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Al;stract

Vocalizations given by Columbian ground squirrels ( Spermophilus co!u{nbianus,) in
response to the release of trained raptors and dogs were recorded during the summers >f
1981-82 in western Montana. Calls given to the initial appearance of the predator did not
differ on the basis ofl predator type, but variations in call parametcis were related 1o the alarm
level. Higher alarm releases received a greater number of calls and these call- had a shorter
length, a shorter interval between successivé calls, and a higher proportion o .. - with
secondary.frequencies (harsh calls). Playback experiments confirmed that the number of calls
affected the alert response \yith'3 or more calls réceiving a higher alert response than 1 or 2
calls. The degree of harshness of individual calls did not affect alert response.

Calls given repetitively, after the predator .nad been scen and initial calls given, differed ™
on the basis of predator type. Hollow chirps were given to raptors and shrill/harsh chirps to
dogs.‘ Calls continued at regular intervals of about 2 seconds for up to 30 minutes or more.

No differences in alert response to these two call types were noted during playback experiments
but other evidence suggests that hollow chirps may indicate less alarm than shrill/harsh chirp§ .

The reasons {or use of a call system that differs on the basis of predator type versus

onc that doesn't are discussed, as is thg functional significance of alarm calls by Columbian

ground squirrels in particular, and alarm calling in general in the family Sciuridae.



Acknowledgments

A number of people “assistcd in the production of this thesis. 1 am cépccially gratef ul
to J.0. Murie, who's guiding hand and encouraging words kept the momentum 'rolling. "IM
would also like to thank B. Mutch, D. Mutch, J. Chaffin, and Brandy for their assistance
during the preda‘tor experiments, as well as T. Ruf fatto who gcncrousiy allowed us access to
his propcrt\ I would like to thank F.C. Zwickel, M.A. Harris and J.T. Hogan for rcadmg’
and commemmg on this thesis, and J.Sheahan and C. Herdman for statistical advice.

I am especiaily gratef ul tomy wife, Heather J eramaz for her field assistance and
mec:al sapport throughout this phcsis. Lastly, thank you Allison f or being such g good girl
guring the dicing stages of this thesis. ' .

This work was assisted by N.S.E.R.C. grant number A5865 to J.O. Murie and an

N.S.E.R.C. scholarship to the author.



II.

1I.

columbianus) in Responsé to Predators ........ B R S 26
}?\ Abstract ....... s e e 26
B. lntrodﬁction ............................... .......................................... 26
C. Methods ..................... R IR IS AP 27>
D. Results ....ooevviniiininnin. et ae e ettt e e a e e et e e aa et es 29
E. '“I%iscussion ......... PP ................ ST 30
F. Acknowledgements e, e e erereen et et aerrnrnas 35
- G. Liter#ture {011 £ B OO TP PR 41
Paper 3. ‘Rcsponses of Columbian Ground Squirrels (Spermophilus columbianus) to
Playback of Predator Elicited Alarm Calls ..........ccccoiiiiiiiiiiiiniee, 43
A Ab;tfaét ........................................ ettt ettt e e 43
B. ITOUCHON ..ovoorvvrvionctssssisensenssns seconse e 44
C.  Methods ............ ..'l‘.‘.‘ ................................ creseenpenns wrrsrss s .45
D. Results .....ccceveevvnennnn. .............. ................. e, 47
E. Discussion \ .......... e ceerene oo SR |

_ Table of Contents

. Chapter’ o
lmrqduction ......................... e P A
W~ A {,nlcraiurc Cited oo ....... B L
I. Paper 1. Alarm-Vocalfzations of 1hé Columbian Ground Squmcl (S‘ rmophijus
columbianus) l{l Response 1o the Initial Release of Trained Raptors and Dogs ... .
A. Abstract ....... JRS TR USSR U YOO RS ROUUPRRTRURPS e '
B. lntroductior; ............
C. Methods ..... PRI e ..................... e
oD, Results ..o F TP e
B DISCUSSION o
F.  AcKknowledgements ... ... i e
. N ’ &4
G. LiteratureCited ....................... e AU

Paper 2. Repetitive Vocalizations of the Columibian Ground Squirrel ( Spermophilus

!

vi

s

...24



F. Acknowledgements ........... e .................... Ceereneesran 52

wk
“G. Literature Cited ... e 58
IV. Concluding Discussion ...."........ i .................. Fveiieeiiienn .59
A. Literature Cited ... e e e 62 °
V. Appendix O PSSP 63
VI. Appendia 2 e B 64




List of Tables

Table - - - . Page
1.1 Classification of alarm ystems in the family Sciuridae on the basis of hlghly
predator dif ferentiaied, igfermediate, and non-predator dif ferentiated. ................... 17
1.2 Compansons of nine parameters measured on calls recorded in response to Raptor o
Fast Dog, and Slow Dog Teleases. ...........cveuuiiuiiiiiiiiiuierenrriiieteerrenireeiieennnenne 18
/.
1.3 Results of Discriminant Function Analyses between Raptor and Fast Dog, Raptor and
Slow Dog, Raptor and All Dog, and Fast and Slow Dog trials on the basis of call
JPATAMELETS. L.t E T P PP 19
: ~ \
- 1.4 Mann-Whilncy comparisons of First Behavior during Raptor and Fast Dog trials and
between number of calls, length, interval, and proportion of harsh calls during high
alarm and low alarm trials. ..o i e e e 20
| | | °
1.5 Chi Square tests of behavioral responses to Raptor versus Fast Dog releases.. ............. 21
1.6 Spearman's Rank Correlations between five call parameters during the release of
trained raptors and dogs, and between these parameters and First Behavior. .............. 22
I1.1 Summary of gyailable inf ormation on repetitive calling in the family Sciuridae. ......... 36

I1.2 Frequency, lcngth ‘and interval bctwccn successive calls for Hollow and ShrillAHarsh

rcpeuuvcchxrps .37

I1.3 The number of trials with raptors and dogs in which each of two typcs of repeuuve

calls weTe given. ... D O P SRR 38

1.4 Responses of Columbian ground squirrels to 22 paired playback trials of Hollow and

- Shrill/Harsh repetitive chirps, and responses (o unpaired plavback of non-repetitive = -~

and repetitive calls. ..., R e ettt ter e areaana 39

HI.1

Play back results of the ef fects of harshness and number of calls on alert responses. ...53

<

viit



List of Figures

Table

1.1 Representative sonograms (wide band) of calls given by Columbian grourid squirrels

in response to the release of trained raptors and dogs. ..........ociiiiiiiiiiiiiini

II.1 Representative sonograms (wide band) of repetitive calls given by'Columbiawound

squirrels in response to trained raptors-and dogs. ........ocoiviiinen L L

HI.1

Sonograms (wide band) used during‘ playback experiments. .......c.oicieeiieiiiiiiininennn.

I11.2 :
' Ranking of alert postures f or comparisons of initial alert posture, maximum alert

posture, and increase in alert posture during playback experiments. .......................

111.3 \ ~

Direction faced by squirrels relative to the source of the call during playback

59073 911015311 P PSSP

II1.4 :
- The effectsiof the number of calls on maximum alert posture, time spent alert,
running, and increase in posture over time, combining data from all playback

EXPETIMEnLS.  ..iiiiivieiiiiniieiiinnenenns femrtseuserarensrteainsarsshtisabeserattaerstateensaanan 57



lntyoduction

‘\'oealizations in responsc ‘o predators, referrvd to as alarm or ant:- »redator calls, are
-.videsprcad‘ among animals. A large body of research has concentrated on both the function d
these voealizations and the information cont: “ed in them. ) -

Among memmals, the most rigorously studied group is the pr;;x_}ates. However,.during

_ the past 15 years, considerable attention has focused on the family Seiuridac, in particular the
grouna dwelliné specizs. Some of the emphasis haé been on the evolution of alarrp calls and
the role of kin selection _(eg. Sherman 1977; Dunford 1977; Schwagmeyer 1981; Davis (in
press)). Other researehers heve examined the communication aspect of alarm calling,
specifically, what ihf ormation is conveyed by these calls. Experimental releases of simulated
predelors and the use'of playback experimems have added to the information gathere.d from
field observatio;ls (Turner 1973; Owings and Virginia 1978; Robinson 1981; Leger et al. 1980;
Harris et al. 1983).

A number of theories have been presented regarding the unction. of alarm calls (eg.
manipulation of eonspeeif ics (Charnov and Krebs 1979); discouragement of predator pursuit
(Dawkins and Krebs 1978)). nHowever, the major function of alarm caUs in the family
Sciuridae appears to be aiding conspecifics in avoiding c:ipture during predator ehcounters
(Sherman 1977). The minimum information corita;ined in the calls would‘be that daﬁger is

-present. However, additional information may be conveyed, sucﬁ as the ty;)e of danger ( Davis
(in press).), the alarm level associated with the alarm situation ( Robxnson 1981) or the o
appropriate def ensive behawor (Owings and Virginia 1978; Leger et al. 1980; Leger and Owings
1978). '

| Some sciurid species give different calls to aerial and terrestrial predators (eg. S.
beecheyi (Owings and Virginia 1978); S. richardsoni (Davis (in press)); S. parryii (Melchior

1971)) while others do not (eg. S. tridecemlineatus (Schwagmeyer 1980); Marmota caligata

(Taulman 1973); Cynomys ludovmanus (Waring 1970)). The reasons for this difference are

‘unknown, but it seems hkely that the system used is a reflection of predator pressures. Species



that use a different behavioral response depending on the predator tvpe would be expected to
give differem' calls to these prcdalPrs whereas species that usc the san response regardless of
predator type would not (Marler 197“7). Detailed examination of a variety of species and
calling systems may help in understanding the information conveyed by alarm calls~ and the
reasons for the evolution of different defensive strategies. ‘

Columbian ground squirrels (S. columbianus) have been dbscrvcd during field studies -
and appear not to use a different call to aerial versus terrestrial pred;tors (Betts 1970).
Plavback studies have indicated that some variations in call "aracteristics are related to alarm
level, suggesting that the ur'ger;cy of escape may bc specified in their alarm calls (Harris et al.
1983)..
| In order to examine the information content of Columbian ground squirrel ‘alarm calls,
I conducted a series of predator release experifnems and varied both the predator type (éraptor
versus dog) and the alarm level of the release. The results are presented in thre. papers:

1. The alarm calls given in response to the initial appearance of 'rained raptors and
dogs.

2. Repeuuve'calls given after the release of trairied raptors and dogs.

5. The responses of squirrels to playback of variations in call parameters recorded to
the initial appearance of trained raptors and dogs. }

“he inf ormaiion obtained from these experiments p;ovide some ihsights into the

function of alarm calls in Columbian ground squirrels,‘énd possibly’, in other ground dwelling

sciurid species.
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I. Paper 1. Alarm Vocalizations of the Columbian Ground Squirrel (Spermophilus columbianus)

in Response to the Initial Release of Trained Raptofs and Dogs

A. Abstract

Alarm vocalizations of Columbian ground squirrels (Spermophilus columbianus) were

recorded to the initial appearance of trained raptors and dogs. The calls did not differ on the
basis of predator type but ’\./aried with the level of alarm associated with the release. Higher
alarm releases rec'ei\?ed a greater numbér of calls, a greater proportion of calls with secondary
frequencies (harsh), and calls were shonef in length and were separated by shorter intervals.
The use of a non-predator differentiated alafm call system likg];' reflects the similar:',ty in

P

escape response appropriate to aerial and terrestrial predators.

