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The murpoze of this study was to detormine the offect of penning and chaining
on cireus clephant behavior. The behaviors of M Asian clophants (Efephar mari-
mus) and three Alvican elephants (Loxvedants afiiconay were videataped Tor &l
lcast 24 hours at cach of six performanee locations. At four of these loeationa,
the ctephants wers restrained in electric-wrira pong on el and at hwo locations
the clephants were resteained via leg chains on macadam, Tastantapeous scan

+ sampling at S-minube intervals doring each abseryation period was condocted to
determine the frequency of ocourence of seven hehavior eategotios: aggrossion,
comfort, ingestion, Incamotion, testing, social, and stercotypy. Sterentypies and
social interaction (P < 0.0008) were mare 1ikely with chained restraint;, comior,
ingeation, and locomotion activitios ware lesa Tikely (P < 0.0037) with chained
restraint, whereas aggression and resting activitics were not afTected by type of
restraint {F = [,6354). VariaHon i slercotypic netivity was related to agpe (P =
00001, with younger elephanls moce likely to show sterootypic netivity than
older elephants, Zoo Binl 19:200-221, 2000, £ 2000 Wiley-Liss, Inc.

Key words: stercobypicos; managementy Loxedomia afrfcana; Elephor maximius; penningy
chaining

INTRODUCTION

Historically, elephants in captivity have been restrained by ehaining [Wieden-
mayer and Tanner, 1995]. As a vesult of chaining, specics-typical behaviors, such as
{oraging for food, social inferactions, play behavier, and locamotion are greatly re-
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stricted. This tnabilily to perlorm specics=typical hehaviors may contribute to the
development of stereotypies i alephants [Wiedenmayer and Tanner, 1995].

Storeotypies can be defined az unvarying, repetitive behaviors that have no
obvious goal ar function [Fex, 1965: Hutt and Hutt, 1965]. Stercotypica have been
associated with sub-optimal housing or management sysicms [Masan, 1991] and are
thaught to develop dus to the inability of captive animals to coqtral their shviron-
ment [Carlstead, [994] or choose a desired behavior [Mason, 1991], These thwarted
hehaviars, novmaily available 1o anitnals in the wild, may include foraging, cscape,
and other specics-typical behaviors such as social intgraction [Carlatead, 1994, Sie-
reotypica tend bo inctease in frequency in caged mink before being fed [Mason, [993];
in elephants before being fod, being watered, and petforming [Friend, 1999]; in dingos
separated from the rest of their pack {Fox, 1968]; and in stallions prevented from
approaching mares in estrus JRroom and Keanedsy, 1993].

Ta underatand better stercotypic behaviors of clephants in captivity, specics-
typicnl behaviors th free-ranging olephants should be considered. Tn the wild, of-
ephant family herds are comprised of fernale elephants related o the matriarch, usoally
gistets or daughters, and their offspring [Moss, 1983). The matriarch, nsually the
oldest and lavgest fomale, influsneces the day-to-day routing of the herd [Maoss, 1983;
Wcknight, 1903]. Typically, wild clephants will spend hetween 16 and 20 hours o
day feeding [ Yancuylenberg, 1977, McKnight, 1995; Vinod and Checran, 1997], with
peaks in the tmotning, afternoon, and around midnight [Eittingham, 1982], Depend-
mpg on availability of watet, wild elephants will drink ance per day [Eliringharn,
1982). Free-ranging elephants will slaap 4 to 5 hours a day, cithar in a teetnibent or
stancling position, usually hetween G200 and 0700 houts [Wyatt and Eltringham, 1974;
MeKuipht, [995] and again during the hottest part of the day [Rlttingham, 1982].

Species-typrical behaviors also include comfort and socin] activitics. Comfort
hehaviors include bathing, wallowing, and prooming, Social sctivities include
affilintive and conflict behaviors. Elephants are extremely social and touch cach other
frequently. The most eamman affilintive behavior i3 the trunk-te-mouth preeting, in
whicl an eleplant will put its trunk tip into another elephant’s month [Adams and
Rerg, 1980; Garai, 1991). Affiliative hehaviars also include play activitics, soeh as
meck fighting or ehasing, Conflict behaviors, such as trunk slapping or tusk push-
ing, vaoally invalve alder clephants disciplining the younger ones, Actual fighting
betwaen adnits rarely accurs [Elringham, 1983],

Secial groupinga may influence specics-typical behaviors in captivily, These
groups penerally consist of unrclated females, ofien both Asian and African, brought
together (rom different locations, Strong social bonds can be formed [Garai, 1991]
depending o the length and type of relationship. For example, stable gronps may
hecome walatile by the introduction of 8 new individual or re-introduetion of a group
nember after some lime apart [Tim Frisco., personal communication], or changa spon-
tancously.

