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Communication of Stimulus Size and Shape in Alarm Calls of
Gunnison’s Prairie Dogs, Cynomys gunnisoni

Stoven H. Ackers & C. N Slobodchikoff

Ackers, 5. 1L & Slobodenizoll, © N i%9: Commuadcation of stimuins gize g shape in alaone calls
ol Gunnisen's praine Jogs, Cvko)-s guskisand, Etholopy 108, 144—1&2,

Abstract

Grualmisna's praicie Jo s (0vnomys memsisans) el multiple-nets sinem culls o erresioial predators
that very in acolsdc strocders accordime te Cwe clicimsg sGonlos, The charusdesiiv: of L1e predalor
that are sali=at with respect too alann calf variation, however, are poerly oodirsiond, Althaugh the
behavior ol predazors has been siown w0 wfocncs alarn: call pradoction i nther species of ground-
L sciurds, the oaree 1o which 5 alarm cally d2seribe proysics) shafacienisiics of pradalors
has not besn addressed independeatly of e ofects of wariation i pred:zter behaaor, The elfec of
variatien io ke size wod shape of the elicidne stimwliog wgs seadied by sresenang sLhooele model: io
i valony of praxris dogs und cecordiog the slam calls shar wese elicitpil. Discrmi nart funelion anilys
un T vidubles measuned from spectropmame revealed taut the alarng calls diffeecd witl respegl oo
silhuwenis, These resclls suzzest 1nal informalion wich respoes oo stimolas size 3d $9ape is enculesd in
ainie doe alain cali

Coarrespandiog auther C. M. Sloboedehiksff, Tepariment of Biclogicul $rences, Nerherr Arzona
Univeezivy, Flegataff, Anzona 84G11-5Aa0, TISA, Exmuil: Con Slobodobuk ol immmiy

Intreduction

Many specics of vertebrares demoanateate the ability 1o adjust theic response
w0 predators according Lo the nalure of the risk posed by a @iven predatoe category,
Because variation w predanon risk muy encompass both behavioral and morphio-
iopical characteristics of predalors, prey speeics might he cupected o cateporize
their predators along both behavioral und morphological dimensions, Given the
type of predutor and Lhe predator’s Sehavior, a sotential prey might predict the
fture behavior of the predator allowing the prey ro choose Lhe response mast
dkely to result in escape (322, .- Lima & Dill 1990).

One of the most cormen forms of vocal conumunication is the praduction
of alam calls in respense o a predatory encounter. These calls are thoeght to
promol: e servival 9,, Feneric relatives by providing information about pradation
sk {e.g. Duniord 1977, Sherman 1977, P%30; Leger & Owines 15978, Hooglund
1923} Severul species of birds and mammals produce multiple types of alarm culls
that differ in spectru. characterstios and ave piven in sesponse 1o dilferent classas
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of predaters. Typically, the alarm calls are of two broad types: alarm culls wsgally
clicited by neral predators and slamm calls usually excited by terrestrial predators
(& Sperszopiifus beeckeyl-Owings & Yirginia 1973 Sawniod sripreus- Jirgens
1979 Owings & Leper 1980 €adius polfus—Crvaer et ul, TOAT Manelle: spp.—Wallers
1990, Marmeta migrmota—Lenti Buoero 1992}, In alarm-calling svstams COTSLEEE
ol teo distince types of calls, the calls appesr o provide information akoot -he
behavier of the predatos; zin gle-note or shart duration alamm calls appezr o infarm
rocervers of a more immediule treat than multiple-note or fong durarion alam
calls {ses MacEdonia & Bvans 1993 for a roview), To some extent, this corresponds
to aeriad (immediale threaty and tervestrial {dstanl threat) predators although the
tac call types are often nul completsly produclion-speciBic and probably convey
Lk information ybous response uegency than about presator tvpe (o3, Blumstein
& Aramd 1593 Blumstein & Armitage 19971,

Alarm calls produced by varyer monkeys {Cerenpithoce aetiiops) in response
o three different classes of predarocs show considerably greater production speci-
ticity carresponding to a combinacion of physical and behavier] characterstics of
vervet predators (Stransaker 1967; Sevfarth e al. Y80, Fapediments with sil-
heuetie modets of predators have shuwn thal vervet slaos valls begin uo grade inlo
ong another whsn behavioral information cnd soms of the morphoicgical coes yre
oxciided from the clicivng stimutys (Brown e ot V) The remaining morpao-
Ingical characteristios of predacors provided by the silboueties were suficient 1o
produce difierences in the acoustic struciure of the alarm calls alth Cugh the i bsrnea
af behavierul cuzs probabiv contribyed to the interpradation ol the call types,
Thes, the cues provided by the slhouelics were suficient to produce differcnces
among slarm calls o the different soimyli boat did ant Produce compicte production
specifizicy,