L4



B. Introduttion

Vocalizations iq response to predators have been documented for a large numb\cr of
sciurid species. In particular, studies have been conducted to determine whéu informatigpn, if
any, is éonveyed to conspecifics by alarm calls.

It seems probable that all sciurid alarm calls warn conspecifics of danger (Sherman
1977). In addition, calls may also convey information about the defensive behavior appropriate
during predator encounters (Owings and Virginia 1978; Leger et al. 1980). Calls can be further
separated into two general categories;.those that differ depending on the predator type, and
those that don't. Onc would"expect that species employing different defensive strategiés that
depend on the kind of preda[of might evolve a system of alarm calling such that different calls
are given to different predators (Marler 1977). 'Cbnversely. species that give different alarm
calls to different predators might employ different escape behaviors to these predators. This
seems to be the case with Beechey ground squirrels (S. beecheyi) (Owings and Virginia 1978),
Richardson's ground squirrels (S. richardsoni)(Davis (in press)) and Vervet monkeys

(Cercopithecus aethiops) (Seyfarth and Cheney 1980). On the other hand, an alarm call system

that does not differ according to the kind of predator would be likely in species that have the
same escape Iesponse regardless of predator type.
Sciurids can be groupéd loosely into three categories with reéard to predator v
differentiation in their calling systems. The most highly predator-differentiated species usually
< give structurally different calls in resbonse to ;aerial an_d terrestrial predators (although few, if
V any,.appear to truly specify predator iype (Owings and Hennessy (in press); Balph and Balph
1966; Robinson 1981) ). Species classified as imerr.nediate in diff erentiatiqn tend to give
different calls to aerial versus terrestrial predatbrs, but the degree of overlap is high. In the
third group, calls vary little toward different predators. In all three groups, variability of calls
is likely related to alarm level and this is probably the most irnportant-information conveyed

(Robinson 1981). (Sée Table 1 for a summary of species in these three categories).
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Many studiés of alarm calls have relied largely on naturally occurring predator attacks.
While this method has the advantage of being realistic, it does not allow any control over the
attack situation. Other workers have used an experimental approach with a variety of terrestrial
stimuli {Owings apd Virginia 1978; Davis (in press); Cherry 1979; Schwagmeyer 1950) and one
usgd trained raptors to represent aerial predalor‘s (Turner 1973). In all previous work on
calling, no attempt was made to control the degree of alarm associated with th_e appearance of
the predator. |

Columbian groimd squirrels (S. columbianus) are known to give alarfn calls du;ing
predator encounters and these vary structurally (Betts 1976; Harris et‘al. 1983). Furthermore,
Colpmbian grouna squirrels respond differently depending on the call ‘broa'dcast during
playt;ack experiments (Harris et al. 1983), suggesting that information is transmitted.
However, calls df Columbian grourd squiric's in response to different types of predators or to
varying degrees of alarm have not »een irvestigated.

I conducted experimental releascs ! trained raptors and dogs, varyving both the

predator type and the alarm level of releases, to determine the extent of predator and alarm

differentiation in the-calling system of Columi)ian ground squirrels.

C. Methods

Expériments were conducted in nineteen Columbian ground squirrel coionies onaf ive:L
thousand acre cattle ranch (46° 35' N, 114 5' W, elevation 1000m) 10 kilometres northwest of
Stevensville, Montana from 24 May to 18 June, 1981, dnd from 4 1o 20 June, 1982.
Observations and recordings were made using blinds and natural cover. A tra.ned male
red-tailed hawk was used for 72 aerial trials and a female prairie falcon was flown during 10
trials. Nylon fishing line in a f ishing reel was attached to th; Jessup of the birds to p’rcvém
their escape.' Sixty-five trials with a lerrcstri‘al predator were conducted using a three- vear-oid

black Labrador retriever. An average of 7.5 trials was conducted on each colonv with a mean of

1.2 days between subsequent trials on the same area. There were no significant dif ferences

A



between raptor and dog trials in terms of the distance from the release site to the colomy
(a\-'erage of 62 m for raptors, 52 m for d(u)gs), the ume between successive trials on the same
area, and the pre-trial behavior of the squirrels (Apf)cndix 1).

1 usually waited until squirrels were engaged in a non-alert tvpe of activity such as
grooming. feeding, or basking before releasing’the predator. The raptor flew rapidly at an
average height of 8§ m (range, 2-12 m) and for an average distance of 70 m (range, 15-120 m).
It usually flew either directly over the squirrels or landed on or at the edge of the colony.
remaining motionless on the ground until retrieved between one and four minutes later.

T'wo tvpes of dog tnials were conducted. In Fast Dog trials, the dog ran rapidly towards
the colony after being released from the blind area He usually ran through the colony area,
occasionally stopping a1 burrow entrances, and returned to the blind afier a few minutes either
on his own initiative or after bciﬁg summoned vocally. Slow Dog trials were conducted from a
truck parked along the road at the edge of accessible colonies. When squirrels were behaving in
a non-alert manner the dog was carefully let outﬂof the side of the truck furthest away from
the colony. The dog trotied slowly along the road staying close to the truck, and after a minute
br"xwo.was sumrn_oned back and let into the truck ag:ain: »

Calls gurihg Raptor and Fast Dog trials were recorded using a Uher 4000 Report
Monitor tape recorder with a Sonv AKG 1000 microphone and a Grampian parabola. Tape
speed was 9.5 cm/s. Slow Dog tnals Qere rccordedvus_ing a Nagra IV lape recorder with a
Sennheuser MKH 10S microphone at a tape speed of 19 cm/s. Sony P.R. 150-5 tape was used
for all recordings. The tape recorder was mmed on before a release and recording continued at
least until the stimuluS-was retrieved (raplofy)‘or back in the blind (dog) and usually longer.

) A Kay Elemetrics Co. Digital Sonogra;;h 7800 with Sonagraph Printer 7900 was used
-‘f or structural analysis. Whenever possible, Power\‘§pcctrums (sections) were made of all calls

having more than one {requency component in order to measure relative intensity of the

\ . ) 4
components. These were used to compute the 'harshnégs' of a~"  -core combining the
\
relative inlgnsily (in decibels) and the number of secondary cc ~s).

Ly



Based on the results of my expeniments, trials were separated into two phases. The
- release phasc included the iniual reactions of the squirrels to the appearance of the predator.
This was usually followed by a short pause, then o repetitive phase. Repetitive calls were given
at regular intervals of about two seconds for up to an hour or more. Repetitive calls 1o raptors
were structurally distinct from release calls making it easy to distinguish be veen the two
bhascs. but repeuitive calls to dogs were similar 10 release calls and it was not always possible to
determine when the repetitive phase began. Thus, ‘onl_\' the first S seconds of calling were u_scd
for analyses. All but 1% of release calls to raptors and approximately 11% to dogs occurred
within the first 5 seconds. This paper is concerned with the release phase only (see Lickley 1984
for an analvsis of repetitive callingA).
The following call parameters were mf:asured and compared, frequency. frequency
k ~ modulation, and length of the dominant component, the harshness of the call..the number of
double calls (two calls given so close together that they are joincd {Figure lc), Lﬁe number of
multiple calls (3 or more calls given in rapid succession resulting in a chatter sound)(Figure
1d). the total number of calls. and the interval between successive calls. Harshness was
measured in three .wa_vs: the average harsh score per harsh caiﬁnring a trigl. the maximum
harsh score per trial. and the proportion of calls having harsh components during ea'ch\trial.
All analvses were done using individual squirrels that were recorded during a trial.
Comparisons between stimulus situations were done on a per trial basi§ with one squirrel'used
\,pc} trial. During the few trials where calls of more Lhaﬁ one squirrel could be distinguished, the
squirrel giving the higher number of calls was used.
Behavioral resp?nscs of up to S squirrels per trial were monitored during Raptor and
Fast Dog trials but not during Slow Dog trials. Responses measured included first behavior, the
direction faced by the équirrels immediately after releasé of the stimulus, and whether or not a
squirrel called during the release phase. First behavior was ranked on the basis of level of alarm
and classified as 1= no reac;ion, 2= little reaction (turned or assumed a sit}ing posture), 3=>

alert posture (vertical or horizontal alert), 4= ran to a mound ang assumed an alert posture,
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and 5= ran to a mound and went partially orl completely into the burrow.

Mann - Whitney tests were used for each call variable for comparisons between stimuli.
Discriminant function analyses (Nie et al. 1975) were used 10 test the dcgrec of separation .
between stimulus situations based on a combinalion of call parameters. Chi square and
Spearman's Rank Correlation tests were used 10 compare behavioral responses and to compare

these responses to variations in call parameters. For.all statistical analyses, a probability level

i

of 0.05 or less was considered significant.

D. Results

One hundred and f orr)'-seven trials were conducted but only 80 were used for analyses.
Trials not used _included those with no andible calls, those in which calls were not analyzable
owing to excessive background noise or faintness of the call, and those in which more than one
squirrel called simultaneously making it impossible to distinguish individual squirrels.

The basic’alarm chirp used by Columbran ground squirrels durrng my predator release

Fxie

expenmems was the shrill chirp (Figure 1a)(see Harris et al. (1983) f or [ermmology) This
" chirp had an average dominant frequency of 59 kHz (range, 51 to 65.kHz) and an average

- length of 61 ms (range, 145 10 120 ms)(Table 2). The mostv obvious varialion was the presence
.of secondar) components not related to the dommant component in some chxrps These calls
(=harsh shrill chirps (Hams et al 1983)) varied in number and mtcnsrty of secondary
components (Figure 1b). An average of 45% of calls were harsh shrill chrrps

Compansons of: Raptor versus Slow Dog, and Fast Dog versus Slow Dog trials show

similar differences in call parameters. Slow Dog mals received signif icantly fewer double, )
mulu’ple, and total calls as well as fewer harsh shrill calls (Table 2). Also, the length of calls
was greater in Slow Dog trials (Table 2). The interval between successive calls vwae ‘sigm'f icantly
shorter to Raptor versus Slow Dog,. but not to Fast versus Slow Dog trials, and frequency was
significantly lon/er in East versus Slow Dog trials, but not in Raptor versus Slow Dog trials

(Table 2). FreQuency modulation, average harshness, and maximum harshness were not

- e
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type (Appendix 1)..

10

signif i‘camly different betWec'rf{' trial typeg(Tab]e 2).
There were no significahl'differences between Raptor and Fast Dog trials in any of the :
parameters measurcd bul Fast Dog trxals were consmcmly intermediate in value between
Raptors and’Slow Don mals in thc parameters memxoned above (Table 2). |
Discriminant f uncnon analyses mdxcale a relatively low discrimination between Raptor
versus Slow Dog. and Fast Ddg versus Slow Dog-trials, and an evén lower discrimination
between Raptor versus Fast Dog, and Raptor versus All Dog trials ( Table‘ 3).