It is now A inore comman practice for zoo clephants to be [eft unchained unless
chrining is necessary for huskandry practices, e.g., to help manage apgression bo-
tween members of captive sncial groups, Tn bath the Zurich Zoo and Zoo Atlanta,
thetd was 4 decrease in the oceutrence of stercotypies i elephants when they were
left unchained [Wicdemayer and Tanner, 1995; Brockett of al., 1999,

Routine chaining of circos elephants is also becoming loss common. A study of
{our Eurepean circuses indicated that, although 19 of 29 slephants displayed steren-
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fypies both when chained and penned, stereotypics oecurred less Fequently when
the elephants were penned [Schimid, 19935]. When a Nerth American cirons switched
from chaitied resteaint (1996) fo penned restraint (1998) [Friend and Parker, 199%],
stereotypic activity in nine older female elephants (27-52 vears) was raduced an
average of 57%. Onher factors associated with reduced stereatypic activity included
oldor age and food availatility [Friend and Parker, 1995], The probability of speeies-
typical activilies {e.g., standing, lying, eating) varied snbstantially among individu-
ala curing early moming honrs, when not influenced by human activities [Friend and
Patker, 19997, Dring daylight hours, individaals differed in the tme they were te-
tnoved from restrainr for eivcus performances and other wark routines [Friend and
Parker, 19991, which was nepatively correlated with stereotypic hehavior {r=-0.71,
P={0031,N=0)

The purpose of this sudy was to cxamine the slercotypic actvity of clephants
fnn the circaa studied by Friend and Parker {19997 during the year of transition { 1997)
wlhen both ehained and penned restramt were nsed. Additionally, this smdy exam-
ined the vartation in behavior within a treatment, between seasoms, and within time
peritds across [ocations,

METHODS
Subjects and Hushandry

Mime female Astan, one male Asian, and thice fetmale Aftican cireus elephants
were obaerved for this stody (Table 1), The clephants ranged in ape from 6 to 51
years, and ¢ach belonged to a smaller sacial group comsisting of one to four ¢l-
ephants atranged by the circus depending on compatihility, To examioe whether be-
haviors varicd with age, three ape groups were catablished, with al least threo subjects
in each age group, The ape groups were 13 yonnger than 20 years old (7 = 3), 2) 21—
40 years ald {a = 73, and 33 oldet that 40 years old (= 31,

During this study, daily management practizes wete fartly conststont, The ei-
eus stayed at each petfarmance location for 2 days. Onee at a locatian, the clephants

TARLE 1. Blographieal informatinn of elephamis obsevved 1n this skody

Elephant* Species” Sex Bom Age group® Yeat nequired by citons
A E P 1047 c 19540
B F. F 1844k i 1973
[ I I 1052 L [%54
o I F 1970 B 974
i R F 1070 B 1974
r I T 1970 IE] 1074
G i F 1963 i} 1973
H G F FOR0 it 1974
| kR r L& H 1085
i) L F 1382 fi! 1593
. L r 1971 i ] 1974
L L F 1931 A 19%1
M F T 1091 i 1053

"Tlephaniz arenped necording 10 soeinl groups,

"B, Efaphar sresiom L, Lozedonta afieana,

“Ay younger Lhao 20 years old; B, 20-40 weats ald; ©, older than 40,
rear acguired uncetimited.
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were placed in pens ot chained to picket lines, usually hetween 0900 and 1008 hours
Al cacli location, the elephants were kept chained or penned unless perfarming same
form of work (o.g., piving rides, performing in the show) or occupied in o daily
managentent activity {e.g,., baths, foot care). The clephants were given water thrce
times a day, grain once a day, and hay from 8 to 10 times a day. At cach location, the
elephants had almost continual aceess to hay. A more detailed deseription of dafly
managament sgtivities can be found in Priend [1999].

