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Usc of sensory cues hy fish crows Corvus ossifragus preying on

artificial bird nests
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How predulors locale avian nests is poarly undeearond and has heen sobjeceed o
Title experimental inguiry. We examined which sensory stimmpdi wers impostant i (he
nest-tinding ehavioe of Gsh crows Corme essiframes, 4 common nest predatar in the
wmtheastern Uniked Stales. Uing an artay of potted trees inoa laree cnclosuree, we
presenied arifoal nests to captve criws and guantified respaonsea o vimeal, audico,
and wilsctary nest uea, and nest pogition. Patial ranks of nesl-lreatment prefarmnoss
were analyzed using lop-iwear models. West visibiity apnificantly increased the
fikclibowe] of predation by fish crows and inercasing nest height. was a marginally
sipnifnmnl mosmes on nese vulnerabilioy; no ros[winacs were appacsnl W audilory o
olfactory stimuli. Gur findinga dercosiale that Osh coows are visually-oreotal nest
predatars than wuy preferentully prey on, or more readily eneaunter, ahove-ground
ncgls, Morewver, Lhe sxperimentsl design provides a new methad tor cvalaring
predator-prey interactions herwoen neas and thoie peedators, This study also illes-
lrates heww scnsory capahilitics of predaloes vin inleracl with oesl Llvpes 1o dedermine
gl peedaon patlerns.
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Aggessing Lhe influchee of nest poedalion pressure on
avian cormmunily dynamics relics principally on ap-
proaches that guantify nest predation rales on nawral
arud arlificigl nests, Differcnces in nest predation patlems
arc then used to explain observed vanation in behaviocal,
ecologmicn], anel [ilc history traits (2.2, Marlin 1995),
Considerable attention has been paid o identfying nest
destgn [eanures that deter pradation {(Jones and Hunger-
ford 1972, Martin and Roper 1988, Clark and Nudds
198, Filliater ot al. 1994), and speculation aboumds
reganding how mest characteristics interact with the
sensory capabilities of predalors, For crample, mam-
malign predalors are prosumed wocely on ollaclory
stimnii {{Tark and Wobcser [997), while avian predators
are thought te Be visually-orieniesd (Dwermnychuk and
Buag 1972, Tlamiman and Borger 1986, Supden and
Beversberpen V9861 Thowever, a distinct lack of direct
{eausal) evidence links the hebavioral and sensory capa-
bilities of nest predulors Lo scloction pressunss in avian
commuonitics {cf. Malcolm 1993),
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Ultimatcly, understanding nest predabor Foraging be-
haviors and laclivs, which are defined, o pact, by
specics scosory capabhilities, #w megral to interpreting
the diversity and operanon of prey defenses (Collias
and Collias 1984, Piemayn 1988, Malcolm 1993), Tnler-
probing proy rosponsc: to predation preéssure, in this
comtext, requires the idenuficagon of Lhe prevailing nest
prodator schsory modes within a community and the
determingtion of the male of sensory modes o defining
scloction pressuces on avian nest deferee.

Using an cxperimental approach, we examinegd how
diffarent sensory stimuli sssocizied with nalural nests
were used by an avian nest predator, the fish crow
Coreay aysifragny, o find anificial nests. Visual, audi-
tory, and olfsctory cues, and nesl posilion treatmenls
were presenled Lo caplive crows with a factocial design.
We hypothesised thal the mest predator would cxhibil
the strongest responses to Nest cles approprate 1o s
prevailing  sensory mode(s). Therelore, we predicted
that fish crows would preferentially prey on highly
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visihle nesils (Dweroychuk and Boag 1972, Sugden and
Besersherpen 19861, although aur cxpenmental desism
secommodatcd the possibility that they may rely an
mulliple sensory eues, Results Mrom the experimental
trials sugpest that nest visibilicy significantly increased
the likehhood of predation by fish crows. Increasing
nast heighl was 7 mangnally significant ioflucoes oo
nest predation, while there were no apparenl reiponses
10 audhilory and olfgetory stimudi, This study is the fest
to experimentally assess the use ol molliple sensory enes
hy an avign mesl predator preving on artificial bied
nests. It also demonsirales an effeclive melhodolowy
{hal can be uscd to identify the sensory capalylities of
other verteshrate nesl predalors,

