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1 Dvoad poj et?2 pr8ce

AzZv2Sata maj2? stejn® pocity jako | IsivnRk: r
je postihuj?2 ve stejn® m2Se jako n§s.
Charles Darwir(1809i 1882

Zv2Sata | shoyuw own inmajkitcep Bogevanodemn® | i dskl
|l i deok®p2 jeempicéh je do znal n® mdokomrsal8e jeg 2 e
pochoperh 2mpseéoZ kmPnth vnikménhAj§akaflinguij :
kognitivn?2 pordohcael seyn 2z w2eSjakte,r Tkc hp Pirop Rvg K &4
mall gm&2zakeky pozn§n?2 nov n2vi8§3RPEI2 eng istm® sjl & v e
co nejdokonalies jejichprojg y chov &n2 a piokzudsSintl isveld vbyeszwl]l
behavior 8Kobj pyvgPetry ot 8zek n8m mohou napo
viDdn?2 obory, jaebbogis@uakesogyisi ov 8p Seekja It ?g |
zv2Srecdjeuhpddstat n®ak @bl acovEvat vinokp giznf or
prost Sswmihfeamacez pr acovat, zapamatovagSia vyu
hl ed&n2 part npeSria orberbaon Ip epiSeeada Yy edeSaddakyt, ® g

nim orientovat vprostorua v .D2alksye smysl| Tm a smysl ov®mu VI

dostate| n® mnogstv2 informac2? potSebnich
| it2 a vn2mg&n2 patS2 i ualeé Sajjihpmoaund a my
ur | i trow mrteddionalityp odl e ment §l n2 vgsplEbpo®t i k
informace ukl 8dat, vyhodnocovat, zpracov8§\

|l de§8l n2m Ast udisjtruzddm uwmz d rlcemipr P d c@ss d o m§
familiaris). Je nej bnl?2 kjegmd mtleodwNkpab,k 0 zv2 Sec? mode
asnadno se¥%udhR&m.ovdhinf sme psg spolelnlch don
jejich komuni k aschopnastecha v¢ mes Iva el c h

Vroce 2013 vygla prvn?2 saluidgrememtbdm ay 2pca s
kter8 potvr dirbzaznamg@eé ® simNDhye gtokm@ho pol e. )
coby nemigr.ppdobbm® dhdbbgmhge@ Vyvst8&vE t2m
je tSeba z2edpfaidkpeB@Dro@d® orsdalj2 pdet ai | nNj §?2
magnetose z i t i v ik ymoug np&mu , avgn@upnepopemonls | i t el
doch8zet u magnetorecepce a |l aterality. Al
za ryze hum8nn2 projev, b yol vo® enmapji2r ilcaktye rdaol
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kon|l etiny, smysl avepm@®B8ay mazkoy®|l hemi sf ®

kl ateralizaci u givolichT na Yrovni mo z k t
kooperac?2 bbokobkbapernooj?asd e arho mitlateralitakat e r T

magnetorecepce jsou. Zca j i st N maj 2i nsiv Tg i vdaTtedyocdisio vpRr o |
di sponuj?%, MbycHodsm se pokusil. ot 8zku Apr

I ntenzivn2m studiem ps2ho chovg&8§n2z mTgeme z
kte® by bylbudmuynmu vapli kovat i ZJDmaldastg?]| Ido v
projevechmagnetosenzitivity p o ¢ h daperalizdcd) i vohiac md sk ov®i n8&m
mTge piSirng@stmegmeshal itnhNn2 chiowand2c®ht paodme
voc hraam®|o2l nd) gyi j 2c2 druh

PSedlogeng§ disertaln?2 pr&8ecamh®eaadodimi | ac?
magnetoreqecea | at er al i ty dolnm88nkcyh, pkstTe.r ®O dj bsoorun @z
j sou tematicky rozdRDl eny Bdloy dpwhil ilk8sd &muyp
vsoul asn®e demdDn ¥immpba ktemrani ch vhNdeckich | a:



2 C2l e pr8ce
21 Lateralita psT a magnetorecepce

C2l em| gsvn2di serdlad chédv gotr §scter drydwou vyhrant
lateralita jedincd y mohl a m2t | ak Tnkaodgn e tvdrievc enpac i p S?spT
byloot est ovat, stchrrovop sraferency Rowuywj 2 eshoy adioac T
doch8kel stranov®oviRP8iranhmd=tniz,i powovnat @t o pr
smot or ipokksyaniot est ovat , kterlT typ lateralit
smagnet i erkdmt erhims T.

ADCMKOVC; SVOBODA, J.; BENEDIKTOVC, K. ; MA
P.; T&8MA, D.; KULEROVC, M.; DIVIGOVC, M.

H. 2017:Directionalpreference in dogs: Laterality atyull of the north” PLOS ONE,

12(9): e0185243DO0OI: 10.1371/journal.pone.0185243

ADCMKOVC, : JBENEDI KTOVZC, K. : SVOBODA, J
VYNI KALOVC, L.; NOVCKOVC, P.: HARMRQ2LV.: PA
Turningpreference in dogs: north attracts while south relOS ONE(in print).

22 Tvorba kognitivn2ch map

C2lem dr ph®wld Blsdumat vywyugpstT ma @ 15é t otrveocrebplX
kogni tmemt §lmap@ckhol em byl o ovRhRSit, zda psi
ZemD a jestli jim pom8§h8 vytvoSit si nebo
zdatytopr ocesy ofvllel viRug =at ,Dviyal2 pest wctekE§kn?2
pohybu ve zn§m®mz2merRPuasw Gé dotidtad

HART, V.; NOVCKovC, P.; MALKEMPER, E. P.
JEGEK, M.; KUGTA, ADCMKHOWCTOVBENEDLI KTOVC,
LERVENAKh, J.; BURDA, H. g8MmaBl Dagsatrensea

magnetic field. Frontiers in Zoology, 10: 80. DQ@0.1186/1742099410-80



BENEDI KTOWOLCMK.OV GSVOBODA, J.; PAINTER, M., S.; BARTG,
L.; NOVCKOVC, P.; VYNIKALOVC, L.; HART, V.
Magnetic alignment enhances homafficiency of hunting dogsLife,9:e55080DOl:
10.7554/eLife.55080



3 LitepSremd ed

31 Kognitivn?2 procesy

Kognitivn?2 pmeemnpsyvepsbm pagd@®Be gyt ¥ol i cha
| l oviDka. Jsa un epd2csatllaamidrelmd h psychdiogerzue j m®na v e
vztahu ke studiu psychol ogi el altlionvsikk@Bgh.o Pvol]
cognoscerec o gp Sve k| adu znamle o madowdgdstyeadn§ se o s
procesT, kter® jsou soul,&d tou g pdedtifikdci &kk ® s
azpracovgnanfggratik Knigmn$nid vinéalpir twye .o $ ¢ my
pochody | i tpPmicpj2dwmol mhri2m&8acéhovsgn2 naby
informaot capamP $pareaRanich icoJopac®Savuj
imaginace p S e t viorSfemy3ajiehcotganizace id a |vgy2u Jaitot réprezentuje
mygl¥meposl edn?2 SadNNcls ep do ctéskpreRh b jakpa j e
dorozum2vac? as tk$epdSeeknloks|un ti Ing kolr mags 2O d 0 )

j menovanT ko gobiykldp\Sn % i msroovd@asijfemm®n N oovsitkaut n 2
jakojsouv n2 m&nz2, wmgg?teenppaSilszovsno na urlitl
dl e intenci o(Dearett, 1997)Vig excvhanSatpPrdkh ®e yz avnDj g2
maj 2 potenci §I pro zapemdtowdmg? .j eT2fnakd wa h
ovlivRuje fyziologick® fungovg§n2 a chov§gno?
strategiet | . wsd rad&RRjSdae M2 aAwl§Soetoulteek §vaml ch si
sni gujzposenesons8l n2 ho (Brpdht&o Jomsh @019Pywr ugen?
pSegit?2 je nezBytS88taugpymPspbamhByoumtélh
(nal ezen? potravy, ngwarijat)y mwaomigtto g z2rhry
pr ostooemtace 8 kt er 8 j e typeMorde®3)ar ati vn2 paml

Broom (2010uv §d2, ¢ge kognition§l sThoeabsti zaz2 @
mnohem slogithDjg2, neg bylopappoaged, upags
hosBesk&8 zv?2Sata zwatSd acmévehn & ejsalschoprmp ol el
sl ogithNjg2ch ,mogakt kwvwiginomisitv ewd kl edmopg | i vce
nemus?2 nutnbhD pnamehatdisgensghhovgi chni pS2 s
Studium kpgocésVnaclhi d?2prohliibujg alen iMistrujmetodad Ru j e
zobrazovs§gn?2 packnonag n ¢t imok @Royees&zPtaitlya 20@4§ETu

v g a kze aplikovat nak agd®udi um kognitivn2ch .proces



Pozorlo@gmi2t i vn?2 c hjewpmnoochelscTh up SAwphaSiset cehd opvoSsnt 2
jeichbehavi or §l njgjichlp Sprozew RiowvmpT e z Be®titmavi m
pS2nasempl nNn2 murddderrrczhc med od |zasb op cau (pir tnz?
prostPSSeds2p.Nttomuyt ok parddi§mt erdi sci plingrn?2 |
k o g ni vploge (Békoffe1995)

311 Kogni tologia? et

Studiem obratlovciTejai ghejp $ihr oczhaobvE§m& png oves b
vileck§8 veSejnost omdgnipronesWhnZem2obavgmkj @
ebl ogie. Ta je ekvivalentemhkagmiltisvwmddcle my
jakojek ogni t i ologié.lzpssiy¢ht ost2 tvrdit, ge na z§8I
p oz or ¥ fHuradvpozhatky ooboruk o g nietologien® ¢ Ch airh e sV IDdam A
obor jakbpnthkoalzalhal pSelmomav Zj0es$ tao 18Dt 2 .| el
jeho zrodu st 8l zGoifonl (9952003 n av ydd S8Re2dnfTheev & k n
Question of Animal Awareness: Evolutionary Continuity of Mental Experiemcee
1976(Bekoff, 1995)

Kogni ttalogimpi vsoul asiyaeshtie rostouc?2m interdi
obor em. ZabTnvesn ts8d nstcthd ipeom nat k T, zkugenost
procesT, racionawhpSprazeh®ompind s tsthdejg &t 2 V
tyto procesyivl abor aZzk 6bhm¥§ §n2 ,z preaackacve§ na2 i nf or mac
obranhD pSed pred8§tormysSi Eij iwWEbruEwBi mipdNaté
bol esti | i solasgiie Koghazujve? @EdWisBon&Sat a o

Keil, 1999) DonaldR.Gr i f fin si klja&dltooth§zkk:onkl Dk @ 2
MDI z8jem z2skat co neZald3cé&vpbtzndizkn, pgzmS
zv2Sat a cihejmypsBi2z oz Se@éeiplrobdrSetdeéSi , by mr
kuzngn? kogniti vn?2tchgisj@i®épcuhd s £ h (Bekaffd m% A IS 8
1995)

Dal g2m prTkopndkemi &0 ¢ ei taiDemiellDenadi(*1942).| oz o f
Zast§vg§tgpSsoboupRov®ho hierarchick®hdou viRDdonm
vymezug z pohledu evoluce, kde senze uv Dd o mDI ®ho ¢§i vot a, kte
vnhDjgRaelhnost ech, n8hod8ch a gtDhDst 2, zal al
st upeRdaSandi2n o ¥isnkal dtryuph Tskinetr owey®R £ al o @ n 1

behaviorismu, na tSet? otzwej vAgagpaw®r ov sk



AgregoriovskPhotinNikalslee Rwcjheo pinost2 mysl et
(Dennett, 1997)

312 Smysy a smysl ov® vn2m§n?2

Vn2 mBebdli percepcge j ednikmgai ti vn-?2leho dpnraogevsgln.
zvnhNj g2hovneéeb&n2thdl ap rdoigengeiyc?toT Svdag t Sedivy ®
i mpul zygi kokep®hdo®agen?2 sehloipnm®t iup thaiforn t v
mozk.&wm®s| ov® vn2m§n-za zcahmefhwl €t zDakchoprdst
tlak,tepla chl ad,slicha bomd@gmEn2 pol Brhys lao2apm@Shny2b u
umogRuj 2 twpvo.dorbel g petdonroyduchT ch nervovIich z
speci 8lmysclhov 1 c(Reece, R”¢l§)n Podl e zachyn®d¢ig? hoj en
vnit Snr2ohsot Se d?2 t N lexerorecaptprg zan iBterdepwryp o p S . i
proprioreceptoryGaisler & Zima, 2018)KagdT receptor je pSizpT
na konkr ®t n2 ethr8yh zemn&krngyi8e (Gtvdp el n§, c h e mi
pSemNDRav alk| n2 po tze pomicif&V.s e T2 imt isenp &bn &@aur o
vzruchyzes enz or i ¢ k Tdo mozkueK elpée ma . T 201 3)

3.1.2.1 Magnetorecepce

Magnetorecepce je zat2m nej m®nD prostudo
obratl azvadP m nenkr |zéecrek,bemp®esin®nmamemt i ck ®
ZemD vn2me&spekti vne2 or efcaekplthiosjgurecyik@slie v Mo e

gi voli chExumtegf &nnhDktodrn & sheg pon ®F2 magnet o
Tato schopost jim pom§hpostooyr i eap®dSilalt micsger avc | na
v zd 8| @nigles & Zima, 2018)Magnetorecepce je jednothzZl avn2 ch | §st 2
proto bude vkapteke er 8z Be dMagaevmmipyecepce a | ej?