=4

- The behavioral respbnses of squirrels to predator releases varied from no change in
, .

behavior to immediately runn-ing down a burrow. The mean rank of the first behavior after

release was thc} same for Raﬁiors and Fast pogs (3.6) but first behavior was significantly
higher tc; Raptor ‘rcleases based on a Mann -.“Whimcy comparison (Table 4). Also, more
squirrels ran immediately ar;_d rhore went down. burrows to Raptor releases (TabBle 5). In
addition, more sduinelg ranlif thqyf were ncrnt‘alert prior to release regardless of the predator

w

Squmels tended to onem immediately toward the predator rather than toward the caller

dunng both Raptor and Fast Dog mals but more so in Fast Dog trials (51% versus 92%

' respet:uvely (Table $).

Fewer squirrg!s called during Raptor trials than during Fast Dog triais (Table 5). Since
squirreAls -usually stayéd up longer to dog trials and only went down when the dog was close,
they had more opponumty to call .to dogs.

The number of calls was signif u:antly correlated with all parameters except frequency
and frequency modulauon (Table 6). In addition, interval was cqrrclated with length and

average harshness was correlated with proportion of calls that were harsh (Table 6). No

- . signif icant correlations with any call parameters were found for running, going down burrows,

or in first behavior (Table 6).
In an attempt to find somc:measurc of the effect of the calls on the squirrels and thtus

of the alarm level of a-trial, I compared trials where non-alert squirrels immediately ran (high
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alarm) versus trials where first »behavior did not involve ru'nning (low alarm). 1 eliminated all
squirrels that called during a trial on the grounds that they may have been responding to the
predator rather than the calls. Once these squirrels were matched‘tb trials vyith analyzable calls,
only .8 running (high alarm) an? 7 ﬂon-runﬁing (low alarm) trials were available for analyéis.
Mann - Whitney tests revealed no diff ‘erences between these groups in any of the call parameters

!

(Table 4).

E. Discussion

The results of my predaior ;eléase experiments clearly indicate that information
regarding the type of predator is not transrhitted to conspecifics by the alarm calls of
Columbian ground squirrels. None of the nine call parameters measured differed signif icémly
between Raptor and Fast Dog trials. Instead, alarm level appears to be the main information
contained in the calls. Slow Dog trials représented a low alarm situation, while Raptor and Fast
| Dogs trials representéd a h:igher aiarrr.ll. although there was a gradient of alarm level in the |
Raptor and Fast Dog releases varying f rom extreme to low alarm""depending on the
circum§tances of the{ trials. Fast Dog trials were probably less alarming than Raptér trials since
the speed of the raptor was greater aﬁd the time it' took to reach the colony shorter. This is
suggéste,d by the fact that Fast Dog trials had mean values intermediate be[weén Raptor and
Slow Dog tria{f\ or ail‘signif icant parameters. -

‘ Of the nine parameters measured, four were signif’ icéntly different between Raptor and
Slow Dog. and between Fast and Slow Dog trials. The greatest difference was in the number of
c:_ills given; Slow Dog trials receivgd fewer calls than any of the other release situations. This is

unlike the trends f or some other sciun’ds (eg. S_ _tgc;ldLngg (Robinsqh 1981); S. parryii (Melchior
1971)) in which high alarm situations are associated with a small number of calls, but is similar
- to-the reactions of S. beecheyi to terrestrial predators (Owings and ’\";irgima 1978).In
Columbian ground squirrels it seems reasonable that a higher number of calls indicates a higher

alarm level since squirrels that remain above ground and call to predators might experience high
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|

excitallion rates and thus con;inue calling while the predator is in Qiew. On Lhé other hand, in an
extreme alarm situation (which probably rarely occurred during my predator releases) it seems
likely that a squirrel wbuld only have time to emit a few calls priér to escaping down a burrow
(Leger et al. 1980). In that situation, it may be that other call parameters serve to convey levels
of alarm to neighbdring Columbian ground squirrels.

; On; of  these parame.ters could be the lchgth of the call since Raptor and Fast Dog
trials (hiéh ala{m) received shorter calls than Slow Dog trials (low alarm). Other sciurids may
use length in a similar manner to convey alarm level (eg. M. ga;l_i@t_av(Taul‘man 1977); M.
vancouverensis (Heard 1977); S. beldingi (Robi;uson 1981); S. beecheyi (Owings and Virginia
1978); andg richardsoni‘( Davis (in press))). It seems plausible that during high alarm
situations, calls would be shorter in length, aliowing calling squirrels more time to escape.

A third parameter that seems related to alarm level is the interval between successive
; célls. Calls during Raptor trials had a much shorter interval than during Slow Dog trials. No
difference was found between Slow Dog and Fast Dog trials, but that was likely a reflection of
the small Slow Dog sample size for this pérameter (50% of Slow Dog trials received only one
call and.theref ore had no imervél measurement). A shorter interval was postulated ;Q be an
indicator of high alarm in Columbian ground squirrels by Betts (1976). A short interval
between calls is also associated with higher a_larm level in many other sciurids (eg. M.
flaviventris (Waring 1966); Cznomy' s (3 species)(Waring 1970); S. tridecemlineatﬁs
(Schwagmeyer 1981); S. beldingi (Robinson 1981); ana S. beecheyi (Owings and Virginia
1978)). '

Interval seems a likely parameter to use for urgency during many alarm situations as it
would reflect excitation of the caller without compromising the time needed for escape. .
However, during extreme alarm situations, squirrels may not have time for more one or two
calls and interval would not be useful as an indicator qf alarm. A shortened interval coupled -
with a.higher number of calls likely is reléted to the increased numbér of double and multiple

calls during Raptor and Fast Dog releases.
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A parameter Lhal a_lsp seems a likelyv candidate 5§ an indicator of alarm. level 15 the
degree of hafsh‘ness of the call. Harsher calls were ‘found 10 be mor. alarming in S. beechevi
(Owings andl Virginia 1978), as well as during previous playbéck experiments with Columbian
ground squirrels {(Harris .et‘al. 1983). However, harshness does not sccm to be used as an
indicator of alarm in most other sciurids. -

During my predator release cxmriﬁents there was a diff cr'cnc;e in the proportiqn <;f
harsh shrill vergus pure shrill chirps given during a t;rial; high’cr alarm trials received more harsh
shrill chirps. Therefore. it seems probable that the number of harsh shrill chirps is used to some
degree as an indicator of alarm. Howevcr the degree of harshness of individual calls did not -
seem to reflect the level of alarm since neither the maximum harshness of calls. nor the avcragc
harshness per harsh call differe¢ between Raptor and Fast Dog versus Slow Dog tnals. |

‘ Bens\( 1976) postulated that higher frequencies reflected higher levels of alarm in

.Columbian ground sqmrrels and f rcqucncy has becn similarly mentioned as an mdncator of

alarm in S. beldingi (Robinson 1981) _ armatus (Balph and Balph 1966) and S. o

m‘decemlineétus (Schwagmeyer 1981), but not in S. beecheyi (Owings and V'irginia 1978), and

Marmota flaviventris, M. caligata and M. vancouverensis (Waring 1966; Taulman 1977; Heard

1977). During my expcvrimems‘. frequency was significantly different between Fast and Slow.
Dog trials but in the opposite direciion ﬁrec{icted by Betts (1976). In addition, no dif ference
was found between Raﬁtdr and Slow Dog trials.jlt seems proba'lile that frequency does not
indicate the level of alarm in Columbian ground sqt'xirrels and the reason f dr the difference
between Fast and Slow Dog trials may have been the small _s_amplg size of Slow f)og tnals

. Frequeficy modulation was found to be an indicator of alarm in S. beecheyi (Owings
and Virginia 1978), and of predator type angi/of élarm.in S. richardsoni (Dz}vis (in press)) but
was not found to be an indicator of ala_rm in @lmbim ground squirr'els. In addition, the
intensity of the call was postulated as being an indicator of*aiarm in some scmnds (eg. M.
vancouverensis (Heard 197\) various tree squirrels (C.C. Smlth 1980; Emmons 1978)) It

seems probable that louder ca{s_[gflect higher excitation and alarm levels in Columbian ground
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squirrels, but I was not able io measure intensity.

Although several characteristics of calls correlated with the intensity of alarm during’
my pfcdal'or releases, a combination of ihcse parameters did not clearly discriminate between
high-and low alarm-trials. The reason or this is not apparent, but may be a result of the small
sample size of low alarm trials and the éradicm of alarm lévels that existed in the high alaﬁn
trials. | -

The behavioral inf ormau‘lm collécted during relcﬁse experiments could be used in some
cases 10 calculate the alarm level associated with a particuiar trial. However, a number ofl | ’

By 'complicating_ factors may influence those data. For instance, first behavior was found to be
negatively correlated with the distance from the release site to the colony . Also, the behavior

‘ pribr to release, especially whether or not a squirrel was alert or not, influenced the tendency to
run irﬁmediately after release.

B Fiﬁt bchavibr was significantly higher 1o Raptor than 10 Fasthog trials. and more
squirrels both'ran and entered burrows during Raptor trials. Davis ( iq pressu)'also reported ;hai -
Richardson's éround squirrels ran inﬁnediately more of ten to aerial versus terrestrial predators
‘ calls, and Leger et al. (1977) found that Beechey. ground sqdirrels both ran more often and_/ s
‘assumed a lower alert posture 1o aerial than to terresr:rial predator calls. They posfulated that

responses may have been related to the diff erent hunting styles of these two prcdétor types. In
| my experiments, differential br'unning likelv reflected a higher alarm level associated with acrial
releases rather than a different response td acrial versus terrestrial predators siﬁce there was a |
] consid;rablg degree of overlap in béhayioral Tesponses 10 thg two types of predators. |

. As was found in vervet monkeys (Seyfarth and Chcnc) 1980), squirrels were more
likely {0 look toward the pr‘edator ra;her than the caller upon hearing an ala‘rm call. This \.waus
especially apparent in Fast Dog trials where only 7% of the squirrels faced in the direction of
* the caller, versus 21% during Raptor trials. Searching immediately for the source of alarm
rather than -thé caller would seem to be a more reliable way to obtain information and ass&ss

the danger. In addition, the peripheral vision of squirrels may allow them to watich the caller
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whi‘lc'the_v search for the‘;)rcdalor during manynﬁredator encbumersL_However. the quick
reagpons of squirrels dun‘ng.my pr#dator releases made it dif ficult to determine whether this
occ;;’red. ’

In summary. Columbian ground squirrels do-not give calls that specify the type of
predaior during the release phase of predator encouﬁlers. Instead, they appear to convey
information regarding the level of alarm associated with the prédat'OT encounter. The major
indicators of alarmi a;e ‘th number of calls. the interval between successive calls, the léngth of
Llhe call. and the proportion of harsh to shrill calls. ’Based on these results, it appears that the
mulu’f)le.harsh chatter (combining number of calls, length of calls, and im‘erval between
successive calls) r_epresems the hiéhest aﬁrm level in Columbian ground squirrels, at least in the
Montana populatibns studied. This may not ‘be true of some Alberta popuiations as multiple
chatters are rarelyv heard“there even during.situations of extreme alarm (W. King, J. Murie, M.
Harris (pers. comm.)).

The use of a non-predator differentiated system is consistent with Marler's hypothesis.

