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Magisterska prace
Tvardikova, K. 2009: Jak ptaci rozpoznavaji predatory — vyznam Uplnggtialni informace
[How do the birds recognize the predators — impmeaof complete visual information],
Faculty of Biological science, The University of ullo Bohemia,Ceské Budjovice, Czech

Republic

Anotace:

Schopnost rozeznabzné druhy dravit a uZiti ,amodal completion” byly studovany #igiech
druzich sykor pomoci prefer&mich krmitkovych experimefit Predevdim bylo zji&ho, Ze
chovani sykor je v souladu s ,dynamic risk assessiieory”, neb6 piitomnost jakéhokoliv
predatora snizovala pet pileta na krmitko. Sykory navic hodnotily krahujce jakdces
nebezpéného, protoZe jehorftomnost snizovala @et pileti na krmitko vice nezZifiomnost
postolky. Dale byly studovany reakce sykor na tokeahujce (,amputated” podt) a torzo
krahujce zakryté ve chvoji (,occluded* padn Obs tato torza byla sykoram nabizenadbu
spolu s neSkodnym holubem, nebo s neb&rpa predatorem na alternativnim krmitku. Sykory
klasifikovaly ol® torza jako plnohodnotné predatory, kdyZlynmoZnost pijmu potravy na
bezpeéném krmitku s holubem. Oproti tomu, kdyZ byl naeaiativnim krmitku krahujec, tak
sykory riskovaly pilet k podivnému amputovanému torzastji, nez k torzu zakrytému ve
chvoji. Tato diskriminace jagn dokazuje pouzivani “amodal completion”&hiem

rozpoznavacich procees

Annotation:

Pair-wise preferential experiments were used teakdangerous predator differentiation and
ability of amodal completion by four tit speciesrsly was revealed that the tits’ behaviour
towards the feeder was in agreement with predistiointhe dynamic risk assessment theory.
The presence of any predator at the feeder lowbedumber of visits to the feeder. Likewise,
the tits evaluated the sparrowhawk as more dangetttan the kestrel because its presence
lowered the number of visits more than the kes8etondly, we observed tits’ reactions to both
partly occluded and amputated dummy of sparrowhiamtivo different treatments (torsos vs.
complete dummy of pigeon, torsos vs. complete dunaigparrowhawk). All birds clearly
classified both torsos as “full-featured” predatarsl kept away of them when pigeon on the
second feeder. However, when sparrowhawk was pessem the second feeder, number of
visits to amputated predator was higher than tdudecl one. Birds risked arriving to “utter”
amputated torso while the fear of “full-featuredctuded torso stayed without change when
second feeder did not provide safe alternativehSligcrimination between torsos needs ability

of amodal completion.
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1. Uvod

Schopnost spréen rozpoznat a ohodnotit nebezpest predatora je zakladni
podminkou pro fithess vainzijicich zivaiichu (Devereux et al. 2005). Antiprettd
chovani je energeticky namé (Krams & Krama 2002) a kromiipmych naklad
zdrzuje od dalSich nemé&mulezitych aktivit, zejména pak odiipnu potravy. Proto
jsou zvtata neustéle nucena vyhodnocovat, které antipnéddovani a kdy se vyplati.
Podhodnoceni nebezpeeho predatora tize byt pro jedince fatalni. Nadhodnoceni
aktualniho ohrozeni jej ale diskriminuje taktéz f@&005). Podle ,risk assesment
theory" (Montgomerie & Weatherhead 1988) by jedindery pabézrné vyhodnocuje
situaci a podle ni §mi své chovani, th byt ve vyhoa pred jedincem vykazujicim fixni
odpowd’ na vzniklou situaci.

Schopnost rozpoznat predatora je tedy prvnim krok&nspravnému
ohodnoceni nebezpie Tato schopnost byla v minulosti testovana zepn&mramci
experimeni zantienych na studium obrany ptaeh hnizd (review viz Caro 2005).
Ve valné ¥tSiné praci byla porovnavana pouze reakce na predatoeskodné objekty
typu lahev, krabice apod. (nd@idad: Schields 1984Reyer et al. 1998Arnold 2000
Radford & Blakey 2000 Rytkénen 2002). Mén ¢asto byl porovnavan predator
a neskodny vic€i mérg podobny ZiveiSny druh. Kullberg & Lind (2002) prokazali
rozliSovani mezi atrapou krahujce a koroptve. Sték Dale et al. (1996) pozorovali
u lejska ¢ernohlavého Kicedula hypoleuca) rozdilné reakce na vycpaného krahujce
(Accipiter nisus) a drozda kwalu (Turdus pilaris). Clemmons & Lambrechts (1992)
zjistili, Ze sykory Parus atricapillus) reagovaly nejmén na cipmanka Tamias
striatus), veverku Eciurus carolinensis) a stizlika (Troglodytes aedon). Naopak
na sojku Cyanocitta cristata) a sovu Qtus asio) reagovaly silnym #kem.

Pomgrné intenzivni pozornost byla émovana srovnani reakci na hnizdni
predatory a predatory dodpda, (review viz Caro 2005). Také dalSi prace (Buitron
1983 Knight & Temple 1986Jacobsen & Ugelvik 199Rytkonen & Soppela 1995
Arroyo & Mougeot 2001 Hogstad 2004Csermely et al. 2006), potvrzuji, Ze ptaci jsou
schopni rozlisit hnizdniho predatora od predatasptci a své chovani k nim upravuji
zejména podle dosavadnich investic do h¥nizdSance na nahradni iSku, typu
ohroZeni (ml&at a/nebo branicich ptéka vzdalenosti predatora od hnizda.

Nicmére jen velmi malo autdr se zabyvalo studiem reakci piaka fizné

nebezpeéné druhy predatdrdosglcu. Ve tSirg pripadi se jednalo o srovnani denniho
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dravce se sovou. Dravcem byl vzdy krahujec, zatimeoli sov se vysfdaly rizné
druhy. Rytkénen & Soppela (1995) pouzivali atraplid3ka nejmensiho, Kout (2002)
kalouse pustovku a Curio et al. (1983) atrapu gast¥/Sichni tito autéi pozorovali
intenzivrejSi mobbing na sovu, ktery interpretovali jakastbdek ¥tSiho strachu
z krahuijce.