I ail ot the axove examples, the calls fall mio 1 limiled numnber of discrete
calegories and ikere is little overfap between call Lypes when produced in response
Lo wemaal predators. Desprite observahle variation in the Pavsical cheractenistios of
rredalers, vanstion withio u call 1vpe is wskatly non quantitatively addressed, The
yuestion remains as to the degrec thar Prey speclvd may catepotics the physical
charactenstics of the predator separadely froon predator behavipr ic.g the like-
liheod of imminent atack). Variation io (he production ol aiarm calls provides an
awsdy for analyaing fow sn animal nught fonm categarios in the context of predutor
avoidaner,

I response o terrestrial predators, Gumnison's prainie dugs (Cpnomis guns
rizom) emit mdltiple-note alanm ealls Collsisting o) u series of shorl bark-like
vocalizations each = 0.1 ¢ in duration and repeaied at 0 1-0.13 3 interva’s within
an alarm cail. Bach alarm call tvpically consists of from 10 to over 100 barks with
very little variation among the barks within an alim cail, A Eiven praive dog may
eTiit e Ty scveral alanm calls during eny ene predatory encougter {Warng 1570).
The tendency to alarm cali varisy among individuals and is probably related 1o the
presenve of genelic relatives or porential mates (Hoogland 1954),

Although there is evidence for production specificity between cull scoucture
and predutor characteristcs in Gurnison's prairie dow aberm: calls {Slobodehiloff
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et al. 1986, 19970 Kiriaes 1991), variation in the behavier of u predster dering
natural epcounters may aflevl Lthe structure of prairie dog atarm calls in unxnown
ways. That i3, we do not know Lhe extent to which praids dogs categorize cheir
E.m“nwﬁanm by behavior (i.2. hunling Lactics} or physical n:mﬂﬁnﬁnim:nm..,ﬂﬂ m.mn:.www
this diffienlty, we constracted artiticial models thae Eq«m.?.«.ﬁiﬁ_ 14 E&Ea:m.:u,
mirked prainc dogs under controlled conditions. Our oh jectives wers 1o de lermine
if varianee 1 prairz deg alarm calls can be explained by differences i the size and
shape of the eliciting stimuli and to evaluate which PATdmEtess of the ala rm ﬂ.:;
change m response lo differences in the paysical cheracteristics of the sliciting
SLiFTLLL

Melhols
Stoidy Site

We conducted the cxperiment at w praitic dog colony localed in sn unde-
veloped avea within the city limits of Flagstaff, Afzona. A portien ol the colowy
{0.63 kin’p was selectad for study so that visual stirmuli could be presented to a large
number of animais while simultancously recording their responses. All data were
recordad from a sower blind (1.2 = 1.2 x 2 3m) posiioned un & small Lill in the
riddle of the ¢oiony, The eyuipment was s2; up in (e carly morning {5 006000}
prior 1o the duily emergenes of the prairie dogs so that the ohserver could be hidden
in the blind as the prairie dogs began foruging. The experitment wus condurted mz..w_.
the emergence of the voung of the year {lae-Mayh when alarm calls are meost easiy
sicited.

Suhjects

W live-trapped 49 arairie dogs wsing Tomahawk model 8204 live-traps and
marked gach anima: with 4 numbered car tag (Maooe! #1003 size 17 and Nyvarcol
I3 dye. The dye marks sonsisled of 2 foicer and a number to indicate borh individua)
identity amd gender. Males wese marked wilh the letters A-N while Tmales were
marked with the letters O-Z. After N% and Z9 were marked, we reversad the order
of Lhe numbers and lsttars (e 1A and 1O te avoid giving the same mark to two
dillerenl animals.

We weighed and classibed each marked animua: according 1o wee fadult or
juvenile} and sea. Each lemale was classified as breeding or nanbresding based on
whether the teals were enlarged. Seventeen juveniles and 37 adults were trapped,
Sex ratios among e adults were 478 1 (malesfamales), Six of 18 (33%} 2dult
females showed cvidence of having bred.