Experlmental Traatmants

Data were collected at six locations, twa in Texas and fonr i Califarnia, from
Aprl to June 1997 {Table 2). At two af the locations, the elephants were chained on
macadam and at four other lncations they were penned on torf, The determination of
whethet the clephants woold be chained or penmed was based on the surface at the
porformance site. Al the time of this stedy, the pens were made by scouring posts
into the gubstrate no which the elephant compeund was set up, On surfaces that wete
100 hard, such s macadam, whers the posts cauld nat be driven far enough into the
surface 5o as to be seours, the elephants were chained, Otherwise, the clephants were
penned, This was a practical decision made by the eireus based on substrate and not
open to manipulation for this research. Two treatments were used in this smdy, but
tepardless of treatment, fhe groupings of the subjects when penned were maintained
thraughaut the study,

Treatment |

The elephants were chained to a picket ling, which consisted of two parallel
cables attached to 0wo tractor trailers with 25-30 m between the mailers ond 3 m be-
tiween the cables (Fig, 13 Two picket lnce, separated by a tractor-trailer, wers used,
with & lo 10 clephants chained in & row on each. The elephants were chained by ane
{ront foot and opposite back ool to the sables, which allowed them to move roughly 1
m forsard or hackward with Yule sideways movement. Members of caeh sactal group
were chained ndiacent to cach other. All picket line members had nifactary and andi-
tory contact and limited visnal contact with the other elephants on that picket line. Foll
wisval and tactilc contact was ouly possible hetween adiacent clephiants.,

TARLE 2, Variatien in enviraniental varinhles neross Ingatlong of elveus performance”

dex temp Mo lemp Precipitntion

Eostraint e Sesan ["F} {"F} {Inclies) Wenther conditions
Chuinad on maetcdamm
Bt. Bond, TX Spring .0 554 1.06 Clandy with steady rain
Palnidale, CA Summer 7.4 434 .00 Sunny and bl
Tranncel aa Lotf
Austln, TH Apring fi4.4 514 .08 Clowdy with intesmittent
TAin
Mook, CA Summer 9310 7.0 0.00 Sunny and hol
Giolota, ©A Samtner A 0.0 1.[H Sty atuel coal
Sanla Macia, Ch Snmmer 5.2 57.3 0.1 Sunmy and conl

"Max ftemap, min temp, and precipitntion Infomntion fom the NCDC, 1798 weather eondiilong pre
Frant personal abservalion,
"Spring was March-Apell sumomer was May-June,
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i)
Flephant ride area

r

Elephant ride area

Video camera Video camern
Speetators Spectatars
Fig, 1. Plephant aren when chained. Elephnms and ather featurcs ate net o seale,
Treatment 2

The elephants were kept in the same general area as when they were chained,
Hewwever, each aren wag divided into four ot five pons, with each pen helding a
sepatnie social group of one to four elephants (Fig. 3. One or two elephants wrore
lept in pens measuting approximately 50 m* and three or four clephanis were kent in
pens measaring approximaicly 150 m’. A convendional livestoek fenee charper was
nsed to electrify two parallel strands of 2-cm wide eleetrie fenee ribbon, The ritbon
ran approximately 1.5 and 1.35 m above the geound and were supported hy plagtic
insulators on metal “T" posts. Penncd restraimt allowed fall contact among all -
ephania within a group, partial tactilc contact between adjncent proups, and ao tac-
tile contact between non-adjacent groups. As when chained, elephants located on
opposite sides of the center tractor-traiier did not have vismal or tactile contact with
each other.

Data Collection and Handling

A separate camera and video recorder videotaped members af cach pickat line
or group of pens. Each camera was mounted on 4 teactor-trailer adjacens to the el-
cphent area. Nighttime lighting was provided by four 1530-W halopen fload [amps
mounted on 3-mi poles placed jn front of the picket fine or pens. Data collection
consisted of VOR time-lapse video taping using 1wo Panasnnic WV-BP3 12 CCTV
cameras, cach with a Wv-LA 2 8-tom wide angle mnta iris lens and a Panasonic VHE
AG=1070 DC video recorder recording at 2.23 frames/s.