Grubb (1977) a Curio at al. (1983) zjistili rozdilyreakci ptak na fizné druhy
sov, v zavislosti na jejich velikosti a potravnesflizaci. Naopak Altmann (1956) toto
nedokazal, tato prace vSak metodicky neodpovidéasoym pozadavkn.

Oproti pokusm s predatory dosjra, jedinA prace porovnavajici reakce
na iizné hnizdni predatory zZadné rozdily v chovani loféhi ptdki nezaznamenala
(Jacobsen & Ugelvik 1992).

Alternativu k pokug8m zaloZzenym na obran hnizd poskytuji krmitkove
experimenty. Jestlize ptdkovi nabidneme potravowasre v jeji blizkosti umistime
predatora, pak navwdta krmitka znamenda, Ze peba zisku energieipvazila nad
vyhodnocenym rizikem.

VétSina praci zabyvajicich se manipulaci rizika nenikku byla provadna
ve voliérach a zastila se na studium vztahu mezi fyziologickym stavestovanych
ptdki a jejich ochotou riskovat. AditiozjiStovali, jak ptaci reaguji zsmou hmotnosti
na @itomnost predatora na krmitku (Lilliendahl 1997,989 2000 Pravosudov &
Grubb 1998 Carrascal & Polo 1999). Jini se z#ilh na studium hladin
kortikosteroidnich horman(Cockrem & Silverin 2001) nebo trade-off mezi ukdfim
se a hledanim potravy (van der Veen 190@ssvel et al. 200PDevereux et al. 2005
Lind et al. 2005). Jenékolik praci bylo prova&gno v girozeném posedi (Gentle &
Gosler 2001 Desrochers et al. 200RaclLeod et al. 2005MacLeod & Gosler 2006
Tvardikova & Fuchs in prep.). Jejich vysledkyeg@evSim ukazuji, ze jpodni“
krmitkové experimenty jsou vhodné pro studium raz@vani predatéra Ze ptaci

rychle a komlexé méni nejen fyziologii ale i chovani.



2. Cile

Stavajici studie &nované rozpoznavani predatopracovaly s powrné omezenym
poétem ,objekfi* Ve své bakalgské praci (Tvardikova & Fuchs in prep.) jsem
se rozhodla tento get podstaté rozstit. Do svych experimeitjsem zahrnulatzne
nebezpeéné predatory (krahujec, postolka), vidanéns neSkodné ptaky (sojka, holub,
drozd) a unily piredmét (chomé& vaty). Jako metodu jsem pouziléirpdni krmitkovy
experiment a testovanymi ptaky byiyii druhy sykor Parus major, Poecile palustris,
Poecile montanus, Cyanistes cearuleus).

NejvhodrgjSi charakteristikou vlivu atrapy na chovani sykerukazal byt paet
prilett na krmitko. Fitomnost ¥tSiny atrap (s vyjimkou drozda a déhého gedmétu)
pocet piletda signifikantré snizovala. Jakykoliv &tSi ptak vetrg zcela neSkodného
holuba tedy zvySoval opatrnost sykorekvapiw vSak nerozliSovaly mezi atrapou
postolky a krahujce, ipstoZze krahujec fpdstavuje ¥tSi nebezp#, neba se jedna
0 specializovaného predatora drobnych pt@kotmark 2002Rytkdnen et al. 1998).

V magisterské praci jsem tedy na tuto studii nalgdzdym prvnim cilem bylo
pokusit se prokazat odliSné hodnoceni neb&mpsi postolky a krahujce pomoci
preferegnich krmitkovych pokus Predpokladala jsem, Ze pomoci preferch
experimeni (v nichZz ptdk mize volit mezi déma moznostmi) bude mozné rozlisit
i jemné rozdily v hodnoceni nebezZpesti predatar, které jsou nepostihnutelné
v jednoduchych krmitkovych experimente@@lanek 1). Mij predpoklad se potvrdil
a proto jsem tutéZz metodiku pouzila pfeseni dalSiho Ukolu — testovat, zda ptaci
pii rozpoznavani predatbipouzivaji “amodal completion”, nebo se rozhodgjiipe na
zékladk klicovych znak predaton (Clanek II).
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Clanek I.
Feeder preferential experiments: Do the birds behayaccording to

dynamic risk assessment theory?

1. ABSTRACT
Pair-wise preferential experiments were used toeakvdangerous predator
categorization by four tit species wintering in tBeech Republic. The reactions of tits
to more (the sparrowhawk) and less (the kestretpeieus predators were compared.
The number of visits to a feeder, with a predaresent, expressed perceived predator
dangerousness. The tits’ behaviour towards the efeaglas in agreement with
predictions of the dynamic risk assessment thebng. presence of any predator at the
feeder lowered the number of visits to the feedgkewise, the tits evaluated the
sparrowhawk as more dangerous than the kestrelubeciéss presence lowered the
number of visits more than the kestrel. The resalés show the exceptional suitability

of preferential experiments for the research oflpter differentiation and evaluation.

2. INTRODUCTION
Experiments using a feeder proved productive fag tesearch of antipredatory
behaviour in passerines. With a feeder, it is bsdio examine the trade-off between
the need for predator avoidance and food intaken&& Gosler 2001 Desrochers
et al. 2002 MacLeod et al. 2005). In a previous study (Tvargia & Fuchs in prep.),
we used feeder experiments to examine whether kBpkcify the antipredatory
response according to the differing dangerousniegstential aerial predators and other
birds. Two birds of prey differing in prey speczltion (the common kestré&lalco
tinnunculus, the Eurasian sparrowhawRccipiter nisus) were among the tested
predators. The sparrowhawk is the most dangeroedapsr for small passerines
(Rytkbnen et al. 1998 Gotmark 2002), while small mammals predominate
in the kestrel's diet (Kubler et al. 2005). We ecteel that the number of visits
to the feeder would be lower in the presence oparswhawk than in the presence
of a kestrel because of its different dangerousf@ssmall birds. Our hypothesis was
not confirmed statistically. The number of visits the sparrowhawk was lower than

to the kestrel however the difference was not ficamt.
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In this study, we tried a new method to reveal shbtle difference between
the evaluation of the kestrel and sparrowhawk. \ffflered to birds a couple of feeders
with various combinations of predators instead ofycone. Such an experimental
design had never before been applied to studyvhkei@ion of predator dangerousness.
However, preferential experiments in birds haveeady successfully been used
to reveal bird food choices. Pair-wise (or “cafet8rtrials, where two (or more) food
types are presented, could easily detect food mmede (e.g. Willson & Comet 1993
Best & Gionfriddo 1994 Whelan & Willson 1994 Willson 1994). Similarly, we
expected that the birds would behave accordingskoassessment theory (Montgomerie
& Weatherhead 1988), and that confronted with difig risks at the same time they
would choose the lesser. We followed Carrascal &n&b (2006), who found that
passerines prefer feeding in safe places in therity of protective cover.