Stnules Presencations

We presented simuliin the ferm of sithoustte models to ekt alarm calls from
the H__E_H..E dogs. This technigque is v simple and alfective means of eliciting alanm
calls in controtled experirents (g Tinbergen 948; Brown et al. 19923 Three
shapes of madeis were canstrugted of G6dem thick plywood and coaled with a
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_,.ﬂ:q&._nn:.,.aEncwﬁsnrmn_uu..n_ﬁ_.,.nm.éwn_.p.,,na;:.ﬁz_ciﬂcx_mm.mnﬂ.w_m_mcﬂw“_,
a skunk (2 nonpredalor stimatus; 535 = MWem, 667 em™, ard ag oval shape (4 novel
stirnushug; 3003 = §5um. 21 10on®). The silhousttes were presented by placing a
model or a stationary hne and moving it via a sceond lie attached 1o the model
iself, The stationary line consisied of S0m ol braided nylon cerd 3.2mn in
digmeter stectched tightly betwesn the ghseevaticn blind and a tree or & [eneepost
ard suppurled st 10 m intervals by wooder stalees 1 in heighs, The modeis were
presented o dillerenl groups of animals by changing the dirserien of ths line. The
mode] was shiclded Srom view with two 1 » 1.3m burap screens pror o cach
trizl, 1hen during the tal b wis pulled along the stationary lne on twao slolled
wheels 2 oim e dismeter with & sacond braided nylon vord 1 5mm in diamecter. Tha
moveracnt of the medz| was confrolled 3y the observer and began with 10m of

ravernent At a rate of 2rmgs The mode]l was then puused for &ds o aliow the
prainic dogs to netice its appearanes and also to zliow the observer to record which
individnals produced alarm calls. After The pause, the model was again moved at
the same rage for the same distance and 1then paused for another 60 5. This paitern
of movement continued until the model reached the other epd of the line, Omne
presentanon was condicied per day with the shape of mode] randamly determined.
Alarm calls directed toward the model were recorded on andie tape wsiog 2
Sennheizar ME-ER direcnional mivrophone connected 0 a Sooy TO-TEFROD UL
cassette recarder, On.y alarm culls fTom adult praivie dogs wers used in the analyvsis.

Statistical Analyses

The first alarm call lrom the first animal that catled during enck: trisd was nsed
ot analysis. Spectrograms of #ach alarm vall were produced usng 8 RTS Real-
Time Speotrogram packape (Engineering Design, Belmont) igstalled in o 1BM-
copatitle personal compuler (486 processar; 33 MHz clock speed). Sample rute
wis st ol 25 kHa with v (requency reselution of 4% 8 He,

Each alarm call was partitioned inlw L=z intervals prior ;o obtsining measure-
ments from the specteegraph sereen. Tims snd frequency coordina tes wers digilized
From eight points o sach bark within the call 2and then osed Lo caloulate seven
dependent varsakles wsed in ke stulistical analyses: fundamertal frequency, doms-
pinl frequency. supradominani frequency, interhavmonic nterval, duralios,
aseending slope, and deacending slope {Fig, 13, These variables were seleclad 1o
SMCOMpPAss varaton in duraton, frequency, the rate of frequency modilation, and
hurmenic atructare. The mean standardized messurements of ali of the barks in
the first alarm call emitted ducing 4 silhonette presencation were eulenlsted (ot
cach individual. Stepwise discriminant [unction analvsis (SP5%x rel, 4,17 was nied
Lo determine if the calls dillersd with tespece to sithonstte shape and which of the
vanab.cs contributed to the vurtance among calls with respect Lo sithouelte shace.
The method of minimicing Wilks' lambda was wsed a3 1he stepping criterion. A
ciassification matrix was produced for the mean all vardasles using priar prob-
abilities based on the sample sices For gach trzatment, The relative contribution of
each of the original variables wus ussessed by examining the ponied within-groups

A =T
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Fig. I A spectrogrim of Lwa praicie dog alann barks produesd in respoase [0 the ecyole
slhouetie. Fight paints were digitized Mrom the spectrog:any screen and wied o caloukare
the variables used i the stepwise discriminant [unction anabyses. The variablss are abbrevi-
ated Tn Uhe spectropram as follows; DHE: domimant hermeac frequensy (Hz), FE: [un-
damantal Trequency (102), SHE: supradominaent frequency (FL2), IHI: intesharme nic interval
(Hzj, UR: duration {me), SLOPEA: ascending slope (Hz ms), SLOPLED: descending slope