Methods

Study species

The corvid family ({Convidae) includes numerous nest
predators (e, Mew and Old World crows and jays
Bent 146, Sugden and Beyershergen 1986, Yahner and
Cwpher 1987, Bhrlich ot al. 1988, Johnson er al. 1984,
Reitsma et al. 1990, Andrén 1992}, Tish crows are
widcspread In the southeastern coastal plain ol the
CUoited Slales and are proficient nesl predators {(Good-
win 1986, Shiclds and Parnell 1986} We captured lish
erows i notih-central Florida, USA, duning June - An-
gust 1997 using bwo Aosiralian {drop-in) crow (raps
(2= 3 =3 m; Schemnicr 1980) baited with heead, diy
doe food, and mw chicken parts. Tach bird was fted
with a uniqueely numbered inetal g band. Crows ookl
ol e oonliden(ly sexed based on catemal morphology
(Pyle et al. 1957). Becawse of polential dillerenoes n
nest predation cxporiches between adults and young,
individuals were aged and classilicd as either hatch-year
or adult (after hatch-yean), following Pyle et al. {1957
Only wbull crows were uscd for thesc experiments.
Crows were pared and hoosed in TLRE=12x 1.2 m
CHRES TN a0 open-air, roofod aviary at the United Stares
Department of Agricallure, Wational Wildhic Rescarch
Cenicr, Florida Ficld Station (hereafter vefervad to as
Fr&), Gainesville, Flonda, USA, Crows mecoved a
daily maintcoancs diet of diy dop food and Tresh (ouits
aml vegelables (based on United Statcs Department of
Apgricoiture Standard Dperating Procedure Tor Ash
crivws), Al indwvidueals tested {below) were fed oo fife-
fwm lor severa] days belore oals,

Nest prisentations

We conducted experimental trials in an ontdoor aviary
located at FFS. The 46 « 46 m (0.27 ha) test aviary s
eoclosed by 2.5 cn hexagonal mesh wite pouliny oel-
ting, with a peaked roof rising from 3 m high on bwo
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aides i 2 peak of 7.6 m {Daneke and Avery 1989 The
aviary oontains a vaniety of natural vepetation at the
south end. including a southern magnodia  Mawaolfa
srancdiffora tree that reaches the top of the roof, a2 dense
cluster of saw palmetto Soremoer repens (approx. ¥ mo),
and approxtinately 20 coltivated bluebetry Fuceiniim
3p. bushes.

Artificial nests were proscoted within 2 circular array
of vogotation (radivs 6 m) cstablished in the northern
half of the aviary. The array consisted of cight clusters
of dense vegetation, cach with four potted trees placed
dircetly adjacent to cach other; clusters werc spaced
approximatcly 3 m apart (Fig. 1) Only pative oroe
spocics were wsed: winged clm Cmws afare, shumard
ouk Owerces shumardil, southern magoolia, holbr Mex
opaead, live oak {hwercws sivemians, over birch Beiwly
nigra, and blucbecch Carpimus carafiniana. Even though
we attempted o represenl cach specics amony vogcta-
ticn clusters cqually, clusicrs varied o specics composi-
Gon, [ohage densily, widlh (gpprox. 1.5 m), and height
{fapprox, I m), resulbing in vegolative elcrogeneily,
Located ac the center of the vepclauom ammay was a 1.5
m high perch.

