tool for biologging researchers and will facilitate standardization
of biologging data across studies. In addition, we highlight the potential of additional
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1 | INTRODUCTION

In recent decades, animal-borne sensors designed to monitor physi-
ology, behavior, movement, and environmental conditions have rev-
olutionized studies of animal ecology in diverse taxa across a range
of spatiotemporal scales (Ropert-Coudert & Wilson, 2005; Rutz &
Hays, 2009; Williams et al., 2020; Wilmers et al., 2015). This has
been made possible due to advances in sensor technology, data
management, and analytical techniques, which now underpin both
theoretical and applied research on wild animals (Cooke et al., 2012;
Rattenborg et al., 2016; Vyssotski et al., 2006; Wilmers et al., 2015).
However, the emergence of novel biologging techniques requires a
multidisciplinary approach, often relying on diverse expertise in areas
beyond wildlife ecology (Jolles, 2021; Kays et al., 2022; Portugal
& White, 2018; Tuia et al., 2022; Wild et al., 2023). Furthermore,
animal-borne electronics and data sets are increasingly tailored to a
particular study or research group, making access to, and compari-
son between, biologging studies challenging.

Triaxial accelerometers and magnetometers form the bedrock of
biologging studies and are capable of providing high-resolution data
on animal movement and orientation (Shepard et al., 2008; Williams
et al,, 2017; Wilson et al., 2008; Yoda et al., 1999). However, trans-
forming and interpreting the often large and complex data sets gen-
erated from biologgers into behaviorally and ecologically relevant
information requires expertise from disciplines beyond ethology.
For example, recent studies have applied various machine learn-
ing techniques to identify behaviors from raw accelerometer and/
or magnetometer profiles (Balasso et al., 2023; Bidder et al., 2014;
Chang et al., 2022; Dentinger et al., 2022; Painter et al., 2016; Studd
et al., 2019; Wang, 2019; Yu et al., 2021), in addition to alternative
approaches, such as template matching (Walker et al., 2015) and
user-defined algorithms for behavior (Wilson et al., 2018). The per-
formance of such models varies due to factors such as the frequency
at which data are recorded and the degree of behavioral variation
within and between the behavioral classes attempting to be identi-
fied. To date, no consensus has been reached on a single behavioral
classification technique across biologging studies, further hinder-
ing comparison between studies and species (Wang, 2019; Wilson
et al, 2018; Yu et al., 2021).

Magnetometer data, used in conjunction with accelerometers,
can enhance machine learning performance by providing addi-

tional information regarding animal body or limb orientation (Alex
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analyses available using this framework that can be adapted for use in future studies

accelerometer, behavioral classification, biologging, dead-reckoning, GPS, machine learning,
magnetic compass heading, magnetometer

Shorter et al., 2017; Brewster et al., 2021; Dickinson et al., 2021;
Sakai et al., 2019; Williams et al., 2020). In some contexts, triaxial
magnetometer data alone have been used to successfully identify
behavior in free-roaming animals (Chakravarty et al., 2019; Williams
et al.,, 2017). In addition, triaxial magnetometers are well suited to
provide magnetic heading orientation (Matsumura et al., 2011),
although extracting compass headings from raw data is not trivial
and depends on sensor calibrations and accelerometer-based tilt-
compensation corrections (Bidder et al., 2015). Unsurprisingly, cal-
ibration techniques are now commonplace in studies that report
magnetic heading measurements derived from raw magnetome-
ter data (Fannjiang et al., 2019; Gutzler & Watson Ill, 2022; Logan
et al., 2023; Martin Lopez et al., 2016; Noda et al., 2014); however,
few (Wilson et al., 2007) have provided ground truth validation of
magnetic compass accuracy and reliability across ecologically realis-
tic movement dynamics or behaviors.