The elephants were chsorved for a wobal of 48 boors when shained and 94.5 hours
when penoed. Instankaneous sampling of each elephand’s behavior was made at S-minufe
intervals from fhe viden recordings [Alimann, 1974; Martin and Bateson, 1993, Each
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Flephant ride area Llaphant ride ares

\ - 7
Yideo camera Vitleo eamera
Speclalors Snectators

Fip, 3. Glephant aren when penned. Elephanis and othar falueed smt nod b acals,

behavior ohsoreed was allocated to one of seven activity states. Theae wore aggression,
comfart, ingastion, lacomation, reating, aoscial, and aletentypiss (Talls 3).

The percentage af observations perfarmitg each activity was determined for
each elephant at cach of the six locations. To determine the offect of treatment, sea-
son, and age on behavior, a factarial analyais of varianee, vging PROC GLM in SAS
[SAS, 19981, was condusted, as apprapriate for unegenl sample sizes. In these analy-
scs, treatment, season, and age were the main offects and frequency of behavior was
the dependent variable. To determing the effect of location on elephant behavior, 2
factarial analysis of variance on the same data were porformed with treatment, loca-
tiom, and age A5 the main cifects.

If sipnificant mait effeets were found (o = (L05}, a Duncan’s multiple-raupe
test was condoeted ta defermine where the sipnificant differences oconmed. When
significant interactions between main effects were found, a least-squarcs means test
wad condueted lo determine where the significant differenees necurred.

To deterrmine the effect of tirme af day on behavior, a log-linear analysis, nsing
PROC CATMWOI in 5A8 [SAS, 1990], waa conducied for each clephant. The day
wag divided into four petiods: morning 3000859}, midday (0000—-1459), evening
(15002059, and night (21000259 becanse hmabandry activities wore usually started
by 0200, Individuals wers compared within a thne peried, but no comparisons were
made hatween time pernds, The log-linear anabyses compared the nohinl nomber of
digplays of a given hehavior with what was expected by chance. Whon signiffeatt
difierences were found, binomial z-gcovcs [Bakeman and Gottman, 1986] weare wsed
to determine whether the actoal number was significantly mere or less than what
was expocted by chance.

Retsrecn-nheerver relinhility was measered 1o determioe the accuracy of be-
havior definitions vsed within cach category. A videotape was picked a¢ random and
two ohservers indepencemnily meaanred each clephant’s behavior at S-minute inter-
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TARLE 3. Obaervod hehnviors of elretra elepliants granpel by eatepory

Categary RBchavior Icfinition
Aggrossion Rumpning Foreeful pressnme with the hip ngainst annther clephant
Kicking Forward or sidoways (hrusting af the faal a0 anothae skephanl
Thiealening Standing with ears spread and lead held high
Comion Chlnin pulling  Pulling om the fool chnin with trunk ot foot
Fawing Pawing 1he graund hefare faying dnwn
Eubhing Eulhing againat an ohjecl
Serntehing Setatehlng the body will snunk or fot
Bearching Beneching the gronnd with the tnnk
Spraying Spraying water, dirt, ot fond om the body with the tiunk
Trunk op Trunk etrved apaard
Ingesiion Fnting Picking fand up ar other matcal {pick up mars than bay or gratn)
with (Re lennk, placing inle he mendl, and senllowing
Deinking Piek[ne watet up %30 the trunk, placing into the month, and
awnllowing
Foraging Using the imnf nnelfor oot (o scpcch the grownd for foad

L.oeamotion

Maving aronnd

Any walking or stepping to the sicle in a non-steralyple potiem
arled aod parfoeming any oller behaviar

Resting Laying Lateral recumhenoy
Stanclitg Uprizhl ot all fout Tegs, ik Nneeid, nol poefonsing any ather
identifod ehaivar
Socirl [eaning Leaning on anothet el ephant
Stancllng Stttuling over another clophnat
Touching Touching anather 2lephant in o nan-nggressive manner with ek
Twining fmunks  dFentle overlapping af tmnk with anaiher cleghant
Stercobyies Weaving Ritle-ta-side ar breekatd-foeth rapelve swaving of the body
Handbebbiiy Moving herd up and dawn in & ropetitive mannar
Trmk tosging Vigorous swaying of frnk from sido #0 zide
Fen pacing Walking around in an wnvarying, cepetitive patern

vals for the cntire tape wsing the pre-defined ethogran (Table 33, Ao index of con-
cordanee, comparing the total mumber of agreements (A} and dirsagreements (D,
was perfiormied vsing the formula I = A{A + D) [Martin and Bareson, 1993].