~ He postulated that species that use different responses depending on the ﬁrcdator type migh{ be

expected to give different calls to these predators (Marler 1977). Field observations indicate
that Columbians are not selective in their choice of burrows to enter (unlike S. beldingi (Turner
197'3). Rather, they seek refuge in the nearest burrow during all predator encounters (unpubl.

data). Also, there is no indication that squirrels behave in any cor}sistently dif ferent manner

A

Awhile escaping acrial \?er;sus ferrestrial predators based on my experimental data. .

‘ Fewer defensive strategies are likely needed for the habitat and predaior pressures
experienced by Colpmbian ground squirrels in my study area compa.red to S. beecheyi (C.)wings‘.
and Coss 1977; Owings and Virginia 1978). However, Columbian ground squirrels appear to
have similar predator pressures as S. richardsoni. Thus, it seems puzzling that the two species
differ in t:heir alarm call systems. One possible explanation is that _the wooded, generally hilly
habitat of Columbian ground squirrels may offer more cover for predators and allow them to

[

get closer 10 a colony undetected than does the open prairie habitat of S. richardsoni. If both

1)

-
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aerial and terrestrial predators hunt Columbian ground squirrels largely by stealth, the same
escape behaviors may usuall\ be appropnate for both types of predator; hence there would be
| no reason for calls to the two predator types to differ. Field observations mdxcatc that both
goshawks and coyotes use cover to catch squirrels by surprise (W. King (pers. comm.); M.
Harris (pers. comm.)). However, it is not known to what extent Red-tailed hawks rely on
either stealth or cover when hunting Columbian ground squirrels. The extent of similarity in
hunting techniques and threats posed by aerial versus terre.strial predators has not been well
documémed for any sciurid, ix;cluding Columbian ground squirrels. This is an important area

for future study. In addition, playback experiments of the effects of variations in call

parameters are 'necessary in order to verify the relationship between call parameters and alarm

level in Columbian ground squirrels. : ~.
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Table 1. Classification of alarm call systems in the family
Sciuridae on the basis of highly predator differentiated,
‘intermediate, and non-predator differentiated call.types, and
parameters of calls\that vary. (no=number of calls, 1lth=

length, int=interval between calls, har=harshness, freq-=

frequency, freq mod=frequency modulation, inty=intensity)

System : ’ Parameters Source

Predator Differentiated

Spermophilus beechey: ro, lth, int, Owings & Virginia 78

har, freq mod Leger & Owings 78

Spermophilus undulatus no. har Melchoir 71

Spermophilus armatus ~ no, freq Balph & Balph 66

-

Spermophilus richardsoni 1lth, freq mod Davis (in press) -

Intermediate

Marmota caligata lth Taulman 77

Marmota vancouveréﬁsis 1th, inty Heard 77;

Spermophilus bqldingik 1th, no, freq Robinson 81
wd

Non-predator differentiated

Marmota flaviventris - int Waring 66

Citellus tridecemlineatus freq, int Schwagmeyer 80
Cynomys ludovicianus, int, lth, .  Waring 70

C. leucurus & C. gunnisoni Fitzgerald et al. 74
Tamiasciurus hudsonicus int, inty Smith 78

Spermophilus columbianus int, freq, Betts 76

har Harris et al. 76

African Rainforest Species lth, inty Emmons 78

/



Table 2. Comparisons of parameters measured (on a per trial
basis) of calls given by Columbian ground squirrels to
Raptor, Fast doé, and Slow Dog releases. Means (+ S.E.)
are listed and probabilities are based on Mann-ﬁhitney

All comparisons

tests (¥=p<0.05, **=p<0.01, ***=p<0.001)

between Raptor and Fast Dog trials had a p>0.05.

Raptor vs.

o

Slow Dog  vs. Fast Dog

Parameter N Mean P N Mean P N Mean

Number of Call 38 9.2 +1.0 #x% 10 1.9 +1.2 *%F 32 7.3 +4.8

Number

Double

Number

of

Calls

of

35 2.8

+0.3

Yook

%

10 0.4

+0.3 **% 31 2.5 +0.

35 1.2 +0.2 % 10 0.0 +0.0 ** 32 0.8 +0.3

Multiple Calls

Interval between
36 189 +22.7 * 5 1238 +651.8 28 331 +69.1

Calls (ms)
Length (ms) 30 59 +2.2 ** 10 78 +6.2 ¥ 29 61 +2.8
Frequency (kHz) 37 5.7 +0.7 10 6.1 +1.3 % 30 5.7 +0.9
Frequency

. 19 1.5 +0.0 8 1.4 +0.0 16 1.5 +0.0
Modulation (kHz)
‘Average Harsh 30 23.8 +4.0 10 9.8 +5.2 27 18.1 +4.2

Maximum Harsh 30 28.1 +4.7 10 10.6 +5.7 27 21.9 +5.3

% Harsh Calls 31 55.9 +8.4 ** 10 10.0 +6.7 * 32 45.9 +8.2

18
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Table.3. Discrimfnant Function Analysis (‘lethod=Direct)
between Raptor (n=34) and Fast Doy (n=30), Raptor and Slaw
Dog (n=10), Raptor and .11 Dog, and Fast and Slow Dog
trials on the basis of call paraometers. Percent predicted
group membership, percent correctly classified, and

parameters used 1n function are given.

Group “Predicted Group %“Correctly Parameters

Number 1 © 2 Classified Used
Raptor 1 55.9 44,1 Avg. Harsh
& ‘ 57.8 Interval
Fast Dog &2 40.0 60.0
Raptor 1 85.3 14.7 Frequency
& . 72.7 Avg. Harsh
Slow Dog 2 70.0 30.0
Raptor 1 55.9 44.1 Interval
& ‘ 58.1 “Harsh calls
All Dog 2 40.0 60.0 . Frequency
Fast Dog 1 13.3  B6.7 Avg. Harsh
8 7 ) h 67.5 Length
Slow Dog 2 10.06° 90.0 B Frequency




Table 4. 3) First behavior (ranked from l=lowest alarm

to 5=highest alarm) during Raptor and Fast Dog trialg,

and b) number of calls, length of calls, interval

between calls, and proportion of harsh calls, during

high alarm t(squirrels ran) and low ;1arm (squirrels did not
run) trials. Means and standarcd errors are given.

Probability values are based on Mann-Whitney tests.

a

Raptor (N=207) Fast Dog (N=67)

Mean S.E.’ Mean S.E. M-W

a) First Behavior 3.9 .08 3.6 .09 p<0.05

Ran (N=8) ~Didn't Run (N=6)

b) Number of Calls 8.5 2.5 8.5 0.6 p>0.9
Interval (ms) 164 42.0 281 61.2 p>0.1
Length (ms) - 54 2.5 59 4.9 p>0.4

% Harsh 67.3 17.5 67.0 20.9 p>0.9

20
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Table 5. Behavioral responses (% squirrels that
ran, entered burrows, faced predator initially,

and called) to Raptor and Fast Dog releases.

N
Raptor Dog
- 2
(N A N A X
£ ) ’
Ran S (90) 59  (48) 40  p<0.05
Down Burrow (90) 43 (48) 19 p<0.01
Faced Predator (76) 51  (89) 92 p<0.001
Called (171) 12 (34) 71 p<0.001
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Table 6. Spearman's Rank Correlations between five call
parameters during the release of trained raptors and dogs,
and between these paraveters and first ﬁehavior of squirrels.
Only call parameters‘that were significantly correlated are

listed.

Number of Correlation - Probability

Trials Coeﬁficient
1. Number of Calls
versus
a) Interval 62 -0.34 <0.01
b) Length 59 -0.66 <0.001
c¢) Average Harshness 54 ‘ 0.32 <0.01
d) - Proportion Harsh 60 ‘ 0.22 . <0.05 -
2. Interval
versus | 57 0.49 | <0.001
Length |
3. Average Harshness
versus : ' 54 . 0.85 <0.001
- Proportion Harsh |
4. First Behavior
versus ‘
a) Number of Calls © 64  -0.09 . >0.2
b) Interval 62 =2.05 >0.3
c) Length o 59 . 0.06 >0.3
dj Average Harshness 54 0.10 >C.2
e) Proportion Harsh 60 - 0.12 >0.2

195
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Figure 1. Representative sonograms (wide band) of calls
given by Columbian ground squirrels in response to the
|

release of tréined Raptors and Dogs. (a= shrill, b=

harsh shrill, c= double shrill, d= multiple shrill).
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I1. Paper 2. Repetitive Vocalizations of the Columbian Ground Squirrel (Spermophilus

columbianus) in Response to Predators ' -

A. Abstract

Repetitive vocalizations given by Coumbian ground squirrels (Spermophilus
columbianus) after the release of trained raptors and dogs were studif.:d' during the summers of
1981-82 in western Montana These calls began after the predator had been seen and initial
" alarm calls given, and continued at regular mtervals of about 2 seconds for up to an hour or
more. Hollow chirps were given to raptors and shrill/harsh chirps to dogs. Playback
experiments revealed no differences in Lhé alert responses of squirrels to these 2 call types. The
probable function of these repetitive calls is to monitor predator' movements and maintain
vigilance. The use of a different repetitive call to aerial and terrest.rial predators may.be due to
the diff érent threats posed by these two predalor types during the répe[itive phasé with aerial

predators representing a lower threat.

B. Introduction

The focus of most studies of alarm vocalizations in the family Sciuridae has been on
Ealls given during Lhe ipitiél appearance or attack of a predator. However, Betts (1976) and
Owings & Hennessy (in préss) mentioned another class of calls that begih after thc: initial alarm
calls and continue at relatively consﬁnt intervals for up to an hour or more.

megs and Hennessy suggested that repetitive calls should be Lreated asf uncnonally
distinct from calls glven during the initial predator attack It has been postulated that repeuuve
calls serve to maintain vigilance and to communicate inf ormau'on about the pred'atbr's
movements and location (Melchior 1971; Morton and Shalter 1977; Byme 1981;Qwings and . |
Hennessy (in press)). In addition, they may lower the response threshold, thus d;';r&sing the
reaction time during subseq"uent predator attacks. Howéver, there has been little study of this
phase of interactioné with pfedators and the functional sigm’f icance of repetitive calls remains

E
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hypothetical.
, \‘
In S. beldingi and S. beechevi repetitive calls are structurally similar to initial alarm’

calls (Robinson 1981; Owings et al. 1977), whereas in Marmdta vancouverensis and S. '

»~
columbianus repetitive calls are structurally different (Heard 1977, Betts 1976). In mest

sciurids only one repetitive call is used and no mention has been made of a different call for

aerial versus terrestrial predators (Table 1).
Repetitive calls were frequently recofded during my investigation of alarm vocalizations
¢
given by Columbian ground squirrels in response to trained raptors and dogs. Data on these
calls are preseﬁted here. as well as the results of playback experiments to assess behavioral
responses to them. The unctio;lal significance of repetitive alarm calling in the Columbian

-
ground squirrel is explored.