3.2 Lateralita

Lateraltan en?2 sama o0sob0 Kk ojgsesntyslyelmiZan py@pojenae s e m,
zej mPra cBpPky podrobn®mu studi u | antegrrag i ty
chS§pmmwea) akect 8egnosm&€t T a |1l ovhka, al e naorg
vlastrost u mnoha skupino b r a t (Ragerg, R003)Lateralita zahrnuje agymetrii

mozkovlich hemisf® a behaviorg8ln2 asymetr
z v 2(atlortigara, 20000U domesti kovanT ahidrukV | @§thét &
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v T cvhandlinguahr aj e roli @®ibrdtc\ng §eé vt jnégephS 2pkol dan
ust §Rogens?22010)

Vi znamntofuzkbkaj 2c?2 eealpiotvya hgbjlaki®mancj§ | e,
lateralitag e n e r ov § nay nsepcohl aenlinsimmi pproswmgsetbem®P svmMY
Zpohledu fyzick®ho omezenpSeamStjemut Soil ,m k
pravim o&wetmomati cky nastav?2 pSedonplklun®mrgj m
kontextu,budd i konkr ®t n2 objekt pSedmBelewmd & §imnnu
skl on st&8t sei ppedmbsyRoyersE82008Y e | mi dTl egi t
poznatkeimafjer aljieptkoiyktech?zZkrdoywn il amoez kad ,i zi
Yar ov ni perifern2ch s my s(Gehnndaeatdl., 2012)geE N[V § &m r ¢
ot 8zkou, zda propojen? recept omolzknebmi p
hemi sf @s iamatneb8d Ini2 s treceporpd terva@®m® s(my sl ov ®h o
pSedBwmapputzy do |lev®zmpak®h® bmmsbd®®ho or
moz kov® h)é kiosnft ®rayraceptoryd lew2®h o smysl ov®ho org
i mpul zy do prav® moak®h® Bemss b@®Moaorgsn
hemi sf ®r vy) .

3.2.1 Typy laterality

3.2.1.1 Mo z k tater8lita

Mozkov§ | ateralit ajejerma uj eo bw cau dGehripg®Et abddnymy m
2012; Magat & Brown, 2009; Rogers, 200B)S2 ve byl a povagov§na

lidskouvlastnost al e nyn2 j e br 8na jbakaa (pobocefci p f
al ., 2015; G¢nZwydkwjne ewl kadknongong t@ 0 rvgrzzkcuh v¥k o |
gi volich je pSinucen zapojit soul alakon, al e

pS2klad je mogn® uv®st pozor ndRogersp280d)d pr e d
U Sady druhT je prok8z8no ppugv@gnh2prgc
rek ¢2 S2d?2 Yani k celsil onggdzbe®@ov 8 a kajevpjopvem nov ®
i ntenzivn?2ch emodéys8 jmkokove iheangrsd ®e& a 1z«
klasifkad po,dreldatkEe, u kterTch je vy@adev gmo ed
vzorce vn e st r e s o v | (Austin & iRbgers, @812; IRogers, 2010; Siniscalchi,

2008; Vallortigara, 20005iniscalchi (2008u v 8§ d 2 ge funk|l n2 mozko
pougit?2 rozd?2]| nhkylasiuwde B 0 a ® b lhediskay £ fz Qotfgake2

Upri m8t mo zbkyd va8 akymar8mipe o sl uchov® vn2 m§n
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poznatkuzv T zkumu | at er al Sihigcalchi (2008)xpefiment get pgyo Si |
sc2luwernm it, zda psi poug2vaj2odkei gm®abhemBsaf
Z8vhNr studie odhalil, ¢ge psi skutel nhD pro
hemi sf ® u a zvurkiychbomBke , vkt elrfit vemoce s
pomoc2m®7 lkawW® hSetneijsnfl@&rhy .v 1 SidiseatthieTal.(@0d88 h |
psTni awuhg byloprsd eadw&rEnol i dsklch hlasT. Psi
vokalizaci | l ovDka (na strach, zatt2 manatle&y
mozkov§8 hemisf @roazi £pwvaeowSvkallpgropw git D ha  z
| V& Xk a

Wylie et al. (2017 potvrmaiRow® ivateralizapes Tna VI
Asymetri,e lkthenw®&nN2 rozoddlon® hzmpasjfe®Rap oj e n 2
odlignlTch hemisf®r mozku psva ersa@PzDPzml &I®
mota i cMc@®reevy & Rogerg2005) potvrdili, geatker al i zaci mo z k u
mi ni m8Il nhD n ajeddak oahr &y MmwNBTcwm®@ Yr ovni motoric

3.2.1.2S my s llatenali§a

Smysl ovsg (senzloatierkal, i tpa rjcerpy zdm? sonvygsnlaT .n aT &4
typ laterality mTge kupS2kladu vyjadSovat
gi volichT ak$ii vRg&wédhplent2r iesynzej m@Ganar@§!| n¥ M
um2sthNn2m ol 2 nebo i ug?2, m&j @joidcsh athbv §
vgudypS2TomaS§skutel nost dok azzourjne® hpor §pvoll er ol z
| prav®ho ok akolpcBji a krol zjnd chhl ezdréap2S epo tprr aevdyg,t o r
agoni st i da®rtigah & Rogers? 2005Naprotitomuw e zv 2 Sec?2 S2 gi
Sada drwmT §$ n2 m ,pedysprae@ing pno oil €2 prTto bi nok
gi vol ijsoupake ®h opni | vRep et S2nneonmh@@ & maj 2 zho
per ivied Robihs& Rogerg2004)p ot v r dropuchy, b igreokul 8§rn2 m vi
di sponuj?2 virvazsnGualat eatkeyi aopotvrapba u ¢
udo m§c 2 qRogeks& Bresdn, 1979 h o( GHMt ¢r k ¢ n,v populaail . , 2 C
di vokT ch &uwsitstia & Régérs; B012)VT r awinZu &l n2 | at er a
prok8z8na u pzsiTak dvoam™t §n 2bndin mcimb Kiranenpi gt N
vizu § lasymetrigSiniscalchi et al., 2010)

Lateralzacev n 2 m§ n2  zpuddkto[v itcyhl a ugs p Dd phk &Bal g n a
zal 8§t ku s edmdes Notttbohm (19%y p Mkoazw,r oal p Si SV ®
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zapoljeuwjo’u mo z k o vzoaut 2hmecnoi svfe@ursula, & Bn &oa lklo & ®t h er
tat o f un kSinscalchhéah (2013) odhalili lateralizacive vokalizacip s. T

Zjisti lposlechuzen §m8ich zvukT nat §l ej 2 prav® u
mozkovouh e mi s f ®dem@tvd cth n p o d Bniteitd8ezevj Rk Lk | ev ® uC

a zapojuj?2 pravou mozkovou hemisf ®r u.

Siniscalchietal. (2012 zamhNSi |l i na 9penzobindk @atoal ekal
na jeichdomi nant,n? k tsemrylsmh ] e zlediska lateralityi na&l oj e
prost udsmyslemAurt d idos al i pourpidiy@a | ET7Rn @ e@mal
podnhRNty za pSirozecnhl clhi cphoodvnizcnhe kvyjpettavEn o vkit e r
citron , vagingl mp?% u§ P mdgptve drawcunozdrua s post upnl m
opalovE&n2m tNRchto pBehbivi abhnopdyg Bt EPdkgv Poku
potvrzujmoalywmedhihemi sf®r pgsigpPr acebvES8Sahov e
pravou mozkoe u hemi sf ®r ou a opakovg8§n2m je =zal a
mozkovou hkednigs fp@f wlubdaBiydi v®@ podnhDty, jakT
nebopach potu jim ,Zkno8nm®hsa ewnd tnddr izna8 g ov al i
d2rpg8i iopapodanDi ebMaSil o se tak pnoztlerr di t
(Siniscalchi et al., 2011)

Zaj?2mav® je porovng8n? S e Mankinsi et l®(2080b) mot or
navrhnuli pokus tzv. Sensy Jump Test, kdyp s Tapr ost SteS®likovapy vi d
(bi nok,uMofrork2ul §rndr av@Nm2 moaokduledr@Ah pdSkwi d Nn
skokov®mAulodliwrpgdi | i, ge neexi stuj ahamouvi sl
Tato skutelnost naznavlusjleedkgeem plraetfeerrael niczeo v
kontroly a ¢ge preference ol2 a konletin |
arTznTch %rovn?2ch (Tenkins&®tah 2000b) uRmz0d?§IdrE® 2 Yar
nervov®ho uspadss&smosno?r i scriky@dili odt@reevy K iRbggrs p o t
(2005 u kon?z,

3213Mot orick8 | ateralita

Mot orick8 | atenal izt8gk il & drpeonscuez ugphe uk © b P e tpi8n
obratlIlnmouoFiwklch dovednostech | i bRgnTch
st §kj2ej hmadnojcemid jako pnepbPgud®kppg&ma ov §n?2
zamNDSeoo& gna 2k dnlu@atetm h2007)Kt omut o %l el u sl ou
typT motoricklich testT, kp&Sre@nglcdBaktgn | read i d
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al., 2007; Poyser et al., 2006; Quarantalet2004; Siniscalchi et al., 2016; Tomkins et

al., 2010a, 2012P oz or ujhooawn ®mot ori ck® experi menty n
mogn® | erpat poznat kyStulieMo@Gréeoyr& Rodger§2005mt er al
sledovalad o m§ c 2 jkgnrnlt ha preferenci um?2 eddithotr p Sed
bNDhem pastvge Zjdem8t?ch ko,obewsjee par erfaw2ecm
spostupnim zvygovsgn2m vDhRku upevRuje, cCo
neur omotz io§Austik & Rogers(2012) sledovalid i v o k ® Akuosntly §1 i i
Uvgdie¢ 2 mplmylor oy namhDredstr enl| n2klhoon| ga u g2 m&Armp?
populPad¢ ¥ tak tegrie ¢ populacid o m§ c 2 ¢ kdekk ompSednost Ro\
koatin doch8zz20,j emTegre zRTstk an ®hlo e azkong8enn? n a
Austin & Rogers2012)t a kbjevilie i | n B d g ¥ prdferéhdkm2n | e tmlnad g 2 ¢ h
di vokbp mn2 eap? ozs20s,k §gveE n2 mpBSkuger0odsm? pr os
mT§ge vyhr an hodifikovat(Austin & Rogersn2012)

Wells (2003) zj i g Swpvra8l ci i 0O motoripclk®elaner alpiowl@i p
konletin a intenzitu preference ve tSech
odl i goval. ve smbDrov® preferenci pougi t?
fenyoproti tomu psi upSedongsbRovERpPDItdewjenD
v 1 z k u (@eacahta et al., 200McGreevy et al., 2010Vt Dcht o dvou | men
studi2ch, ale ovgem byl zapojeninNDko!l axXxp el
protikladnTch studi 2, kter® nevykazuj 2 S
(Branson & Rogers, 2006; Poyser et al., 2006at er al i zovan® chov§8n?
motorick® |l aterality mTge bilt peskonkr ®tva v
phitJednot | i @@t w@p & Ip 0 i relkoretdYaly (Tomkins et al., 200a)

Mo g nou 8rpeaijmbtoriokeutlateralilua i muni t n2psdfey wta®mem |
Quarantetal.(2004)Zk oumal i vztah mezpremenennozmt| &g
Mot orickim tkatemaloivtNdestpvaliTu.lev PloT ® pravgkT
ambil atpe@&i negTh pol et b2 lITycrnf ok yviTnekgr ahlué
monocyednal o se o VvJTbec pradhRazyw,udge , m&z
asymetrie mTgepoulmidt ipmdniptSai2 regul aci pr o

3214Struktur 81 n2 |l ateralita

Struki( mo§gfl oilaeplitasdt §)k § nesoumhDrnopehombgsb?
nebo tNDIn2ch org8nT. Typickim pS2kl-adem |
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srdcePozor ov@eigyt j slotuur 81 n2e srpoezkd ?i lvye méeakikou ,| 8rs t
etal.(2010)obj evi l i strukdaualrglw2hipdkakpwm?2my @2 ¢

schopnost?2 prostorov®ho ul enz,

SSruktur 8l n2 | atsuvialdsist mat emipok bomiov&ttaiTvut y
u Iniedb2 sr s $owvwivigritoahtd,u Th Vil mz ajnaka mjetiree. er al i :
Klar (2003)z k 0 u ma | u lid?2 vztah prefeomm&se8Sruky
ge vivoj vliasovich v2rT u lid2 vznik8 jig

svlivojem ner vov ®h fodeslansdre®ah (2003 bymohtsknuldr v 2 r u
poskytnout snlkamgl &Gtnfaumknirck Tl ateralizaci n

U zv?2Sat byl tent o tvypevitahikenota li ictky p@az emra
(Murphy & Arkins, 2008) Tomkins (2010)s| edoval a mnogstv?2, u
stSovTich v.ZamKins et alg201®)sez amNSi | i na pory@Vn§n?
laterd i zace ( motomi cskt®, uks my SVYm#®yts ourl aSavdl. c |
naznal il souvisl ost s schopnostmipiscTk T mT o ab ys mys
vbudoucnu napomoci efektivnhDjit Sistbad¥ at chlh

psBtruktwer&llna al at smRr srsSovich v2rT by

kur |l ov8n?2 | aterality psa.