Within-observer reliability was measured to determine whothor there wag any
“mhgerver deift” during the duration of the atndy. A videotape was picked at randam,
and on twoa scparate neeasions the same observer measnred each elephant’s hehavior
At J-minute ntervals for the enttre tape using the pre-defined clhogram (Table 33, An
index of concordance was then performad vsing the formola [ = AXA + D) [Martin
pnd Batesen, 1923],

A G4 agreement wios found for botween-ohrerver reliability and a 96% agree-
ment was found for within-observer reliability. These weould indicate that the defini-
tions naed for each Dehavior within a category (Table 3) were robuat and that there
waa minimal observer drift.

RESULTS

There were not encugh occurrenees of agaression {0.1% of ohaervations when
chained, 0,1% when permed) to perforn statistics,
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. The clephants cngaped in mote comfor (£ = 0.0037), ingestion (7 = 0,0001},
atd locomotion (7 = Q0001 activities and fewer social interactions (P = Q.00
atd stereatypics (P = 0.0001} when penned than when chained {Fig. 3} Thete werg
no trealment ¢ffects on resting aetivities (P = 0.6234).

Age (Fig. 4} had a stonificant efMect on comfort (P = 0.0238), ingestion (P =
000013, locomation (F = 0.0472), resting (P = 0.0001), and swercotypics (P =0.00013,
There was na cifeet of age on social activity (P = 0.2323), The aldast group engaped
in more comfort Activities than the youngest grovp. The two older groups fngested
tote than the youngest group. The oldest proup rested tmors, moved avomnd [ess,
and displaved (ewer stercotypics than heth younger groups, with the youngest group
resting e least and moving arsond and displaying stereatypics the most,

Thera was a sipnificant interaction bebween treatment and age (Talile 43 for the
categorics of locamotion, esting, social, and siercatypics, The two younger groups
moved around more when penned than when chained, with the youngest group mov-
g around the mast, The youngeat gronp rested more when penned than when chained.
Alza, when chrined, the youngest elephants rested the leaat and the oldest elephants
the maost. The two alder groups displayed more social activities when chained than
when penned. Each age group displayed more stereotypies when chained than when
penped, with occurrenees decreasing by ape group for both treafments. There was no
ttcatment and age interaction for comfart or inpestion activitics.

Na season effects (P = {0, L3 [B) on behavior wers Found, and, although there were
loncation clfects, theas agreed with significant effocts owing to treatinent, For example,
the elephants spont less time petforming ingestionstelated behnviors at both ehained 1o-
cationa than at each of the four pesned locations [Grober, 199%]. Time of day was

i
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Fig. 3. Tiffest of trealment on behavior,
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Behavior
Fig. 4. TiMect of age on behavior,
significant {z = 1.0 for stereatymes duritig the 1500 ta 2100-havt period. Eleven of
the 13 clephents displayed more stereolypies during this time period than expected
[Grober, [999],
DISCUSSION

Altcenatives to chained restraimt hawve been assoctated wilh deerenasd steren-
typica in scveral studics, T the present study, 13 clephants from one LLS. efrons
wete studicd during the year of transition from chained restraint to penned restraint

TARLE 4. Effcet of treatmtent and age Interactinn an elophant hehavior

Chalned" Penned”

AT B Cr A B c f=ynine
Aparcasion 0.0 0.l 0l 11 n.1 121 Ha
' Pt .l 0. o4 12 1.4 2l WA
Ingastion f.5ME 255 3648 4234 4paAM SRR 01.063%
Locomeakinn nat f.5 0.5 EE i 170 0.0004
Besting 4, maa 293" 41,7781 g~ 268 b N.00Mm
Sacinf 7 EN s K L 06" fo0e
Sloreorymy 8RO il R Lt AT a4 gl 40079

"Withit 4 row, arenns with ihe same superacept differ {7 - 0058 Comparlzans were made only he-
fween trentoaenia within as ape geonp or botweaen age gronps within & treaiment.,