C. Methods

1. Predator release experiments

Predator release experiments were conductéd on a‘2.000 ha. caitle ranch (46" 35' N, 114
5" W, elevation 1000m) ld kilometres northwest of Stevensville.,Montanﬁ from 24 May to 18
* June, 1981, and from 4 to 20 June, 1982. A trained male red-tailed hawk was used for 72 aerial
predator trials and a female prairie falcon was flown during 10 trials. The raptor usually landed
on or near the colony and remained motionless until retrieved. Sixty-five terrestrial predator
trials were conducted using a three year old black Labrador retriever.,wa types of dog trials
were run. In Fasi' Dog trials‘ the dog ran at and through the colony and returned to the blind
after a few minutes, either on its own initiative or after being summoned vocally. In Slow Dog
. tri_als the dog was visible to the squirrels, but stayed near the blind and did'hot-enter the colony
(see Lickley (19842)). |

A tape recorder was turned on prior to a release and recordmgs contmued at least until

the sumulus was retneved (raptor) or back in the blind (dog) and usually longer. Tims a

representative sample of repetitive calls was recorded during each trial. The calls were then "

-~

-
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monitored by ear for a number of minutés after the recorder was tur;lcd off.
A Kay Elemetrics Co. Digital Sonograph 7800 with Sona Graph Printer 7900 “;;s used
for structural analysis of recorded calls and a sound-pulse timer was used to measure the .
‘interval between calls.
Two phases of calling were distinguished. The release phase included the first five
seconds of calls given immediately after the predators' release. The repetitive phase included
“calls after f ive seconds, but was further broken down gto calls while the predator wés moving
an;:l calls while the predator was eitherl not moving or not visible to calling squirrels. Only the
latter were used for comparisons between raptors and dogs and between call types.
Comparisons between calls were made using Mann-Whitney U tests. | |
2. Playback Experiments
Playback experiments were conducted from 4 to 19 July 1982 in the Highwood River
drainage 46 km west of Longview, Alberta (50" 23' N, 114 39' W, elevation 1500m) (see
Lickley (1984b) qu methods). The calls played were a series of five rapid shrill chirps recorded |
during the release phase of a Fast Dog trial, followed by a 3 second pause and then 20 seconds
of either repetitive hollow or shnll chirps spaced 2 seconds apart (see below, Harris et al. 1983
f ora descnptlorrgf calls). Plavbacks were done on a paired basis; after the fi irst call was played
and squirrels resumed previous activities, the second call was played. The sequence of calls
within a trial was alternated. |
The type of posture and the time spen{t alert were cdmpared using a paired Wilcox.on
sighed rank test. Alert postufes were classified on the basis of alarm response as done byy Harris
etal. (1983) and Lickley (1984b). (0=no reaction, 1=head up, 2=sl§uch, 3=vertical,"
. 4=vertical stretch, 5=pa.r'ﬁ&1iy in burrow). Time was measured from the beginning of alert
acnvnty untl the squxrrel resumed non-alert actmty Behavior was not monitored after
non-alert acuvnty resumed An additional companson was made, on an unpaired basis, between

the series of five chirps only and the series followed by repeuuve chirps using a Mann- Whltney

test. A Qobability value of 0.05 or less was considered significant for all analyses.

|



D. Results

Call Types

Three different types of repetitive calls were . corded. Shrill chirps (see "Harris et al.
( 1983) for terminology) were pure note vocalizations with no secondary componems (Fxg 1b)
“ They had a mean frequency of 5.5 kHz (range, 5.4-5. 8 kHz) and a mean length of 63 millisecs
{range, 50-70 ms)(Table 2). Harsh shrill chirps had a dominant component simi]ar in
f requdnc_v and length to the shrill chirp. but contained one 10 five secondary compontents that
were not multiples of the dominant componem: giyi‘ng a harsh or no.isy quality to the‘s-ound.
Shrill arrd harsh shrill chirps were similar to the alarm calld given during the initial appearance
of a predator. Harsh shrill chirps were used as repetitive calls during c;nl\' 8 of 61 trials anaiyged
and were interspersed with shrill chxrps Therefore, shrill and harsh shrill chirps are combmed
f or analyses.

Hollow chirps contained a dominant component with a medn f requcncy" of 2.5kHz
(range, 2.0-2.8 kHz) and from zero to four related harmonic%Fig la) The m;:an iengtrl was
56 milliseconds (range 30- 90ms) (Table 2), and these calls had a rounder, fulle sound easﬂy
" distinguishable by ear from other alarm calls. Holldw clurps were never recorded dunng the
release phase of a trial. ~.

Alarm calls were rdcorded during the release phase of 52 percent and 66 pergent of
‘Raptor and Dog Lnals respectively. These('wer‘e f ollowed.by repetitive calls in 90 .per'cem of
Raptor and 60 percent of Dag trials.

Hollow chirps were associated with Raptor"rﬁals and shrill/hazsh chirps with Dog
trialé. Seventy-nixre per-cent df Raptor trials receivéd hollow chirps only, fifteen per-cent
received shrill/harsh chirps, and the remdim'ng received both hollow‘and shrill/harsh chirps
'(Table 3). In contrast, all but one Dog trial received shrill/harsh chirps only; Ir.he Temaining
trial recexved 2 hollow and 75 shrill/harsh chirps (Table 3).

The interval between successive repetitive calls was s:gmf 1candﬁrorter for hollow

chirps (1.9 s) than for shrill/harsh chirps (2.7) (Table 2). The interval for shrill/earsh calls

r,
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during Fast versus Slow Dog trials did not differ significantly, although the mean‘imerval was
slightly higher during Fast Dog trials (unpubl. data). |

The interval between successive repetitive calls was relatively constant throughout a
calling bout. This was in contrast to the more crratic intervals between successive shrill/harsh
calls given while the dogs were still 'moving (Appendix 2). (No cbmparable measure of
repetitive calls to moving pfédalors was available for hollow chirps since raptors remained
motionless after landing.)

Playback results

There were no significant differences in alert response to playback of repeated hollow
versus repeated shrill chirps. Squirrels assumed a mean alert' posture between vertical and
slouch for both repetitive call typés'and staved alert slightly longer to hollow than to

~shrill/harsh chirps (Table 4). n

An u‘npaired comparison between the shrill series only and the shrill series plus
repetiti\/e calls revealed no signif icant dif ferences in the time spent in alert posture (Table 4).
Altﬁough the maximum alert posture indicaied a higher a‘l;rm response to the repetitive calls,

this posture was reached prior to the start of the repetitive portion of the playback and was not

~
a result of the effects of repetitive calls (Table 4).

E. Discussion

1. Functional significance of repetitive calls.

When discussing f.gnction'al significance of repetitive ca_lling, two diff erent categories
should be distinguished; calls while predators are visible,and calls when predators are no longer
visible. |

In Columbi;m ground squirrels, (as in S. beecheyi (Owings and Hennessy (in press))

- and M. flaviventris (Waring 19\66)) repetitive ;alling while the predaior is visible probably

functions primarily to inform conspecifics about the predator's location since the rate of

calling tends to inicrease when terrestrial predators increase speed or get closer to a calling



squirrel (Lickley (unpubl. data); M. Harris (pers. comm)). However, it is diﬂ”i&uh io
determine whether jxlformalioxx concerning a predator's movements is being conveyed by the
calls because non-calling squirrels may be responding to the predator rather than 1o the calls.

Byrne (1979) noted that vocalizations of Guinea baboons also change with the
movements of some predators that hunt by stealth (eg. leopards) and he postulated that it
would be funct:onal to mark the location and comment on moévements of ﬁrcdators that rely on
an undetected close approach for hunting. However, this is not t@e case with predators that
hunt in the open and rely on speed (eg. wild dogs). In the latter case, baboons simply wa:ched
the predator in silence from a safe position.

. The predators of Columbian ground squirreis use both the undetected approach and
speed f~rom an exposed position when hunting (unpubl. data; J. Murie pers. comm.). However,
unlike baboons, Columbian ground squirrels call in response to both hunting strategies
(unpubl. data).

" Repetitive calling may also function to discourage further attacks by-informing the
predator that at least one squirrel.is vigilant (Owings and Hennessey (in press); Dawkins and
Krebs 1978). This is also difficult to determine because discouraged predators are unlikelyv 10 be
seen by an observer. |

Repetitive calls could act as a deterrent against subsequent attacks by predators who
hunt by stealth, but it does not seem to be an effective mea-sure against predators who use

speed from an exposed position when hunting (eg. S. armatus (Cherry 1979)). In fact, I have

seen a coyole capture a squirrel while in full yiew of the colony and while repetitive chirps were
going on. Thus,-although some predators may be discouraged, others clearly are not.

Repetitive calling often continues after the predj:;uor has left the area and is no Iohger
visible (Heard 1977; Waring 1970; Balph and Balph 1966; Brand 1976). Thes€ calls probably
function primarily to maintain vigilance against subsequent attacks (Melchior 1971; Owings and
Hennessy (in pfess)). Betts (1976) in fact, noted that Columbian ground squirrels seemed to

look up more frequently during repetitive calling than when no calling occurred.



~Owings and Hennessy (in press) postulated that repetitive calling may also serve 1o
lower the Lhreshold for response during subsequent attacks, thus decreasiﬁg the reaction time
and increasing the squilirels' chances of escape. Maintenance of vigilance and/or lowering of
response threshold would only be beneficial if there was some likelihood of a subsequent
attack. To dz;Le, there are no published data 1o test this hypothesis. However, circumstantial
evidence suggests that some raptors do réturn to a colony within‘ a short period of time after an
unsuccessful attack (W. King pers. comm.) and I have seen covotes and badgers return to a
colony several times after their initial departure.

Plavback of recorded calls can be used to determine the response of squirrels in the
absence of predators. In my plavback experiments there was no significant dif ference in mean
time spent alert and mean alert posture during repetitive calling compared to playback trials of
the same release caills without repetitive calls. However, the comparison was not done on a
paired basis and individual variation and other uncontrolled factors may have influenced the
results. Also, no data were collected on subsequent vigilance or lowering of threshold response
after non-alert behavior was resumed, and d'i_f ferences may onlv appear after a longer period of
time. Finally, the period of repetitive calling that I used may have been too short 1o produce
any differences in the squirrels' responses since my predator release data indicate that repetitive

5
calls usually continued for a minimum of 3 minutes and increased vigilance and/or threshold
lowering may only be affected after calls have continued for some time.

Harris et al. (1983) found that plavback of rebealed shrill chirps did not produce any
differences in aléﬁ response when compared to playback of a single shrill cﬁirp. Similarly,
playback of repeated hollow chirps did not produce a difference in alert posture as compared to
a single hollow chirp; however, squirrels spent a significantly longer time alert to the repc:itcd
hollow chirps. These observations suggest that repeated hollow chirps do increase vigilance
whereas repeated shrill chirps have no obvious effect on the squirrels’ behavior.

.A number of problems arise in interpreting this inf ormation. Shrill chirps are used both

during the release and repetitive phases of a predaldr interactién, but hollow chirps are only
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given during the repetitive phase. Also, single hollow chirps may be used duriﬁg social
interactions, whereas shrill chirps arc rarely used in such coﬁlcus (Harns et al. 19§3). Thus,
repeated shrill chirps may have no more effect on alert response than single shrill chirps
because squirrels equate both with alarm situations. On the other hand, repeated holiow chirps
ma\ increase uime spent alert because single chirps serve 1o produce attention rather than real
alarm (Harris et al. 1983), whereas repeated chirps do elicit alarm reactions.