(Hz/ms}

correlatons hetwaen the origingl variahles and the canonical varizbles {Norusis
1255,

We analvsed call vadasion among the silhouetts shapes within individuals by
enteting all of the barks inte ssperate disceiminant function anelyscs far cach
animal lhal provided calls to maore than onc sithouetts. Inlerential statistics are
pol reparted for these analvses pecause the backs given By an individual within an
alarey call recorded during & singls sl clearly are oot independant observations.
Rather, the discriminant funclions wers used as & descriptive too to olluscrate
graphically the differences wmong the calks given by an individual in response to
different stirnuli.

We analysed individeal watiation within the alarm calls o cach silhoustle
shape by performing cluster analvses on the mean standardized call variables for
each individua! within cach Lreutment. Sguared Fuclidean distances were used us
a measure of the degres of individual varivtion within a crzatment grovp. The
centeoid method was used 1o determine the pallern of clusreriog (INorusis 1985).
Separute unalvses were petformed for the calls to cach silbowette shape,

Results

The mesn atarm cadl variahles for the 13 praine dogs that callzd differed with
respect o silboweile shape (Fie 20 Wilks” lambda ¢4, 20 12y = (0L
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Fig. 2 Pomitions of the alars calls eljcired by e three silhoucite madels in discriminent
spase. The diseriminant fanetions were calouiated based on Tae means of toe variahles for
il afthe Barks elicited from sach animal dur fg the tirst trial in which szch 2mimal produced
ar alarm vell (Tabie 1. The labels within the sembods Tepresent the dve marks nlaced an
she pelagz of each amingal )

P, 1By = 4.355, p = 0000360, The cails Even in respunse 10 the covote silhouctte
differed from beth e skunk silhooetie (Fi4.9 =365, p = 0.04%) and the oval
silhouctte (F(LY) = 10,971, p= (h0016). The calls for the skunk and the owval
did not differ significantly (Fi4.9] = 29501 p = 008 The stepwise procodurs
ingluced four of the seven variables: e findamen (] Irequancy, descending slope,
deaninant harmonic requengy and the inferharmonic ntarva) (Tuble 1. All of the
Galls were coveectdy clzssified inta the sspeeteg silbouerte-shape group bused on
the mean values of the call variables (Table 2},

Adl hree silhoueses elicited similar nombers of ylarm barks iTable 3; #% (2,
fo=15) = .02, p = 0.05) altheugh different animals called o diderent silhouetos,
Of ke L praicic degs that prodaced alasm calls in respanss Lo the silhouctre

Tunle /- K + SE of the faur aiurn eall variables that wers ingluded in the discrisimaor
function analysis by be stopaaise procedurs

Stinralu:
Variuhlpe CO¥OIE skuck ol i
Fundamental Freq. (1} + 8 2419 - §7 G+ 16 2164 1+ | |4
Descending Sloos tHems) ( = SE; -dR2x 43 577451 S+ 7
Docinaxt Harmesic (H7' | 4 SE) BI04 IO AT 4 ITT 4SS L
leter-harmome latervel (Hz) (= SE; QF 4+ 90 1133 = 14 EGE — 115
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Tubde 2: Classifealion mainces caleulated by a discriminent function analveis Tor calls

eliciigl by three ditferent shapes of silhoueties. The diseriminan: Fanetions wers bassd on
mean caf, vanables from L2 aierm calls recorded from 10 individiaul praite dogs

FPredivied group meibership

Actual group l ool skunk o5

Covatc & EERIEALY) 0 0

Blounk E: 0 4 (100 0 .

il 3 i ] ST .
|

Tuble 3: Numbers of alary barks given by individoal praine dogs acd mean numbers of

- alurm barks given in regponse oo each of the thres stionali, All of the harks were mmitted in

single glarm zalls with =013 betwern successive barks. Although sddivional alirm calls
werg recorded. enly the barks tahulated bolow were used 1o calenlats the mean varishlss
used inhe discrimdnant Munction asdlyvsis