Arihgind nests were constrogeled mom wigker canary
meils (10 =26 cmy Tihical Pralocls, Tne) hned tnsicde

Fig, 1, Schematic divgran of the ahservation hlind and woge-
labon arcay oo which arlilclal mests were Jocted. The spol o
Lthe cenler af the circular armay of vegeston closters denoles a
1.5 m porch. Figure not drawn to scale.
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and oul with gpanish moss Tifandvin womesides, smiall
Lwips, and [ime grasses (inside onky) to resemble the
mediom-sized nest of many passerine species commion
to the rogmon (Harrisono 1975 Ehrlich et al. 198#)
tMatural-looking nesis reloce the bigses associaled with
the spurious appcarance of artificcal resrs that have
been waezl in some cxpenmenis (sco evicw by Magor
and Kendal 19941 We baited nests with ane Tapaness
quail Carurniv fapenica cgz (G, . F. Manofacturing
Co., Savannah, GAYL Fyge dimensions for this spesies
were taken from the literature {3100+ 0.7 x 2400+ 0.7
trieny, Montevecchi 19781 The purponed bigscs associ-
ated with the use of thess epes in artilicia) nest siodies
(Roper 992, Maske]l 1995, Rangon ct al. 2000, but sce
Cratg 1998) are uniropodtant in these wials dhee (o The
telatively large pape size of fish crows, and our ohaerva-
tinna that they conld handke and comseme the cges
during pre-trial feedings. Artificial neszs and eges were
handled wilh rubber gloves 1o reduce humap scents.

Experimenial design

Fight fish croves were presented with mulliple artifclal
nests, cach comtaining a umgque corobination of visogl,
wuelory, and olfactory stimuli and a nest posiion
effect (heipght above the ground) in a our-Tacior (79
factoral design. In this way, we could test For the
relative imporlanee of, and nicractions among, differ-
cht schsory stimult and the effect of aest position on e
species” [omagrng bohavior (Box ot al. 1978). Each stim-
ulus existed in Two states. Neal visihilily represnied he
visudl stimulus. Neost wisibility categories weee selecied
o represenl bolh extremey of [he nest visibility eontin-
vum. Mests were either = 7% visible (visible pest) or
= 25% wisible {conecaled nest). We determined nest
vigibility by estimating the mesan percenlage of each
nesl visible [rom | m direcedy above and below {shral
nests only) the nest, al each of the Tour cardinal dirce-
tions on a plane at the height of e nest, 43 degres;
above {shrub nests only), and 43 deprecs below that
plane (Hokway 19917

To wsl for o position cffect, we placed nests eithet
approximately 1.3 m ahove the ground e vegetation
clusters (shrub nests) or on the groond (goound nests).
Weighl of nest placemend was hmite] by pest subsirate
height. Actoal heipht of shob nests wvaried sligshily
berguse of wrabilily o the degree of nest conccalment
within each vepetation clusker, due in parl Lo scasonal
verctative growth. We pilaced ground nests in a shallow
depressiom in the soil gl (he base ol the iross: conceal-
ment was provided by matorally-growing  herbaesous
groumd cower,