32151 ndi viad p ® Ip mteralita n 2

Il ndi vi du8l n2 |l ateralita sleduje l ateral i :
smy slloivemot ori ck®) u kipitalkteradizace2ec mTggeed i d o §1L n I
l i.giTto m8a vkddgvniiti vn2 procesy | eidmditviidwcsel re
chovBinég m®n N, [ pSes r Tzn® Yitymvan [¥rwavrnii a cdr u
populacenebo skupinys e v Dtign mTa ljeetder al i z YRogers& t ej nT r
Kaplan, 2019)

3.3 Magnetorecepcea j ej 2 principy

Magnetorecepce, neboddl ev,n2jnes ng mynsalg,n ek ti & kI®
vDtginnD | idz2, byl odepSen, anebo j2m disp:¢
pS2padhD tento smyshkubyl gpvok§z §FgaheTabmd ot t
2014; Eder et al., 2012; Johnsen et al., 2020; Lohmann e0al7; ¥V. Wiltschko &

Wiltschko,2005B8d 8n2 m na poli magnetorecepce se \
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l et a zejm®na v posledn2ch dvou dek8&8d§&8ch
magnetorecepci vliznamnhD rozrostla z hledi
hypot ®z a ®Sesbdpdklch p

331 Hypot ®zy pmagpetriceb®ho pol e

Byl o opakovanh mnogheo kgri8vto | pircohko8vz® ndoovedou v
ZemD, tedy g¢ge vjn®au Nopaogim®eattlopswe zliit i@nteac hsamy sslmev
schopnosti u z vodlb® antdiskisse Magnet§réceptory sedtenneticky
mohounach8zet tkllle&kolgi volvi chT, protoge magn
proni knout do kt e(Bdnothyl 1964iNiep |l agit Ok ® § ldBmuD d
tyto tSi (HemBamg&ingd mymagnet i feror@agnac kplod ke  |pSsntoic
el ekt romagnet@3lkka®n mendukrciesmus zal ogenl n
p 8 r &abklkov, 2020; Mouritsen, 2018)

3311Princip ferotmmagneticklch | §&s

VpS2rodnN se bNgnND vysk@t ug ej ergawmli £ktl 2 mia gtr
Magnetit byl poprpl®j ohbj e vjejchraldletibv@sstarh,c h
1962)Hy pot ®2a o ma gl eStsitcikci2 ch je zalof&8a2ch p
gilviochT mag selug £kt®ere®h e @kojmd ni at ur n2ehlynagnet i
kompasu(Yorke, 1979) Geomagnenamag e tpiodlke® krystaly
mo ment , d2ky kter®mu se pSiklgn2 ke smBDru
vstup na mechanickou energf{irschvink & Gould, 1981)P S2 t omnost magne-t
| 8 s ttike8 nv gi vol i ¢ h TEda etlklg201Rjue prsapa&ghkE.taidt o v ®
| 8stice mus? m2etr valvd mprsysd jRene2n, s aby tent
NNkt er ® st udmagnetihjgapome | we ¢l,ejge2 m produktem m
(Mouritsen, 2018; Winklhofer, 2007) MTge se tedy | endmgat® pou
magnet or e c e(BdbylkkevnZ020f unk c e

3312Princip elektromagnetick® indukce

El ektromagnetalcdkge nan dnuk cvez §jeemn®m si | ov®m
el ektrick®ho pol e, memeac U] senapnet inak &1 g
(Kobylkov, 2020) Tentoprincipjep Se d p okpargog 8 al ok )a semysbk ¥ 1 m
org8§pemu pr avlodBrzioitd campuld. Fhybujel i se takovl @i
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(vodil) moSskou vogtv8ye otda kv ®e Ing®ldtitauiand k T o
intenzitou proudu z § vi s| ost i smmdpolypwve vzeabutkia ganet i ¢ kT m
sil ol 8r @eborejipk alkokmTge detekovat mal ® naphDt 2
pohybem (Lohmann, 2010)Anderson et al(2017)p Si p envarginleit y na ¢r a
p2sel k®ermr@gjiilmg mMmagnetgekindumylshd mpHEesdmNb |
b i oslaben. Tento experiment sar ug@mtd mpochyhRppem®z u

el ekt r omrdgkoije & k ¢ k ®8methandmuha g n et o raelcoekpTc.e ¢gr

Provznike | ekt r omagnet i c kp® hiynbdouwkacte sjee vpede vSoedbiav @
tedy pravdbBpopdgobm®rnBhesuchozemgt2 obratl o
geomagneti ck ®H{Ritzgva.2@1Q)vyu g2 vali

3313Princip radi k8lovich p8&rT

Mechani smus radi k8lovich p8&8rT (RPMpu je za
radi k§l ov® p8§ry tvb®eoya¢akoe mewinidy 6 wE n
magnet i ckT nfSchuien | etmal., 1978) Pr avdRpodobnnh proi
magnetoreceptorem | e mol ek ul a nkagnetigky oc hr o |
senzirtaidv k38 | (Ritz®t ap, 801§ Molekulyvn2 mav® na svDtlo
oxi dal| W sdtealk uv absorbce svDteln® energi e,
sidviD movz&kjup@HeB8&vaj2 elektron BRakhtyge&Sext s
vepiflzes2naebecivrecepigmgntiyeviyth@§ SEpven2mag.
radi k8§l ov@mapdry, cak®y e@poS eem ¥ trahsfornbices kv tNit M iat w a
membr §novi potenci §I . Ma g n e (Riizetlal® 20p0wiz e by
t Ngdmec & V8cha, 2007)

332 Magnet i omeita ajl elyo bi ol ogi cklT viznam

JednpmojzevT] magnagoeéecef§e adopmg mhamBr ov ®
Zzar ovn§ns2 noasgyn ettlllcak.INmij edini§o Isa&r @ m(Wisthkod n ® ¢ h
& Wiltschko, 1995) Obj evuj e se vojeathcizyvdeSze JTsmdR ud s
j i n® nebolxj§yv2agniNj g2 . f askktloorny , t era®mSn,f o s médc 2 |
povRtrnostn2 podMaghkgt]| cksdahefBminkaelvnP pos
zv2SatTm uur,l ineapdavikibhaoddc i vireltiS i mBogativetmlg i i
2013)U magnet inm&k®thw =avYViata nubdOmoemmagnebiu
percepci j lmravigacg nea tvSeel bka® v H®dtae o oi@etacj  a
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magneti ckbkgal ogrsabdddOpodobnhN fungu(@egalna pod
etal, 2008)Magneti ckl @bipg@ampBSTt mdymhidr atd ove T

vi TznTch kont,&x tgesGhu ckhaogvd8nckenn2 soul§st 2 |
pasouc?2 h Begallet ak, RG®&; Burda et al., 2009; Slaby et al., 2013) ov 2 c 2 c h
|l i §elervenl ,wk8§d?ch @O0\ §Waotetal2201) kvaopdrn? ch p't
pSi st §vaj ? (Harg Malkenger, etoal,l2013) u znap &®a2 c2 ch

Nov8&kov§, ,et miadidvigLar®lierrtl), 2015y %t Nk o v ® s rcrhlo2v § n 2
zv (Gdeseretal,201) u di vokLehvpnhsat odpo| 2 2817
pl ame(REkVI[§ kov§ rmehok aht ex 2013 h b & 8Bhedn| end?i hkot o v §
al., 2020) Exi stuj 2?2 gbdyzatr®azy §n?2 podl e magnetic
fyzi ol ogi(@iks@ehkqp&Wiltscbke,1995) pr avdNDpodobnDj g2z | e
vkognitivn2antagpeoce&échl i gnment pom8hs§8 =zv
koordinovat pohyb ve skupinhD, organizovat
a sklon pohybu, pS2padni i zvi Butdaeta,aost Si
20200Vgu &y pomn® magnetick® pole mTge pSingg:
(Phillips, Muheim, et al., 2010Pozor ovg&n2 pastvy srnl2 zvDS¢
jelen2ch z81lehT, kde je snadno rozpoznat ¢
zaznamenanl jev pSedstavuje nejen jednodu
t Dl a, ale dokoncece eir ndBegakmatita2008) hl avy na s

333 Magnetorecepce u psovitlich gel em

Za posinddkmdedttk byl o pubmglkaowdmndé mOIls&lyit kij 2 c 2
schopnosti psiogplk VTaBh mgel emmgneti ck® pol e Z

vyug2vat ve svTj prospBich.

Magnetickl apsgwimehdc¢h bgeél eam prvniVulpeezor ov
vulpes)p S i l ovu tzv. mygkovsgnzm. Podporuje te:q
ng§hodn®, ale poskytuje biologickou vihodu.
060i 70 % WwspkRgdNp@g2zapovnaly na severovlchec
magnet i ckT(cLhe rsvmetmrieldeBty | @l .z,j iy Mno, Je psi :
podl e severojign? magneti ck® osgt Zmimlidn?2 p
nedo cahgkzr 2u g elhPs lvgedrkaugnet i ckTch bou$S2. Jedna
schopnost.i psT vn2 mata zZmBrnwygmadgree tmagk®&had c
jeichpSirobeh&wmi or 8§l (2Hmarpr o jNoweSrkoP&8s €6t aj nl
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jako my) m§ Ament &l n2 mapufi (srovnej naps§.
okrsku |i si takovou mapu Vv nezn8§m®m pr ost
pes z8roveRda agambtein §w&l ohu (Akoordingtyif)

m2sto a svou znal ku pS$S2gt2 den zkontrol ova

kdydg mapu orientujeme urlitim smBDrem. Kdy
pol ohu, ot&§8] 2meejviert akm®@Suak, nghoru a sev
kompasem a oriental n2mi body. Nez8&vislT poc
Fyzick8 rotace je zjevnD pro n8s, i pro ps:s

(Burda et al.,, 2020Wn e d 8§ v n @ ssttuy ckiciz spont 8nn2 smbDrov

mognostpmsii vykazoval.i pAUém&ooi8 pltaol ags’e vy e
podporu proma gnet i ckd T spnStisiieSkgebyli psisc ho p n i nal ®zt
magnet u, cog naykRAdluype,sagnevelsmnou nebo r

magneti ck®eppelet i v dMargine ét @l., 2048 u flenp hov Nj g ?2 S
magnet oshemtzavt§nn2psT se zablvahvachip®Sht psd,
orientaci vt er ®n pSi km§vr atu kes syp®muw d Bgueddud e h D

vyug?2vat magnet Be h ®d ipktl 8028Z eentBt alj 2 iddtl Ifre?2

podporow T z nmagnet orecepce pSi kogqhgtaen2 mamap
vzd8l enosti, al e t aktn®go hperno npernog$Beagalt mly S2ut kou
al ., 2014; Burda et al.,l 2020; Hart, NovV§Ek

34 Kogni mapy n 2

Vtradi |l nzZm pojet? S i |l ze Kkognitivn? ma p u
postupnhD makkf§dgwaSete (ale i | l ovhDka) na
zvnhNjg2ho prostSed2. Mapa tak pSedsTavuje

me z i rTznT mi obj ek t(ylman, 1948y i nNi mi a zv?2Set e

Prostavbugni ti vn2ch map je dTI| §iotke edlet i&v n\rad
1978) To vygaduj e doset aktteelrn®In vneSl kziv 2aSree &nho, g n
vyskytovat a cestovat za pRetersd978u PSpanbse
mapy se zvyguje opakov8§n2Zm n8vgtDiDv, navi g
ef ekt (Spencerj2012) Kogni tivn2 mapa jako neur 8l n2
svRDta rovnhNg umogRuje gernvyemgovY8&§m zkrapekma
(pSi vIiskytu n ¢Pouitet @&hl.]2018) pSek§gek)
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341 Prostorov® informace a kognitivn2 mapy

BNDhem tvorby a poma® vaw2Sa&tognmodivhelkhmj 2
pot kani aktivnhD vyhledg§vaj2 podnhDty potSe
pS2jem i(Tolmanyr198).c2 Samotn® okoln2 prostSed?
i nformace o pgrecsot ourm?,s tvdne@stvn2 pohyb zv2Set
posunu pozicgBarry & Burgess, 2014) Speci f i c kd®? psaec hryo Wwir Idés t 1f
pod21] et na tvorbhD kognitivn2ch map, ni cm
informac2, kterlT mTge bilt ovlivnRn mnoha
rol n2 ob dPeters, 1948) od . )

Srozvojem poznatkT o magnetorecepci zvz2S,
i nformac?2, kterT mTge poskytovat gl ob8&8Il n
organi zaci kognitivn2ch jedemph.e hMavg roe t8il cnkkic ha |
magnetorecepce, by mohl pom§8§hat zv2SatTm
redukovat tak sl ogi t qPhilips|lordeSet ai2010)i N&EP .o v®
v kCanis(lupup byl a potvrzena schopmrostt ovyug?Twvz
zkratky a nov® efektivnhRjg2 trasy pSi n g\
ng§vratu do pTvodn2ho smBRDru v (Pges2&pMech) v sl
1976) Tot o chovg&§n2 vl kT pomapvpz wjsd op au g 2Zva§ r® 2m
geooug2vsgn2 zkratek wléghyRat poFZatovs&mhopnos
postupnh na z8kladhD z2skanlTch zkurg®&moist 2
j ejicliPetrg, 8978 Podobn® chov§lndv éooyk Toc hp oppssT8,n ok
rovnhDg schopyiugse2mrakentek a novlich tras
Efektivita jejich n8vratovicprumasf =zi vn §
zarovn8vali pod®l severojgmmempBemagdeki ck® e
2020)

3.5 Lateralita versus magnetorecepe

Levg8 a pravg§ mor&koarBathemi i ®r taj s.\PSiemd tor ive K
mozku exirutk@djur @td21ly a kagd8§ heanils§Rwral rzlp
odl!| ikipg@ i t i (DuBoc étlalo POY5) Moz kov 8§ asymetri e mTg
Y%l i nnos (Hirnstbimet 82020)My g i v 5 @ eamsoyume tpag K @ mfu psn2 §i

vi konypr ost or op/a®m(3aio et al.2 2018) Malkemper et al. (2016)
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uvaguj? olivzl@esatizdceccemt r 81 n2 ho n eakvoonvz®hsot ey ;1
posun ma g n et i aidgo®emto obr atSlhhawvwapPp.tdsthyp® ®zy 0
mechanisra ¢ h , kineh ®y blyT tposypuSo?d | meowena g ie pdy.t k ®
Prost or ov 8§ metoreeepde ootextu ae semaogckou lateralitpure st udov 8 n
posl edn?ah PRrOaviddldp od o tahBmlaemlpyravm@gnetoeecepce

z a b T Wiltsthkoet al.(2002) Poskyyli gdTkmagnet ijcek Ts ik onnidp :
| ater aljiezoVvgmznD domi marterd?y dreo opur ano®& kok @
Hems f eri ck® romadhegt ip Sk ®p ohudjlourtdTa spulribretr d i |t
al. (2004) PSedicshloedky ale byl yGepriagzetddj2012)F poc hy
ohledkemna magnet i c kekistugsmyaVvdNDpeospddvhenD momkbnd
lateraliza& e neg | ateralizace veat br(Wiketkekal i st r i b
2010) Experimentsrol uby uk8zaP maghapeam®de §t magnet i cl
kompasu obRNma mozkovimi hemisf®rami. Rozd?
smiDr u. Lev8 mozkov§ hemisf®ra upSednostRo
mozkov§ hemi sofv@rlaa jzeaj ozpamiMRd oo & § zaexladg|l € A k
odezlJveling sdidadf@kn&EBmi mozku pSiezpchtolk §
i nformac2, avgak odl(Wigecketal.2@10)k val i tou zpr e