EPercentage of obserrntions,

“Ape groups: A, <20 yoars ald; 1, 2040 yeors old; ©, =40 yenrs old,
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f1997). Bach of the clephants displayed stercotypins in bath thanapement sysems
and, although the display was lower when the elephants were penned (3 deerease of
59%3), atereotypies stll aceounted for nearly 20% of the behaviora displayed. Sitnilar
findings have been reported i two sindies nsing different methads and {or) hia-
bandry procedutca. Friend and Parker [£999] studied clephants from the same circus
as the present amdy the year before and the year after the transition year. They found
that stereobypic behaviers deereased an average of 57% when the elephants were
pented compared o when they were chained, Schmid [1995] studied four Buropean
circuses in which the clephants were both chained and penned during the seme day.
Sehmid [1995] found the occurrence of stereotypies was nearly absent when the
elephiants wete penned and 10 of 29 efephanta did not display any sterentypies when
nenned, One pogsible explanation (o the difference between the Schimid study and the
present study was the amount of time spant penned, Tn Sehimid's study, the clephants
wete hol continusraly maintained in the pens Tak stayed in them from 0.3 to 8.2 hours
net day. In the present study, whenever the clephants were not waorking, they wete
penned the rest of each day for the doration of the siay at a penned location, The
longer time spent in the pen may have accastomaed the elephants (o Be pen and thna
tedaced the novelty of the sitmation. As n ceault, the clephants in this shedy may have
spent lasg time in explaratory belaviors than the subfects in the Schmid study.

The clephants in the present study speat almast half the shsetvationg {465)
performing sterectypias when chained, Engaping in sterootypics with this frequency
greatly teduced rheir opportunity to perform other behaviors, For instance, the per-
contaps of obastyvations the clepbants spent cating, foraging for food, and drinking
decreased from 49% when penned to 25% when chained.

The substraic on which elephants are chained 18 probably not a major deter-
mining factor in the ocenmence of stereotypics becavse similer results were ahserved
when clephanis were chained on slaued boards [Schmid, 1995], prass or dirt [Friend
and Farker, 1999], or macadam [Grobes, 199%], Rather, it was likely that the chain-
ing contribured to the inereaze in the display of stercotypies. However, fo test this
hypoibeais, it would be necesaary to conduct a siucy in which the chaining And pen-
ning aceutred on the same subsitate ak the same location,

Whien chained, the elephants are severely reatticted in their ahility to mowve,
having only enoupgh space for movement of about T m Forward or baclkeward with
litle space for sidewaya movements. This restraint may also nilnbit the faraging
behavior of the clephanta, Elephants in the wild spend 16 to 20 hours per day feed-
ing [Vaneuylenberg, 1977; Meknight, 1993; Vinod and Cheeran, 1997]. Although it
may not be cxpected for captive clephants to allocate this amount of tme to feeding
hehaviors, e increase in feeding behaviors, from 25% of observationa wiien chained
an macadam to 49% of ohaervations when penned on turl, pointd 1o an chvironmen-
tal effect. Faod ia ywesented in piles directly in front of the elephants so there iz no
neccssily to forage. With éhe lack of adequate stimuli to promete specics-typical
behaviors, the elephants may replace these belaviors with stercotypios.

The cxpresaion of atereotypics may enable the ehained elephants i cape within
their restricted evviranments, possibly by the release of endogenous opiofds [Dantzer,
1991; Mazon, 1971]. The decrenss in the display of stereadypies, lrom 46% of obser-
vations whaen chaited (o 19% when penned, would scem to indicate that the ability
o potlorm more specics-typical behaviors may displace the need for the calming
effcets of perforning stereotypies.
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The tngrease n eoenfort behaviers, from 0.3% of observations when chained to
1.5% when penned, was probably a resutlt ol the management systermn nlus the sur-
face om which the clephants were maintained, The most prevalent comfart behavior,
spraying, Invalved tossing dirt, hay, and prass on the head or back. Spraying ac-
counted for 24% of all comfort behaviors when penned and 36% when chained.
When penned, however, the clephanta had mere available material to use for this
actvity than when they were chained on macadam,