Anditory and olfactory slimuli were gilher present or
absent. The aoditory stimulus, nestling hegping calls,
was presenled with a cowccaled eassctic player placed
adjacent {within 10-30 cm) b all nests. o ground
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Tiesita, playems wene conceale] within herbaosoos groond
cover adjaccot to nests. For shrub nests, players wers
ted w oor wedged between branches and  concegled
among  vepetatinn. Cassetie players had a buwlt-in
speaker (Optimus™ CTR- 103, Radio Shack. 1J5A) and
a 6 & continuous-loop cssetle emilbing nesding begp-
ging calls recorded from three northern mockingbird
Afimauy pofrglonos nestlings, ot players were lomed ofT,
depending on the treatment. Recordings were mada
using a cassctic recorder (TCM-SMWEY, Sooy Corp..
Japan} and a “shalpun™ directonal imicrophone (ME
67 Scooheiscr Corp.. USA). The frequency at which
begging calls were replayed was 3—4 bepong valls every
X} s We sat the amplitnde at which besping calls were
presenied so thatl they were audibie to us from geross
the shrub array. We assumed that fizh crows could adser
hecar the amditory cuc if the individual was simated
gutoes the srry from g mesl with the posilive gudibory
cuc. The alfactory stimulus consisted of both fresh { < T
4 old) avian [ceal matter and foadhers {(ffom capuve
boat-tailed  prackles Qwfscafey mapr and  domestic
chickens Cradlus pallus, respectively) placed insidc nests.
Many bird species temove Tecal saog rom yoong
ncstlings at an sarly age, but nest: are occasionally
soileel Ty older nesllings or adulls (e, Clark and
Wobhesar 1997). Feathers ace commuonly used as lining
malcrial in nests and have been suggested o Influcoes
predation rates {Maller 1987, Tombanle et al. 19495
Clark and Wobeser 1997

The 2* Taglorial design reselied in 16 nesl Irealments,
each represanting & unique cormbination of the four
Iactors {scc Appendix). Only & trcatments werc pro-
sented simultaneowsly due Loospulial constraints i the
aviary, thercforc, we presented owo blocks of & nest
tregimenls (Mo e gl [978) Tach crow was exposed o
the two experimental trials on consecutive days, and
caposcd w all & nest treatments ooly onec {cach orow
Wis a replicate].

Trial pratocol

For acclimalion, individual erows were moved oo the
best gvigry 48 b oprior 1oq tnal Food amed waler wene
provided at the center of the shrub arcay to increase the
Tikilhaoaod Lhatl st subjeocts would beyn Toragng there
when trials began. Maintenance diet was provided due-
ing the first 24 b of the acelimation period bu was
remaved on thie second day W sharpen the imdividoal’s
appetite. Dunng the 48 b acclinaton peniod, toeo antif-
cial mests, each contgiming ome Conpmix cgg, wore pre-
sented to test subjects o pigue their interest in epa
consumption. We placed the oesls conspicuously at the
cemler ol e armay; one on the groond and the other
approximately 0.5 i abowve the pround on a table where
o] was proandeld,
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The block of nest trcatrmenis presented on a piven
day of a tnal, and each of the 1 nesl ircatmenis
preschatocd on a given day were randomly assipned w
wewelaton chrsters; cach veogetation cluster contained
ane nest. Mess were placed inovepelation sl dusk [he
eveming proceding a trial {of. Sonerd and Fjeld 1957}
AL this lime, 3 erow was usually perched greater thao
0 m oaway from the experimental aray i the southem
end of the aviary, We are unsure whether or not cach
crow wWas abie o obkerve onr gotivities durmg capen-
mental sel-ap; however, the crow never approached or
inspected nests aller Imal set-op {15 pers. obs.), OFac-
tory and avditery stiinuli were applied o nesls pricr Lo
sunrise the moming of the experiments, afier which the
obzerver entered the obeervation biind. 1.5 observed all
tnals {rom the blind at the north end of the aviary (Fip.
1.

Trials, lasting four hoors, bepan either when vegesa-
tino armys were visible to the observer from the obscr-
vation blind e when crows were litst observed moving
about the aviary. A digieal stopwatch was wsed to
record latency e each predalion eveni. AL the end of
the trial period, all nesta were tecovered from the
aviary. The second Block of nest itcalmends was pro-
scated to the test suwhject the following day. Afller
exposure 0 both ircatment bBlocks e, all 16 nest
treatnients) mdivideals wens releysed rom the qvigny.