We offered the following treatments (combination§ “dangerousness”):

a kestrel (or sparrowhawk) vs. an alternative feedghout a predator, a kestrel
(or a sparrowhawk) vs. the same predator at anrnalige feeder, a kestrel
(or a sparrowhawk) vs. the opposite predator altmnative feeder. We supposed that
the birds would prefer feeding in the presence lud tess dangerous predator
(the kestrel) only in the case of the occupationtted alternative feeder by more

dangerous (the sparrowhawk).

3. METHODS
Experimental site and species
The experiment was undertaken during the winte2ff6/2007 at the edge of broad-
leaved tree growth near the village of Chodska &h@9°21'15”, 30°47'25"), West
Bohemia, the Czech Republic. Though, the site 3 B¥ters above sea level and is
located in a relatively cold part of Bohemia, thisiter was not harsh, being mostly
without snow cover. We studied four species of the great titPParus major), the blue
tit (Cyanistes caeruleus), and the “marsh” tit, which predominating on feesd The
“marsh” tit was represented by the marsh Roecile palustris) and the willow tit
(Poecile montanus). These two species are indistinguishable on vatex and so were
lumped together as one species.
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Experimental design

Two feeders were situated in a field, 7 meters ftbenedge of tree growth. The feeders
were 20 meters apart and the space between thenfreeasf trees. Shrubs and trees
in the tree growth edge served as a watching péack as a shelter for the birds.
The feeders were square boards (45 cm by 45 cng tyn the ground with raised edges
to avoid the scattering of food. Between experimmettie feeders were covered with
a roof. Sun-flower seeds were used as food. Tactthe birds, the feeders were filled
four weeks before the first experimental seriesy Agmaining sun-flower seeds were
attentively removed and replaced with grated walredch time just before the trials
started. The tits did not carry the grated walraksy to consume them under cover
as they had done with the sun-flower seeds. Thexetbey had to remain at the feeder
for a longer time if they wanted to achieve suéfidifood intake.

Stuffed sparrowhawk and kestrel dummies were usetest predators. They
were placed on a 75 cm high stake in the outen(fitee forest edge) right corner of the
feeder and always faced into the centre of feddeividual trials lasted 30 minutes.
The following combinations of dummies (combinatioh treatments) were tested:
kestrel vs. sparrowhawk, kestrel vs. empty fee#lestrel vs. kestrel, sparrowhawk
vs. empty feeder and sparrowhawk vs. sparrowhawko Empty feeders was the
reference control. This amounted to six differemdls in one series. The sequence
of trials within each series was randomly arrang&te placing of the dummy
(on the left or on the right feeder) was randomhaiaged for each trial as well.

Each series was carried out in one day. There waally a five or six day break
between each series. Each experimental serieedtlrd - 1 hour after daybreak.
Feeders were taped constantly during the durafidineoexperiments. Cameras were set
up in a fixed position, facing the feeders, 7 metwvay near the edge of tree growth.
The snow cover and temperature were noted for egg@rimental day. Ten series were
conducted and amounting to 60 half-hour trials.

As part of this study, birds were trapped usingtimets to reveal the rate
of pseudo replications. Mist-nets were in use thg defore each experimental series
and the trapping effort was constant (about 30sbingre ringed per day) during
the study. Under licence (Czech bird ring assammatil062), each trapped bird was
fitted with both a standard metal leg-ring with aique number and an individual

combination of colour-rings. Each bird was thusquieiy identifiable on videotape.
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Altogether 265 birds were ringed during the wintiérhas been revealed that
X+SD = 54.53+4.95 % ringed birds came back to &selér in the following series (one
day after ringing). Only X+SD = 30.39+1.49 % stayadtil the second series
(approximately 7 days later) and X+SD = 15.11+5.2 t6 the third series
(approximately 14 days later). Less than X+SD 5107 % of ringed birds dwelled in
the locality longer than one month. Individual lsingsually visited the feeder in X+SD
= 1.46+0.6 trials (at most in 4 trials) during ceFies. Once appearing during the trial
the bird usually arrived at the feeder X+SD = 2@3¥ times. These numbers are
a little lower than observed by Desrochers et 200Q) and Tvardikova & Fuchs (in
prep.). This may have been caused by the mild winte

Satistical analysis

The number of visits at the feeder of individualdpecies during the treatment was
analysed. The numbers of visits were analysedyfifet each whole trial (half-hour)
and secondly for 5 minute long intervals within oti&al (to reveal the possible
habitualization to the motionless predators). Tolowing explanatory variables were
used: the situation at a particular experimentadiée - from which the number of visits
were included in the analysis (dummy), situationtloa alternative feeder (alternative
dummy), the sequence of series during the wintetQ)l tit species (interaction
dummy:species), temperature (°C), and snow cowey.(c

First, a base line of birds was counted for eadieseFor that reason, left
and right feeders within the reference controlsti{bfeeders without dummy) were
compared and found to be nonsignificant (Mann-Wayithl test: U =47, N1 = N2 = 10,
P = 0.819). After that the arithmetic means ofvals during the reference control were
counted for each bird species and each series.

To make comparison of the treatments (within antiveen trials and series)
possible, the relative number of visits at eacliéeavas counted for each bird species.
The numbers of visits to all experimental feeddostlie left as well as to the right)
in particular series (with a dummy on at least teexler) were divided by these means
and all the created ratios were entered into tla¢yais.

We acknowledged the problem of statistical nonidelpace as the left and right
feeders were in one trial simultaneously. Therefote examine which of
the explanatory variables had an effect on the raunalb visits to each experimental

feeder, GLM was constructed and the random effext @astablished for both feeders
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within one trial. Data had a normal distributiordahe link function identity was used.
All interactions were originally also included imet model but only particular:
dummy:alternative dummy (the only significant) aitdspecies:dummy (insignificant
but important for result interpretation) were men#ad in the results.