Integration of GPS technology with accelerometer and mag-
netometer data has further enhanced the accuracy and depth of
spatial information in animal tracking studies and is reflected in the
widespread deployment of GPS technology across a range of animal
studies over the past three decades (Hebblewhite & Haydon, 2010;
Katzner & Arlettaz, 2020; Kays et al., 2015). Beyond its utility in pro-
viding reliable positional fixes, GPS is now used to improve the per-
formance (e.g., mitigate drift and heading error) of dead-reckoning
path reconstruction that relies on vector integration obtained
from synchronized accelerometer and magnetometer data (Gunner
et al., 2021) and further underscores the importance of assessing
the accuracy of magnetic heading measurements obtained from raw
data. Engineering multisensor collars (e.g., GPS, accelerometers,
magnetometers) capable of recording and storing large volumes of
data over months or years that comply with animal welfare stan-
dards remains an additional challenge in biologging research (Cook
etal,, 2017; Holton et al., 2021; Kenward, 2000; Wilson et al., 1986,
2021).

Here we present the development of a multisensor biologging
collar equipped with GPS and triaxial accelerometer and magnetom-
eter sensors that has been extensively tested in free-ranging wild
boar (Sus scrofa). In tandem, we have developed a method for classi-
fying ecologically relevant behaviors from raw accelerometer data in
wild boar using machine learning techniques and provide a detailed
assessment of magnetic compass performance based on raw mag-

netometer data across a range of behavioral contexts. Our findings
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suggest that both the collars and analytical techniques are robust,
adaptable, and suitable for long-term studies with terrestrial mam-
mals, and we discuss the broader applications of this work for future
wildlife research.

2 | METHODS
2.1 | Study site and subjects

Field testing of the integrated multisensor collars (IMSCs) was car-
ried out in unrestricted, natural habitats throughout the Czech
Republic. Boar were captured in corral traps, sedated using meth-
ods described below (see also Appendix S1), and fitted with the
IMSC, then released into the surrounding environment. All data
used to develop the behavioral classifier and evaluate mag-
netic compass performance were collected at a wildlife reserve
(49°57'52.7"N 14°50'14.7"E) owned by the Czech University
of Life Sciences. Inside the reserve, a semi-natural enclosure
(~38 mx ~46m), made from nonmagnetic wood fencing was used
to collect ground truth behavioral data (hereafter “behavioral en-
closure”) from six adult wild boars between October 2017 and
December 2018 (Figure S1). Boar were captured opportunisti-
cally using dart tranquilizer methods (see Appendix S1), then were
transported inside the behavioral enclosure and fitted with one of
the two biologging collar designs (see below). Four infrared game
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cameras (UOVision UM 565) were installed within the enclosure
(Figure S1) to record ground truth data used for behavioral classi-
fier and magnetic heading analyses (see below).

Trapping, handling, and collaring protocols were performed
in accordance with the Ethics Committee of the Ministry of the
Environment of the Czech Republic humber MZP/2019/630/361
and following ARRIVE guidelines (Percie du Sert et al., 2020). See
Appendix S1 for additional study site information.

2.2 | Biologging collar development

Two collar systems were designed in this study: “IMSCs" and
“single-tag collars” (STCs), both fitted with Wildbyte Technologies
Daily Diary data loggers (http://www.wildbytetechnologies.com/).
Loggers were equipped with triaxial accelerometers and triaxial
magnetometers (LSM303DLHC, ST Microelectronics) programmed
to record continuously at a sample rate of 10Hz across all six sensors
aligned along three orthogonal axes corresponding to the major axes
of the boars' bodies (Figure 1).

2.3 | Integrated multi-sensor collar (IMSC)

The IMSCs included a “Thumb” Daily Diary tag (18 x 14 x5 mm)
with triaxial accelerometer and magnetometer sensors (LSM9DS1,

Integrated
multi-sensor collar

FIGURE 1 Biologging collars used throughout the study. Accelerometer axes orientation is superimposed on the logger and axis polarity
indicates the acceleration value as the axis is pointed toward gravity. Note the different axis alignments between STC designs (a, b). Both the
logger position and logger orientation used in all IMSCs (c) differ from the STC logger position and orientations. Photographs of both collar
designs are shown below their respective schematics. IMSC, integrated multisensor collars; STC, single-tag collars.
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ST Microelectronics), as well as a Vertex Plus GPS collar, sched-
uled to record GPS fixes at 30-min intervals. All accelerometer
and magnetometer data was recorded and stored on a removable
32 GB MicroSD card. Collars were equipped with an integrated
“drop-off mechanism” and VHF beacon to enable collar recovery
from the field. All collar electronics were powered from a sin-
gle battery pack (4-D cell) and the total deployment weight was
716g. The Daily Diary tag was protected by a custom-designed
polyurethane housing (40mmx25mmx12mm) positioned on
the outside of the plastic collar belt. The orientation of the tag
relative to the collar, as well as the orientation of collar relative
to the animal, remained fixed for all IMSC deployments (Figure 1,
Table 1).

