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Summary

Predation is one of the major selection pressinasdetermine the behaviour of animals (Lima 1988}.the
predation risk of a specimen can depend on a ltaatbrs and the animals can compensate their bmirav
fitting to the situation and have very flexible ape behaviour. Environmental and inside factorakygaan
infuence the decision of the prey when and wheraps In our study we testing int he field wheteong the
sex, season, microhabitat type, refuge distanceeacape angle which are the real important factoithe
antipredator behaviour of Lacerta schreiberi. Wentbthat the inside factors (sex, season) havamoeffect
for the escape behaviour, solely the environmdatdbrs have influence for the approach distantéerbal
substrate approach distance depend on the refsigece but there is no relationship between thisdistance
on rock substrateAnalysing the effect of interatid the refuge distance and escape angle forghmach
distance we found if the animal is close to theigef they permit the predator close to them indégeinon
escape angle, if the escape angle is high thelizaermit the predator close independent on theyeedlistance,

but if the escape angle is low and the refugerisitaanimals begin escape early.



Introduction

The predation is the one of the most importantcsieleal pressures, that determines the form
(Endler, 1991) and behavior of animals (Lima, 19®&cause the major key of surviving of the animals
is how big are the odds (likelyhood) to avoid thedators and how big are the odds (likelyhood) to
survive their attacks (Ydenberg and Dill 1986, Liara Dill 1990). Animals are always under predation
risk, they have to choose when and how to escape tihe predators, when and how to engage in social
and reproductive activitiesand when and how to fééma and Dill 1990). The escaping can be very
costly, because the moving is awareness, energlyarstbecause with this behavior the animal caseloo
sources. Consequently, escaping will occur wherttisés of staying exceed the costs of escaping
(Ydenberg and Dill, 1986; Cooper and Frederick 300%estigating the antipredator behaviour theee a
two approaching models. In one of these, the refisijjeg where the hiding time is the major variable,
and in the other, the escape behaviour where estigated the relative positions (locations) ofghey
and the predator and the approach distance (Afgisnajor variable. In this study we will analybe t

effects of external and internal factors on esds®viour, concretely on AD and refuge distance.

The AD is influenced by several factors such agohiabitat type (vegetation cover) (Martin and
Lopez, 1995; Snell et al. 1988; Majlath and M&jtata 2009), predator characteristics (Bulova 1994;
Burger and Gochfield 1993; Cooper 1997a,d; 199891€ooper et al. 2003; Martin and Lépez 1996,
1999, 2003) refuge and obstacles (Domenici ettdl1®, the relative position of the predator, theypr
and the refuge, behaviour of the predator, theuieaqy of attacking, locomotor performance of theypr
(Brafia 1993; Martin 1996), gender of the prey, panmusness of the prey, the season (reproduction o
not), body temperature (Bulova 1994; Losos 1988jlytsize (Martin and Lépez 2003), age (Whiting et
al. 2003), presence of conspecifics or food, exdébbdy armor (Losos et al. 2002) and autotomy.

Thanks to these factors behaviour of lizards iy Wexible.

In dense vegetation the AD is generally shorten thaocky habitat, because the animal can use
cryptic behaviour, while in rocky habitats the aalmare more conspicuous. This result was fouridan
case of large Psammodrom&sémmodromus algirugMartin and Lopez, 1995), lava lizafdopidurus
albemalensigSnell et al. 1988), and Western Green liz&mtérta viridis)(Majlath and Majlathova,
2009). But there is no any effect of environmenttmescape behavior of ground skBdincella
lateralis (Smith 1997).

Most lizards and some mammals use refuges thataa serious effect for the escape behavior.
Reaching a safe refuge seems to be more bengfiaialgenerating other escape tactics when theeefug
is nearby (Domenici et al. 2011). Some animalsef@mple side-blotched lizata stansburiana)

have different escape tactics when the refugeddiable near and when is not (Zani et al. 2009).