Different GLM was constructed to reveal differendestween combinations
of dummy:alternative dummy. The random effect wetsup for both feeders within one
trial. Data had normal distribution and the linknétion identity was used. The ratios
of number (from above) of visits were entered itlte analysis where the particular
combination of dummies on both feeders (for exampéstrel — kestrel) was
explanatory variable. The sequence of series (1-fiB)species (dummy:species)
temperature (°C), and snow cover (cm) were therakplanatory variables. The Tukey
post hoc test (Hothorn et al. 2008) was construafest that.

Repeated measures ANOVA was used for 5 minute lotggvals analysis.
The number of visits during the experimental triglgl not change significantly
(dummy: section: fp = 0.41, P = 0.938). These statistical calculati@rsl all graphs)
were made using STATISTICA 8 for Windows (Statdot.)

4. RESULTS
Over the winter, 5292 individual visits were receudat the feeders. The dummy
present at the experimental feeder, the situakestfel, sparrowhawk or feeder without
predator) present at alternative feeder and theeesmture were significant predictors of
relative change of the number of visits. The intBom between both dummies was also
significant. The snow layer, the series sequenue tle interaction between the dummy

and the tit species had no significant effect (€dbl

Table 1. The effects of the dummies, weather and experimental design on the relative

change of the number of visits at the feeder (GLM)

Effect Df F P

Dummy 2 414.05 <0.001
Alternative dummy 1 17.86 <0.001
Temperature 1 9.36 0.020
Snow 1 0.83 0.365
Series 1 0.21 0.648
Dummy : species 10 0.56 0.543
Dummy: Altern. dummy 4 10.01 <0.001
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If separate combinations of dummies on experimeatal alternative feeder
were compared (Tables 2, 3), the kestrel dummiesedsed the relative number of
visits less than sparrowhawk dummies but only @atiments in which a kestrel was
combined with a sparrowhawk or kestrel on the aéttve feeder. The decrease in the
number of visits did not differ between a kestrat esparrowhawk in treatments, in
which a kestrel was combined with the alternatieeder without a predator (Table 2,
Fig. 1).

Table 2. Differences between the relative changes in the number of visits to kestrel and
to sparrowhawk in trials with different treatment at the alternative feeder (noted

in parentheses)

SP(SP) SP(0) SP(KE)
0.989 0.987 0.978
KE(0)
0.95 <0.00 <0.00
<0.001 <0.001 <0.001
KE(SP)
-7.44 -7.26 7.27
<0.001 <0.001 <0.001
KE(KE)
-7.38 -6.98 -6.98

Treatments on both feeders: KE — kestrel, SP - sparrowhawk, 0 — empty feeder (occurs

only at the alternative feeder). The Tukey post hoc test results show P (above) and t

(below) values.

Table 3. The differences between the relative changes in the number of visits

to kestrels, or to sparrowhawks, in trials with different treatment at the alternative

feeder (noted in parentheses)

t P
KE(SP) KE(0) 7.26 <0.001
KE(SP) KE(KE) 1.14 0.888
KE(KE) KE(0) 6.98 <0.001
SP(SP) SP(0) 0.95 0.985
SP(SP) SP(KE) 0.95 0.989
SP(KE) SP(0) <-0.01 0.987

Treatments on both feeders: KE — kestrel, SP - sparrowhawk, 0 — empty feeder (occurs

only on the alternative feeder). Tukey post hoc test results show P and t values.
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Figure 1. Relative changes (related to reference control) in the number of visits
to kestrel and sparrowhawk in trials with different treatment on the alternative feeder
(noted in parenthesis). Treatments on both feeders: KE — kestrel, SP - sparrowhawk,

0 — empty feeder (occurs only on the alternative feeder).

The dummy at the alternative feeder also influentlee relative change
of the number of visits to the kestrel (Table 3j.Hi). A kestrel decreased the number
of visits less if it was combined with a sparrowlaov kestrel than if it was combined
with an alternative feeder without a predator. Télative change in the number of visits
did not differ in any treatment with a sparrowha¥lable 3, Fig. 1). Low temperature

diminished the decrease in the number of visithédfeeder with a predator (Fig. 2).
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Figure 2. Effect of temperature on the number of visits at the feeder — for experimental

trials with a predator

5. DISCUSSION

Tits behaviour at the feeders was in agreement thighpredictions of dynamic risk
assessment theory (Montgomerie & Weatherhead 198®).presence of any predator
at a feeder lowered the number of visits to theléeg¢the number of visits did not get
over 35% of reference control in any trial). Likeej tits evaluated a sparrowhawk
as more dangerous than a kestrel because the pees¢éna sparrowhawk lowered
the number of visits more than a kestrel. Thisedéhce is in agreement with current
knowledge about sparrowhawk and kestrel feedingloggo Small mammals
predominate in the kestrels diet (Kubler et al. 000n the other hand,
the sparrowhawk is a specialized predator of sipadiserines (Rytkdnen et al. 1998
Gotmark 2002) and should represent a bigger thin@atthe kestrel.

The willingness to risk the visit to the feeder Wwawered by the possibility of
using an alternative safe feeder. When the alteen&teder was without a predator, tits
kept away completely from the kestrel much like gparrowhawk. When there was
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a predator (of no matter what species) on the redtere feeder, some tits fed
at the feeder with the kestrel while the numbevisits to the feeder with sparrowhawk
was still negligible. This result proves that this’tdecisions (to visit or not to visit
a feeder) depend not only on the general dangeesasuf the predator present but also
on the possible alternative solutions.

Our preferential experiments allowed us to distisiguwhether higher
willingness to risk visits to the feeder with a kebwas caused by its “unrecognition”
as a predator or its evaluation as being less dangehan a sparrowhawk. In the first
case, the number of visits during treatments irctvitihe alternative feeder was without
a predator should not differ from treatments inchha predator was present.