Zat?2m existuj?2 jen vel mi skrovn® vDhDdomost
i nf or moakd obal ovc T. Jsou navr gePry ndv I3 e h yoppo
mechanismus a d i k § | okdy imfdimape& r Ma g n ekonipasiwupuje 20 | 2
pSes j&8dro p$ead ra2mubostis.tGlustemN.zBk whes& al o gae n §
mechani s mu magnekdeseowiScem§ph§stiind or mace o
zt rigemin8l n2ho cheang (2 ho jtsow. shaz §lsn2 kon
pod21 2 se nana$®greint?2i vwnoh@huriten dtlalc2®@16)F a d a
obratlovcT vykazuje sponk@ynsemaamatvinBk@ j
magnet i c kou (Bepal cetual, 2043 Malkemper et al.(2016)d ok a z uj 2
viznamnou podobnost tohoto axi 8§l n2ho chov

upozor Ruj 2 ale na konsistentn? posun magrt

ruli |l ek od geombhgihetoda&k®hlok ® emagmueti ck®ho
od magnetick® osy by mohla bit zpTsobena &
na Yrovni funkl|ln? asymetrie mozku. U vDtgi
ge disponuj?2 obDma typy magnetorecepce. P

komppsu (radi k8l ov® p8ry), givolich by muse
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magnetickImi silolarami a n8slednhD by mohl
dTvod konzistentn?2ho posunu (Pmiipgetal.t200@)k ®h o z
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4 Publi kovan®e@wg§cedak| nzm S2zen

41 Lateralita psT a magnetorecepce

411 SmDrovs§8 preference psT: Lateralita a At

G PLOS | on

RESEARCH ARTICLE
Directional preference in dogs: Laterality and
"pull of the north"

Jana Adamkova', Jan Svoboda', Katefina Benediktova', Sabine Martini?,
Petra Novakova', David Tima', Michaela Kuéerova', Michaela Divi§ova', Sabine Begallz,
Vlastimil Hart', Hynek Burda™?*

1 Department of Game Management and Wildlife Biology, Faculty of Forestry and Wood Sciences, Czech
University of Life Sciences, Kamycka 129, Praha 6, Czech Republic, 2 Department of General Zoology,
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Obr. | . 1: Vi Sez |1 8nku Directional prefer
nortCed] | uBhevpldid otz@t d .dilsertaln2 pr §c

Lat eralita je pomRrnN dobSe prostudovanim
pri m8tT. Preference p8rovich smyslovich ¢

pSirozeamwwstRadN2ch |letech je tavapglita i
VRDdeckT mAust mg | maerhlysol 0 § i ic & ® pokusys ekntzlgerr Ti s k ®
| ateralitu Bsips3Je tecsfvapt. poeadmdiue nz kD & jmi
p Se dp o lsth@udodtn ®tS v n2 mat magn &t magke®regeprd e Ze |
Vpr AdiS8mkov 8§ etetalst ov@hAOY¥T) v magneti ck®ho
psT.

Testovalijsm& 5 ps T, 14 rTznlch Ipd kn@ nr evp BHLI il coek a
Psi vol il: me z i dvlDma identickT mi mi s k a mi
nalevoa napravo od psMiskybyl vy ot 8|l eny tak, aby jejich
vgechny svDtod®optcanmi ski spong8koDpvyht:
NRDkteS2 psi se pSi experimentu prol&@wtili
znich se projevila jako ambil ater 8l n2, t
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PSeakpv vIim obj evesaevetiiy stizwu.acAt ahkdy si psi
miskamispokr mem um2stNDnlT mupSadeaeseRoaalhi cAsdy
bz ohledu na to, zda Tooytloi chhporva8vn®c isfie nvel broa zA

u malTch a stSedn2ch plemen, fen a starg?2c
na sever a na vichod. Naopak vlIiv "tahu
nes gnifikantn2 a pSi vibRru misek pSevagov
ADCMKOVC; &SVOBODA, J.; BENEDIKTOVC, K. ; M/
P.; T&8MA, D.; KULEROVC, M.; DIVIGOVC, M.

H. 2017:Directional preference in dogs: temality and"pull of the north” PLOS ONE,
12(9): e0185243DO0OI: 10.1371/journal.pone.0185243
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PLOS ONE

Turning preference in dogs: north attracts while south repels
--Manuscript Draft--

Manuscript Number: PONE-D-20-31110R1

Article Type: Research Article

Full Title: Turning preference in dogs: north attracts while south repels
Short Title: Turning preference in dogs

Cormresponding Author: Hynek Burda

Czech University of Life Sciences in Prague Faculty of Forestry and Wood Sciences:
Ceska Zemedelska Univerzita v Praze Fakulta lesnicka a drevarska
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Abstract: It was shown earlier that dogs, when selecting between two dishes with snacks placed
in front of them, left and right, prefer to turn either clockwise or counterclockwise or
randomly in either direction. This preference (or non-preference) is individually
consistent in all trials but it is biased in favor of north if they choose between dishes
positioned north and east or north and west, a phenomenon denoted as “pull of the
north”. Here, we replicated these experiments indoors, in magnetic coils, under natural
magnetic field and under magnetic field shifted 90° clockwise. We demonstrate that
"pull of the north" was present also in an environment without any outdoor cues and
that the magnetic (and not topographic) north exerted the effect. The detailed analysis
shows that the phenomenon involves also "repulsion of the south”. The clockwise

Obr . VBt SRIg8kku Turni ng pthatfactswhilreuth i n dogs:
repelsi p Si jpauldl ikkovgn2.Ced T11.1 §he p2SpP2lowrrm2 $t N2

di sertaln?2 pr8ce.

Na z8kl adhD publi kovan® studid ad esm@albDi @ \D® ap
sever sds,mkdow ®cepr ¢ eednen | iukladdkojkjoendzii rsatele nt n 2
nasviRd|luj?2 upSednostnhDn?2 vAd®Pm®spbhDcll magm
jsme sezamNRSi | i na tdRalog 2p rzolwlkamBantBiyk ypr oj evy |
chovsg8§n2 psT narugil o magnetick® pole ZemD

by se hov ddkladuexistendsad ggreet osenzi ti vity psT

Exper i ment b ydlektrmmapgankeat Vi 8zta® p Si rozen®ho magne
a za c2lenhN posunut ®ho magneti ckWhol @dkye o
uk §8zaAtyah g®eveérviRuj e iwuhnolvl §en 2p opssulnut ®m magne
Zama@vim zjigthNn2zm takt®g byl o, ge upSedno
rulilek (pravotolivich psT), je vd§padaDj g
Naopak u psT upSegnosi BmpPto2bbdon®hvéch vul
psTYTiaznNj g2 u kombi nacvel cnizdsdetko tuon2abT Nod ¢ |
mi sky um2 styPA®S&Emag n@nhly |parsimo2. PSedpokl| §d§&m
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a tedy upSednostnhDn2 otolen2? dopraval/dol e
skut epodporgighy pot ®z u, ge madenzealoa eepregppeiea U p
radi k8l ovich p8&8rT.

ADCMKOVC, : JBENEDI KTOVZC, K. : SVOBODA, J
VYNI KALOVC, L.: NOVCKPANNCER, N S.: BURDYXRHL 202 V .
Turning preference in dogs: north attsaathile south repeld?LOS ONE,(in print).
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421 Psi jJjsou citliv?2 na mal ® zmBDny magneti c

Hart et al. Frontiers in Zoology 2013, 10:80 FRONTIERS IN ZOOLOGY
http://www.frontiersinzoology.com/content/10/1/80
RESEARCH Open Access

Dogs are sensitive to small variations of the
Earth’s magnetic field

Vlastimil Hart", Petra Novékova', Erich Pascal Malkemper?", Sabine Begall®", Vladimir Hanzal', Milo$ Jezek',
Tomas Kusta', Veronika Némcova', Jana Addmkova', Katefina Benediktova', Jaroslav Cerveny' and Hynek Burda'?*

Obr. | . 3: VIiSez |1 8nku Dogs are sensitiVve
field.Cel Tnelkl § e p®&2bo0oHDe . 3 t®to disertaln?

Magnetorecepce savcT je jig dlouho sl edove
pozornost intenzivnhRji zamNRSena pS2mo na

gelem, zejm®na pakaju2mavl.mUkEztal oj sm, pryge s

magnetosenzitivity je magnetickT alignment
osou Zemsk®ho magneti ck®ho pole. Tento prc
nejen psTm, ale i Sadn drajejigh?podiorosobr at | ove T,
orientaci a pS2padnou tvorbu a |ten2 kogni
Pro splnhDn2 tohoto d21l]2ho c2le byli sl edc
|l innost2, kter® dennlD mus? psi vykon8vat \
zm | kuj 2 i domovskl okrsek, resp. navgtz2ver

celkem od 70 psT, 37 pl emen. Data byl a n8§8s:s
magneti ck®ho pole, kter® byly odel 2t8ny z

psi nm$ikox8&n2 maj2 tendenci nat 8l et tNDIo p
ZemhD. Toto chov8n2 se vgak u nich projev?
danTch pozorovg8n2 | ze usuzovat, @ge psi | sc¢

magnetpeck®hbfemD. Tento poznatek odkryl gir

b&8§d&8&n2 na poli magnetorecepce u psa dom8c?

27



HART, V.; NOVCKOVC, P.; MALKEMPER, E. P.
JEGEK, M.; KUGTA, ADCMKOWCTOVBENEDLI KTOVC,
LERENHh, J. ; BURDA, H. 2GImAa:l | Doy iarte onesn Di
magnetic field. Frontiers in Zoology, 10: 80. DQ0.1186/1742099410-80
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9eLife |

Magnetic alignment enhances homing
efficiency of hunting dogs

Katerina Benediktova'*, Jana Adamkova', Jan Svoboda’, Michael Scott Painter'2,
Ludék Bartos®*, Petra Novakova', Lucie Vynikalova®, Vlastimil Hart',
John Phillips®, Hynek Burda™

"Department of Game Management and Wildlife Biology, Faculty of Forestry and
Wood Sciences, Czech University of Life Sciences, Praha, Czech Republic; 2Biology
Department, Barry University, Miami, United States; *Department of Ethology,
Institute of Animal Science, Praha, Czech Republic; “Department of Ethology and
Companion Animal Science, Faculty of Agrobiology, Food and Natural Resources,
Czech University of Life Sciences, Praha, Czech Republic; *Department of Zoology
and Fisheries, Faculty of Agrobiology, Food and Natural Resources, Czech
University of Life Sciences, Praha, Czech Republic; °Department of Biological
Sciences, Virginia Tech, Blacksburg, United States

Obr. | . 4: VI Segnmdntleghankes hoMiageffigendy of huating
dogsCel T |1 8nelpSjcd oum2d4t N ¢ ®t o disertal n?

Vytvg§Sen2 vliastn2ch ment&ln2ch nebol kog
ng§stroj T, kter® napom&haj 5i ghvedBohTmokr av

partnera |i pSi prostorov® orientaci ve vl

Na z 8kl adrIprpidarental.tCR1B) zkde byl sl edov8&8n magr
psVYyvstal aotz&@azHéemav s i schopni VOR @&@ao @zomDe
ZemD, nevyug2daypdossor pB®ove i emy slsiiv evc k ®
praxi se bnNgnnNn wvzdal uj? od svich majitel
nezn&§m®m prostSed?2, kda PSemritlod)y mabRft\se hrog|
a naj2t maeitREespDtSi 6t e @o2v7® Y loov e cpkSFic hj epjsiTc h
n§vr atkmajitelipdjejichp Sedchoz2m Yo Mkwu?2 zwi e dS& me rP
obojplyTo zjipgiNmPB,i Fedlgeym®i n swedDaNEpoPattr r e
vl ast nA.Amdkiogh dhebon § vr at n o v dsoouting. @dhaleno byle v .

zaj2?mav®, dS2ve nepopsan® chov§n2 psT, kte
Psi, kteS2 se vracel. za pomaonc 2b N e onu tpiordgRu
severmag e sy a to®ez ohledna tq kterTm smhRrem se n

majitel.J e proto vysoce pravdBDpodobn®bhNDhednpsi
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vyrovmsywval ivl ast n? me ntmiilgm?% t maRli mpk gp Sed?
mo hl o n &kpaoan8avadn? s pkrm@jieh.®h o s mDr u

BENEDI KTOVMOCMKOVC; BSVOBODA, J.: PAINTER,
L. : NOvCKovCe, P.: VYNIKALOVC, L.: HART, V.