The effect of the relative position of the predatbe prey and the refuge is one of the most
important factor that affects the escape behavidaw close allow an animal to approach a predator i
strongly dependent on the distance to refuge atmbwfbig is the angle between the refuge and poedat
from the prey. Usually, in most environments, thpraach distance and the refuge distance havevgosit
relationship (Cooper 1997a; 2000; Stankovich andrBtein 2005; but see Cooper and Wilson 2007) If
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we take into the modell the escape angle, thetgituhecomes more complex. The escape angle can
depend on sensory performance constraints, acategels in environmental factors, direct manipulation
of sensory structures, availability and positiomaffige(s) and obstacles, presence of conspediffics.
there is a refuge, the most safe escape directidinact to the refuge or the midway between maziimgi
distance from the predator and reaching the reffugfee shortest time (Domenici et al. 2011a). For
example in the lizartta stansburianawhen the predator approached, lizards ran nonralydtoward

the nearest refuge, but when the animal was bey&fdn from the refuge the escape behavior of lzard
changed to nondirectional running without hidinguiZet al. 2009). In case of Broad-headed skink
(Plestiodon (Eumeces) laticelp approach distance increased with distanceaglé to refuge
(Cooper, 1997). Investigating escape behaviourastérn woodchuckMarmota monax)showed the

same results (Kramer and Bonenfant 1997).

Behaviour of the predator is very important for grey to feel himself in danger or not. If the
predator directly approach the animal and/or tawetrd the prey, the lizards flee before than the
approaching of the predator is indirectly or tuwaed from the lizard in broad-headed skif#estiodon
laticeps) keeled earless lizaftHolbrookia propinqua)desert iguanéDipsosaurus dorsalisand
Lilford’s wall lizard (Podarcis lilfordi) (Cooper 1997a,b,c; Cooper 1998; Cooper 2003; Gaostpea.
2010) .

Locomotor performance of the lizard (Brafia 1993rtial 996) also can effect escape
behaviour. In a lot of species the males, for edarnpmmon flat lizarqPlatysaurus intermedius
wilhelmi) (Lailvaux et al. 2003) and som@nemidophoruspecies (Cullum 1998), are faster than females.

Consequently, usually the different sexes of tlpseies have different escape tactics.

There are very big difference between the predatbisse hunt for lizards. Avian predators rely
on visual active searching, whereas snakes and ratamely mainly on chemical cues to locate prey.

Diurnal raptors use UV wavelength as a hunting(®iiala et al. 1995; Honkavaara et al. 2002).

Predators often show strong male bias in prey miglles outnumbering females to a significant
extent (Cade 1960, Lindberg 1983, Moller et al. DOFor example predation of western green lizards
(Lacerta bilineatd by Eurasian kestrel is male-biased (Constantial 2007), but in sand lizards
(Lacerta agilig, both sexes are equally selected by avian presl@@sson 1993), but here the difference
between males and females was not so strong, tiidaderta bilineata Males of many lizards have
conspicous breeding colors that are importanttétus signalling or sex recognition (Cooper and
Greenberg 1992). However these signals decreapsis@nd cause a higher susceptibility to predators
(Moller 1989; Magnhagen 1991; Forsman and Shiné&)L88d for this it can sign that for these animals
suffer higher predation risk (e.g. Stuart-Fox e803; Husak et al. 2006). But they can compertbige
higher risk by modifying their antipredator behavigLima and Dill 1990; Magnhagen 1991) for
example by longer AD. Most studies show that visuaispicuousness of male coloration correlates
positively with shyness (Forsman and Appelqvist&9@artin and Lopez 1999b; Hedrick 2000;
Cuadrado et al. 2001; Lindstrom et al. 2007), batdé are some exceptions (Godin and Dugatkin 1996)

and in some lizards, AD vary among species, beingrsely correlated with the degree of cryptic



coloration (Heatwole 1968; Johnson 1970), or withispecies as a function of the degree of
conspicuousness in different microhabitats (Cod988). In several cases there are differences eetwe
the escape tactics of males and females. For egamglesof green anole lizar@Anolis carolinensis),
Platysaurus intermedius wilhelmi, Psammodromusrasgiave longer AD than femaldsacerta viridis
males have longer AD than females before and #ftemating season, but during the mating season are
similar. However, for example, fBcincella lateralisstriped plateau lizar&celoporus virgatusr

Broadley's flat lizardPlatysaurus broadleyithere are not any difference in AD between sexespite

that they have dichromatic coloration.