Statistical anatysis

‘The 16 nest treatments presenbed 1o crows were comsig-
ered indepondent food items. Bacanse oo cnow preyed
an (e, daelected) all 16 nest irealments, inals produced
# scrics of partially-ranked data (Harrison 1997). Nest
lreslment profetcoces, bascd on pardal raoks, were
determned by compiling Maon-Whitney  prefermo:
counls for cach pairwise comparison of nest treatments
in all experimental (nals, Preference counts arc based
on the proportion of times, for examnple, thar nest
treabmenl A wis preferred over nest rcaoment B, Prel-
erence comnts for afl trialz were thea armangs] ko a
Ia = |6 malnx with cmpty eclls along the diagonal. We
then fit a main-effecls Bradlkey-Terry Tog-linear mode!
to the prefercnee matrixn (Harnison 1997 Goodness of
fit for the mosdel and eslimates for the model coclfi-
cicats were provided by PRO GENMOD (SAS Tnsi-
lule, LISA)  Additiomally, a wmaip-cffeels pencral
lip-linear moadel was wied Lo independently assess Lhe
mflucnee of cach of the four factors on the first and
gecond oesily selecisd by the crows.

Results

OF 120 nesty presenled w the 8 adull fish crows, 43
{38%) were preved npon. The owmber of nests preyed
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Fig. 2. Wumber of anilicial mesls preyed oo within gach stare
of the bour tactors presented to fish ctows. Fish cmows preyed
on slghificanthy mare wisihle nesrs than eapccaled nesti.

o by each crow wvared from 1 to 12 (mcan +sd:
Sh+ 34 =8 median =500 The nomber of nesta
preyed upon by a crow on the first day {36 =23
n=_8; median =25 of 2 tnal did ned biTer Trome e
nmnber preved upon on the second day (3.01 1.4
n = §; median = 3.0; Wilcoxon’s signed-ranks e Pr2-
failed) = (5], The second block of nest trearmeonts
prescoicd to one of the § Nsh crows was eliminabed
Froem subwequent analyses becawse of researcher error.
Further analyses of treatments presenied on Lhe second
eliy o teals will (hus have a sample zize of 7.

Beoause goodncss-of-fit tosts sugpest no swgnilicanl
lack ol fil, of Lhe mam-ellecis wmode] (e, withowo
interactions terms; Deviance =233.33, df =100, P
0.5}, meractions among Lhe Toor lgobors ae §oaeesied
to be unimportant. The coefficient estimaics of Lhe
Bradlcy-Terry meddel for gach nesl lregiment resodled in
prefarence mnkings based on (i} the number of timecs a
particolar nest treatment was preyed onoand it Lhe
oreder i which it was selected (1.e., nests chosen first
reccived a higher preferenece counl than mesls chiven
secnmd). The severr nese treatments with the highest
prefercnce rankings were all visible neses, and all mesls
selecterd Nirsl or second were visible, The infuetce of the
other throe factors was less obvions (Fig. ). Analysis of
the limst nest selected in each 10al indicated that wsibil-
ity was the only factor determining whelher 8 nest was
preyed dom litsl (Devignee — 377, AP T, P 0003)
Simiarcly, analysis of the nesls chosen second showed
Ihal wisibility wis the primary lactor determinmg
whather a nest was proyed on socond {Doviancs = 6,16,
df =11, P=0.07} allhosgh the shroh condion was
also marginally important (=010, as morc shrub
nests were sclecled than ground nests. There were no
agnificant differewes in pradation patterns berween
ncst ircalmenes with and withoul the olfaclory gnd
awditory siomale {1Fg 3)
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Lakmneies to predation of the Timst nest oo cach of the
first and second day of trials were oot sigoificantly
diffcrent from cach other (Mann-Whitney U-test; T =
12, N, =, N.=8&. P{2tailed) = 0100 Similarly, thers
were no sipnificant differences in latency to predadon
of sceond and third nests by crows from one day Lo the
nesl (eecond nest prewed o 1100 N 5 N, T,
P{2-taibed) = 0.10; third nest proyed on; U=9, N, =1,
M. — 0, P{3-Laiked) = 0.5 g 3 shows the laemy to
prradation for the first, second, and third nests preyved
on during the st and second day of tnals. Sample
Aizes vary hecause fish crows did not always prey oo a
second or third nest within a tral.