2.4 | Single-tag collars (STCs)

All STCs were equipped with the “Square” Daily Diary tag
(27 x26 x10mm) and recorded data to a removable 32 GB MicroSD
card. The logger was powered with a single cell 3.6V lithium bat-
tery (SAFT, LS17500CNR) and was oriented and leveled within a
12cmx 4.8 cm dia PVC-U cylindrical tube housing secured to a plas-
tic collar belt. Total STC weight was 250g. All STC housings were
positioned ventrally at the base of the animal's neck (Figure 1a,b).
However, logger orientation was rotated in one STC deployment
(Figure 1b) to test the positional robustness of the behavioral clas-
sifier (see below).

See Appendix S1 for additional information regarding collar

specifications and deployments.

2.5 | Data collection

Field testing of the IMSC involved 71 collar deployments over a 2-
year period on adult (>12months, >40kg) free-roaming wild boar
(52 females, 18 males, 1 unidentified). Collars were evaluated for
robustness, capacity, and functionality over 6001 tracking days, cu-
mulatively across all deployments.

Behavioral classifier and magnetic compass performance data
were collected from six free-roaming individuals inside the behav-
ioral enclosure. Before collaring, calibration data used for hard- and
soft-iron magnetometer corrections (Gunner et al., 2021; Williams
et al., 2017) were collected by rotating the collars through three-
dimensional space for 5min within the immediate area of the behav-
ioral enclosure. The resulting accelerometer “calibration signature”
was also used to time-sync biologging data with ground truth re-
cordings from each game camera. Upon data retrieval, raw data
files were uploaded to DDMT software (Wildbyte Technologies -
Swansea University, Singleton Park, Swansea, UK, SA2 8PP), for fur-
ther processing, including magnetometer calibrations. A summary of
data collection and performance evaluations for each collar design

is provided in Table 1.

2.6 | Behavioral classifier development

2.6.1 | Training data set construction

Triaxial (x, y, z) accelerometer data from three individuals fitted with
STCs were used to develop the behavioral classifier (Table 1). Six
broad behavioral classes (“Continuous Walk,” “Foraging,” “Resting,”
“Running,” “Standing,” and “Other”) were established using the cri-
teria listed in the Appendix S1. Behavioral classes were determined
based on a collective knowledge of Sus scrofa behavioral repertoires
within the Czech Republic are consistent with those reported in
other Suidae behavioral classification studies (Dentinger et al., 2022;
Erdtmann & Keuling, 2020; Zhang et al., 2022). Behaviors were iden-
tified using video records, and corresponding accelerometer profiles
were located by matching video timestamps with synced times-
tamps in the DDMT software. Profiles were then extracted to cre-
ate behavioral ethograms composed solely of triaxial accelerometer
data falling into one of the six behavioral classes. To facilitate future
refinement of the classifier, “Foraging,” “Running,” and “Standing”
classes were further subdivided to produce three additional,
“higher resolution” behavioral categories: “Rooting,” “Trotting,”
and “Vigilance,” respectively, resulting in a total of nine behavioral

TABLE 1 Collar design and data collection. Overview of collar design, biologger position and orientation, and data type collected (i.e.,
behavioral classifier training, testing, magnetic heading evaluation), per individual.

Collar design and data collection

Boar ID Collar design Tag position Tag orientation
B3 STC 1 A
B4 STC 1 B
B5 STC 1 A
Bé S1C 1 A
B7 STC 1 A
B30 IMSC 2 ©

Classifier training Classifier testing Magnetometer testing

Yes No No
No Yes No
Yes No No
Yes No Yes
No Yes Yes
No Yes Yes

Note: Numbers and letters listed for Tag Position and Orientation are arbitrary and indicate similarities and differences between collar designs.