Predator sometimes need the stimulus of a movieg for attack (Brodie et al. 1974). It would
be advantageous to wait as long as possible befeponding to a predator. If the lizard was inlial
stationary and moved too soon, it might be attasidedn otherwise it might be bypassed. Lizards may
assess that the probability of being detectedfredation risk) is different according to theilateve

conspicuousness and decide when to escape acdgrfiiaggnberg and Dill 1986).

Loss of benefits of mating or mate-guarding cam lsérong effect for AD of the predator,
because earlier running can be very costly fontaées, because his opportunity for mating decrease.
And for this in a lot of cases the males, if theg with females, the AD become shorter than wheg th
are alone. There are some experimental evidendaifotheory, for example in caseBfimeces laticeps
(Cooper 1997, 1999Psammodromus algiru®artin and Lopez 1999) &celoporus virgatugCooper
2007). Similarly, the males involved in agonisticeunters with other males have shorter AD, because
they have to defense their sources from the otladesnfor example in Peter’s lava lizdiidopidurus
hispidus)(Diaz-Uriarte 1999)Sceloporus virgatugCooper 2007) oEumeces laticep@Cooper 1999). If
prey have opportunity to feed they have shortertddn those lacking feeding opportunities for exampl
in Eumeces laticep@&ooper 2000), Bonaire whiptail liza(@nemidophorus murinugCooper et al.
2003),Podarcis lilfordi (Cooper and Perez-Mellado 2004), or eastern gyayrel (Sciurus carolinensis)
(Dill and Houtmon 1989).

If escape behavior is energetically costly, itidtidoe especially important for ectotherm
animals, such as lizards, where the body temperaunfluenced by the environment (Huey 1982). In
lower ambient temperature lizard have lower bodyerature that cause lower running speed and for
this some lizard species compensate distancestesiesafe place by having longer escape distances
(Snell et al. 1988; Dill and Houtman 1989; Coop@91; Ekner et al. 2008). However, since usage of
refuges may be costly for lizards because theydeanease body temperature (Sih 1992), the escape
decisions can be affected by thermal costs of exfiflylartin and L6pez 2000b).

We examined the escape behaviour of Schreiberandizard Lacerta schreibeji a large (130
mm maximum snout-to-vent length, SVL) diurnal laitklizard found in the northwest, west, and cdntra
areas of the Iberian Peninsula (Pérez-Mellado 1®@8¢o 2002). For human observers, adult male
lizardsL. schreiberihave predominantly green dorsal coloration witlakimack spots, yellow chest, and
ventral coloration and bright blue head colorafjanleast the throat and the mental scales). Cidorés
especially intense during the breeding season fPdeflado 1998; Salvador 1988). Females have brown,

or less often, dark green dorsal coloration, vattgé black spots, pale yellow ventral coloratiorg hght
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brown head coloration with black spots. This spe@eaon-territorial and polygynous (Marco and Rere
Mellado 1999).

We previously know about escape behaviour.afchreiberj that the sex have not any effect on
refuge use. The hiding time is dependent on thereat temperature and the temperature of the refuge
When initial external temperatures are higher &atds have higher thermal inertia, lizards camdpe
longer times inside refuges before reaching ai¢aiitlow body temperature. However, when refuge
temperature was low lizards did not decrease retfisge If low refuge temperatures increased riskhnupo
emerging because lizards had lower escape perfaenérards would need to compensate by remaining
in a refuge for longer to scan the surroundingsteeémerging to ensure that the risk of a new attac
decreased. Therefore, when deciding refugelusshreiberilizards seem to consider physiological costs
of being at low temperatures and also the risknoémging with low escape performance (REF).

One of the closest kin af. schreiberj the European green lizard. iridis) have sex-related
escape behaviour and changes a lot as the seaxyegs. At the beginning of the season, femalgsista
close proximity to refuges and hide immediatelgralieing disturbed. The distance from refuge igdar
in males and they use microhabitat protrusionsde.irhe approach distances are bigger in males.
During the mating period, approach distances ofifemand males equalize and they hide in microaabit
refuge. After the mating period, the approach distaof females decreases, whereas that of males
increases (Majlatand Majlathova 2009).

In this study we examined which factors are monedrtant in determining the escape behaviour
of L. schreiberj whether the pair- searching has any effect fwifig and differences between the two
sexes or this behaviour depend only on environme&at#&bles, such as vegetation, refuge distande an
escape angle.