Discussion

We prowide experimental evidence thar the predatory
hehavior of fish crows in an aviary was principaliy
milpeneed by Lhe visibality ol arulicial nesls. Oor resulis
are cohsisient with opporunistic obscryvations and in-
ferenees derived from Gicld studhes, which sygzes Lhat
visihifity i a frequent cosrelate of nest discovery by
corvids in communitics where they are known 10 he
active nest predalors (larmman amd Berper 19848, Sop-
den and Bevershergan 1986, 1987, Yahocor and Cypher
1987, Major 190, Rangen ¢l al. 1999). For examnple,
Somlen and Reyernibergen {1987} denonstrated that
American crows Coreus Srachvriymchos were bess Blely
L prey on comeealed {2200 visible) sirmulated dowck
neits than more visible nests, and that nest survival
increascd with cover heighl and density. Generalized
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19, 3. Lalmey o predation of sl seoowd, aod thicd pesl
treatments hy heh crows did not differ between the first and
scoond trials. The how ropresents The inforquantile range which
coalains 3% of the valuees, The whiskes e Tieg rhat cxtend
from the box to the highsst and Jowest wvalees, excloding
murlicre. The ling across rhe box indicates the median. The
sample siees For fiost, sccond, and thied neses preyed an are
shown below Lhe abelssa.
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asssments of the importance of nest visibiliny Tor nese
suecess 10 fickd stadres lacking predator identification or
mensuies of predatot activity prodoce mixed (Gilmark
et al. 19495}, ocgative {Holway 190, Tiliater eg al
19941, or posilive results (eg., Jones and Huogerford
1972, Supden and Beyemsbergen 1987, Marlin and
Raper 1988} (hat are cdilTicoly, (e interpret with respect
o capsal factors. Most nest predator communitics are
diverse; conscquently, nests ate exposed b1 a vaciety of
predator sensory and search capabilities. Nest detoclion
yw vismally-nriented predators is therefore likely o be
confounded by compeling pressures imposed by proda-
Lors psing alerrative foraging stratcgies {Keilsma et al
1990, Filliater el al. 1994), Tor this regson, stidies of
nesl socremss Tacking joformation about the rclative im-
portance of pacticular prodalor species, and their asso- -
ciated [oragmng behaviors, ollen penerate  ambiguity
reganding links hetween nest visibility and predasion
{c.g.. Holway 199(, Filliawer e al. 1994, (Gatmark et al.
195,

Fish crows in cur trials preyed shghtly more ofien on
shrub Lhan grownd nests. This non-significant differenee
could stem Teoim the small sample size, Similar patiemns
in nest predabion 45 a fumction of nest height bave bech
shserved in some field studies where eorvids are known
nest predators (Meller 1987, Fillialer el al. 1994, Han-
non and Collerill T998). However, convids are nol
restricted to preving on above-ground nesls. Yahoer
and Cypher {1987) found thal blue jays Cponocitts
erivtata dhsturbed” similar nombers of low (0.5 m) and
hiph (1.5 m) artificial nesls. Similady, Sieving and
Willsom (P99 phorgraphed equal oumbers of Steller™s
jays € wiellerf at ground ocsts and shrub nests. The
overall influence of nest position on the likelihood of
cliscovery by corvids may reflect an interaetion belween
habitat structurc and speoies-speailic foraging hehavio:.
Tr 4 landscape where corvid abundases incrcascs wikh
the proporticn of foresl Pragmenisd by apoculture,
incidents of predation on groond nestz (in forests) by
Jackdaws O promediels, black-billed magpies Piea piea,
and hooded crows ©, corene incrnease with forest frag-
mentgiion (Andrén 1992). o that same study, Fo-
ropean javs Garrafs glmdorius and mvens (O coran
preyed on more nests s more heavily forcsted arcas
than in agticuliurc-dominated bndscapes. Moreover,
corvids arc mflueniial nesl prealators o open wetlaod
and prairie habitar, where nests oceur primarily on Lhe
ground (Dwermychuk and Boag 1972, Iohnson et al.
1985, Clark and Wudds 1991). Given the behavioral
complexity of corvids, it would be lpalish Lo over-gen-
cralize aboul (heir hybilat wse patterns, but wo con-
clude thal where understory vogotaion 15 suflicently
compkex, corvid prodation may be hiaseel wriard nests
above Lhe grownd {this study, Rangen ct al. 1993), bul
in all habitats may be distributed throughoul vertical
strata wherocver nests oceur (Mualler 1987, 1989, Sican ct
al, 199%). Tnereased sample sizes could polentially Tead
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L & sigmificanl difference v nest predalion palerns as
sugeesied by the stodies above.