Magnetic alignment enhances homafciency of huntng dogs eLife, 9:e55080DOl:
10.7554/eLife.55080
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5 DI s#u

Experimenty sumi s Sov §n2potravanive eldveu skompdedehch

smRDr@ewer a vichod, vichod a pptirdiyy Tjsil ke d&k yz §
dS2vBjemqzomotsbudc§€chps ievogravesiramavauy § hr anNDnost
anebo jsaek g eavrAb(bihisaalck et&ll, 2026, 2017; Tomkins et al., 2010a;

Wylie et al., 2017)

SmRDr ov § pr e fpesrgkaretuje snotorigkbuk at er al i t ou zj i gSo\
tzv. Kong testu Zd§ se, ge oba typy proxe m&rzemc?2
mechanismyTent o zgfoWwiradwe s d $Omkidgedd. AO10b) §K teezry®
ukazuj 2, ge Vokogl eti ey s{ me€dr ijsko&) nlaats
nezs8visl ®

Vest udriccvenh Byl &d wig z B aviviplo h | asvm@Drnoav eranci p r e f
ot §)] end g p&ewrz pjums vi(@Brayoadgers, 2006; Poyser et al.,

20068)V soul adu siel vl odlwSAedimk otvesr @ayla a |l . |
preference ottng? emro kloamgd®he®enkonkr ®t n2ho p
um2 stdeR ptiGd k ® eshbe8n®ru el ektromagneti ck®
c2vka m8§ j,edmez n® eu mMingha osroiud natsanl M 2j csho ub ozddT
v n DVlivy fako slunce ne o .WObkatexperimentye x t ef A®E mkov§ et al
[ i ntledrS§ingkrouv § @vyladzqv @02 1m2r n®, valtemyl Zrea
mi sky umg s¢dddne&® byly voleny | astnDji, neg
preferenkeg d@Bd eknd n\kkonektustudiegen p g d T | zejgii ¢t ng22,
gem2nhDnou pr edwlriemrciil ote8 emémpagm@add wdklin & i k
anal T za v,gatke ukktaazhu jseefveer aizfi@®hjren usjl2oci ttimkg® A
jhemi Tyt o efekty jsou jednostrann®: pekeferer
(psi )pjreavlch az n Nijig kombinad jihy & Ip la @n & prefenence
ot 8§l en2 proti smierku (Hgseki rheewiBoch | owl§ n-aid v K
v T ¢ hMadiruhou stranu kombinace severl ¢ lsond uj e (Azpomal uj el
ol 8n2 ve smRru hodinovich rulil ek§gad) jpe ¢
preference ot 8] en? pro@wips I mDeswn8KE)Xan o vIl2an
zpTsobermojvdlo y i agemiBky spno?ksrtniyn & ol eny m®nhD | ast

ol ek8vat, zat?2mco severnhD um2stNDn® pokr my

31



zpomalen2fi -Fenasdg | h@DiMgP raac & md o AizlriylRfhd e né i
neg-Wkonkbinat, visledn§ teoretick§ stSedn?2 pr

V t®t 0o souvipotostatyem@gealbliza publikovanTc
magnetzrak®wWo§mMzZnich drdh3l obaatfevmigoet i
se obvykle shoduje s magiokiou osou sever i h , avgak pr TemelAcen® s m
jednotlivce nebo skupior gani s mT | s owe |sansNmow Ipodsduimmult iyl e k
osy sevejih (Begall et al., 2013; Burda at., 2020; Malkemper et al., 201&)dchylka

od magneti cjki®h olsy mellea vzni knout na r Tz
hierarchie: mohl a by sousmyduet ndhud s fawsrykn

agymetriemi mozku,t, s entr 8l n2m zpracovs8n2m.

Al kol i zpTsob vn2 ®hmwm?2 komras u snau§nRBv 2iz38dt a d o
(Nordmann et al., 2017) n8l ezy z behavior 8l n2ch, hi st
aelektrofyziologicklghr et e dpréd dveemny,] rkk t neld ke
mohly platiti pr o magnet ot elcietperiatpusSle. j sou nej | as
mechani smy: mechani smusnezhlaomgemiusna ama dBét
Snadinii t neppPSi tmgbhahlj gmenm k vysvhDtlen2?2 mag
je myglenka mal ®ho pert Brawm2eShe tne,h ok tnednigin eft wn g
kompasi (Yorke, 1979) Receptoryn a b §zi magnetti Pruy moth®lie Ibil t\
gi volniearuTskormdent pd8v 8aymdéch a mohou blt vel

Dal g2 navrhovanl mechani smus mpa of ontagaftee mir e
reakci, kde jsou radi k8l ov® p&§ry tvoSeny |
vnhNj g2 m magn gmecharksinug apld IkesrmroMHoe & Mpugitsen,

2016; Ritzetal.,,2000)Jepavd Dpad glken ®e vyskytuj2 ve spec
S 2 t (Worster et al., 2016)

PSedpokl|l §d§8 se, T@he maeqreetoivak ® Ayd izaoSuh ni2nit eon
svRDtla, barvopSakeh obakiée ceinma s §Rhiips, Jorgecem

al ., 2010; Sol oW gpote®@z and |. wizueRl0OMé@e zobr az
severn2ho nebg ajsing)j2 h o oszmtdbzinaajt e fo dabén e §
z§phaosmiDiLme tedikt &R c dbese dainterdretovai j ako Aodkl on
odpuzovgn2 vIichoBemtxpaibeotp r S/qdymiskyjdiz.al o gen
na Vvizu8l n2 mTyYypesuoSap 2 g e preference ot 8] e
domi nant nBominanckpernrnw® oka mRDla za n8sl edek p
s

mNDr u hodi nowbminancel aho ®Ka @rkfereaciot §| @n 3 Emidr u
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hodinovich ruldduwk. e amapdreatpmrkec ezpacleo gie np s
mechars mu r ad ipk§&IToewiveemT et al ., 201%ke NileRSEe
Akonfl ifkt palij dhus e kado ridnda rsted2e r u , ale kontr
Avi diTelmymehtor yvol at pot Sebu nasmBeoegn? adbohf
podrmratriotvng8§n? tDHAKppd®hypm ®guze@8kEn2 bydomi na
mnNDI i tof ¢ stpev §ni testemn & ps&wsoryl jump testTomkins et al.,

2010b)

Ma g n e alignmkniby mohl pokytovatg | ob 81 n2r § mé @ y epkol n@&hla Ib y
strukturovat a organi zogiavto \piromh® lba op/rRo scthmrv
Yk ol. dediiou m a v r h o vieonyincohs t &r ojven §n2 kogni ti vn?2
magneti ck®iHarkomNav@koyvs8&§cogthbhpul mph@ilBos g
m2stn2 a d§lzknew®@nogvieeotk gy arca& @&rSoPhillips, Maheim,u p a mr
etal,2010)J edn8 sepou@intad ogap?2 r ova®gacagEpmmohdm o v Nk .
jednodugg? a i mtswibtai vzmayjogv2e,l8oksd ymip po @l neg
ot 8l en2 mapaa pSeadetitagbwn dle Nmggrmeitjieark T al i g
zprost Sedkovs8§vsg fyzick®sahledemman&qn e plemk & | n -
ZemDBur da et al ., 2020; .Hatrd , r Nloavtg8ikworwi3 , | e
strategie mchapom&mw&tShyTm spol elhdasw® jaejp§
kognitvre mapy .

Dal g2 m popuadgnitmm malgmentuiuck @@ ®r oveden? t z
Akompasov®hwl HtNehlurfizn &fvTkaidjitei e jpioc Wat NDRgiseza z v |
pSi Akompasov®m bRhuf zarovng§v@adynagmideK]I
alignment)l 2 mg byl i schopni vyug2vat zkratek a
efektivitu n 8 vr at owl cfortorvans§ n2 s n §Vr atyh, nkedy ok
(Benedi kt ovgPoedobal®v,8§n202ayjy.ugs vmaopnpoSsit or i
prostoru rTzn® zkrathopmE§movie eflektzkh®hg
psT, (Petevsl&kMEch, 1976fato schopost se objevovala pos
opakova@V griifdzvnthecht v r §mcia jpe®jsitalp nlime m2 sk
z k u g 2(Roges& Peters, 1978V 1T ¢sehr nut ® poznatky pSing§gej
psT vytvg§Set a poug2vat ment8&ln2 (kognitiyv
prostt@esc?P. ukazuj 2 na zapojen? magnetorece
protp&epwadh, pkodyS§ fs&lz np>’sni§wr at u nezarovnal.i
byl a del g2( Be m®diDk p&S?¢ nget al ., 2020)
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6 Z8v DDr

PSedkl §dang disertaln2 pr8§ce pSingg2 nov®
ve vztahu kmagnetorecepci:

Chovgn2 psT pSi znal kovg&n2 domovskTlch
magnetosenzitivhm chov&8n2 dom8c2ch maT®azmNsygh

magneti ck®mid pol e

Prezentovanl jednoduchl test vibRru ze
psT a mognl v i ejicmateraita.Mo h ke c & pudéudna a v
zaSardehgkmmoemwri chrm z¢sgTmMn2 | ateral i

psTkowmkr ®&t n2ch kol ech.

Lateral i t@a Alddaphu zscew§eredauyj, i kuferj®s dy mDdl y
vuwahu pSi r Tz ntéstedh bse na vmii ojr §ibooh2ojcuin nb8l tz vp?sS
konfront ov 8§ n a

Magneti Zlke®@mMp@é epsTm avac Tonb)e cpndds ksyt no u't L
referenln2 r8mec, kterlT je nezbytnl p

napom8hat spolehliv®mu Alten2f kogniti\

Fenom®n magnetorecépadhsjiadieéchyizeebibedi ch
pr ostcoroow8§n Nazje2 $4ati.gt Pn2 ukazuj2 dTJlegitos

magneticklch stkonutl §xtuu pse®jvidd manivt Dj g2 ch
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Abstract

Laterality is a well described phenomencn in domestic dogs. It was shown that dogs, under
calm Earth's magnetic field conditions, when marking their home ranges, tend to head about
narth- or southwards and display thus magnetic alignment. The question arises whether
magnetic alignment might be affected or even compromised by laterality and vice versa. We
tested the preference of dogs to choose between two dishes with snacks that were placed
left and right, in different compass directions (north and east, east and south, south and
west or west and north) in front of them. Some dogs were right-lateral, some left-lateral but
maost of them were ambilateral. There was a preference for the dish placed north compared
to the one placed east of the dog ("pull of the north”). This effect was highly significant in
small and medium-sized breeds but not in larger breeds, highly significant in females, in
older dogs, in lateralized dogs but less significant or not significant in males, younger dogs,
or ambilateral dogs. Laterality and “pull of the north” are phenomena which should be con-
sidered in diverse tasks and behavioral tests with which dogs or other animals might be con-
fronted. The interaction and possible conflict between lateralization and "pull of the north®
might be also considered as a reason for shifted magnetic alignment observed in different
animal species in different contexts.

Intreduction

Laterality, i.e. the predictable, non-random preference for using one side of the body (limbs,
brain hemisphere, sensory organs) spontaneously or if forced or restricted to choose between
two sides has been intensively studied and is well described in humans but it seems to be also a
widespread phenomenon among animals. Laterality may be inborn, imprinted or entrained
and has to be taken into account in maze and behavioral two-choice animal experiments [1-
5]. The laterality effect is often tested (and excluded) by counting the animals’ choice for either
side of a T- or Y-maze under control conditions (e.g. without a stimulus or reward) and/or
under conditions where the stimulus or reward is randomly alternating between both arms

of the maze. While such a behavioral test for laterality (and the exclusion of its effect) is a
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standard in two-choice-experiments of this kind, potential preference for a certain (magnetic)
compass direction remains usually unconsidered, and this in spite of the fact that magnetic
compass preference (displayed in the so-called magnetic alignment) has been documented in a
wide array of animal species in diverse behavioral contexts, reviewed in [6-10]. On the other
hand, however, laterality effects should be considered also in studies dealing with compass ori-
entation and navigation [9].

Recently, we have shown that dogs, under calm Earth's magnetic field conditions, when
marking their home ranges tend to head about north- or south-wards and display thus mag-
netic alignment [10]. In that particular study, a test for laterality was not relevant and not nec-
essary to exclude the existence and significance of magnetic alignment. Nevertheless, we
cannot exclude that laterality played a role under some circumstances and could have influ-
enced the angularity of the response—e.g. does a "left-handed" dog turn southwards if it comes
from east but northwards if it comes from the west? Laterality in dogs was examined behavior-
ally in more than 20 studies e.g. [11-23]. The most commonly used motor test was the so-
called “Kong test”, in which the preference for a paw holding a Kong (a toy stuffed with food,
KONG Company) is recorded. This laterality test is most probably not influenced by magne-
toreception, cannot be masked by it but, at the same time, cannot be used to address the ques-
tion whether laterality affects directional preference in the context of long-distance locomotor
spatial orientation. However, there are also some other tests of lateralization—e.g. preference
to approach food items placed either right or left of the dog [12] and studies of performance
requiring movement in a prescribed direction [23] which can theoretically be affected or even
be compromised by magnetic alignment.

Materials and methods

No permits were required for the described study, which complied with all relevant regula-
tions. All the dog owners were informed about the study, consented with the set-up and use of
their dog(s) and were present at trials.

Altogether 25 dogs (12 M, 13 F) of 14 breeds, aged on average 5.3 (SD 3.3, 1-12) years were
tested in the Czech Republic (12 dogs) and in Germany (13 dogs) (Table 1, S1 Table). The 12
dogs in the Czech Republic were tested at altogether 23 localities (distinct cities and country
districts, each dog in 36 test series at each locality), the dogs in Germany were tested at alto-
gether eight localities, each dog in 20 test series at each locality. At each locality, the dogs were
tested at at least two different sites. Test series were performed at different places at each site,
at different days over several months, at different times of the day, so that tests with each dog
evenly covered all daytimes. In all the cases, study sites were open fields, away from communi-
cations, buildings, high voltage power lines and conspicuous landmarks. Altogether 1,088 test
series were performed.