Our predictions were that (i), because malshreiberishould experience higher predation risk,
they will compensate the escape behaviour andhaile different escape strategies than femalesignd (
the pair-searching will affect at least the esdagieaviour of males compared with their behavioteraf

the mating season has finished.

Matherials and M ethods

The study was performed during summer 2008 antig[2009 at a large pine forest area (‘Valle
de La Fuenfria’) in the Guadarrama mountains440N, 402’ W; Madrid Province, Spain). The
dominant vegetation consistsPihussylvestrisforest, with shrubs such daniperus communend
Cytisus scopariudn this area, Schreiber’s green lizardsqchreiber) are active from March to
September, mate in April-May, and produce a siolgleeh during June (Marco and Pérez-Mellado,
1990). Lizards occupy relatively moist well vegethtireas often close to streams (Pérez-Mellad@)199
In this area the most frequent predatokaferta schreiberare common kestréFalco tinnunculus),

grass snak@\atrix natrix)andcat(Felis catis) (personal observations).



We observed 44 adult females and 12 males in Al and 36 males and 23 females in
May 2009. We searched for lizards between 1002800 h. The weather was sunny, warm and
unwindy during observations. We simulated a manpnedator by simulating attacks made by the same
person wearing the same clothes. This is the cdiovet method, because lizards identify humans as a
natural predator (Brafia 1993, Bulova 1994, Mantith kopez 1995, Kramer and Bonenfant 1997, Cooper
1997a,b,c, 1998, Martin and Lopez 1999a,b, Maital. 2003, Amo et al. 2003, 2005). The females
were not gravid or were in a very early stadiungm@vidity, so this factor could not affect to thegcape

behaviour.

The observer walked at the same moderate speedt(almdsec) until an adult Schreiber’s green
lizard was located. After this the observer apphedche lizard directly at the same moderate speed
(about 0,6 m/s) and observed the direction of eseagl the type of refuge used. We noted the sex of
animals and the following escape behaviour vargl{i¢ approach distance: distance between prey and
predator that provoked escaping (ii) refuge distadéstance between prey and refuge (Figure 1).) (ii
escape angle: the angle formed by two lines (tlebietween the prey and the predator and the line
between the prey and the first stopping point wéstaping) an escape angle of 0° indicated thetairec
of escaping directly away from the predator, whi®° was the direction of escaping towards the

predator.(Figure 2.)

The observations were made in different parts effigld area, so we considered that chance of
repeated observations of the same individuals waglew, hence we considered data as independent
(Bulova 1994, Martin and Lopez 1995, Cooper 19%¢ho et al. 2005). We analysed the effect of sex,
season, and approach distance for the indirectalskg by lizards (refuge distance), and the eftéc
inside factors (sex, season) and outside factoicgg¢hmbitat type: grass or rock substrate, flegingle,
refuge distance) for the direct risk taking (apptodistance). For this two analysis we used General
Linear Model ANCOVA Backward Stepwise Model Selentwith SPSS 17.0.1 (SPSS, Chicago, IL,
USA) program.

Results

The lizards meanly shove off 141,27cm (sd:135,50com the refuge, the less distance from the was
5cm and the biggest 1020cm. The animals meanlyallose to them 134,34cm (sd:99,54) and the less
approach distance was Ocm (the animal alloweduochtdner and just after escaped) and the longest®@am.
Meanly they escaped in 54,16 degree (sd: 38,68 .8%s degree wa$ 8nd biggest 160

Analysing the effects of factors for the refugstaince we did not find any significant effects for
the refuge distance. Thus, neither sex and seasomiaorohabitat type have no any effect for that th

lizards how far venture from the refuge.



We found that the microhabitat type, refuge distasued the interaction of microhabitat type and
the refuge distance have very strong significafetot$ (p<0.001) for the approaching distance,
furthermore the interaction of refuge distance aschpe angle was also significant (p=0.011) (Table
Testing the interaction of microhabitat type anfdige distance we found that the approach distance
depended on the refuge distance in grass subsfrate§58, p<0.001)(Figure 4.), but there was no
significant relationship between these two distarmerock substrates (t=-1.272, p=0.215)(Figure 5).
Analysing the effect of the interaction of refugetdnce and escape angle for the approach disteace
found that if the animal was close to the refugeytpermited the predator to approach close to them
independent of escape angle if the escape angléiglashe lizards permited the predator to approach
close independent on refuge distance, but if tbapsangle is low and the refuge was far the asimal

began escape early (Figure 3.).