2. Functional significance of hollow versus shrill/harsh repetitive vocalizations.

Columbian ground squirrels are one of the few sciurids reported to have more than one

"t_\'pe of repetitive vocalization and Lhe onlv one with anyv degree of aerial-terrestrial separation
in the use of repetitive calls. Hollow chirps were associated with aerial predators and
shrill/harsh chir;}s with terrestrial predators. However. these two tvpes of fepéu’[iye chirps are
not completely predator specific sin:al there was occasional overlap in their use and both are
éi\'en occasionalily 1o ffon- predatory mammals such as humans and ung}ilates (unpubl. data;
Betts 1976). |

The functional significance of having two repetitive alarm calls is dif ficult to assess
with existing daia. but differen: iz’ ormation could. be extracied from the two calls. Possibilities
include:; alarm level, defensive behavior appropriate in response 1o subsequent attacks,
likelihood of subsequent attack, or a combination of the above.

Ultimately, the purpose of all alarm calls is probably 1o warn conspecifics of danger
(Sherman 1977),and possibly to convey information about the behavior that fs most
approprate during predator encounters. Most species, including Columbian_grouna squirrels,
appear 1o convey alami level during the release phase, and in the case of Columbian ground
squirrels it seems possible that the two repetitive calls represent different alarm leveis,.

One important indicator of alarm level during the release phase is the interval between
successive calls, with shorter intervals associated with higher alarm levels (Robinson 1981;

Licklev 1984a). During the repetitive phase hollow chirps had a shorter interval between calls

than shrill/harsh chirps. Thus, hollow chirps could communicate a state of higher alarm than

-
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do repeat®d shrill/harsh chirps.

However, Betts (1976) and Harris ¢t al. (1983) both concluded that hollow chirps
represented a lower level of alarm than shrill/harsh chirps because shrill/harsh chirps are used
to indicate alarm duriné the ‘relcase phase while hollow chirps are'used more often during
non-alarming social interactions. This makes sense m relation to the threats posed by aerial
versus terrestrial predators during the repetitive phase of predator encounters. Raptors that are
on the ground or in nearby trees visible to colony members, probably have little chance of
captqring squirrels since some rapidrs seem 10 rFI_\' on an undetected approach combined with
spee’d when hunting Columbian ground sci)uirrels (W. King (pers. comm.}). In contrast,
terrestrial predators such as cbyotes represent a greater danger while they are in Lhé colony even
if they have been seen (unpubl. data). Thus, repeu't.ive shrill/harsh chirps probabl_\:.repr_esém a
higher alarm level than repetitive ﬁollow chirps.

My playvback experiments revealed no significant differences in alert response to
repeated hollow versus shrill/harsh chir;;s although the same difficulties exist as mentioned
earlier in interpreting data from these experiments.

Sorneﬂspecies s.uch as S. beechevi and S. richardsoni appear to specifv diff eremia].
behavior 1o the initial appearance of aerial versus terrestrial predators through the use of
diffegent calls in response to the two tyvpes of predators (Owings and Virginia : Davis‘(in
press) ). .ln all likelihood the major inf orrnau'oh in these calis is still the alafm level (Robinson
1981). The use of predator differentiat¥d calls coﬁld reflect a response to different hunting
strategies and/or threats by the different predator types (Marler 1977). If true, these predator
differences should be consistent in order for the information comained‘in predalof
differentiated calls to be reliabl_e. |

_ If aerial predators of Columbian ground squirrels that are visible are iess alarming than
terrestrial predators, squirrels may be able to return to feeding sooner and move further away
from burrows during the repetitive phase of aerial compared to terrestrial predator encounters.

However, once the predator has left the area or is no longer visible, the threats posed by



» predators should return to pre-attack levels and aerial predators would be at least as alarming

. as lerrestrial prédalors (Robinson 1931; Turner 1973) #Continuing a repetitive call to aerial
predalors that ihdicates lower alarm seems like a poor strategy uniess aerial predators are less
likely to return to the area. Dala regarding behavior during the repetitive phascv or the
likelihood of a predator returning to an area are needed to clarify any selective advamage of
giving two types of repetitive calls.

: A number of experiments couid be used 10 determine the functional sigﬁiﬁcance of
repetitive calling. Vigilance could be measured by comparing head raising, scanning, and alert
postures prior to playback with behavior during and after plavback. Repetitive calls should be
plaved for at least three minutes and behavior should bé monitored for a number of minutes
after célling has ended. Lowering of response threshold could be tested by c‘omparin.g behavior
during release of a trained predator with behavior during subsequent releasés in order 10

determine if response time is decreased or whether the predator is spotted sooner.
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Table 2. Frequency, length, and interval between

successive calls (mean + standard error) for Hollow and

‘Shrill/Harsh repetitive chirps.

N Frequency Length Interval
(kHz) (ms) (s)
Hollow 28 2.5+ 0.06 56+ 3.30 1.9 + 0.17
Shrill/Harsh 14 5.5 + 0.06 63 +'3.10 2.7 + 0.43
Mann-Whitney p<0.001 p>0.09 p<0.03
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Table 3. The number of trials with raptors and dogs in

which each of two types of repetitive calls were given.

\

Hollow Shrill/Harsh *  Both
7 .
Raptor -~ 27 5 2 X
Dog 0 26 1

Chi Square (2X3) = 41.3  p<0.001
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Table 4. Responses of;tolumbian ground squirrels to 22
paired playback trials of Hollow and Shrill/Harsh
repetitive calls, and responses to unpaired playback of
non-repetitive (n=52) and repetitive (n=44) calls.

Wilcoxan Signed Rank tests were used for the paired
comparison and Mann-whitney tests for unpaired comparisons.
Mean values * standard errors are listed. Alert postures

" were classified on a .scale of O (no response) to 5 (see text).

Hax;mhm Alert " Time Spe?t

Posture’ ‘ Alert (s)

Hollow 3.2 + 0.17 80.8 + 12.3

. . ”/
versus : p>0.1 p>0.1
Shrill/Harsh 3.5+ 0.16 = 64.3 + 10.3
Non-repetitive 2.8 + 0.11 77.9 + 10.5

- ' . s ]
versus p<0.05 p>0.1

Repetitive 3.4 +.0.12 72.6 + 8.1
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Figure 1. Representative sonokranl (wide band) of
repetitive calls given by Columbian ground squirrels
in.ruponu to trai;ud Raptors and‘Dogs. (a= hollow
c.hi’rp,' b= shrill/ha_rsh"chirp). |
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I11. Paper 3. Responses of Columbian Ground Squirrels (Spermophilus columbianus) to Playback

of Predator Elicited Alarm Calis

A. Abstract

Variations in recorded vocalizations given by Columbian ground squiirrels

(Spermophilus columbianus) in response to the release of trained raptors and dogs were plaved

back to free-ranging squirrels - Thev responded in a more alert manner to plavback of 3 or

more calls than 1o 1 or 2 calls, but did not respond differently to calls wiTth secondary

s

frequencies (harsh) versus a pure note call (shrill). Posture tended 10 become more erect over

time more often 1o 3 or more versus less than 3 calls and squirrels initially faced at an angle of

80 deg. s in relation to the source of the call. Plavback results were generally consistent with
i ) .
data collected during prédator release experiments.

N
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B. Introduction

Calling in response to predatofs is a widespread phenomenon among sciurids and these
calls have been f.ound to vary in terms of a numbe}r‘ of structural parameters. Two general
' categories of sciurid calling systems can be distigguished.

Some species emit a distinctly different call to aérial vérsus terrestrial predators (Balph
and Balph .1966; Melchior 1971, Owiﬁgs and Virginia 1978; Davis (in press)), whereas other
species do not differentiate according to predator type (V .2 1966, 1970; Schwagmeyer 1980;
Lickley 1984a). A third group may be in&ermediate in that struéturally distinct calls are often

given to aerial versus terrestrial predators,“ but the amount of overlap is high (Heard 1977,

kY
1

Robinson 1981).

Playback experiments have bveen used in some species to determine what information, if
any, is transmitted to neighboring conspecifics by these alarm calls (Leger Cﬂd Owings 1978;
Harris et al. 1983). Some squirrel species that give predator differentiated. calls respond
differently 'to aerial than to terrestrial predator calls (Leger et al. 1977). In addition, squirrels
have been sho_wﬁ to respond. in a more alarm;d manner 1o variations in certain call parameters
(Leger et al. ,-.1977' 1980; Leger and Owuing”é 1978; Owings and Leger 1980; Schwagmeyer 1981;
Harris et al. '1983).

‘Field experiments involving the release of trained raptors and dogs indicated that
Columbiah ground squirrels used one basic type of alarm chirp (shrill chirp) in response to the
initial appearance and/or attack of these predators. Calls to the two types of predator did not
dif fer significantly (Lickley 1984a). However, these cal'ls varied with respect to the degree of
harshness, the n'umbe: of calls, the length of calls, and the interval Between successive calls.

Evidence from these release experimenté suggests that these variations -were more likely-
related to the degree of alarm than to the type of pre(_iator. In additio‘n, playback_experiments
by Harris et al. (1983) indicated thgt Columbian.grou;ld s'quirrel's' responded in a more alert -

fashion to playback of a call with unrelated ‘secondafj" componénts (harsh shrill chirp) than to

a pure note call.(shrill ch_irp).
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I conducted a series of plavback experiments with Columbian.ground squirrels in the

summer of 1982 tesung the effects of number of calls and harshness in order to determine if

these variations were related 10 the level of alarm response shown by the squirrels.

C. Methods

Alztm calls given by free ranging Columbiar ground squirrels in response to controlled
releases of a trained réd tatled hawk ang a black Labrador retriever were recorded during the
summer ol 1981 at the Ruffario cattle ranch. 10 km northwest of Slevezxsville, Momanab(46'
38TNLC LTI ST W elevation 1000m) . Recordings were made with a Uher 4006 Report Monilér ,
tape recorder and an AKG 1000 Microphone at a tape speed of 19 cm/s (see Lickley 1984 for
details). Calls were chosen for playvback based on the quality of/rccording. Theyv were
re%pduced ina rscdrding studlo to boosf and standardize plavback jevels and 1o reduce the
amount of background nois¢. Two parameters were selected {or pairea plavbacks.

"a) Shrill versus harsh shrill chirps. Shrili chirps (see Harris et al. 1982 for terminology)

: N . . .y . . . .
were single. pure note vocalizations that had no unreiated harmonics (Figure la). Harsh shrill

.

chirps had 2 dominan! component sim:" o shriil chirps plus 2 number of unrelated
harmonics, giving a harsh qualiy to the sound (Figure 1b). These harmonics varied in ther
intensity, length. {requency anc¢ number. For plavback purposes.one harsh shrill chirp with

strorig unrelated harmonics and a shrill chirp of similar length and frequency were used.