Each test series involved 4 trials where the dog should make a choice between two identical
dishes placed in front of it, at a distance of 2-6 m, according to the size of the dog, so that it
could not look into the dishes from its starting point. The dishes were placed in an angle plus
and minus 45° from the starting point, so that one dish was e.g. eastwards of the dog and the
second one was placed southwards. Each test series involved four trials (test combinations):
north versus east, east versus south, south versus west, and west versus north. The sequence of
the tests was changed randomly. Both dishes contained identical dog snack. The dog could not
see the preparation of the test, i.e. the placement of the dishes. The dog was brought to the
starting point and waited to get permission to go to the dish (of its choice). Two experimenters
were involved in this test. The first experimenter was setting up the test, while the dog owner
(who was uninformed about the actual directions of the dishes and gave the voice command)
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Table 1. Survey of the tested dogs and their factars.

breed subject country [ size seK age laterality n M M
| testseries | (1stlocality)  (2nd locality)

borzoi Hen cZ L M 1 left 36 + 36 225 135"
labrador retriever Man CZ L M 12 ambi | 36 72 X
wirghaired pointer Aja CZ L F 4 ambi | 35+36 220 305"
beagle Azi cz M M 4 right | 38+36 | 354’ a8
cocker spaniel Bar cZ M F 2 left 36 + 36 353" 18"
cocker spaniel Mal CcZ M F 8 ambi | 365+36 281 278"
foxterrier Fra CZ M F i left | 36+36 54 333"
foxterrier Got CZ M F 1 left | 36+36 45 62
faxterrier Bes cz M F 6 ight | 38+36 18° | 34g°
dachshund Tear C2Z S F 4 ambi | 35+36 | 270" | 257"
dachshund Can CcZ S F [ ambi | 36+36 | 323 | 315"
dachshund Ven CcZ S F 9 ight | 36+36 349° | 333"
border collie x miinsterander Paa GER L F 9 ambi | 20 | 148" x
bullterrier Gis GER L F 10 ambi | 20 | 138" x
Nat-coated retriever Fie GER L M 2 ambi | 20 | 270" x
labrador retriever Lor GER L M a ambi | 20 | 180" x
labrador retriever x rotiweller Jim GER L M 3 ambi | 20 | £l X
labrador retriever x rottweiler Sam GER L M 3 ambi | 20 | 1357 x
labrador retrigver Pal GER L M 5 ambi | 20 | 101° x
labrador retriever Lot GER L F 7 left 20 54 x
jack russel lermar Jac GER M M 12 | laft | 20 | an’ x
chihuahua Al GER S M 3 right | 20 | 72 x
chihuahua Ger GER 5 M | right | 20 | o x
chihuahua Hen GER ] M 5 | ambi | 20 | o x
yorkshine terriar Bri GER 5 F o ambi | 20 1 ar x

Size: L = large, M = medium, S = small, Sex: F = female, M = male, Age is given in years, laterality: ambl-, keft- or ight-lateral, n = number of lest series (in
each test series 4 trials were performed), p = mean vector in * at tha first locality and, if lested, at the second (distant) locality; at each of thase distant
localities 36 test series were parfarmed., x = the dog was not tested at the secand locality. The column “subject” refers to the first three letters of the
respective dog's name, See the supporting information (51 Table) for further detail.

https:doi.org/10.1371/jourmal pone. 0185243 1001

was either standing behind the dog, and had no eye contact with it, in the Czech Republic (Fig
1), or had dark sun glasses and stood on the opposing side of the dishes, facing the dog, in
Germany.

All the dog owners were informed about the study, consented with the set-up and use of
their dog(s) and were present at trials. The owners in the Czech Republic were coauthors of
this study, their colleagues, and friends; the dog owners in Germany were approached via dog-
training clubs.

Only the direction of the first choice was recorded. The dog was allowed to visit and take
the snack also from the other dish. Apart from the chosen first direction in a given combina-
tion, the sequence of tested combinations within the trial, the dog’s and owner’s identities,
locality, place, date, daytime, weather (sunny, cloudy, overcast, rainy), wind strength and
direction were recorded. (However, no tests were performed on windy days.)

From the recorded choices, preferences for either left or right turn were calculated for all test
combinations (N-E, E-5, 5-W, W-N) within each trial, and the sum for all trials for each dog.
Index of laterality was then caleulated for each dog according to the formula (R-L) /(R + L) x
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Fig 1. Photo illustrating the study setup.

mtpsdecorg 10137 pume pone OTES 243 o000

100, where R and L is the preference for using the right and left side, respectively | 11]. Signifi-
cance of lateralization was tested by chi-square test.

Independently, mean directional compass preference based on the frequency of first choices
ata given locality in all pooled trials (at different day times, different days, different places within
the locality) was calculated for each dog using circular statistics with Oriana 4.02 (Kovach Com
puting). Grand mean vectors were then calculated on the base of those mean dog/locality vectors
for all the dogs, and subgroups with respect to laterality, breed, body size, sex, and age.

Results
Laterality

In dish-choice trials, altogether six dogs were identified as left-sided, five dogs as right-sided
and 14 dogs were ambilateral based on the choices the respective dogs made in approaching
one of the dishes placed Jeft and right in front of them. There was no chear effect of breed and
sex on laterality.

Compass preference

T'esting the circular distribution of mean vectors of all dogs, as well as of dogs of a particular
lateralization, body size, sex, and age revealed that there was an apparent preference for the
north ("pull of the north®) which was highly significant in small and medium-sized breeds but
not in larger breeds, highly significant in females, in older dogs, in lateralized dogs but Jess sig
nificant or not significant in males, younger dogs, or ambilateral dogs { Table 2, Figs 2-5).
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Tahle 2. Circular stalistics for frequencies of choices of a dizh placed in north or east or south or west in front of & dog in duasl choice experiments
whers [ dog choss Belween norh or sesl, &asl or soulh, south o wesl, weelor nah.

Variabls il | males | Semales | small.and  large- | Ambe il | sighle  <3years | > dyears
| dogs | _ medium-slzed  sized | lateral  laderal  lateral |
Numberof cheervations | o6 | 14 | @ 21 1 | w | w8 13 | =
Mann vecior (j) | 1 | e | 3 a4 142 | @ma | oav E} s | s
Lengthof meanvector(r) | 0328 | 0362 | 0487 | 0686 Q808 | 0028 | 0STR | ome2 o | o4
Circular standard doviation | 85° | B2 7S s ™| e | er a1’ B |
Raylelgh test (Z) | 3968 | 1832 | 4508 | 10821 | 2135 | 0204 | 3338 | 5030 .31 | 4295
Raylesgh test o) | om7 | o6l | ooce 48x107° | 0B | 0750 | DO 7SOt | Dl o012

Each compass direction was alfered with the same irequency. Tha rumber of observations ralors 1o the numbar of dogs and localibes. Mean vectors inthis
tahka presen s grand maan Yeoioes.

hitps e 0rg/ 01371 oumal pose D1 B5 243 1002

Testing the frequencies of compass preferences combining always two nelghboring test
combinations centered at one compass direction (e.g. triad W-N-E combaned results of tests
W-N and N-E, and frequency of choloss 25-50-25% would be expectind i there were no pref-
crences and no Laterality) reveabed statistically significant difference from random disiribution
in tests involving Morth and East (W-R-E, N-E-5, chi-square p = 0.0000 and 0.0022, respee-
Lively) but not in both other combisations (E-5-W, p = 0.5011; 5-W-N, p = 0L1446).

N N

small and
medium-sized dogs

Fig 2. Mwan preference lor compass direction ol a dish with snacks of the first choice. Angular means over dogs of small, medium-sined, and
larga breads. Tha armow indicales the grand mean aadal veclor (W) calculated cvar all angular maans. Tha langth ol ha maan veckar (1) provides a maasurs

of the degree of clustanng in tha dstribution of the mean veciors. The innar cincla marks the 005 kaval of significanca boedar al tha Raylaigh test. Soa
Tabéa 2 for statetics,

large dogs

s o ong 1001 331 ousmial. pone (7853040 @02
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N N
males females

Fig 3. Mean preference for compass direction of a dish with snacks of the first choice. Anguiar means over males and femades separately. The
ATOw INGCH1Es 1he grand Mean axal voctor () CalosaIed over a8 Snguiar maans. Tha length of the Mean vactor (1) provicss & measura of the degnee of
dustenng in the dstribution of the maan veciors. The inner circie marks the 0.05 leval of signiticance boeder of the Rayleigh test. Sea Tabia 2 for statistics.

netps ool orp' T 0 15 fouma pons O1ES 243 pl03

N N N

—

h

left-lateral right-lateral ambilateral

Fig 4. Mean pref for pass direction of a dish with snacks of the first choice, Angular means over dogs of different lateralization types.
Tha amow indcates the grand mean woal vector (J) caloulabed over all angular maans. The length of $ve mean veckor (1) provices A measurs of the degres of
dustering in the distribution of the maan vectors. The Innar drcla marks the 0.05 leval of significance boedar of the Raylaigh st Soa Tabl 2 for statstics

TIP3 00l 01D 13T 10w 2one 01ES243 o004
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< 3 years > 4 years

Fig 5. Mean preference for compass derection of a dish with snacis of the firs! cholce. Angular means over dogs of diflerent age categaries. The
amow indicatos 1he grand mean axal vecton () calouiabed over all angular masns. The kength of the mean vector (1) provides a measune of the degnee of
dugtaring n tha distribulion of the mean veclon. T inner cick ek e 0,05 level of significance Bosdor of The Reaigh el See Table 2 lor stalistics.

hitpss ool arg 0TS0 el pone O FES 24 pole

We tested the preference of dogs 1o choose betwen two dishes with snacks that were placed
lefit and right, in different compass directions (north and east, east and south, south and west
ar wiek] and nonth) in front of them. Some dogs were L'.is‘hl'l.ﬂ.ll.'rij, sommee lefi-lateral but mast of
them were ambilateral. There was a preference for the dish placed north compared 1o the one
Pli‘HJﬂl east of the Jus I"pu]l ol the north®). This elfect was :ig:'l:il"n::nl! in small and medium
sized] breeds but not in larger hresds, signidicant in femabes, inodder dogs, in lateralized dogs
but not significant in males, younger dogs, or ambilateral dogs. None of the extrinsic factors
which might have influenced the directional chioice, but the Earth's magnetic fickd, was stahle
in space and time, All other factors (possible hints from the owners, landmarks, sun position,
weather, homing direction] were stoschastically changing and could not have systematically
influenced the ohserved “pull of the north®,

His mastar's voica?

The test was performed by several different dog owners. We do not see any possibility how the
dirgs might have been systematically (Le. in one cammuon direction and only in a compass
combination involving north and east) influenced in their decision by their owners. The dogs
hasd 10 eye contact with their owners. In fact, every choice was rewarded, and the dogs were
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allowed to take also the reward from the secand dish, so that effective learning, e.g. on some
landmark in the surroundings, was not possible, Besides that, the next teial occurred at another
place, or site or even at another locality, at another day, another day-time, and the sequence of
tested compass direction pairs changed,

Effect of sun?

“Pull of the north” could be theoretically explained as avoidance of blinding sun. This expla-
nation is rather anthropomorphic and does not consider the fact that dogs are lower than
human and that the dishes were placed on the ground. Moreover, this argument would be
valid only in the choice test “north x east” on sunny mornings in spring and autumn when
sun is low. Analogously, however, preference for the north would be expected also in the
choice test “north x west” in the evening on sunny days. Furthermore, dogs would be ex-
pected to avoid south during midday on sunny days. Larger (higher) dogs are expected to
be more prone to blinding than smaller (lower) dogs. Apart from the fact that actually there
was never a choice test “north x south” or “east x west™ where sun avoidance could be actu-
ally realized, none of these possible explanations for the results was supported. Circular
analysis of the tests performed in “lateral” dogs in the morning (grand mean vector p = 42°,
r« 0510, 5D « 66, Rayleigh test p « 0.041, N « 12) and in the afternoon (grand mean vec-
tor p = 22°, r = 0,650, SD = 53, Rayleigh test p = 0.0006, N = 16) revealed no differences
(99% confidence interval for g a.m, 343°-100°, for p.m. 347°-57°). Also "ambilateral” dogs
displayed no differences between morning and afternoon choices (morning: p = 286°,

p = 0161, N = 12; afternoon = 269", p = 0.488, N = 15). There were no significant differen-
ces between whatever combination of directions (N x W N x E, S x E. S x W) tested in the
morning and in the afternoon, respectively.

Note also that in Central Europe, Czech Rep. and Germany, where the experiments were
done, the sun hours make on average only about 35% of the light hours—so, if the experiments
are randomly and evenly distributed throughout the year and daytimes, the probability of
being blinded by the sun (if one lifts the bead or the sun is low and one looks into it), is 35%.
The probability that one actually has problems to recognize where on the sky the sun stands is
65%. Note also that according to the hitherto knowledge dogs do not perceive polarized light.

Other possible effects?

The Earth's magnetic fiekl parameters in both countries are comparable. The declination in
Essen (Germany) is 1.5%, the declination in Progue (Czech Rep.) is 3.5, and the difference is
thus only 2°, The dogs had to decide, however, for one of the two directions which were 90°
apart. Most importantly, directions in the field in both countries were measured by means of a
compass which shows always a direction to the magnetic pale, Le. not by means of a geograph-
ical map which would show direction to the geographic pole.

Although in Germany relatively more larger dogs were represented in the sample than In
the Czech Republic, there was no apparent country bias if smaller versus larger, lateral versus
ambilateral, etc. dogs in the two countries, were compared. 1n spite of the large dataset, the
subgroups (breeds, age. sex, lateralization) were still rather small and heterogencous and did
ot enable us to reliably test which of those facts was most decisive, We have also no idea why
larger breeds "failed” in the compass test. It should be noticed that this category was composed
mainly of (labrador) retrievers but it would be preliminary to claim that this breed is ambilat-
eral andfor “magnet-blind”. The fact that older dogs oriented more towards the north than
younger dogs might correfate with their experience and established orientation strategies.
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We have purposcly performed the experiments outdoors because the magnetic field in
basildings might be disturbed and because dogs tested indoars might orient with respect o
penmetry of rooms, Since it cannot be excluded that dogs might orient with respect 1o land-
marks also outdoors, care was taken when selecting the testing place that its surroundings
were free of any landmarks within the radivs of at least 30 m. a condition which could not be
comipled with indoors.