Discussion

From the results we can see that the escape behafithe Schreiber’s green lizards is
determined by only external factors, the intermatus of the lizards affect neither the approackadice

nor determined how long was the distance thatitlaeds dare to shove out from the refuge.

Investigating the effect of sex, season and midsithtaon the refuge distance we did not find
any significant effect. Similar results were foundhe lizardPsammodromus algirushere neither the
sex nor age of lizards affected the refuge distéh@ztin and Lépez 1995).

Several studies show that the more conspicous &nsuffer higher predation risk. (Stuart-Fox
et al. 2003; Husak et al. 2006) In case of dichto&ards, in many lizards the more conspicuodes
modify their escape strategy, because they sufifégleer predation risk, and begin to flee earlent
femalesLacerta schreiberis a tipical sexually dichromatic species and iy wimilar and close relative
to the lizard, Western green lizaldagerta bilineatawhere males suffer higher predation risk
(Constantini et al. 2007), but in our study we dad find any effect of sex on AD. This result imdar to
that found in the lizardScincella lateraligSmith 1997) Sceloporus virgatugSmith 1996; Cooper and
Wilson 2007) Platysaurus broadlepWhiting 2002), zebra-tailed liza(€allisaurus draconoides)
(Bulova 1994), cape spinytail iguaf@tenosaurus hemilophéBlazquez et al.1997)olbrookia
propinqua(Cooper 2003), tropical tree lizardrosaurus bicarinatus)zadow’s spiny lizardSceloporus
gadoviae) Anahuacan Bunchgrass Lizaf@celoporus anahuacus)eft lizard Sceloporus mucronatus
(Smith and Lemos-Espinal 2005).The lack of sexiféémnces in our study species might be expalined
if males could escape faster than females, agiiredn a lot of species (Lailvaus et al.2005; Qull

1998) and escape to the same distance than femalesning faster.

Our other results showed that the season havengaféect on AD. SimilarlyScincella lateralis
(Smith 1997) do not differ their escape behaviatneen seasons, but for exampdeerta viridishave
shorter AD during the mating season (Majlath angldttzova 2009).



From our above results we can see that not onlthforefuge use dfacerta schreiberibut also
for the escape behaviour tehre are no effectseoifntbide state (constraints). But the environmental

factors are very important in determining escapéds and cause very flexible fleeing behaviour.

One of the most important factor is the microhdabhacause lizards in palces with less
vegetations do not allow to approach close thegioed. It is not surprising, in many cases a simial
result was found, for exampRsammodromus algiruartin and Lopez, 1995]ropidurus
albemalensigSnell et al. 1988),acerta viridis(Majlath and Majlathova, 2009). But in the two égpof
microhabitats the animals have two diffent escaptds. In grass substrate the approach distanqmnde
on the refuge distance, but do not in rock subsstiatthe rocky field the animals no shove out fritven
refuge 2,2 m (except 2 times, see the figure xi)jiside this part, the animals begin to run raniyo It
could be that it is really not random, but dependomething that we did not measure. For example we
did not know the actual body temperature of thenaé and the colder animals have to run earlieit, or
might also be explained by the variation causedhyybold differences between different individual
lizards. Maybe this more or less 2 m is the distambere the lizards can use the maximum locomotor
performance and without any grass obstacles thedézcan run direct to the refuge and inside tinidec
lizards feel himself in safe. There was a simitsult investigating the escape behaviour of Scelapo
virgatus. The animals did not go far than 1 m fittwn refuge, but inside this circle the refuge dista

have not any effect on AD (Cooper and Wilson 2007).