Rewanding auditory cucs in nest-finding, nest proda-
Lot are known o respond o0 nesiling begaing calls
{Haskell 199, 19949, Briskie af al. 1999). bur fish crows
in our siudy did rol appear Lo wse them as a cue, The
crows may nol have heard the sUmolos we presenied, as
it has been sugecsted that the beeging call Mrequencics
af some ground-nesting hireds approach the opper limae
of the hearing abilities of some avian nest predators
(Mooling 1932, Fraskell 1999), A corsory analyes ol Lhe
frequency range of the bepring calls wsed in these teials,
however, shows that the most intchse froquency (G080
Hx) a5 heliw the bigh-frequency cot-olf recorded by
Dociing {1981 for Amcrican crows (7000 Hz {L.
Santisleban unpubl. data), Momeower, the noeordings
used wera from northeon mockingbinds — a speces that
builds ils nesls abowve-ground, possibly allowing {or the
development of bepsing calls that are toore aoditle
than soumc ground-nesting bicd specics. Fish crows may
have recoenived the begming calls of (be northem mock -
ioghird, an antagonistic species that defends its nests
aggressivehy, cansing them o aveid nsking an cncoun-
ter with a defensive aduft. Tr is moee likely that crows
do oot onomally cely oo aural cucs a4t close range
hesiause ol the lanee soale gl which they operale dnd
their omnivorous dict Rice (1983 argued that the use
ol aurg]l cues by avign predualors regquines sobstantizl
mormhelagical, physiolopical, and behavioral special-
izabnons, as cxhibited by owls and barriers, which hunt
Tor Bving prey wsing sooncd.

Glfaction bas traditionally becn considered a poorly
developed sensory modahly n birds, and we oblamed
ne evidence that fish crows used scends o [kate nests
I an avidry sclling, Some corvids, bowever, do cxhiial
lunclivmal olfcbory abilies (Waldvogel T9849). Warri-
man and Berger (1986) showed that in the apparent
absence of wisual cues, mavens were ghle o locals
erdorifercus fond items i choice tests. Whila inference
in thal study s hmited by the use of the samc 8 ravens
theeuphont 348 experinental trials, it is posaihle that
ravens woukd have sensory capabiliccs similar o other
witle-tanpinge hirdls Lhyl rely principally om sasvengging
{e.p., cathactid vultures, Waldvoge! 1989). While most
corvids rely on scrvenging Lo some exlend, 1015 unlikely
that scent s a relable coe for nest-hinding, gven oure
findings. Whilc the cfficicnt nest samitauon behavior of
kL passerines hinds (e, fecal sac remaval; Cellias
and Collias 1984) may be an adaptation to reduce
predation pressyre [Tom nest predatons relying on seent
cues, it I8 ot a liKely responss o predation prassoes b
fish crows, or pechaps corvids in gencral. The wsc of
[ealbers as nest limingg may e posisible o commaum e
where the most influential predators are oot primacily
oifsctory-oricnted.