A new question arises: Where does the tit's abtltyifferentiate between the
more dangerous sparrowhawk and the less dangerastrek come from?
One possibility is innate predator recognition. Tdea of innate recognition has a deep
history (see Caro 2005 for review). However, thé @tudy on great tits (Kullberg &
Lind 2002) found that young, “naive”, birds did mespond differently to the dangerous
sparrowhawk and the harmless grey partrid@gdix perdix). Some studies on other
animals (even where predation pressure on newbhsmat too high) have also shown
that predator recognition is the result of cultutehnsmission (see Caro 2005
and Kullberg & Lind 2002 for reviews). Thereforegwean presume that most tits
visiting at our feeder had previous (at least calty mediated) experience with both
predators and that the tutors’ behaviour diffegards variously dangerous animals.

The ability to differentiate dangerous raptors baen discussed in only limited
number of studies. Experiments were conducted mosthe breeding season on birds
defending their nests. Rytkdnen & Soppela (1995)néb that willow tit Poecile
montanus) responses towards the pygmy ol qucidium passerinum) were generally
more intense than those towards the sparrowhawkileBly, Curio et al. (1983)
revealed that the great tit differentiated not ohBtween different orders of raptors
(bird of prey, owl) but also among different genefawls. They found that the pygmy
owl (specialized on birds) was responded to moem tthe tawny owl $rix aluco,
predator of rodents). The black-billed magpieicé& pica) reacted more strongly
to falcons Falco mexicanus, F. Columbarius) than to hawksButeo jamaicensis, Circus
cyaneus, Accipiter cooperi) in Buitron’s (1983) study. The decision (if angdawhen)
to defend the nest is influenced by the dangermssrd the predator for adults

and offspring (this can differ tremendously), pastestment in nesting and the chance
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of renesting in the current breeding season (sed-Naenzen et al. 1999 and Caro
2005 for review). Our feeder experiments therefprevide the first unambiguous
evidence that birds categorize predators according dangerousness if only
dangerousness for adults is taken into account.

Current study follows in our previous research {@kova & Fuchs in prep.)
on predator recognition where the number of vigis the feeders with kestrel
and sparrowhawk did not differ. The only signifitatifference between them was
in the successfulness of the visit to the feedendgally, the number of visits to feeders
treated with a predator was higher than in theesurstudy. This may have been caused
by the conditions (perhaps the closer distancéhtabscover) in which the feeder was
placed. That is why we set up a greater distanceoter in the current study.
This distance was to prove effective for our expents. A similar distance was used
by Desrochers (2002) who studied changes in thepesception at feeders separated
from tree cover by 6 and 10 metre wide strips aroprea when a stuffed merlifa{co
columbarius) was present.

In the winter experiments, more simultaneously gmésd feeders were used
to reveal diurnal changes in fat reserves (Koivetlaal. 2002 MacLeod et al. 2005
MacLeod & Gosler 2006) or habitat use under théuarfce of latent predation risk
(Carrascal & Alonso 2006). However, although theharts were not interested
in preference towards particular feeders; somerghens of preferential antipredatory
behaviour (MacLeod personal communication) werenaed.

Our results not only confirm that tits behave adowy to dynamic risk
assessment theory but also show the exceptiortabdity of preferential experiments

for the research of predator recognition and evaloa
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Clanek Il

Sign stimuli or amodal completion? Which plays theole in

predator recognition?

1. ABSTRACT
Amodal completion enables us to perceive whole, mmgdul objects and interact
appropriately with them. Several studies, basedperant conditioning, have shown
that various animals (especially mammals and soings)bcan perceive amodal
completion. We tested if tits use amodal completromature in predator recognition.
Reaction of the birds was observed to both partdgimled and amputated dummy
of sparrowhawk in two different treatments (tora@s complete dummy of pigeon,
torsos vs. complete dummy of sparrowhawk). Thespafrdummies were presented
on two feeders 25 meters apart. All birds clealdgsified both torsos as “full-featured”
predators and kept away of them when the pigeonowdke second feeder. This means
that birds do not use amodal completion but recgm@ predator according to sign
stimuli (e.g. eyebrow stripe, hooked bill, eye).w&ver, when the sparrowhawk was
present on the second feeder, the number of y@sitse amputated predator was three
times higher than to the occluded one. Birds ris&giling to an “utter” amputated
torso while the fear of a “full-featured” occlud¢éorso stayed without change when
the second feeder did not provide a safe altermaBuch discrimination between torsos

requires the ability of amodal completion.

2. INTRODUCTION
In a three-dimensional environment, objects frefjyescclude parts of themselves and
other objects. Yet humans seem to have little aiffy recognizing a person who
is sitting in a car and they reach for the visitbener of a book on a messy desk. Casual
observations suggest that animals could do the .s&uoe example, a chick can
recognize the mother hen if it is partially hiddergrass (Vallortigara 2004).

This adaptive ability is the phenomenon called amhodompletion:
the psychological completion of one object that een partially hidden behind
another (Kanisza et al 1993). Amodal completionb&s animals to perceive whole
meaningful objects and behave appropriately to tHeeveral studies have shown that
mammals (mice: Kanisza et al. 1993; rhesus maca@asn et al. 2000; Fujita 2001;
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baboons: Duruelle et al. 2000, Fagot et al 2006irsgl monkeys: Nagasaka & Osada
200Q Japanese macaques: Sugita 199l chimpanzees: Sato et al. 1997) can perceive
amodal completion. Most recently, the ability tsually complete partly occluded
objects was reported in a fish species (Sovranas&zza 2008).

In many bird species evidence for amodal compietias been obtained using
traditional training techniques such as filial inmping or conditioning techniques.
Chicks clearly recognized a triangle when facedhwat partly occluded triangle
and an amputated one (Regolin & Vallortigara 199%a et al. 1996). This confirmed
that chicks perceive object uniformity soon aftatdhing. Similarly, adult hens had
the ability of recognition of overlapping squaresdacircles (Forkman 1998)
or chromatically homogenous overlapping figureslid@ara & Tommasi 2001).

Evidence surrounding amodal completion for pige@ns most studied species)
iIs equivocal. Some findings seem to indicate thmjegns can compensate for
an incomplete image (Watanabe 19%%ust & Huber 2006). But there are many
experiments suggesting that they are not able icepe unity and coherence of partly
occluded objects. Watanabe & Furuya (1997) condutieat birds did not see
the hidden figure in a video image. This findingsvgaipported by DiPietro et al. (2002)
and Sekuler et al. (1996).