The other dominant factor affecting the AD is tb&uge distance. Many studies have found
similar results and not just for lizard but birdelanammals, for exampklestiodon laticepsr Marmota
monax(Cooper 1997, 2000; Stankowich and Blumstein 260&mer and Bonefant 1997). But in our
study the refuge angle also is an important faictdne relationship between refuge distance and\AB.
found that if the animal is close to the refugeytbermit the predator to approach close to them
independent on escape angle, if the escape anlgiighishe lizards permit the predatorto approaokel
independent on the refuge distance (if it is lortgan 0.5 m), but if the escape angle is low aed th
refuge is far the animals begin escape early (i§eesf3.). These results are totally logical beedtithe
lizards are close to the refuge (more or less (,3hmy can run to the refuge very fast independarthe
position of predator. If the escape angle is It is the direction is opened to the refuge, biltis is
far the lizards allow long AD, such as it has bmmd in many studies (Cooper 1997a; 2000; Starmkovi
and Blumstein 2005). But if the escape angle i Higat is the lizards have to run towards to the
predator, and the refuge is far than 0.5m, animl#dsv to approach close to them the predators. Thry
to direct to the refuge even if predator is theex,ause it seems to be safer than run away tolarowm
refuge, because there could be another predator agressive conspecific (Amo et al. 2008)this
situation the animal change its escape tactic i e unobserved with cryptic colour and/or
movelessness and they run just at that moment tteepredator perceive thein.case oEumeces
laticepsthere was opponent result, the approach distamcedased with distance and angle to refuge, the
animals begin to start before if they have to rudirection of predator. And if the predator isveetn

the refuge and prey, the lizard escape away frenpthdator to an unsafe refuge (Cooper 1997).
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In our study we could see that in the escape behawifLacerta schreiberthere are role only
for the outside factors and nothing for the insglmilarly the refuge use of this species. Likehjs
statement could change if the animals meet aatgaé constraints, such as food or conspecificgnwh
they really lost the sources after escaping (il &loutmon 1989; Cooper 1997b; 1999b, 2000; 2007;
Martin and Lopez 1999). But without these effehisinost important factors of approach distande of

schreiberiare the microhabitat type, the refuge distancerafdje angle.
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Appendix I.
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Figure 1. Representation of Approach distance and Refugtartie. Approach distance: distance between

prey and predator that provoke escaping Refugardist distance between prey and refuge.
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Lizard A
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Figure 2. Measuring of escape angle. Escape angle A: liegacdping away from the predator. Escaping

angle B: lizard escape towards the predator.
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Appendix I1.
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Figure 3. The relationship of the escape angle, the apprdethnce and refuge distance. The colour code
of approach distance (1. 0-50cm, 2. 50-100cm, 8-1FDcm, 4. 150-200cm, 5. 200-250cm, 6. 250-
300cm, 7. 300-350cm, 8. 350-400cm). The equatigdhefelationship: z:= 0,744*x + 0,352*y -

0,006*x*y.
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Figure 4. The relationship between the refuge use and theaph distance in substrate microhabitat type.

18



Appendix I11.
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Figure5. The relationship between the approach distanceefnde distance in rock microhabitat type.
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Appendix V.

Tests of Between-Subjects Effects

Dependent Variable approachdistance

Type Il Sum

Source of Squares df Mean Square F
Corrected Model 274918,361° 5 54983,672 7,379
Intercept 177932,925 1 177932,925 23,879
microhabtype 178650,419 1 178650419 23,976
angleofflee 7295733 1 7295733 a79
refugedistance 37507,838 1 37507,838 5,034
angleofflee * 50745,800 1 50745,800 6,610
refugedistance

microhabtype * 151097,041 151097,041 20,278
refugedistance
Error 707872,194 95 7451,286
Total 2841650,000 101
Corrected Total 982790,554 100

a. R Squared = 280 (Adjusted R Squared = ,242)

Dependent Variable:approachdistance

Parameter B Std. Error t Sig.
Intercept 44,489 24,573 1,810 073
[microhabtype=1,00] 151,040 30,847 4,897 ,000
[microhabtype=2,00] 0?

angleofflee ,352 ,355 ,990 325
refugedistance 744 .152 4,907 ,000
angleofflee * -,006 002 -2,610 ,011
refugedistance

[microhabtype=1,00] * -,908 202 -4,503 ,000
refugedistance

[microhabtype=2,00] * 0?

refugedistance

a. This parameter is set to zero because it is redundant.

Table 1. Result of General Linear Model ANCOVA Backward Btése Model Selection for the external

and internal factors of escape behaviour.
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