Abbreviations: IMSC, integrated multisensor collar; STC, single-tag collar.
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TABLE 2 Summary of behavioral data used for classifier training.
For each behavioral class, the total duration (seconds) and total
observations (i.e., 4-s training windows) are shown, as well as the
class proportion (%). A total of 14.96 h of training data were used
for classifier development and proportions reflect those of the test
set. The expanded suite of “higher resolution” behavioral classes
are italicized and nested within the respective parent class (i.e.,
669 of the “Forage” observations were subclassified as “Root,”
representing 5% of all training observations).

Classifier training: behavioral class summary

Total duration Total

Behavioral class (s) observations %
Rest 25,380 6345 471
Forage 10,404 2601 193
Root (2676) (669) (5.0)
Walk 5780 1445 10.7
Stand 6672 1668 12.4
Vigilance (472) (118) (0.9)
Run 4168 1042 77
Trot (2556) (639) (4.8)
Other 1440 360 2.7
Total 53,844 13,461 100.0

classes. The higher-resolution behavioral classes were collapsed into
their parent classes for initial classifier evaluation.

Each marked behavioral epoch was subdivided into 4-s non-
overlapping windows to generate baseline observations for
classifier training (i.e., entities to be classified following feature
extraction). The 4-s observation window was chosen in consid-
eration of two factors: the shortest-duration behavior desirable
to detect and the minimum acceptable detection latency. In total,
there were 13,461 training observations (14.96 hours of marked
data), with the following breakdown of observations and train-
ing percentage for the six “core” behavioral classes: “Continuous
Walk” (1445, 11%), “Foraging” (2601, 19%), “Resting” (6345, 47%),
“Running” (1042, 8%), “Standing” (1668, 12%), and “Other"” (360,
3%) (Table 2, Table S1). Training data for the “higher resolution”
behavioral subclasses are provided in Table 2, Table S1. The pro-
portions of observations used to train the behavioral classifier
were selected a priori to reflect the frequencies of these behav-
ioral classes thought to occur in natural contexts (VS, MJ personal
observations). The training data set was constructed from three
individuals (B3, B6 male; B5, female), all fitted with STCs with
identical tag orientations (Figure 1a, Table 1).

2.6.2 | Feature extraction

Eighteen features were extracted from each 4-s raw-data obser-
vation window. These features were the estimated “signal power”
in each of four frequency bands (0-2.5Hz, 2.5-5Hz, 5-7.5Hz, and

7.5-10 Hz; four features), the signal median (one feature), and the

s 50f15
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signal variance (one feature), for each of the three accelerometer
axes. The power features were derived from the Welch method
of power spectral density estimation (2s windows with 1s over-
lap, 64-point Discrete Fourier Transforms), by integrating the
output in the designated frequency ranges. All features guaran-
teed to be nonnegative (i.e., all except the median features) were
log-transformed to a decibel-proportional scale prior to further
processing. Finally, features were z-scored and principal compo-
nent analysis was performed, retaining a number of components
required to preserve 95% of the total data variance (eight com-
ponents). The resultant 13,461 x8 matrix served as the training
data for a 5-nearest neighbor classifier with cityblock distance
as the metric (Hastie et al., 2009). A k-NN classifier was chosen
for its ability to represent highly nonlinear decision boundaries,
based on the demonstrated success of similar methods in prior
biologging studies (Bidder et al., 2014; Painter et al., 2016; Sur
et al., 2017). The number of neighbors and distance metric were
chosen by grid-search optimization on a small holdout data set
(Hastie et al., 2009).

2.6.3 | Behavioral classifier evaluation

Performance of the behavioral classifier was evaluated using con-
tinuous accelerometer recordings collected from three individuals
(B4, B7, and B30) not used in classifier training (Table 1). Prior to
evaluation, behaviors were verified using ground truth video record-
ings and corresponding accelerometer profiles were identified as de-
scribed above. Because the tag orientation was not identical across
training and test boar (Figure 1, Table 1), test data x, y, and z accelera-
tion vectors at every time step were multiplied by the 3D rotation
matrix required to map them to the coordinate frame used for train-
ing data. After 18-dimensional feature extraction, test data observa-
tions were transformed using the training data mean and standard
deviation vectors before being projected onto the 8-dimensional
principal component space of the training data for classification.
Initial test data classifications were made at every possible time step
using a 4-s symmetric, noncausal sliding window.