This expenments design, while novel in its approach,
prescits potential complications. The potendual corrcla-
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fon betwesn nesl. heighl and nest vigibility (e, nest
wisihility may. in part, be determined by oest position|)
may complicale ke pse ol hoth of theis facuees i tha
desipn {Burbans and Thampson 1998) 1 nest position
had oot been included as a faclor m Lhe design, il
would have heen possible Ly preient the § resulting nest
treabiments in o day, thereby simphfying the capen-
ments, While nesl position may be s cornelawe of oesl
viathility. it also likely influences the foraping behavior
of avian nost predators (Rangen ot oal, (999 conse-
quenily, we were inleresied in wsting the significance of
nest position to the predatory behavior of Dsh crows.
The wse of lwi levels Tor each [actor 3o the factorial
design resulis in the possibility that both visibility treal-
ments lic above or belfow g ontica] threshold for re-
spomse. Plowever, we Feel that this artifact of the design
iz not relevant to fish crows. To our knowledee, there 15
oo documenie] threshald Tor visthility ol tests that has
been decumented i fish etows. Purther research inlo
the significance of varying deprecs of nest visibilivy Lo
Nsh crow predation would shed lipht on the potential
effcets of a entical response threshold, MNest visibihily
may have also been conlunded by the heleragenaity in
yvesptatinon composition and density  (Burhans and
Thompsom 1998). Flowever, quanlifyimg nesy visibility
[itr each nest reaunent and randomizing the placcment
of vest treatments within and among wnals would ey
com|rol such ellecls

The wse of each individual on two conscoutive days
of ks may have contrboted o Jeamming by each
cromw. Yel, resulis froun this stody suggest chat this is
unlikely. Fig 3 shows that laency I predaiioa {an
indicalor of karming) on fiml, second, oc third nests
was not sienificantly difforcnt between the firsl and
seeond day of nghs, conlrary o whal one woold other-
wive eapecl I fish crows were learning to prey oo the
ncsts in these tnals onc would cxpest Lhal lalency o
predation would decrease on the second day of trials
relative trr the first day. While latcncy to prodation
scems to nol bee mfluenced by leaming, il may reflect
the behavioral state of an animal. For cxample, hsh
crows may have delayad Torgming Gor second or third
egps bocawse they were iated. yet there were no cloar
patterns o latcoey to prodabion amomg Arsl, secoml,
andd Lhind nesls.
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Appendin. MesL weaiments presented Lo fish crows, number of liwes they wene preyed on, Readicy-Terry Jog-linear model
parameter estimates, and exmbicaeions af the four fecbors comsUtubng nest cealmwots. Trsalments avs preseoted inoorder of

preferener rankings (1 being mase preterred). The arafe of sech fctar i donoted by a 0 or 1% For Wigbalice, 0

visable ot

1 — soncmiled nest (s lexth, For Helpli, 0" — above-groand (sheabp aest, *1 = proond near. As for Obtsctory wnd Aodivory

sumull, T - - abeenes of Lhe stimulus, whersas ©1°

presence of the sbmulos.

Rank Treatment i, Visihility Huiplit Oltactny Amditory Times chosen Purameler sslimits
L 1 i} 1] [ q ¥ M9
2 5 U] U] 1 a 3 24,91
1 o 1] a o 1 4 b IC L]
4 L3 1] a 1 | 4 .34
3 11 U] 1 1] I 3 33,17
& 1 (] 1 U] 1 Iz Qi85
7 7 0 1 1 | 3 U564
i i ! 1] ] b X %345
P ] 1 (] 1 1l 2 0540

n 2 1 i (] ] 2 $5.25

Li & I | | 0 1 %473

12 12 1 1 i] L 0 M4z

13 4 1 1 (] L] !] 68602

14 14 1 I} 1 | U] 4718

15 13 1 | | 1 o 2385

16 1h 1 1 1 1 i} 0.0
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