1
londividial Boy CotnLe vl
:Pp F 12
ip F L
TA 1) 13 23
50 F 39
P F 33
TP F 0l 71 39
N i 30
A 10 34 33 a3
Wi F 30N
Z3 F El
Zi+sE) 434 12) 55013 Wit

presentations, only three called in respense to maes than one of the silbooettes;
e of Cwese called for all three silhousttes and a third called in response to Two of
the silboucttes (Table 3, The uiurm barks produced by cach of these animals were
placced in disting regions of discriminant spuce for each of the silhoucttes hased
on separute slepwise discriminanr function amalyses foe sach ndividual (Fy, 3.
The diseriminant functions valvwiated for the calls given by the two indivduals
that called to 4] thres sidbouettes {adult female TP and aduit male 9 A) included
all of the origingl wariables. Al of the barks given by adolt fomale 7P werg wprrooelr
classified while 97% of the barks given by adulz male 9 A were correctly classificd
i Table4). The single discriminant funclion caleelated for the barks given by the
animat that called 1o two of the silbovelles (adule male 3A) incinded the inlor-
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Fig. 2 Posiioas in discricninent space of the diarm harks chertsl from <he three praisie duoms
thed provided catis 1o moTz than ore shauctte. Fyeh diseriminant function (Table ) was
calcnlaled besed on all of the alarm harks given by sach anitaal during ke first t5a] in
which il ealled 1o cack silhogctte, [l Adulr lemnaje 7P (F7 adult male 9 4 [cdadule malz 5 A

harmonic imerval, duralicn, supra-dominant harmanic [tequency und the siope of
the descending portion of the wll This diseriminant function correetly clussied
45% of the barks given by 5 A (Tabie 47,

The putterns of differences between the Lhree Treatments were similur among
thres ol he four analyses. (The anulysis ol the barks given by § 4 include voly ome
PRICWISE compurisok 25 calls were only elicited by twe of the sifhouetles) The
greatesl Mahalanekis” distunces are between the calls given to the coyote and pval
sithouetrzs; the Mahalanomis' distances berwsen the ovore and skunk calls wod
the skunk and oval ¢ulls are less chan half as Farge and are of vimilar magnitedes
rTame 5.

AR L e e
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Table 4: Percent cotrect cassificution for discriminant Sunction tnalyses af 2larn calls from
individual praire dogs. Separals discriminasd funclions were calouluted for all of the barks
from eack individand

atimmlys
[mdvidual covate skunk ovil
D 63583 1K R RAIEAL Y 3 s (100%)
o 4 51754 (9440 1233 9T G363 (000%)
JAS 13763 (100% 2325 4592%) :

"CV) = (3.000)(DHF) + (0.509) (FF) 4 (19951 (SHF) — (4.125) (DURY + (0.143)
(SLOPEAY + (0137 (SLOPED) — (1.0 (1HL)

C¥, = ~[1.643) (DHF) + (0.076) (FF) + {1.959) {SHEY + (0,360} (TUK) — (0,420
(SLOPEA} + {0.266; (SLOPED) —{0.298) (THT). :

“CV, = —{1.035) (DHF — (0.007) (FE} + {0.726) (SHF} — [0.440) (DUR) — (0,554
[SLOPEA] — {1069} (SLOFED) ~ (0.EGS) (1HD)

C¥, = (12427 (DHF) - {0.297, (FF) — (11.207) {SHF} — {0.392) (DUR) — (0.494)
{SLOPEA] — {(1.543! iSLOPEDY) + (2402} (1HT).

"C¥, = —(383) (BHF + (0.609) (DUR) — ¢0.268) (SLOPED + {1.0057 (THI

Table 5 Mehalunobis distances (T9) between ull pairs af stimuli compared among the

dizcriainant functions gererated by the mean cqlj variables and those generaled by moultiple

barks fram individual praice dogs. Separalz seepwise Ciserinuinatd funclions (Tahkle 4 were

caleulated for the mean osll vaviables Tor 15 alarte ey fom 19 individusls (leans colam)
and ail barks from ae adul femalz (7P and taa adull mates MA and 3A4)

Pairwive comparison X TR ap A
Coyole —skunk 984 55.71 24.69 _
Coryiie — 0val 2414 24015 346 .57 i
Skank —aval .50 47 45 23,51