2.6.4 | Postprocessing

Initial classifications were smoothed with a nonlinear filter; specifi-
cally, the class at each time step was replaced with the modal class of
a 1-s forward-looking window. This filtering step resulted in a set of
candidate's behavioral events, each delimited by a starting and end-
ing time, which were then subject to two predetermined heuristic
criteria to yield the final set of classifications. The first was that each
candidate behavioral event was required to be of a minimum dura-
tion: “Foraging” (5s; “Rooting” 3s), “Resting” (120s), “Running” (3s;
“Trotting” 3s), “Standing” (2s; “Vigilance" 25), and “Other” (1s). Any
candidate event not meeting its minimum duration, which was used

only in postprocessing, was reassigned to the next most likely class
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for which the duration criterion could be met. Class likelihoods were
determined using the relative class proportions among the five near-
est training set-neighbors corresponding to each time step in the
candidate event. Class proportions were summed across time steps
and sorted to produce a rank-ordered likelihood for the classes.
Candidate events for which this procedure failed to yield a valid al-
ternate class assignment were merged with the subsequent event.

The second heuristic was that any candidate “Standing” event
flanked by “Resting” activity was reassigned to the “Resting” class.
Specifically, this reassignment was made if the majority of a 120s
window on either side of the candidate “Standing” event was classi-
fied as “Resting.”

2.7 | Magnetometer data

To assess magnetic compass heading accuracy and reliability,
magnetometer data were collected from four collars under two
conditions: a controlled laboratory environment (hereafter, “lab
evaluation”) designed to test the precision of the magnetometer and
from three free-roaming boar inside the behavioral enclosure (here-
after, “field test”) (Table 1).

During the lab evaluation, the tag was leveled and centered
inside an electromagnetic enclosure containing four Helmholtz's
coils used to manipulate the strength and alignment of an experi-
mentally generated magnetic field. Two orthogonally aligned coils
were used to cancel the residual horizontal component of the Earth's
magnetic field (+/- 0.1%) and to adjust the vertical component of
the magnetic field to match that of an Earth strength vertical field
(~45,000 nT). Two inner orthogonally aligned coils were used to
generate Earth-strength magnetic fields (total strength ~50,000 nT)
that could be rotated into alignment into one of four cardinal com-
pass alignments corresponding to topographic North, South, East,
and West (Kirschvink, 1992). The tag was oriented such that one
end of the x-axis was aligned toward topographic North which was
then defined as the “heading direction” in DDMT for analysis. Tag
orientation remained static, whereas the horizontal component of
the magnetic field was rotated by 90° increments into alignment
with each of the four cardinal compass directions for a period of 10s
in each alignment. Magnetic heading measurements calculated by
DDMT were plotted relative to the four expected cardinal compass
directions using the gghistogram function in the R package ggpubr
(Kassambara, 2020).

Field tests of magnetometer performance were carried out con-
currently with data collected for the behavioral classifier within the
behavioral enclosure on three free-roaming individuals (Table 1).
Video recordings were used to estimate ground truth magnetic
headings and a spatial array of “magnetic landmarks” were installed
within the camera's field of view to provide known magnetic ref-
erences to better estimate magnetic headings of focal subjects.
Magnetic landmarks were either nonmagnetic cables tethered be-
tween trees or the nonmagnetic fence-line forming the behavioral

enclosure (Figure S1). A total of 45 independent behavioral epochs

from all core behavioral classes (excluding “other”), totaling 5:27
(min:s), were selected to test the precision of the magnetic head-
ing data. Heading predictions were made by two investigators not
involved in data collection and blind to all raw magnetometer data.
Using only video records, investigators predicted boar magnetic
heading using the available magnetic landmarks described above.
For each prediction, the average magnetic heading was estimated
over the duration of the behavioral segment identified. When in-
vestigator predictions differed by less than 20° (n=40), they were
averaged to establish the final magnetic heading, whereas when pre-
dictions differed by more than 20° (n=5), investigators determined a
final prediction after reevaluating the recording together. A third in-
vestigator blind to the magnetic predictions extracted the magnetic
heading data from DDMT which was later compared to investigator

predictions.