-

b) Number of calls. ,
§

A single shrill chirp (Figure la  :wo shrill chirps given quickiy so that they are joined
together (doub!~ shrill chirp)(Figure id) and a senies of five shrill chirps given in rap?d
succession at an average interval'of eighty ms between chirps ¢multiple shrili call) were used

during one group of plavback experniments. A second group of experiments involved & single
. r

harsh shrill chirp (Figure 1b). the same chirp plaved three umes with 2 300 ms interval. and a
series of six harsh shrill chirps grven in ramd succession with an average interval of 50 ms

between chirps (mukiple hag%h call}. The mulupie shrill czli contained chirps from two
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.squirrels who were calling simultaneously while all OLhér categones were mnale upof chirps
f‘rom a single squirrel. \
Experimental Procedure.
Plavbatk experiments were conducted at a number of colomes aiong the Sheep River drainage
(50" 38" N, 114 239" W elevauion 1500m). approaimately 30 km west of Turner Vallev, Alberta
and along the Highwood River drainage (5¢° 23" N, 114 36" W elevation 1500m) 46 km west of
Longview, Alberta from 6 Mav to 21 July. 1982. Plavback of si\ngle versus muluple harsh chirps
were also conducted from 6 to 16 Junc. 1982 in Montana on the ranch where the predator
release experiments took place.
Plavback was done from a vehicle parked at the roadside. Squirrels were not marked
and age and sex were not known. Trials were conducted on a paired basis (see Table 1 for
‘ .
pairings used) in order to rninirnize variability in respdnse levels that might be related to
changes in environmental condi‘u'ons or the state of the animal. Calls were plaved using‘ a Nagra
IV tape recorder and a Kudelski Power Arnplific{/Lo_udspeaker (6W class B). The frequency
response c;f this arﬁpliﬁer was flat. Volume of pla}'baék pairs was adjusted in each trial

according 10-the distance from the speaker 1o the squirre] and wind conditions in order that the

sound reaching'}he squirrels would be approximately equal between trials. Responses of one or

| sometimes [wo équirrels al a lime were noted at each trial. Following plavback at oneilocﬁ;{ ] 3
: R

moved a minimum of 100 m along the road before commencing the next trial. .

I waited untfi no calling was heard from the area and squirrels were behaving in a
non-alert fashion (eg. ‘pla}'ing, feeding, grooming) before beginning a trial. Following playback
of the first call, the behavior of the squirrel was obserszd until it resumed a non-alert activity.
A minimum of three minutes of silence and non-alert activity was allowed to elapse before
plaving the second call‘. The order of calls was alternated so that an equal number of each call
was presented first in each plavback series.

Responses monitored during a trial included the type of alett postures , the total time

spent alert, the direction the squirrel faced relative to the the speaker, and whether or not it 1an

m
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to or entered a burrow. Alert postures were classed as by Harris ¢t al. (1983) with the exception
of categoryv 5 (in burrow, with head and torso out of burrow)(Figure 2). Catcgory 5 was added
as the rriost intense alert posture because 1 felt that watching from the safety of a burrow
reflected a higher alarm level than standing at a burrow's edge in an exposed stretch posture
{category 4). lniu’él posture, maximum alert posture and change in posture were compared.
Time alert includedfthe total amount of time spent by a squirrel in all alert postures-before
resuming a non-alert activity . It was assumed that the highér postures, longer time spent alert .
and occurrences of running 10 or entering a burrow reflected greater levels of alarm (sc. Harris
et al. 1983). »

The direction faced by the squirrels after hearing a call was noted and scored as being
closest 10 one of the following; 1= directly at truck. 2= a 45 degree angle from truck. 3= a 90
degree angle, 4= a 135 degree angle and 5= directly awa\ from truck (Figure 3). The amount
_of time spent facing the iniual direction pfior to changing direction (scanning) was also noted.

Within each playback pair, Wilcoxon signed rank tests were used to compare initial
alert posture. maximum alert posture, time spent alert and direction faced by the squirrels.
M/c’Nemar tests Were used 10 compare funm'ng to burrows and change in posture. Where
playback trials were combined across the paired design, unpaired comparisons were made
betweer;»various call categories using Chi Square tests for proportions, Mann-Whitney 4gsts and

1-tests for comparisons of means. A probability level 6f 0.05 or lower was considered

significant.

D. Resﬁlt;

Squirrels usually reacted to playback either by -assﬁming an alert posture immediately,
or after running to a burrow entrance. Squirrels entered bur;ows immediately during only 6 of
466 playbacks. Rarely did squirrels call during a trial and never immediately following
playback. Occasionally, no visible reaction was noted to one or both of the calls. Since it was

impossible to determine whether the lack of ;%cdon‘“'as due to having not heard the call,
bt .
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rather than ignoring it, those trials (n="7) were excluded from the analysis.

Alert posture and time alert (p>0.05, Mann-Whitney U tests) and number of squirrels
running 1o burrows (p§0.05. Fisher Exact tests) were similar {or each paired comparison
‘rcgardless of the order of plavback except where noted in ;Yable 1. Since only 6 of 80 playvback
categories indicgtcd a dif ference in TeSponse vyith order plaved, and the direction of differences
was not consistent, they could have occurred by chénce. Therefore. all calls of a given type
were combined for comparisons within paired experiments.

vPaired Comparisons )

a) Single harsh shrill versus shrill chirps. There were no significant differences in any
~of the parameters measured in r\ESp_onse to single . irsh shrill versus single shrill chirps (Table
la}. o | |
b). Number of chirps. Time spent alert was significantly longer following playback of
multiple harsh and multiple shrill as compared to singleAharsh or shrill chirps (Table 1p.1c,1d).
In addition. squirrels responded w\‘,jth a significantly higher maximum alert posture, were more
likel;\’ to increase the alertness of their bosture after the initial alert posture, and ran more
often in response 10 the multiple hars . rsus single h'arsh calls dﬁring the Alberta experiments
(Table 1c). However, these differences were not evident for the multiple versus single harsh
calls plaved in Montana (Table 1b).

The double shrill call received a shorter time spent alert than did the multiple shrill call
but no other comparisons of these éa}ls were significgnt (Table le)-. There were no significant
diff erences in tl;e responses of squirrels to single versus double shrill chirps, or to three versus
multiplf; harsh calls (Table 1f, lg)tt |

Unpaired Comparisons

The data from the paired experiments were combined and re-analvsed on an unpaired
basis in order to increase .sarnple sizes and examine the dita in ways not included in the paired

design. However, one must be more cautious in interpreting these unpaired comparisons. All

-3 .
overall comparisons indicated that alert posture, time alert, running, and increasing posture

1@, )
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‘wilh time, were significantly differem depcnding on the number of calls played (Figure 4). A
comparison of means between single, doublc, three chirps and more than three chirp playback
experiments revealéd significant differences in.maximum alert posture and time alert .betwecn 1
and more than 3 chirps, but not iﬁ any other comparison. (Figure 4a.b). A significantly larger ‘
proportion of squirrels ran upon hearing three chirps or more as compared to single or double
chirps. but there were no significant differences between single versus double chirps. or three
versus more than three chirps (Figuré 4c). |

- Change in alert posture over time was also greater for increasing numbers of calls. A
larger proportion of squirrels had an initial alert posture that Was lowFr than the maximum
posture in response 10 trials with more than three chirps versus single chirps (Figure 4d).
Double and three chirp trials had an imerrﬁediate propor.u'on of squirrels increase posture |
(Figuré 4d).

There were no differences between call types in the direction that squirrels faced after

hearing a call, or in the amount of time prior to changing direction (Kruskal Wallis tests,

p>0.05). The mean direction faced by squirrels was 2.8 (approximalel§ at an 80" angle in

relation to the speaker (Figure 3)).

E. Discussion’
s In this study, 1 found no differential aler'tA response to shrill versus harsh shrill chirps.
By contrast, Harris et al. (1983) found that Columbian ground squirrels responded with both a°
higher maxin;ufn aleft posture and a longer time spent alert to harsh shrill than shrill chirps.
Differences in the type of calls. used coqld parliall'y explain the conflicting reéulté obtained in
the two experiments. The shrill qhirps were similar in all major parameters, but the harsh shrill
chirp used by Harris et al. (1983) differed in the interval between, pqsition, and relative
intensity of secondary components as compared to the chirp used in this stud;' (Figure 1b, 1c).

The harsh shrill chirp of Harris et al. (1983) was recordéd from a trapped squirrel at close

range and the call was likely in response to the approach of the investigator (M.A. Harris, pers.:
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cémm.). The chirp used in this study was recorded during a Hawk release trial and was
representative of the harsh shrill chirps recorded during my predator release experiments in
basic structure. Of the over 300 harsh shrill chirps recorded during 80 prédator release trials,
none resembled the chirp used by Harris et al. (1983). Thercfore, perhaps the two harsh shr_ill
chirps are used in different contexts. The éhirp of Harris et al. (1983) fnay be a call given by -
squirrels in immediate danga{f being caught, whereas the chirp used in this study may be -

more typical of the anti-predafor alarm call given by squirrels after initially spotting a predator

and when not in immediate danger of capture.

It is also possible thit the recordings used by Harris et al. were of a higher quality (ie.
1ess back\ground noise) because They were recorded at close rangé from captive squirrels.
Beéchey ground squirrels more often failed to respond to calls recorded in the field than to
recordiﬂgs from captive squirrels (D.H. Owings, pers ;omm). Perhaps, therefoye, sq—uirrels
were less able to distinguish between shrill and harsh shrill chirps recorded in the field than to
those recorded in captivity. |

The resu}ts of my' predator reiease experiments indicated that although more harsh ‘
shrill calls were given during higher alarm situations, Lﬁe degree of \luafshness was not I related to
alarm level. Therefore, harshness is probably not an overly importam indicator of alsl\% level |
at least when hsed singly.'

The number of calls appears t0 produce different levels.;)f alarm. Responses to 3 or
more chirps were greater than to one or two chirps (double). Double chirps elicited the same
response as smgle chirps, and squirrels appeared notyo react differently to them. This is
consistent with the results of my predalor release experiments. Low alarm trials rarely elxcued
more than two chirps (mean= 1.9 (range 1-3) chirps per trial) whereas higher alarm trials
rarely recewed fewer than 3 chxrps (mean= 8.8 (range 1-25) chirps per trial). Dunng playback
experiments there was no greater alert response to 3 ve-sus more than 3 chirps. Possibly a

: a

.- threshold gxists.of three chirps at which the alert response reaches a maximum level so that |

subsequent calls in a series elicit no greater response by the squirrels. The number of chirps also
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appears to indicate alarm level in S. beecheyi, but the effect was dif f erent for aerial versus
ler{gstrial predator cglls. Squirrels responded in a more élarmcd mahner to a fewer number of
aerial calls, while they were more alarmed by a highier number of terrestrial calls (Owings and
Leger 1980; Leger et al. 1980).

Leger and Owings (1978) found that S. pe_ecﬁy_i exhibited a differém sequence of
postures 1o _c_alls that were more associated with aerial versus terrestrial predators. Terrestrial
calls resulted iﬁ a higher alert posture during the first minute, with a gradual decline in posture
over the next two minutes. The posture in respohse to agrial calls, in contrast, was greatest
during the second minute and was 10\.aver in the first and third minutes. They interpreted this as
a response to the differential threat and method of attack of the two predator types in that it
would be advantageous to assume a low initiil alert posture and be as inconspicuous és possible
-in response to aerial predators that might be. swooping low ovef the colony. A high initial alert
posture would enable a squirrel to spot and monitor the usuilly slpwér approach of terrestrial
predatorg.