Conclusions and prospects

The here presented two-dish choice test widens the range of vests reviewed in [12, 24) suitable
foor amsessment of lateralization in dogs. At the same time it shows that laterality plays a role
not only in intrinsic kinesthetic reactions but alsa in directional goal-orented decisions.
Moreover there is an apparent “pull of the north”, which is particularly strong in the st com.
bination “north—east”. Laterality and “pull of the north” are thus phenomena which should be
considered in diverse tasks {and behavioral tests) with which dogs or other animals might be
confronted. On the other hand, the phenomenon of laterality shoubd be likewise considered in
studies of spatial orientation and navigation. The interactin and possible conflict between lat-
eralization and “pull of the north” might be also considered as o resson for shifted magnetic
alignment observed in different animal species in different contexts [4]. It might prove to be
significant for understanding the putative (and thes far unknown ) mechanism of magnetore-
ceptien that the field observations and lnboratory experiments in diverse animal species con-
sistently show a shift of directional preference from nosth or south to the east after a treatment
with a strong maegnetic pulse eg, [25-26]. Moreover, roe deer were found to prefer o escape
morthwards but to avodd escaping eastwards [27]. These (and further own unpublished) obaer-
vations indicate some sensory interaction between perceiving north and east directions,

Supporting information

51 Table, Information on tested dogs, particulars of trials and their resulis. Age is given in
years, the choice for a dish in the respective combination in compass degrees.
(XLSX)
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ABSTRACT

It was shown earlier that dogs, when selecting between two dishes with snacks placed
in front of them, left and right, prefer to tumn either clockwise or counterclockwise or randomly
in either direction. This preference (or non-preference) is individually consistent in all trials but
it is biased in favor of north if they choose between dishes positioned north and east or north
and west, a phenomenon denoted as “pull of the north”. Here, we replicated these experiments
indoors, in magnetic coils, under natural magnetic field and under magnetic field shifted 90°
clockwise. We demonstrate that "pull of the north" was present also in an environment without
any outdoor cues and that the magnetic (and not topographic) north exerted the effect. The
detailed analysis shows that the phenomenon involves also "repulsion of the south”. The
clockwise tuning preference in the right-preferring dogs is more pronounced in the S-E
combination, while the counterclockwise turning preference in the lefi-preferring dogs is
pronounced in the S-W combination, In this way, south-placed dishes are less frequently chosen
than would be expected, while the north-placed dishes are apparently more preferred. Turning
preference did not correlate with the motoric paw laterality (Kong test). Given that the choice
of a dish is visually guided, we postulate that the turning preference was determined by the
dominant eye, so that a dominant right eye resulted in clockwise, and a dominant left eve in
counterclockwise turning. Assuming further that magnetoreception in canines is based on the
radical-pair mechanism, a "conflict of interests" may be expected, if the dominant eye guides
turning away from north, yet the contralateral eye "sees the north”, which generally acts

attractive, provoking body alignment along the north-south axis.

Introduction

Dogs in two-choice experiments, when selecting between two dishes with snacks placed
in front of them, 90° apart, left and right, prefer to turn either clockwise (“right-preferring”™) or
counterclockwise (“left-preferring™) or randomly in either direction (*irresolute™). This turning
preference (or non-preference) is individually consistent in all trials but it is biased in favor of
north if they choose between dishes positioned north and east or north and west, a phenomenon
we denoted as “pull of the north™ [1]. This phenomenon was particularly pronounced in older

dogs, females, smaller and medium-sized breeds, dogs exhibiting a tming preference, and
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especially in the north-zast choice. We suggested that “pull of the north™ represents a further
indication of magnetoreception in dogs, the other being non-random directional alignment
during marking [2], which was, however, significantly changed when exposed to bar magnets
[3]. the ability to find a bar magnet [4], or the existence of the so-called "compass run” exhibited
during homing [5].

We are, however, aware that for the ultimate evidence of magnetoreception,
experiments in defined manipulated magnetic field and/or under conditions of disturbed
magnetoreception are necessary. Moreover, the proximate reason for “pull of the north” remains
unclear and should be at least hypothesized.

Laterality, i.e. a predictable, non-random preference for using one side of the body
(limbs, brain hemisphere, sensory organs) spontancously or if forced or restricted to choose
between two sides, is a known phenomenen in humans and animals. Laterality may be inborn,
imprinted, or entrained and has to be taken into account in maze and behavioral two-choice
animal experiments [6-10].

Laterality in dogs has been intensively studied with regard to the motoric {efferent)
aspect (paw laterality, Kong-test: [11-15]; sensory (afferent) aspect [ 16-18]; cognitive [19], and
emotional aspects [20-22]. Interestingly, and contrary to studies in humans, turning (directional,
rotational) preference has remained understudied.

Most people are right-handed, vet tend to instinctively veer to the left upon entering a
new space [23]. Interestingly, the counterclockwise action goes also for most athletic tracks,
horse and car races, and for baseball players running the bases [24]. There is even evidence that
the chariot races at ancient Rome's Circus Maximus ran counterclockwise, too [25-26]. So, in
sports, where competitors enter the field of play from the outside of a traced circle, a right-
directional choice would lead to a counter-clockwise motion. But when entering the field of
action from within the circle - walking out of your apartment to take the dog for a walk, and
encountering intersections - right directional choices would tend towards tracing a clockwise
path [23]. Interestingly, in the countries, where people drive on the left side of the road, retail
shoppers tend to turn counterclockwise - when navigating store aisles, while in the countries,
where people drive and keep on sidewalks right, veer clockwise [23]. Tendencies of people to
turn either direction are known to architects who use them to design shopping galleries to funnel
shoppers in the wished direction [23].

While the preference to turn in a certain direction can be explained by individual inborn
laterality (handedness) and experience (facilitation), or — e.g. in the context of our experiment

of choice between two dishes, which is a visually guided task, through visual laterality - the
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“pull of north” is expected to have a magnetoreceptive ground. Examination of this
phenomenon has a heuristic potential in getting insight into the very seat and mechanism of
magnetoreception, which still remain enigmatic [27].

Sensory laterality {or asymmetry) has been described also in the context of spatial
orientation in general and magnetoreception in particular. It has been found that homing pigeons
rely more on the right olfactory system in processing the olfactory information needed for the
operation of the navigational map [28]. An earlier study [29] has shown that the magnetic
compass of a migratory bird, the European robin (Erithacus rubecula), was lateralized in favour
of the right eye/left brain hemisphere. However, it has been later demonstrated [30] that the
described lateralization is not present from the beginning, but develops only as the birds grow
older. In another study [31], it was shown that pigeons can perceive and process magnetic
compass directions with the right eye and left brain hemisphere as well as the left eye and right
brain hemisphere, However, while the right brain hemisphere tended to confuse the leamned
direction with its opposite (axial response), the lefi brain hemisphere specifically preferred the
correct direction (angular response). The findings thus demonstrated bilateral processing of
magnetic information, but also suggested qualitative differences in how the left and the right
brain deal with magnetic cues.

Based on the hitherto knowledge and the above arguments,
1y We hypothesize that if “pull of the north™ is due to magnetoreception (and indeed no other

explanation is apparent), it should be demonstrated also in an artificial magnetic field shifted
by magnetic coils, i.e. the artificially shified magnetic North should exert the same effiect as
the natural geomagnetic North.

2) We expect that, consistently with results of the previous study [ 1] “pull of the north™ is more
pronounced in “lateralized” dogs and more in the North-East (N-E) combination than in the
North-West (N-W) choice.

Furthermore, following questions can be raised (and should be tested) to get insight into the
nature of the turning preference:

3) Does the directional preference for turning correlate with motoric laterality (such as paw-
laterality, i.e. “handedness™)?

4) Is pull of the north a) symmetrical (bilateral, i.e. of the same strength in the clockwise as in
counterclockwise direction), or b) asymmetrical (unilateral, i.e. stronger in one particular

direction)?
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Material and methods

Ethics statement

The study did not involve any disturbance or discomfort to the study subjects. The

Professional Ethics Commission of the Czech University of Life Sciences in Prague has decided

that according to the law and national and international rules, this study has not a character of

an animal experiment and does not require a special permit,

Subjects

Altogether, 23 domestic dogs Canis familiaris (11 M, 12 F) from six breeds with

pedigree and an average age of 4.8 (£ 2.8) years (Table 1) were used in this study. The dogs

were pets living in households, All the dog owners were present with their dogs at trials,

Table 1. List of the tested dogs and resulting indices of directional preference.

61

Dog Owner Breed Sex Age Paw motorical :::::Ig Mean turning
laterality preference
preference

Amalka KB Dachshund D F 5 51 17 46
Arthur ES Dachshund N M n.m, -32 45
Azl 15 Beagle M [ -4 19
Barca LS Fox Terrier F 12 67 42
Bertik KB Dachshund D M 3 8 -29 -48
Bessy JA Fox Terrier F 8 20 22 42
Figy KB Dachshund I F 5 9 -4 B4

Gofi IA Fox Terrier F 3 =70 95 06
Hard JA Fox Terrier M 2 -46 22 2

Hugo KB Dachshund D M 3 n.m. 23 -17
Hurvinek KB Dachshund [ M 7 51 -4 ]
Jimmy ES Dachshund N M 2 nm, i} 35
Kacka KB Dachshund D F 5 25 -17 -18
Kuky KB Dgchshund D M 7 27 50 40
Naty ES Miinsterkinder M 3 .. -45 62
Ofm I8 Beagle F 9 ] 8 &

Pecka KB Dachshund D F 2 44 17 29
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Plysak KB Dachshund D F 2 10 =37 60
Punta KB Dachshund D M 3 -1 -8 -34
Roxxy 15 Beagle F 9 100 62 67
Shedy ES Weimaraner M 5 i, 27 40
Sisi KB Dachshund D F 3 n.m 12 42
Zolka KB Dachshund D F 2 =20 54 46

Paw motoric laterality = laterality index based on the Kong test; Initial turning preference
Tuming preference index in the first trials of each dog. Mean turning preference = = mean
turning preference index over all trials of each dog. Sex: F = female, M = male. Age is given
in years. Dachshund N = normal-sized dachshund, Dachshund D = dwarf-sized dachshund,

n.m, = not measured,

Experimental equipment

The experiment took place in a magnetic coil at the field research station Truba,
Kostelee nad Cernymi lesy, (N 50°0.40480', E 14°50.11145"), a detached workplace of the
Faculty of Forestry and Wood Sciences, Czech University of Life Sciences in Prague, Czech
Republic. The magnetic coil (a Merritt coil, built according Kirschvink [32])is 4 x 4 x 4 m and
is located in a separate special building. It is shielded from radiofrequency waves. It is
controlled from a separate building next to the coil building. The magnetic field in coils is
manipulated by a MagFieldG control software through a GMP4 RJ4.01 control unit and three
current amplifiers, each for the Bx axis, the By axis and the Bz axis. The generation system for
GMP4 3D coil system is used to create a defined direct and slowly changing magnetic field and
it serves to drive the coil system to create a defined magnetic field.

Magnetic induction values in the Cartesian coordinate system (axis Bx = -3225 nT; axis
By = 17800 nT; axis Bz = 45448 nT) were set for the experiment, thereby rotating the magnetic
field by 90 ® magnetic North was shifted to the topographic (= geomagnetic) East. The magnetic
field strength and inclination were maintained as for geomagnetic values for local geographic
conditions. The magnetic coil space was used also for the control experiment to test the dogs
under local geomagnetic conditions, while other experimental conditions were preserved
identic, i.e. shielding of radiofrequency waves, avoiding other influences (wind, sun, outside
sounds). The coil room was equipped with cameras (AXIS P5624-E 50HZ - PTZ [P camera,
T/ N, 18x zoom, HD 720p, P66, PoE +) for video recording of the entire experimental space,
network speaker with SIP, PoE support (AXIS C3003-E NETWORK HORN SPEAKER,

6
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Double - sided audio) and microphone (AXIS T8353A MICROPHONE 3.5MM) at the control
station to secure communication of the leading experimenter in the control workplace with two

experimenters in the coil.

Experimental procedure

Dogs were tested indoors, in a room housing the magnetic coils, and should make the
choice between two identical dishes. The dishes were placed at a distance of 2.9 m from the
point of release of the dog, always a plus and minus 30° from the starting point, Both dishes
contained the same treats and dogs were always allowed to empty both. After placing the
dishes, the dog was ready for the starting point and waited to obtain a permit to go to a dish.
The dogs could not see the placement of the reward dishes. Three experimenters were
involved in the experiment; two were present in the magnetic coil (the owner was guarding
the dog and prohibited it from seeing the preparation procedure, and the other was preparing
the placement of the rewarded dishes), the third experimenter was in the control room using a
microphone and headsets to communicate with the two other colleagues, changed the
experimental magnetic conditions (switching between control and experimental conditions)
according to a randomized schedule and recorded the results (direction of dog first choice)
(Fig 1). Note that this person was the only one who knew the actual position of the magnetic

North inside the coil.

Fig 1. Experimental setup as monitored from above by a camera placed at the ceiling of
the room, showing the sequence from release of the dog (A) to its choice of one of two dishes

(D).

Each dog was tested in three to five test series under the control conditions with the
magnetic North (mN) being 0°, and in the same number of test series in an artificially shifted
magnetic field with mN=90° (where magnetic north was set on topographic east). The order
of the test series (control first, shifted field second or shified field first, control second) was
taken into account. Tests series were performed at different days, at different daytimes, evenly
distributed over the whole day.

Because a series included four trials in each dish combination alignment (i.e. N-E, E-S, §-W,

and W-N), individual dogs experienced either 48 or 80 trials (in 12 or 20 complete series) in
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which their turning preference (first dish choice) was recorded under control conditions and
the same number of records was gathered for experiments in the shified magnetic field. The
difference in the number of series and trials experienced by individual dogs was given by their
availability for our study.

In addition, the dog’s identity, date, time, sequence of trials combinations, and the

order of the trials in the respective series were recorded.

Paw preferences

To determine paw preference (motoric laterality of dogs), a modified Kong test [e.g.
12, 16, 33] was used. In this test, it is recorded with which paw (left or right) the dog holds a
Kong, a dog toy (KONG Company) when trying to get the food stuffed inside. A plastic
yoghurt cup was used instead of Kong. The inner walls and bottom of the cup were covered
with a dog's delicacy such as lard, cream cheese. Each dog was tested at home in an open area
for 10 minutes while the dog played with the cup and tried to lick it out and the number of
touches with either paw was recorded. Simultaneous touches with both paws were also
recorded but were not included in the caleulation of the index of laterality. The dogs who did
not touch the cup during test of paw preference were excluded from the analysis of the Kong

test.