3 | RESULTS

3.1 | IMSC field performance: Durability,
capacity, and lifetime

Between 2019 and 2022, 67 of the 71 total collars (~94%) deployed
on free-ranging boar were recovered and data recording durations
ranged from 9 to 421 days. The remaining four collars (~6%) expe-
rienced an unknown GPS malfunction and remain unrecovered. Of
the 67 collars retrieved, 51 (76%) were fully functional and no appre-
ciable damage was noted, whereas 11 (16%) exhibited mechanical
damage likely due to physical stresses associated with boar behavior,
and the remaining 5 collars (7%) failed prematurely due to an unex-
pected electrical fault. Of the fully functional subset, 35 (69%) col-
lars recorded data until retrieval, whereas 9 collars (18%) recorded
data for >50% of the deployment period and the remaining 7 collars
(14%) recorded data for <50% of deployment period. Overall, free-
ranging boar equipped with IMSCs were tracked for 6001 days and a
total of 4547 days of biologging data were recorded, corresponding
to 75% of the cumulative deployment duration.

3.2 | Behavioral classifier

Classifier performance was evaluated using accelerometer data from
2100 independent ground truth behavioral epochs (i.e., independent
behaviors falling into one of the six behavioral classes) across three
individuals, totaling 08:28:15 (HH:mm:ss) of data (Table 3, Table S1).
Classifier performance was evaluated on an event-by-event basis
(i.e., per 0.1s sample). Overall behavioral classifier performance was
85.1% across all behaviors from all three individuals (Table 4) and
includes data from the STC and IMSC designs with different tag
positions and orientations. Of the five behavioral classes of inter-
est (i.e., excluding “Other” which was composed of heterogeneous
behaviors only identified by the classifier when a behavior did not

fall into any of the five core behavioral categories), the likelihood
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that any given prediction matched the ground truth class label (i.e.,
precision), ranged from 77.1% (“Walking” and “Standing”) to 96.5%
(“Resting”) (Table 4). Classifier recall, thatis, the proportion of behav-
ioral epochs correctly identified by the classifier, ranged from 74.7%
(“Running”) to 91.8% (“Resting”) (Table 4). Classifier performance
was consistent between the three deployments, ranging from 83.5%
(B4) to 89.9% (B30), and surprisingly, the collar with the highest per-
formance (B30, IMSC) was least similar in design (i.e., tag position
and orientation) to those used to train the classifier (Table 5). All pos-
sible pairs of the eight principal components used to identify the six
behavioral classes are plotted, along with histograms corresponding

TABLE 3 Classifier testing data. Summary of accelerometer data
used to test behavioral classifier performance in three individuals
not used for classifier training. The total duration (s) and total
number of independent behaviors per class (Epochs) as well as their
proportions (%) in classifier testing are listed. The expanded suite
of “higher resolution” behavioral classes are italicized and nested
within their respective parent class, as in Table 2.

Behavioral classifier testing data

Duration Epochs

Behavioral Class Sum (s) % Total %
Rest 11,008 36.1 67 3.2
Forage 7436 244 343 16.3

Rooting (1562) (5.1) (98) (4.7)
Walk 4129 13.5 459 21.9
Stand 4590 154 685 32.6

Vigilance (439) (1.4) (106) (5.0)
Run 1827 6.0 157 7.5

Trot (647) (2.1) (106) (5.0
Other 1505 4.9 389 18.5
Total 30,495 100 2100 100

_Wl LEYm

to each component in isolation, to illustrate the collective and rela-

tive contribution of the principal components toward class separa-
bility (Figure 2). Precision and recall metrics were substantially lower
when tested on the three expanded behavioral classes, reflecting
their similar acceleration profiles relative to their respective parent
classes. However, overall classifier performance remained robust,
with an accuracy of 78.4%, although there was larger variation in
performance between collar designs when tested on the expanded
classes (Table 6).

3.3 | Magnetic heading: Lab evaluation

Following the calibration procedures described above, the me-
dian magnetic heading measurements calculated by DDMT were
in agreement with each of the experimentally generated magnetic
field alignments: N=2.99°, $=179.16°, East=88.21°, W=268.66°
(Figure 3), with an overall median heading error of 1.7° relative to
expected.