Typically geometrical shapes were the tested imagesxperiments and the
birds had to complete those simple figures. Redmynof natural stimuli is a different
way how to study amodal completion. Natural stinteind to offer a large variety
of dimensions such as texture, shading, strucinfatmation or orientation and their
absence can influence results. In nature, animals use amodal completion to
differentiate conspecific, prey and predators.

The ability of birds to differentiate dummies ofedators was shown in many
studies (see Caro 2005 for review) and these stimmlld be used for amodal
completion research. Experiments at a feeder pravede an effective tool of how
to test for the ability of predator dummies diffietiation in the field (Gentle & Gosler
2001, Desrochers at al. 200RlacLeod et al. 2005).

Here, we report on the ability of visual completminthe upper half of an avian
predator Accipiter nisus). However, the ability to recognize half of a paeat could
have two reasons: 1. Birds are able to visually mlete a partly occluded predator
and they know that it continue behind the view nbgton - or 2. Birds perceive the

half of predator as a whole because the half iredudign stimuli of the predator.
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Traditional ethologists supposed that just the sigmuli serve for predator and sexual
partner recognition (e.g. Tinbergen 195Chantrey & Workman 1984Carbaugh
et al. 1962 Schein & Hale 1957Shoettle & Schein 1959).

For that reason, we studied bird reactions to Ipattily occluded and simply
amputated predators. There was no view obstrudtiothe case of an amputated
predator and it was clear that the predator do¢sotinue. If the birds a recognize
predator only according to sign stimuli, they coelhluate both dummies (amputated
and occluded) equally. If they have the ability wéual completion, they could
recognize an amputated predator as unnaturalrftifull-featured) and less dangerous
than an occluded dummy. The following hypothesesewested: 1. Birds do not fear
an amputated sparrowhawk any more than a harmiedgdigeon) 2. Birds are not

afraid of an amputated sparrowhawk less than aluded sparrowhawk

3. METHODS
Experimental site and species
The experiment was undertaken during the winte2@d7/2008 in broad-leaved tree
growth area near the village of Chodska Lhota (49%', 30°47°'25"), West Bohemia,
the Czech Republic. The site is 640 meters aboadese| and located in a relatively
cold part of Bohemigthe winter of 2007/2008 was quite harsh. We stlifber species
of tits predominating on feeders: the great Harus major), the blue tit Cyanistes
caeruleus) and the “marsh” tit. The “marsh” tits was reggated by 2 species:
the marsh tit RPoecile palustris) and the willow tit Poecile montanus). These two

species are indistinguishable on videotape, andese lumped together as one species.

Experimental design

The feeders were positioned in a small clearingrosmnded by mixed deciduous
woodland and scrubland, where the shortest distencever was ca.4 meters. The two
feeders were 25 meters apart and the space betiveefeeders was free of trees.
The feeders were surrounded by shrubs and trees thoee sides. Those served as
a watching place and shelter for the birds. Theldee were boards (45 cm by 45 cm)
lying on the ground with raised edges to avoid Huoattering of food. Between
experiments, the feeders were covered with a ®wf-flower seeds were used as food.
To attract the birds, the feeders were filled wstin-flower seeds four weeks before

the first experimental series. Any remaining swwir seeds were attentively removed

-26 -



and replaced with grated walnuts just before trad. tThe grated walnuts were used
because of the effort required by the birds fortteeim to remain longer at the feeder
(Desrochers et al. 2002). Tits did not carry gratenuts away to consume them
in cover and stayed on the feeder a longer tingaio sufficient food intake.

Stuffed models were used as tested birds. They plaeed on a 75 cm high
stake in the outer (from the camera) right corrfehe feeder and always faced into the
centre of feeder. Throughout the text, the termsluoied (for upper torso hidden
in shrubs) and amputated (for upper torso on pevaly) sparrowhawk occur.
Amputated or occluded sparrowhawk models were deatginst to a whole pigeon
or complete sparrowhawk respectively. Two emptydées was the last tested trial
(reference control) and it always came after twpeexnental trials. This amounted
to four different [amputated (or occluded) sparrawk vs. sparrowhawk, amputated
(or occluded) sparrowhawk vs. pigeon] experimeatad two reference control trials
in one series. The reference control trials haddigositions within the series (1. and 4.
trial). The sequence of pairs of dummies (experialetmials) within each series was
randomly arranged. The placing of each dummy (@nldft or the right feeder) was
randomly arranged within a trial as well.

Individual trials lasted 30 minutes so a seriegethghree hours of actual time.
Each experimental day started one hour after dagbr&xperimental feeders were
taped constantly during the duration of the expents. The camera was set up
in a fixed position, facing the experimental feed8r meters away. Snow cover
and temperature were noted for each experimenyalldeere was usually a six or seven
day break between each series. Thirteen series warducted during the winter
of 2007/2008, amounting to 78 half-hours of thalsti A total of 14672 visits of tits
were analyzed.

As a part of this study the birds were trapped gismst-nests to reveal the rate
of pseudo replications. The experiment was desigodatiat trapping level was constant
(about 50 birds were ringed per day) during thel\stiMist-nets were in use one day
before each series. A total of 568 birds were whdaring the winter. Each trapped
individual was fitted both with a standard metaj-leng with a uniqgue number and
an individual combination of colour-ring was thetted under the licence (Czech bird
ring association, 1062). Each bird was thus unigigentifiable on videotape.

It was revealed that X+SD = 51.23+2.55 % ringed$itame back to the feeder
one day after ringing. Only X+SD = 37.33+2.09 %tbém stayed on to the next
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experiment (8 days later) and X+SD = 18.51+5.2 %hwthird experiment (15 days
later). Less than X+SD = 1.61+0.7 % of ringed biajspeared four weeks later.
The individual bird usually visited the feeder irSD = 1.26+0.51 trials (at most in 3
trials) during one series. Once appearing during thal, bird usually arrived
at the feeder X+SD = 1.93+1.08 times.

Satistical analysis

The number of visits at the feeder of individudl ¢pecies during treatments was
analysed. The number of visits were analysed fi@etlspecies of tits separately for each
whole treatment (half-hour). The following explaogt variables were used:
the treatment at a particular experimental feedamfmy), — from which the number
of visits were included in the analysiseatment on the alternative feeder (alternative
dummy) the sequence of series (1-18) species (dummy:speciesemperature (°C)
and snow cover (cm).