The pocled within-groups cotrelations batween the vaciables and the cunoni-
val disceiminunt functions for the analysis of the mean czll vanabies shiow thut the
fundamental frequency bad the greatesl effect on Lhe Gest discriminant function
whils the dominant harmonic frequency and the intzrharmonic incerval hud STIONE
effects on the second discriminant funcrion | Table &), The unalysis of all of the calls
from adult lemale 7P showed that the interharmonic interval and the Jundumental
frequency were mos! highly correluted with the first discrininant function; the
curgtion and siops of the wseending partion of the cally wers mos| highly correlared
with 1he second discriminant function. The interharmonic interval was agaio hghly
cormelated with Lhe first diseriminant fugetion i the anuivses of the calls from the
twn wdelt males YA and $A. The slope of the descecding portion of the cails was
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Tuhizd: Pooted withunegraups correlations hatween the dizcrininating vamabls ung the

cunonical discliminant fanctions. The dscrimuaaling wariahles are listed in tae order shat
they wore entered by the sTepwize procedurs

Correlation with  Correiclian E.z..|_
Suiree of calls Waridbles [ungtion : Iunction 2

Mzunz Fundamenzad freq. i1 2l 0.12e

Dreseending slope —0.106 1.044

Denuinand frog, —ha55 -T2

Inter-harmenic 012z (1. 3040

TP Teter-harmanic —i1d34 145

Drorinant Tey. 0145 1. 20

Dueatinn — (b (55]

Arzerding slope - - 0L04L -3

Fundamental g, 038 — {020

Descanding slope 11l Q. |us

Supra-dumimanl ireq, 1015 0.2z7

44 Fzter-harmanie 0. 744 —1318

Eruration — 0. 184 —0.330

Aseending slepe 285 0.3l4

_ Doscanding slops —025 - hal4

Supra-dominant dreq, by —{caq

Damizant freq. Thaz 00358

Fundameznral freq. — (LM =168
LY Enter-harmonic (26
. Duratien .30,
_ Supra-dominam frec. 0,387
Deseznding slope — (402

L .

mast highly correlated with the second discriminant funciion in (he analysis of the
cails from Y A (Tahle 6, :

The cluster anahvsas showed considerable individual varianad in the calls
within each treatrient gronp (Fig. 4) The mean amd the range of the squareg
Evclideun distances provide a measare for cotmpEnng e ameunt of indavidygs)
VHILZOON £M00g treatments. Within the calls to the covobe silhguetta, the sOlsred
Euclidesr: distences bad 4 mean of 1,235 ang ranged [tom 006410 3375 The level
of individual variadon within tge gyl sithoustte treatmant was more congistent
than within the coyota treatment; the s ng2 in dhe syuurcd Euclidesn distances was
lzsz than in the coyede Lreatmen! ((h225-2,504) bizt the mean distance wus Ergater
(1224}, There was much better agreemient arneng the prairie dogs within the skunk
sithonelte treatmen group (mean squared Buclidean distance — (.327, rangs:
0.048- 1,014}, Considering 1he three aninals that called to mers than one silleryelte,
the two adult males (94 ang ¥ A) consistently grouped {ar aprart from the adult
fernule (TP,

1
b

S ommunication in Prade Dog Alaem Calls

Squared Buclidean Dissimilarity Coefficient

g 1 2 3 4
1 1 1 i I

ir

Skunk  Megos

P

G
Meaas

IF

54

24

TF

Fig. 4 Clusier amalyses showing individol variation within each of the reatment gronps.

The squared euclicean distances were galoulated used on the sentroids of e Fonr warizbles
used in the discoimtnant functios analysis of the mean variables (Table 1)

Cwal

Discossion

Consistent differentialion amony alarm cails #iven in response 1o thres sil-
hovetee models differing in size and shape suggests that information about the size
and shape of external stimuli is encoded in prairis dog alarm calls hrough vagation
in speeteal characieristics of the calls. Although individual differences exiat, oo
calls group togerher accarding to 4 conunon simulus lor discriminan: functions
hased on mesn call variables as well as for individual wlarm calis f{soe Figs 2 and
3. This is consistenl with the hypothesis that the (st critenon of referen lial
specificity, production speciftcity, is a charagleristic of Gunmison’s prairie dog
alamma calls {sev Evans ot al, 19553,