34 | Magnetic heading: Field test

Across all 45 magnetic heading samples, the median discrepancy
between DDMT magnetic compass heading measurements and
ground truth predictions was 0° (Cl: -3.1° and 6.9°) (Figure 4b).
Median bootstrapped 95% confidence intervals relative to predic-
tions were calculated using the function boot from the boot pack-
age (Canty & Ripley, 2020). Discrepancy between DDMT heading
and corresponding ground truth prediction ranged from -30° to
21° (Figure 4b). As shown in Figure 4a, the distribution of compass
headings obtained was evenly distributed across all possible mag-
netic heading alignments, and the error in the DDMT magnetic com-
pass heading measurements compared to predictions was uniform

TABLE 4 Behavioral classifier performance. Confusion matrix showing behavioral classifier accuracy tested on three individuals across

six behavioral classes. Classifier predictions are listed on the left column and ground truth classes are listed across the second-to-last

row. Values within the matrix represent the total number of events for each predicted class (rows) and for each ground truth observation
(columns), where an event corresponds to one acceleration data point recorded by the logger. Light green-shaded cells inside the matrix
represent classifier predictions that match ground truth observations. The likelihood that the classifier prediction matches that of the ground
truth observation for each behavior class is represented by the Precision column shown on the right. The proportion of events in each class
identified by the classifier is represented by Recall shown across the bottom row. Lighter to darker shades of green in Precision and Recall

cells indicate lower to higher classification performance, respectively.

Predicti Behavioral classifier confusion matrix
Walk 36,851 2883 (o]
Other 2758 9863 15
Rest 39 253 101,077
Forage 962 1090 (0]
Run 167 788 0
Stand 508 174 8987
Truth Walk Other Rest
Recall (%) B s

Precision (%)
5514 472 2064 B
5606 1580 3881 216
0 0 3379
62,545 2361 995
35 13,649 173
656 209 35,409
Forage Run

Stand
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TABLE 5 Behavioral classifier performance summary. Precision and recall percentages are shown for all six behavioral classes, partitioned
by individual, as well as overall classifier accuracy (%) per individual.

Behavioral classifier performance summary

B4 B7 B30
Behavioral class Precision (%) Recall (%) Precision (%) Recall (%) Precision (%) Recall (%)
Walk 77.8 86.4 74.2 91.2 871 85.6
Other 34.1 58.0 537 72.3 4.3 174
Rest 93.5 85.6 98.3 95.0 98.6 100.0
Forage 96.1 88.6 62.9 391 94.6 96.2
Run 92.3 78.4 94.1 75.2 75.0 60.2
Stand 58.7 724 85.9 83.0 95.3 67.3
Overall accuracy (%) 83.5 84.2 89.9

Cont Walk
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FIGURE 2 Matrix showing plots of all possible pairs of the 8 principal components (PCs) that were used in behavioral classification.
Points correspond to training observations (n=13,461 in each plot) and are colored according to behavioral class. Numbering columns and
rows each from 1 to 8, respectively, beginning at the top left corner of the matrix, the column number corresponds to the PC plotted on
the horizontal axis and the row number to the PC plotted on the vertical axis. For example, the plot in row 3, column 2 has the second PC
plotted on the horizontal axis and the third PC plotted on the vertical axis. The plots along the diagonal are histograms, colored by class, for
each of the 8 PCs. (Plots mirrored across the diagonal show the same two PCs with the axes swapped.)
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TABLE 6 Expanded classifier performance. Confusion matrix showing behavioral classifier accuracy tested on three individuals across the
expanded suite of nine behavioral classes. Table format is identical to that shown in Table 4.