" A comparison of the iniu’ail alert posture and ithe maximum alert posture during my
playback experiments shows an increase in the alert posfure over time wiih the number of
chirps pla_vded. ‘However. this was not the case during paired playback experiments. In addition,
data from release experiments indicate that an increase in alert posture is most likely not a
reaction to predator type. . : : . e

Bgtts (’1976) stated that Columbian groﬁnd squirrels face in the gericral direction of the
callér on hearing a call. In response to my -bhybacks. 75% of the squirrels faced at an angle of
90 degrees or Iess in relation to the source of the call. The peripheral vision of squirrels is
probably sufficient to éllow the squirrel to spot the calier at a 90 degree angle. Scanning usually
did not begin until 20 seconds or more af tér the squirrel had responded to the call. Predator _
© release expén'ments indicated that squirrels usually oriented toward the predator immediately
-after its’ release. If squirrels 'do not usually call unless they ﬁave spotted the source of )

disturbance (Harris et al. 1983; Lickley (unpubl. data)), squirrels that have not detected the



predator can probably best assess the initial danger by directing their attention towérds the
.source of the call and observi‘ng the behavior Qf squirrels that have spotted the predator.
However, it is probably a better strategy to‘ search for the source of alarm rather than the caller
in order to accuratel)'__agscss the beha\}ioralfresponse necessary.

As with many sciurid species, the Aalarm calls of Columbian ground squirrels vary with
respect to a number of parameters, some of which appear to convey inf orrﬁation about the
alarm situation to conspecifics. Areas for further study include; the effects of interval between
successive calls using controlled comparisons (eg. thltee harsﬁ calls él a 300 ms versus 100ms
interval), an additional test of the effects of two c'hirp_s versus three thirps using the same
chirp and iﬁlerval for the comparison, and a test of the effect of length of the call on the
responsiveness of squirrels. During all future experiments, a more detailed analysis of behavior
in response to alarm call playbacks is recommended, possibly through the use of video taping,

in order to further understand the subtleties of the Columbian ground squii'rel alarm system.
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Table 1. Playback results of the effects of harshness (harsh vs. shrili)
~and number of Eafls‘(l, 2, 3, and >3 chi;;s) on alert responses.

_ Wilcoxan (paired=a-g) aﬁdﬁhann—Whitney tests (unpaired=h) were used to
compare initial and maximum alert postures, and time alert. McNemar
(pairéd) and Chi Square (unpaired) tests were used for % squirrels that
ran, and increased postLre."(*=p<0.05,,**=p<0.01., Fhk=p<0,001) (+=1st

call had greater alerf response than 2nd, ++=2nd call greater than lst

(Fisher Exact tests, p<Q.05)).

v

N Initial Maximum Time(s) 7% 7%Increased

Posture Posture Alert Ran Posture

a)Harsh 2.5 2.8 - 51.4 + 46 30
37
Shrill : 2.6 ++ 2.9 47.0 60 38
b)Multiple Harsh 2.4 3.0 69.4 ++65 36
. ’ 20 ' LS
1 Harsh (Montana) 2.3 2.8 39.0 38 41
c)Multiple Harsh 2.7 3.3 69.3 79 47
27 * kot *ir'_ %
1 Harsh (Alberta) 2.8 3.0 - 33.8 38 15
d){(ultiple Shrill 2.0 2.3 +105.8 81 . 50
23 . ' . *
e)Multiple Shrill . 2.5 3.2 55.7 80 58
' 28 ) kk*k
2 Shpill 2.4 2.7 41.0 53 30
£)2 Shrill 2.2 3.1 - + 69.6 + 61 58
.17 N
1 Shrilil 2.2 C2.9 30.6 67 50
g)Multiple Harsh 2.3 3.2 75.0 76 52
21 '
3 Harsh 2.7 3.5 83.0 85 43
h)Multiple Harsh 68 2.5 3.2 75.6 75 46

Multiple Shrill 52 2.3 2.8 77.9 81 54
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Figure 1. Sonograms (wide band) of calls used during

Playback experiments. (a= shrill chirp, b= harsh shrill ~

chirp, c= Marsh shrill chirp used by Harris et al. 1983,

d= double shrill chirp).
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IN BURROW STRETCH VERTICAL SLOUCH

T e

HEAD up . NO ALERT
-0

Figure 2. Ranking of alert postures (greate; with -
increasing number) for comparisons of initial alert posture,
Baximum alert polfuro, and?incrcascin alert posture

during g!ayback cxporiycnts. Rankings and postures 0 fo 4

are from Harris et al. 1983.
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" Increased o
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n= 173 49 21 130
1 2 3 >3
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Figure 4. The effects of the number of ;afls on maximum alert posture;
~ time alert, ruﬁning, and increase in bosturé, combining data from all
experiments. Kruskal Wallis tests were used for overall comparisons and
Newman-Keuls tests;?or pairwise comparisons of maximum pbstu:? and time
alert. Chi §quatﬁ tests were used for.ruqning'and increase in posture.

Non-significant comparisons (p>0.05) are indicated by arrows (<--3>).
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E . s
. : ’ ’ ,
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Columbian ground squirrels are unique among ground dweliing sciunds so far examined
in that Tepetitive calis given 1o acrial predators © .ow chirps) are different than those given to
‘terresirial predators (shrill/harsh chirps). Although myv plavback e.\pcrirricms revealed no

dif ferences in alert response 1o the two types of repetitive calls, other evidence (eg. Betis ‘w

[

Harris et al. 1983) suggests that they mayv contain informauion about the alarm level. with
hollow chirps indicating a low alarm context and shrili“harsh indicating greater alarm (Betts
197¢: Harris et al. 1983). . .

The reasons for the use of a predator versus non-predator differentiated calling svstem
v,

have not been discussed in other studies .%fpcc Columbian ground squirrels use both sysiems.

they mayv provide some insight into the question!

It scems probable that alarm calls would differ on the basis of predator tvpe when a
|

different behavioral response is generally used for aerial versus terrestrial predators. or when

P

».

th‘e alarm level associated with)the two predator types is predictably different (Marier

1977)(eg. Beechey ground squrrels (Owings and Virginia 1978); Vervet monkey's (Se_\"farth and i‘
Cheneyv 1980)). Thus in order to truly ass.ess the information contained in calls and delerminé
their function, knowledge of predator behavior is essential (Seyfavrth‘ et al. 1980).

In Columbian ground sduirrels, urgency appears to take precgdence over specifying a -
specific behavior during the initial appearance of a predator, and it is likely that aerial and
terrestrial predators generally either present a similar threat, or the Qanger levgl is not ‘
predictable on the ba}sis of predatorgype. Iﬁ contrast,'Richérdson's ground squifrels give

different calls to aerr! versus terrestrial predators. The major differeace in their reaction 10

o2 ~ T

; . . 0 T, s
these two predators appears to be that'they run {irst 1o aerial predatoss pridr Lo assumniig an

- s ——al .

alert posture, whereas they assume :;ri" alert posture first to terrestrié}%;@%qr{s_ aryJ?hen run if
it seems appropriate (Davis (in press)). This probably reflects the urg‘cx;%;x.)'aesc'a{pe during
attack: by aerial predators and a consequent consistemly higher alarm; 1§?§.ii(Cofu,mbian T
ground squirrels also ran immediatfg more-r‘o_:ftten 1o aerial releaseg and th-is\':was ;;obably ; v

because aerial trials were : :nerally fore ularming than terrestrial trials. Howeves, the

3
N

F VA
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difference 1in runming to the two predator tvpes was less conststent than in Richardson's ground
squirrels ).
The reasons for the difference in calling svsiems between Richardson's and Columbiar
ground squirrels may be a function of predator hunung Y"ochcx'mr .4 habnat. Richardson
™ '

ground squirrels generally occupy open habitat without surrounding cover and predators are
\ . co .

y

usually visible to the squirrels wher hunting. Aenal p“redalO'rs use hovering and soarng. relving
or speed to cateh squirrels away from burrows. Tcrresinal predators such as covotes pfobabl)
wander through colony arcas. hoping to calch squirreis that stray too far from burrows. Aerial
predators. once they begin an auaclz,‘probabl_\ represent a consistent!y higher immediate threat
10 squirrels than lerreSLr_ial brcdalora.

In contrast, the habitat of Columbian ground squirreis 1s generally hilly or mountainous
and consists of meadows surrounded by f'orestsr Aenal and terresirial pfcdalors lake advantage
of this cover 10 approach colonies undetected and catch squirrels by surprise (W, King (pers.
comm); J. Mduric‘ (pers. comm.) ). Thus, the threat to the squirrels poséd by :both predator .
1vpes mal I'reque’mly be simila: un ' the predator 1s spotied. During the repetitive phase the ’
situation is quite Qifferem, Raptiors that have been seen aﬁd are either on the ground or in trees

.likel)' represent a consistently iov&;er danger than covotes that are wandering through colony
teas. Hence, the repetitive calls gx’ven by Columbizn ground squirrels are diﬁerem to aerial
| versus Lérrestrlal_predétors'in this céhtext. |
The major difficulty with this interpretation is that repetitive calls comi‘nue after the
.predators have Icf* the area. It seems probable that the danger would once again be similar for

.

both predator 'v¢« pul again data are lacking.

I

- %= The calling system used by a particular species is presumably a result 'of selection and
would depend on the range of predators the squirrels are exposed to, their hunting techniques
" (and consistency of them), and the extent to which squirrels enhance their escape by particular

behaviors. (Ttﬁl}is,'of course, is‘based on the assumption that the.information conveyed by calls

is truthf ﬁl and aimed at conspécif ics (Sherman 1977; Cherry 1979). It is conceivable that

-
[
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Y

" Tactors affecting selection may differ between species and this must be considered in any
comparisons of alarm call svsiems.

The least known element is pr_edalor behavior, especially as naturally occurring predator

‘auacks are infrequently seen du‘ring fieid Sluéllésﬂ "Pr.cdau-)ggg‘alcasé experiments, while useful in
studving calls and behavioral responses to predator types, _\'leld Iittle information on hunting
techmqgues of predators. The mformation obtained {Tom experimental relcases of predators and
plavback of calls can provide some information about alarm call svsiems. but they mayv not be
represenlalive ol alarm levels associated with wild predator attacks. Detailed studies of

predator-prey interactions are necessary in order to validate interpretations of these results.
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Apperc:x 1. Mann-Whitney comparisons of .distance from release

site Lo the colony and t:me since last tri;l.on the same colony,

and Ch: Square tests of pre-release alertness and direction
faced by squirrels, during Raptor and Fast Dog releases.
The relationship between pre-release alertness and rur—ing

:mmediately aftet release (Chi Square) 1s also given.

—

Raptor (n=38) Fast Dog (n=29)

Mean - S.E. Mean - S.E. P
Distance from Colony (m) 61.7 3.9 51.8 4.0 >0.05
Time Since Last Trial '
1.4 0.3 0.9 0.2 >0.2
On Colony (days) !
“ Alert Pre-release 31.8 43.6 >0.1
“ Facing Rel;ase Site . _
S 36.1 17.1 ‘ >0.05
Pre-release
Alert ' Not Alert P
% Squirrels that Ran 29.8 . 54.6 <0.01

(n=154)
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V1. Appendix 2. Interval batwun‘lucculive repetitive cslls given by

1-5 1-6 1-8

10 Columbisn ground squirrels during Slow Dog feleun while the dog was
. Visible to the squirrels and moving (e—e—), and after it was no longer

visible (s«......). The range of interval for each squirrel is given.