Production specideily in Lhe complste absence of behaviara) vardation among
stituli would indicate tha: prsine dogs ferm categotics of their predators hased
on physica! characteristics and rot simply on the basis of MEESPONSE UTEEOCY A5
reported in other speeies of ground syuirrels ieg. Owings & Virginia 1975). Our
rcason for using sitheusite models 1o slicit alaon calls was Lo control [or behavioral
varaton among stitmali. Becauss the slhoucttes diffsred in size, differences in
sppurent speed may huve been perccived as behaviers] variation by the prairie
dogs. The puttern of movement interrupted by pauses and the Jack of directional
changes were identieal among stimuii, hawever. Behavioral variation th erefon: wag
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controlled wr & grewt exreat and the primary cues avarlasle o the praine dogs
wers physical. Although selavioral variation amonp predacess of g piven species
profably plays an mportan: curt in-the produclion specificity of alarm callz in
actual enconnters with produlors, our sludy shows that phoysical variation is impor
Ll for production spevifivity in prainie dog alam calis,

A questqon that emerges from the discrimingnt fusction results i Which
parametars of the alwrm calls correspond to the ways that praive dogs describe
thait predarors? The pooled within-groop correlations botween the mean varizbles
measwcd from the spectroprams and the canenical vasiables saggest that the
fundamenta] harmonic frequency and a combinagon of the dominant harmonis
frequency and the interbartnonic interval are components of the descoiptors ol the
siza and shape of the eliciting stimuli (Takle &) However, the analyses of all ol the
cells from che praitiz dogs that called 1o maore than one salhouetss show somewhat
diffevent patterns of variable loedings thai the analvsis of the mean call variables.
These sorrelations are difficult to iaterpret becanse of unequal Covariance malmues
among the treatrnent groups. Althengh the covariance matmcs: were nol sig-
nificanzly differan: it the anzlysis of the mean call varizbles (Box™s M = 16,30,
n == {16373}, the covariance matrices from the analyses of all of the calls [tom adult
l=male 7P and adull males % A amd 5 A wers unecual (TP ealls; Box's 3 = 3672.6,
P G001 9 A calls: Box's M = 27878, p < DO, 34 calls: Box's M = 8669,
p < 00001 This is a resalz of the dack of independence smong the eslls given by
tacse three pruine dogs during single Lials. Pooling ine covariancs matrices 15 only
valid if the ohservations wre mdependent zod the covarance matnces do ool differ
as jr, the analyais of the mean call variables {e.p. MDilion & Cobdsien 1984; Berostain
19E8). The poolad within-group coreelations for the analvses of all of 1he calls from
TP 94 and 3 A therelore should be interpreted with gaotion,

An imporant dimension of the varability in praive dog alasm calls s indi-
vidual variatior within a stimulus category. There are several possible sources of
individual variation including morphologiczl differances in the larvox and ora.
cavity and behaviaral differences relared 1o experience with predziors or molivation
with regurd 1o reproductive stulus. Morphological differences de noc appear (o be
important hers becaose differenl levels of individual vardazion are peasent afnong
all thres trcutment growass (Fig.4). 15 morphologicsl differences are imporiant,
eac would cxpect sitmlar valees of squared Foclhidean distances within all thees
TTEALITIET]. Srorps.

Experience with predators s prohably not important in this study becanse
wie used avtificial stimcl o elicii the alarm cails, Although we intended two of che
ihree silhouettes 1o represent familiar simuli iz the coyoie silhouerte as a predator
amed e skunk silhouetts as 8 mammalian oonpredator) thore 8 wo reason 1o
concleds that the praize dopgs recognized shom. Alarm calls in response to Hve
crycres rocproed duaring previous studies (zog. Lewiz-Wellman 1982, Kiduzis 19910
wars signifteanily different from the alsrm calls recorded during covole silhouctis
presencat:ons in this study {Wilss® lambda (4, 1, 10) = 3.049. Fi4,7) = 33 .44
p o= 044 In addition, a live skunk chat bad been frequently obscrved scavenping
[or leftover trap Salt acver cliciled alarm cails vat the skunk silhouette always
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caused 2 colony-wids response similar 1o thar observed during encounters wiik
predators. Although the type of call and the behaviors associaied with calling
daring the silhevette prescitations wers identical to Lhose chaerved during enceun-
sers with predators, the coyote and skunk silhoueties may have boon jusl us =¢¢w_
to the prairie dogs as the oval silhouece. The differences among the alarm «alls o
responss to the silhousttes can therelors be atbritwted to differenoes in the m_E..m.Hm_
characteristics of ke stimuli tather than eesponge urgency based on past @kperEnoc
with coyews or skunks. N