Predicti Behavioral classifier ion matrix Precision (%)
Walk 36,851 2883 0 4643 871 172 300 1885 179
Other 2758 9863 15 3959 1647 601 979 3334 547
Rest 39 253 101,077 0 0] 0 0 3330 49
Forage 170 587 0 42,458 4415 1 0 457 478
Root 792 503 0 7061 8611 2360 0 55, 5
Run 0 129 0 35 0 7164 109 15 0
Trott 167 659 0 0 0 1306 5070 119 39
Stand 434 117 8372 585 64 203 2 27,766 2980
Vigilance 74 57 615 7 0] 0 4 4547 116
Truth Walk Other Rest Forage Root Run Trot Stand Vigilance
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FIGURE 3 Lab test of triaxial magnetometer data used to calculate magnetic heading measurements after calibration in DDMT software.
Histograms plot the total count of 100 samples (10 Hzx 105) recorded in each magnetic field alignment (i.e., mN=topoN, E, S, W), relative
to magnetic heading bearings calculated in DDMT after performing magnetometer calibration procedures. Plots (a-d) correspond to
experimentally generated Earth-strength magnetic fields aligned at North (0°), East (90°), South (180°), West (270°), respectively. Median
values for each magnetic field alignment are shown in red.
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FIGURE 4 Results from the magnetometer field test collected from free-roaming individuals equipped with STC and IMSC designs. A
total of 45 samples were evaluated and compared to ground-truth predictions of magnetic heading. (a) Histogram of the overall distribution
of magnetic compass measurements produced by DDMT shows that samples were obtained from the range of possible compass directions.
(b) The discrepancy between DDMT magnetic compass measurements and ground-truth recordings, that is, DDMT magnetic heading output
error (median error=0°, black dashed line; bootstrapped 95% Cl: -3.1° and 6.9°). (c) The error produced by DDMT was uniform across the
range of possible magnetic compass headings. IMSC, integrated multisensor collars; STC, single-tag collars.

TABLE 7 Magnetic heading field test. Summary and results of ground truth magnetic compass headings. The proportion of time

(% Duration) and the proportion of epochs from each behavioral class (% Epochs) used to ground truth the magnetic headings are

listed, partitioned by individual. Combined data from all individuals tested, per behavioral class, are shown. Median magnetic heading
measurements calculated by DDMT, relative to ground truth predications are shown per behavioral class and partitioned by individual. In
cases with a negative () median value, the corresponding magnetic compass heading is shown in parentheses.

B6 B7 B30 Combined
% % % % % Total % Total % Median heading
Behavioral class % duration epochs  duration epochs  duration epochs  duration epochs Rel GT prediction
Rest 0 0 0 0 1 2 1 2 -8°(352°)
Forage 30 22 10 9 16 11 55 42 -6°(354°)
Walk 1 2 6 9 3 7 10 18 0°
Stand 5 74 17 13 11 16 33 36 -0.5(359.5°)
Run 0 0 1 2 0 0 1 2 9°
Total 35 31 34 33 31 36 100 100 n/a
Median Heading Rel -0.5°(359.5°) 0° -6°(354°) 0°
GT Prediction
(i.e., error was unbiased across the range of magnetic directions) 4 | DISCUSSION

as indicated by the manova model previously described in Landler
et al. (2022) (model results: intercept: approx. F=0.65, p=.53, error
proportion: approx. F=0.79, p=.46) (Figure 4c). The “error propor-
tion” was calculated as the angular deviation between the DDMT
measurement and the ground truth prediction divided by the total
angular deviation. The cosine and sine of the magnetic heading in
radians were used as the response variables and the error propor-
tion as a linear covariate. The intercept of this model was used to
test for a significant departure from uniformity (Landler et al., 2022).
Importantly, the accuracy of magnetic compass headings was con-
sistent across all three individuals evaluated (Table 7), fitted with dif-
ferent collar designs, biologger positions, and orientations (Figure 1,
Table 1), as well as across all behavioral classes, including behaviors
characterized by large acceleration amplitudes and variation (e.g.,

“Foraging,” “Walking,” “Running”).

Animal-borne telemetry systems have emerged as a powerful tool
to further characterize animal movement, behavior, and ecology.
The availability of reliable collar systems equipped with a range of
sensor technologies adaptable across multiple studies and species
is valuable for several reasons, including that it eliminates the need
to develop and test novel equipment, and that data sets collected
from a standardized system may catalyze additional collaboration,
data sharing, and advance progress in analytical techniques.2 The
IMSC developed here, equipped with triaxial accelerometer and
magnetometer sensors, GPS technology, as well as a variety of addi-
tional sensors not used in the current study, has proven to be highly
reliable under the harsh demands imposed by wild boar under natu-
ral contexts. Across the 71 IMSC deployments, 94% of the collars

were recovered resulting in biologging data recorded across 75% of
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