First, a base line of birds was counted for easties. For that reason, left
and right feeders within the reference controlsti{bfeeders without dummy) were
compared and found to be nonsignificant (One-wagvanF; = 0.14,P = 0.713). After
that the arithmetic means of arrivals during tHenmence control were counted for each
bird species and each half of series (we had t¥everce controls per series).

To make comparison of the treatments (within antiveen trials and series)
possible, the relative number of visits on eacldéeavas counted for each bird species.
The numbers of visits to all experimental feeddostle left as well as to the right)
in particular series (with a dummy on at least teexler) were divided by these means
(treatments within first two experimental trials blye first reference control and
the treatments within the other two experimenialdrby the second reference control)
and all the created ratios were entered into tlad¢yais.

We acknowledged the problem of statistical nongthelence as the left and right
feeders were in one trial simultaneously. Therefo® examine which
of the explanatory variables had an effect on tialer of visits to each experimental
feeder, GLM was constructed and the random effexd @stablished for both feeders
within one trial. Data had a normal distributiordahe link function identity was used.
All interactions were originally also included imet model but only particular:
dummy:alternative dummy (the only significant) aitdspecies:dummy (insignificant

but important for result interpretation) were men#d in the results.
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Different GLM was constructed to reveal differendestween combinations
of dummy:alternative dummy. The random effect wetsup for both feeders within one
trial. Data had normal distribution and the linknétion identity was used. The ratios
of number (from above) of visits were entered itlte analysis where the particular
combination of dummies on both feeders (for examgieputated sparrowhawk —
sparrowhawk) was an explanatory variable. The ssmpef series (1-13), tit species
(dummy:species), temperature (°C), and snow c@me) were the other explanatory
variables. The Tukey post hoc test (Hothorn e2@08) was constructed after that.

Non parametric tests (Wilcoxon) were used when datanot reach normality
and when appropriate. These statistical calculati@md all graphs) were made using
STATISTICA 8 for Windows (Statsoft Inc. 2007)

4. RESULTS
Over the winter, 14756 individual visits were resea at the experimental feeders. Both
sparrowhawk torsos decreased the number of visit®iparison to the pigeon present
on the alternative feeder. (Wilcoxon test, relatiwenber of visitsoccluded: T = 75,
N = 36, P < 0.001, amputated: T = 107, N = 36, B.G0% Fig. 1). However, both
sparrowhawk torsos had less of an effect on thebeunof visits than a complete
sparrowhawk presented on the alternative feederlc@ibn test, relative number
of visits, occluded: T = 4, N = 36, P < 0.001, amputated: T, N = 36, P < 0.0Q1
Fig. 2).

o Median [ ]25%-75% | Non-Outlier Range o Median []25%-75% | Non-Outlier Range
1,6 1,6

14 14

12 1,2

1,0 1,0

o

0,8 0,8

0,6 0,6
04 04
0,2 T 0,2 lii
0,0 0,0

-0,2 -0,2
1/2 amp pigeon 1/2 ocl pigeon

Relative number of visits

Dummy Dummy

Figure 1. Relative number (related to the reference control) of visits to an amputated
(1/2 amp) or occluded (1/2 ocl) sparrowhawk in the trials with pigeon on the alternative

feeder
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Figure 2. Relative number (related to the reference control) of visits to an amputated
(1/2 amp) or occluded (1/2 ocl) sparrowhawk in the trials with sparrowhawk (sp.hawk)

on the alternative feeder

The dummy presented on the experimental feeder, dilmamy presented
on the alternative feeder and temperature werdfisignt predictors of relative change
of the number of visits. The interaction betweethbdummies was also significant.
Snow layer, series sequence, and the interactioweba the dummy and the tit species
did not have significant effects (Table 1). Low fmmature diminished the decrease

in the number of visits to the feeder with a predéFig. 4).

Table 1. Effects of the dummies, weather and experimental design on the relative

change of the number of visits to a feeder

Df F P
Dummy 1 7.20 0.008
Alter.dummy 1 4.14 0.043
Temperature 1 6.42 0.012
Snow layer 1 0.95 0.332
Series 1 0.09 0.758
Dummy:alter.dummy 1 13.18 <0.001
Dummy:species 2 0.37 0.693

The results of GLM show Df, F and P values for each predictor and some interactions
(see Methods)
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Figure 3. Effect of temperature on the number of visits to a feeder — for experimental

trials with dummy

The number of visits was less affected by the aatpdt sparrowhawk than
the occluded sparrowhawk (Table 1, Fig. 4). Howguérseparate combinations
of dummies on experimental and alternative feederewcompared (Table 2, Fig. 4)
the difference between both torsos was signifi@arly in treatments when complete
sparrowhawk was on the alternative feeder. Theedeserin the number of visits did not
differ between both torsos in treatments, whenpigeon was on the alternative feeder.
The relative number of visits to the occluded tods®h not differ between treatments
with a sparrowhawk and pigeon, while the relativember of visits was higher
in the presence of an amputated torso in the tegan with a pigeon than

in the treatments with a sparrowhawk on the alteredeeder.
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Figure 4. Decrease in the number of visits to a feeder with the occluded (1/2 ocl) and
amputated (1/2 amp) sparrowhawk with regard to the dummy present on the alternative

feeder (grouping)

Table 2. The differences between the relative changes in the number of visits to both
torsos (occluded, amputated) of sparrowhawk, in trials with different treatment on the

alternative feeder (pigeon or sparrowhawk - noted in parentheses)

t P
1/2 ocl(pi) 1/2 amp(pi) -0.81 0.849
1/2 ocl(sp) 1/2 amp(sp) 4.84 <0.001
1/2 ocl(sp) 1/2 ocl(pi) -0.81 0.850
1/2 amp(sp) 1/2 amp(pi) 4.75 <0.001
1/2 ocl(pi) 1/2 amp(sp) 4.21 <0.001
1/2 ocl(sp) 1/2 amp(pi) -0.02 0.099

Treatments on experimental feeder: 1/2 ocl — occluded sparrowhawk, 1/2 amp —
amputated sparrowhawk; treatments on alternative feeder: sp — sparrowhawk, pi -

pigeon. Tukey post hoc test results show P and t values
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5. DISCUSSION
The tits recognized both sparrowhawk torsos (antedtas well as occluded) as they
both decreased the number of visits at the feedecomparison with the pigeon
on the alternative feeder. The decrease in the rurbvisits did not differ for both
torsos. This would mean that tits do not use amaodatpletion, but they recognize
a predator according to sign stimuli (on the héladan be eyebrow stripe, hooked bill,
and eye) and keep away.