An additional consideration with réspect to individual variation i3 that praine
dogs of differenl sex andior ape classes may have differend metivation four nm.:im.
Adults with young would be expected Lo provide reliable Informalien to maxumaze
lbe chance of ioeir olfspring responding wilk the most effoctive cicape strategy
fe.z. Sherman 1977y, Nen-reproductive adulls, particularly those on the periphery
ol the colotry, hay call manipulatively to increase the level of colony-wide viglance
1o enhance their own safety (e.g. Drawkins & Krebs 1974). Finally, less saperienced
indivicduals may not have sufficient cxperience adequately to cucods all of the
infortrarion associaled with a given predator catepory,

Our study shows that Gunnisan’s praire dogs may encode inlormation in
their ularm calls aboul Lhe physical characterdsties of external stimubi. Dhespits
coatrolling for sost aspeos of the behavior of the'eliciting stimull conslunt, proieis
dog alarm calis varied consistently primarity with plysical chazacteristics of the
stirrnli. This provides the potantial to entode the lnformation neesssary 1o dentify
difcrent classes of nredators, [F Farther studics reveal that behavioral varialion
among eredators of a particular species can generstz production spectficity as
well, (lien receivets could adiust their responses for behavioral variation ameng
individuals within 2 prodator class,
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Reproductive Decisions in Female Fuoropean Ground Sguireels: Factors
Affecting Reproductive QOutput and Maternal Lnvestment

Eve Millesi, Susanne Huber, Lanuning . Everts & John F. Diteami

tilleed, B, Huker, 8., Brerls, L G & Ditlami, 3. B, (499 Reproducti~z desisicos in Female Eutnzzim
pround squirrzls: fastors uiecting respdesdve oitptl and maternal investen,, Lchology 108, |53
175,

Abstract

Py sdulegrical and Sehavivic) patzeveters wssociated wita reproducdve effal an:l saccess ware
i lerd i femaiz Earopean ground soujrs s dpersmiamiziios eitelius. The prepoiTion of reprodussive
[-actating) femalg: io Lhe srady pazubinlion waz aver Y0 wad was el relgled 4o ape. Timiyg of vesizus
uod ovolarion wag fuund o be affecrad by the Zemale's emergener dase and conditian. Femades wi'h
lewy smergenct mass showed Selayed gesirus. Diffeveaces in ovinating dales were shown to adect
reprodustive outprel in terms of litker sive and sex ralig, Eurly liters were larmer and male bigsed, X-
eay teehmiques wite uged to deteening inlzeutesing Jirer sze in individua Temeles. The resufe indiouted
bt litter sizz 2 Sen rutao wetz fiesd prenacally. Lavllion costs were 2efscksd U the intensity o mesy
loss aod dorar, o of kyelaliom. Mass loss vared nimh {jer size, i thas leruales with Jargs ity showsd
& more rapid loss 1han othere, The scuond parental investment furs meter. [actacon duration, varisd
<mong indivicual females und wa dependeal oa the limung of reprodtucizen und it sive fexrepl
yearlings). Barty born Frsers, which were, in mesl cases, Targer thum later on2s, vwers puesed [nngor,
Erolonge: Tastation perieds affecied femele condiiion in that they slartd prebilernisien [ateeming Larer
nd ezl brbernanon with a lower nass then indrvidozls thal had shor-er lactation pericds. Yearling,
Semaies pecbubly could rotafford the snegpstic costs 7 lorg Lactation, indzpeadent of they ofspriog
wiber, These cosuls ilicated that Ferles with Righer seproduetive oafpal und fRigher i vealmert
ware unable o compenzate thesz engle before hiheration. Consequences for thase inlividusis cotld
sherelbe be lower cver-winter suiviviei or a delaved cestros in the loliovaay season.

Curresponding avchot; B, hullesi, Tnstital e Tagiugie, Umvoeaitan Wien, Allbarstrass: [¢ A
1990 Vickna. Ausiria. E-mail cva millesgoosive ac at

Totroduction

In hibernating ramenals such as the European ground squirrel Spermophibag
chiethis, repreduction is ofter aifevied by the sccompanyving lcmporal and encrectic
constraints. Females bave to complels wmasing, gestation, lactation and pre-
hibernatory fattening dutng a shorl active season. Tuveniles ulso huve o grorw and
prepare for hibernation. Henee, a5 n S, citelfus, females can only produce une
SMer per year. {n addition to the mited lime badget, habitat quality declines wilh
seasonal progression. As o pesult, late-born Juveniles have both less lime o gain
Fat stores and lower food guality. Tn line with fdese [aclors, it has been shown in
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