Data analyses

From the recorded choices for each dog, in each trial, the left and right turning preferences
were summed, for all four combinations (W-N; N-E; E-S; 5-W) separately, For data analysis,
the turning preference index was calculated in tests performed in the control and shified
magnetic field. The formula (R-L / R + L) x 100 was used, where the R=right and L=left sides
are the total numbers of the first choice of lefl or right dishes. The laterality index for the
paw preference (Kong test) was caleulated using the same formula. The value of the index can
range from -100 to -25 (= left-pawed dog) to 25 - 100 (= right-pawed dog). Dogs with index
values between -24 and 24 were considered ambilateral. For the turning preference, altogether
ten indices (L1) were calculated; one for each dish combination alignment (N-E, E-S, 5-W,
and W-N), i.e. four altogether in the control conditions and four altogether in the shified
magnetic field conditions. Furthermore, we calculated one mean index for control conditions
and one mean index for shifted magnetic field (Table 81). The dogs were divided in turning

preference lefi-preferring, right-preferring or irresolute (ambilateral) preference according to
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[33] based on results of the first trials (Initial turning preference in Table 1). Generalized
Linear Model (GLM) contained the interaction between Magnetic field and Turning
preference classes.

From the recorded choices, preferences for either left or right turn were calculated for
all test combinations (N-E, E-S, 5-W, W-N) within each trial, and the sum of all trials of each
dog. Index of directional preference was then calculated (according to the above formula) for
each dog.

All data were analyzed using the SAS System (SAS, version 9.4). For caleulating
Spearman correlation coefficient we used PROC CORR. To analyze the factors affecting the
directional preference index (dependent variable) we used a multivariate Generalized Linear
Mixed Model (GLM, PROC MIXED). We constructed two GLMs. The models were applied
as a fixed-effect models designed for the repeated measures, i.e., in SAS, with REPEATED =
order of testing and the SUBJECT = Name of the dog with compound symmetric covariance
structures for repeated measures ( TYPE=cs). The first GLM was constructed with the predicted
fixed factors Magnetic coil in an interaction with the Tumning preference classes, and then we
added other variables listed in Table 52 in case they could affect the directional preference
index. Mone of these variables appeared significant and therefore we will not mention them in
the text any more. Least squares means (LSMEANs) were caleulated for the categorical fixed
effects by computing the mean of each treatment and averaging the treatment means. These
means of means were then used to compare the factors.

The second model was designed to estimate repeatability of the directional preference
across experimental conditions. The GLM contained the only fixed factor Magnetic coil. We
calculated repeatability as the intraclass correlation coefficient [34] by adding the RCORR
option to the REPEATED.

Independently, mean directional compass preference based on the frequency of first
cheices in a given combination in all pooled trials was calculated for each dog using circular
statistics with Oriana 4.02 (Kovach Computing). Grand mean vectors were then calculated on
the base of those mean dog vectors for all the dogs, and subgroups with respeet to turning

preference, experimental condition, sex, and age.

Results
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Paw preference (motoric laterality, Kong test)

Following the a priori set criterion, out of altogether 17 dogs tested, 3 dogs were
classified as lefi-lateral, 6 as right-lateral, and 8 as irresolute (ambi-lateral) (Table 1). There
was no apparent effect of sex, age, breed or owner on this type of laterality. The correlation

between the Kong and overall turning preference tests was rather weak (r:=0.317, P=0.22).

Turning preference under the control (mN=0°) and experimental
(mN=90°) conditions

Following the a priori set criterion, out of altogether 23 dogs tested, 6 dogs were
classified as clockwise-preferring (right-lateral), 7 dogs as counterclockwise-preferring (left-
lateral), and 10 as irresolute (ambi-lateral) (Table 1). There was no significant difference in
turning preferences of individual dogs between control conditions (mN=0°) and the shifted
magnetic field conditions (mN=90°) (Fig 2). There was a variation in the turning preference
index according to the magnetic north direction and Turning preference classes (F23, 131y74.59,
P<0.0001, Figs 2-3). For the dogs with clockwise turning preference, there was a trend towards
increasing the turning preference index from NE, SE, SW and NW. In other words, the
clockwise turning dogs exhibited the lowest turning preference index in the combination North-
East. However, only the difference between NE vs NW and between NE and SW, and only in
the shifted magnetic field, reached the level of significance (P=0.05) (Fig. 2 left). For the dogs
with counterclockwise turning preference, the most intensive counterclockwise preference was
shown in SE orientation in comparison with NW and partly NE, while the weakest preference
was in shown in the NW combination. Significant differences were achieved in the shifted
magnetic field in SE vs NW, and under control conditions in NE vs SE, SE vs NW, SW vs NW
(Fig 2, middle). No trend nor differences were detected for dogs showing irresolute turning

preference (Fig. 2, right).

Fig 2. Turning preference index (Least Square Means = SE) for clockwise-preferring (left),
counterclockwise-preferring (middle), and irresolute (right) dogs under the conditions of the
magnetic North (mN)=0° (control) and mN=90° (shifted magnetic field) for the four particular

combinations of the placement of dishes.

Fig 3. Numbers in each quadrant (in the respective four compass combinations: N-E, E-S, S-

W, W-N) show Mean values of turning preference indices calculated from individual dogs

10
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and pooled across all trials (both control and shifted magnetic field conditions). Data were
partitioned by turning preference (left figure shows clockwise turning preference, right figure
shows counterclockwise turning preference; irresolute dogs were not calculated. The green
arrow over the dog's head in the centre of the circle indicates the direction of view of the
(supposedly) dominant eye which guides turning direction, while the red arrow shows the
direction of view of the contralateral eve, supposed to exert "pull of the north” if heading
northwards. Green arrow outside the circle designates the preferred direction of turning, the

shorter red arrow designates "pull of the north”,

There was significant bias from the overall turning preferences in the eastern
hemisphere, expressed as the "pull of the north”, in that a dish placed castwards was more
frequently chosen than a dish placed southwards and a dish placed northwards more
frequently than a dish placed eastwards, resulting in an average (theoretical ) preference for
NNE (Fig 4, Table 2). In a more differentiated view, this result was due to a dominant
preference of females and/or clockwise preferring dogs for North (over East) and to an
additional weaker pull of the East over South in males and/or counterclockwise preferring
dogs. "Pull of the north" in irresolute dogs was indicated but not significant (Table 2, Figs 2-
3).

Fig 4 Mean preference for compass direction of a dish with snacks of the first choice.
Angular means over dogs preferring to turn clockwise, those preferring to turn
counterclockwise, dogs which were irresolute in their preference, and over all dogs. The
arrow indicates the grand mean axial vector (p) caleulated over all angular means. The length
of the mean vector (r) provides a measure of the degree of clustering in the distribution of the
mean vectors. The inner circle marks the 0.05 level of significance border of the Rayleigh

test. See Table 2 for statistics.

Table 2. Circular statistics for frequencies of choices of a dish placed in different
cardinal compass directions in front of a dog in dual choice experiments, where the dog

chose between north or east, east or south, south or west, west or north.

Variable Allwials | mN=07 | mN=90" | 1stseries | 2nd series
Mumber of dogs tested 23 23 23 23 23
Mean vector (p) 21° 43" 3500 22° 17°
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Length of mean vector (r) 0485 0.557 0464 0.347 0.566
Circular standard deviation G9° 622" T 23 6l
3% Conlidence interval {-/+) forp | 349°-33% | 16°-70° | 316°-23° | 335°.68° | 351°-44°
¥9% Confidence interval (+/+) forp | 339%63° | 7°-78° | 305°-34% | 321°-82° | 342°.52°

Rayleigh test (£) 5402 7134 4.945 2.766 7.378
Rayleigh test (p) 0.004 4.92E-04 0006 0.061 J68E-04
clockwise | counterelockwise
Variable males | females | preferring preferring irresolute
Number of dogs tested 11 12 & 7 10
Mean vector (p) 447 o [ 48 N
Length of mean vector (r) 0517 | 0.529 0637 0.655 0.350
Circular standard deviation [ 65* 547 530 g2
3585 | 318%-
5% Confidence interval (=/+) for p @ 42° 318%53° 97 279877
344% | 3047 252°-
90 Confidence imterval {-/+) for p 1052 S6° 030680 3540103 113
Rayleigh test (£) 24959 | 3357 2431 3.005 1.268
Rayleigh test (p) 0.049 | 0.031 [ITiE] 0.043 0.288

Each compass direction was offered with the same frequency. Mean vectors in this table

represent thus grand mean vectors, CF Fig 4,

Repeatability of turning preference
A single factor of Magnetic coil was not significant (Fi, 2: = 1.16, P=0.86). On the other
hand, Repeatability was high (r=0.76).

Discussion

Turning preference did not correlate with the motoric paw laterality (Kong test).
Apparently, both types of preferences are controlled by different proximate mechanisms /
pathways. This conclusion is consistent with earlier findings [35] showing that visual
(sensory) and paw (motoric) laterality in dogs are independent of each other. None of the dogs
had any previous experience with emptying cups (i.e. Kong-type tests). None of the dogs used
in this study had a history of being trained "Heel" to come and follow the master at her/his left
{or right) side. Consequently, their turning preferences can be considered natural,
spontaneous, inborne, and not entrained. Accordingly, there was no significant difference in
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the turning preference in particular dogs between the first and second experimental series and
there was no effect of the respective owner. Interestingly, among the dogs who trned
clockwise there were more females, while among the dogs turning counterclockwise there
were more males. The sample was, however, too small to allow any general conclusion with
regard 1o the effect of sex on turning preference. In fact, no clear effect of sex on turning
preference was found in a previous study (with a different composition of the study sample)
[1].

Consistently with results, of the previous study in open field [1], the turning
preference was consistent for each particular dog for all combinations of placement of dishes
also in an interior with uniform walls, no apparent landmarks, and no sun or wind cues.
Concordantly with the results of the previous study, this preference was slightly, yet
significantly disturbed (or pronounced) in that the north-placed dishes were more frequently
chosen than would be expected according to the average turning preference of each particular
dog. Most important in the context of the present study is the finding that, magnetic and not
topographic, north affected the mentioned bias.

The detailed analysis shows, however, that the "pull of the north” is a more complex
phenomenon, involving also "repulsion of the south”. These effects are unilateral: the
clockwise turning preference in the right-preferring dogs is more pronounced ("accelerated”)
in the S-E combination, while the counterclockwise turning preference in the lefi-preferring
dogs is "accelerated” in the 5-W combination. On the other hand, N-E combination decreases
("decelerates”) clockwise turning preference in the right-preferring dogs, while in the N-W
combination, the counterclockwise turning preference in the left-preferring dogs will be
reduced. In this way, in the total, south-placed dishes are less frequently chosen than would be
expected, while the north-placed dishes are apparently more preferred. Since "rotational
deceleration” is stronger in N-E than the N-W combination, while the "acceleration” 1s
stronger in the 5-E than in the S-W combination, the resulting theoretical mean preference is
for Mortheast.

It may be of relevance and significance in this context that the analysis of published
results on magnetic alignment behaviour in a variety of vertebrate species revealed that
magnetic alignment typically coincides with the north-south magnetic axis, however, the
mean directional preferences of an individual or group of organisms is often rotated clockwise
from the north-south axis [36-38]. The deviation from the magnetic north-south axis could
originate at different levels in the sensory hierarchy: it could be related either to asymmetries

at the sensor level or to functional brain asymmetries, i.e. central processing.
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Although the mode of the perception of the magnetic compass direction in animals
remains enigmatic [27], findings from behavioral, histological, neurocanatomical, and
electrophysiological studies have led to several physically viable theoretical models that might
also apply to dogs. Two mechanisms are most widely discussed in the literature: the magnetite-
based mechanism and the radical-pair mechanism.

Perhaps the most intuitively appealing mechanism to explain magnetosensitivity in
animals is the idea of a small permanent magnet inside the animal that acts like a compass
needle [39]. Magnetite-based sensors may be located anywhere in the body, they do not need
to be concentrated in (paired) organs and they can be very tiny.

Another proposed mechanism for magnetoreception in animals is based on an effect of
the magnetic field on the quantum spin states of a photo-excited chemical reaction that forms
long-lived, spin correlated radical pair intermediates (radical pair mechanism; [40-41]. It is
believed to occur in the specialized retinal cells [42-43]. It is assumed that the magnetic field
may generate a “visual” pattern of varying light intensity, color, and/or contrast superimposed
on the normal visual scene [40, 44-45). The model suggests that north or south “patterns” are
more clearly recognizable and casier to be followed than east or west “patterns”. Accordingly,
and alternatively, the “pull of the north™ could be also interpreted as a “deflection / repellence
by the east or west”,

Given that the choice of a dish in our experiment was visually guided, we may postulate
that the turning preference was determined by the dominant eye, so that a dominant right eye
resulted in clockwise, and a dominant lefi eye in counterclockwise turning. Assuming further
that magnetoreception in canines is based on the radical-pair mechanism [46-47], a "conflict of
interests” may be expected, if the dominant eye guides turning away from north, vet the
contralateral eye "sees the north”, which generally acts attractive, provoking body alignment
along the north-south axis. To test this hypothesis, visual dominance (eyedness) in particular
dogs should be studied in an independent test, e.g. sensory jump test [35].

Magnetic alignment might have an adaptive function in that it provides a global
reference frame that helps to structure and organize spatial behavior and perception over
many different spatial scales. For example, one possibility is that magnetic alignment helps to
put the animal into register with a known orientation of a mental (cognitive) map, reducing
the complexity of local and long-distance navigation, and reduces the demands on spatial
memory [44]. This would be analogous to strategies used in human orientation; it is much
simpler and intuitive to navigate when the navigators align themselves with a physical map

(i.e. the users rotate their body direction to coincide with the alignment of the physical map),
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rather than to navigate by mentally rotating the physical map to align with the user’s
orientation. Therefore, we suggested that the mental map in animals is fixed in alignment with
respect to the magnetic field [2, 38]. Indeed, important component(s) of the cognitive map
may be derived from the magnetic field (see below) and spontaneous magnetic alignment
behavior may help to place the animal into register with this map. This relatively simple
alignment strategy would help animals to reliably and accurately “read’ their cognitive map
and/or extend the range of their maps when exploring unfamiliar environments, Accordingly,
animals of different taxa were frequently reported to prefer to head about northwards when
feeding (reviewed in [36-38]).

We suggest that the described simple turning test has a high heuristic potential and
should be extended for tests of visual laterality and be performed under a wider array of
experimental conditions to get more insight into the very mechanism, seat and function of

magnetoreception,
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