However, in the treatments with a sparrowhawk oe #iternative feeder,
the relative numbers of visits to an amputatedrspdrawk strongly increased, nearly
up to 100% of the reference controls in some trilss must be interpreted as the tits
recognizing a predator in both torsos but onlydheluded one is perceived as “fully-
featured”. On the other hand, the amputated tasuerceived as “utterly”. The birds
keep away from both torsos when there is a safecehat the alternative feeder
(pigeon). However, when the alternative feeder reffenly a dangerous complete
sparrowhawk, they risk visiting the “utter” ampwattorso while the fear of a “full-
featured” occluded stays without change.

Such discrimination requires the ability of amodaimpletion. The birds know
that an occluded sparrowhawk continues inside tt@ndmes, while an amputated
sparrowhawk is clearly incomplete.

The only disturbing result is that birds arrivea the occluded sparrowhawk
more than to the complete sparrowhawk dummy. Theag be some birds that do not
recognise the predator in an occluded torso. Tbiddcbe due to limited experience
(e.g. of young birds) or incaution. Several casimervations would support incaution
of the birds. Sometimes a bird landed at the feedas pecking, suddenly became
horrified and emitted an alarm call as he saw tieelgitor too late.

Study of the occlusion phenomena has been extenaledinfants to nonhuman
species and become a popular topic of behaviossaihmlogy in the last few decades.
All groups of animals were trained to discriminabetween various occluded
and amputated objects (see Aust & Hubler 2006, 8av& Bisazza 2008 for reviews).

In birds, several comparative studies using opetadhniques have yielded
inconsistent results. They worked mainly with diffiet geometrical objects (simple
basic shapes and geons — the basic perceptual oempof objects, Biederman 1987)
either occluded by other geometrical objects arcstire or amputated (missing corner,

half or a middle part). The ability to discriminabetween incomplete (amputated)
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and complete (complete and occluded) shapes wasnsho chicks Galus gallus
(triangle - Regolin & Vallortigara 1995rod - Lea et al. 1996square, cross —
Regolin et al 2004triangle, square - Regolin et al. 2007), and Hesisis gallus (square
and circle - Forkman 1998adder and diamond - Forkman & Vallortigara 1999
Vallortigara & Tommasi 2001). Also parrots and paets Cyanoramphus auriceps -
Funk 1996 Psittacus erithacus, Ara maracana, Melopsittacus undulates, Nymphicus
hollandicus - Pepperberg & Funk 1990), myna@sacula religiosa (Plowright et al.
1998) and magpieRica pica (Pollok et al. 2000), could distinguish when afecbwas
partly occluded.

Above mentioned results of the occlusion testscstarcontrast to all findings of
related research in pigeons, which were studied mtensively. After training pigeons
to respond a triangle, Cerella (1980) found thapoases to an amputated triangle
exceeded those to a partially occluded triangleggssigng that they did not amodally
complete the visual stimuli. Similarly, in Sekulet al. (1996), pigeons responded
equally to both an incomplete circle and a cirateladed by a rectangle. Fujita (2001)
concluded that feeding habit may be related toathiéty for amodal completion. He
mentioned that grain eaters (pigeons) do not neesearch for obstructed grain as
grains are abundant.

DiPietro et al. (2002) tried to reveal whetherddth and textured stimuli can
improve visual object recognition. In each casepgaition was weak and appeared
to require special training. The recognition ofladed objects requires pigeons to learn
to first discriminate the object from the occluder.

On the other hand, Nagasaka et al. (2005) showad flyeons can see
perceptual transparency and discriminate part@digiuded objects without using local
features. The most recent results (Nagasaka & Wasse2008) suggest that motion
may facilitate amodal completion by pigeons, peshlap enhancing the figure. In that
study, the birds were presented with a partiallglwted and amputated or complete
moving shape.

From the above studies (and others: Ushitani &&@005 Lazareva et al 2005
Aust & Hubler 2006), it appears that pigeons carcgige partly occluded objects as
complete only under appropriate conditions.

The results of our study demonstrate for the firme that amodal completion is
used as a part of object recognition in naturakrdisnating and categorization

processes. The results show that field experimenishich the predicted reaction (e.qg.
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escape) of birds to real objects (e.g. predaton)sisd, are a suitable alternative for
conditioning techniques.

At the same time, our results show that discrinnimaand categorization is not a
simple process and that amodal completion is oaly @f it. Birds recognize predators
according to sign stimuli. Therefore, both occlu@edl amputated torsos of a predator
are judged as danger, and the incompleteness (@sgkrl dangerousness) of an
amputated torso appears only when it is compareth & complete predator.
Complexity of the recognition processes should akert into account even in

conditioning experiments.
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4. Zavéry

Preferetini krmitkové pokusy se o&wkily ve vyzkumu jemnych rozdil

v hodnoceni predatbiptaky.

Sykory se nefiblizovaly ke krmitku s jakymkoliv predatorem vipad, Ze jim
bylo nabidnuto krmitko bez predétora.

Sykory snizovaly peet piletai na krmitko ke krahujci vice, nez na krmitko
k postolce v fipact, Ze mohly volit jen mezgmito predatory.

Toto hodnoceni obou predalandrazi jejich potravni specializaci a gasre jejich
nebezpeénost, kterou by pro sykory#y znamenat.

Chovani sykor na krmitcich je v souladu s ,,dynarnsk assesment theory*.
Preferedni krmitkové pokusy se o&ily i pi#i studiu kognitivnich schopnosti
sykor — zejména schopnosti ,amodal completion®.

Sykory rozpoznaly predatora v obou nabizenych m&ach torz (,amputated”
a ,occluded”) a na krmitkoipétaly v jejich gitomnosti mén, nez v pitomnosti
neskodného holuba.

Sykory snizovaly peet pileti k ,occluded” krahujci vice nez k ,amputated*
krahujci v Ffipack, Ze nabizenou alternativou byl jen neb&ngecely krahujec.

Toto hodnoceni torz predatorznamena, Ze sykory jsou schopny ,amodal

completion®, které je sadsti kognitivnich procésv ptirozenych podminkach.
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