Elephants in the wild reat both standing and Tying [Weatl and Elrringham, 1974]
and the present findings found a similar tendency in canptive elephants, Type of re-
straint did not affect the probability of testing activity, buk the form of reating varied.
The averall probahility of lying while resting was greater when penned (34% of
shactvations) than when chained (199, Individoalz varied in the form of resting,
which is elaborated on in Gruber [1999], and i3 consistent with Friend and Packet
[1995], The prevalence to He more when penned may refleet the difficultics of Tying
owing te the constraints of chaining. There were times that a fow elephants wonld Tic
down when chaingd but were positioned in such a way that adjacent elephants were
prevented from lying dewn. The space available in the pens pravided enongh room
s that all the elophants in a pen could lie down at the same time. The probability of
reating f6-7 Widay) was consistent with resting behavior of Astan clephants i one
zoo [Tobler, 1992].

The pens it this study wers barren, without any form of phiyaical enrichment,
such ps branches, trees, or hushes. Food was provided in a pile, which »ag the same
manner as when chuined, so that the elephants did not veed to ferage for theit Food.
Although able to socialize with more elephants in the pen than when chained, vnin-
hibited social interactions, as secn in the wild or in Targer clephant enclosures, were
shill not available. Comlort behaviors increased when penned, bnt some behasviors
seen in the witd, such as foat carg, could not be performed due to the lack of tools,
i.e., branches, tn the pens,

Social enrichment alfected the expreasion of stereotypies in piga [Arcllano et
al,, 1992 and horses [MeGreevy ot al., 1995] and should be considered ag a poten-
tinl confownding Frctor i interpreting results from studies of stereatypics o clephants.
For example, there was a significant difference in stereobymics hetween one location
whers the clephants were penned and the other three penned locations [Gnrher, 1999].
One hypothesis wauld be that this was related fo changes in social geoupings, Far
example, an clephant in a pen adjacent to the stucdy anbjecls was present af three
locations but removed at the fourth for health reasons. Such decisions need fo be
maele for husbandry reasons, and these environmental changes are difficult o eon-
trol in an ongoing study of o working circus. The resuliing changes in gocial group-
inga ahould he considersd in interpretation of the rosults of this study and in the
desipn of future research.

Regatdless of type of restraint, the ocourvence of stercotypies tended to in-
eroase Botween 1300 and 2100 hours. A possible explanation for the increase may
fpwolve the fact that the majority of the cireus performances oceur during this time.
Fricnd [1999] found that stereatypics inereased before performance times and sug-
gested that this may indicate an “anticipation™ of performances.

The ape-related trend identified by Fricnd and Patker [1999] was evon mote
evident in the present study beeause of the incluston of a younger ape eatopory (<20
vears). When chrined, the three oldest elephants displayed the three lowest nccur-
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ronces (14, 15, and 24%) of stereotynies and the three highest occurrences of hoth
ingestion (40, 38, and 33%4) and reating (44, 42, and 39%) activities. Converacly, the
three youngest clephants displayed the three highest occurrences (83, 86, and 35%)
of stereotypies and the three lowest aceurteness of both ingeation (3, 8, and 9%4) and
resting (3, 4, and 7% activitics. The ranges of oeccurrences for the mid-aged gronp
ware 30 ta 449% in stetoatypics, 23 to 32% in ingestion activities, and 26 to 34% in
resting actvities, One interprotation wonld be that the youngest clephants foond the
restraint of chiaining mers restrictive than the elder elephanis,

This study found that stereotypies increased and apecies-typical behaviors de-
creased when the clephants were chinined ag opposed to penned. However, these re-
sults may be confounded because of the subsimte differences between troatmants.
Additanally, at one penned location in which gocial contacts were different, the oce
currenee of stercotypics incteascd. As a result, an alternative hypothesis that needs
to he tested would be the separate and combined effecta of substrate and social group-
mga on behavior,

CONCLUSIONS

[. The probalility of siercotypic hehaviers was higher when elephants were
leg-chained aleng a picket line an macadam thao whet testtained in amall grovps
wilhin electric fences placed en turf,

2. The effect of chained restraint differed among individoal elephants, with the
youngest elaphants mora likely to shene stereatypic behavior and leas likaly ro show
ingestion or resting activitics than the older eleplants.

3, In contraat to chained resteaint on macadam, the social aud physical enrici-
tnent during pentied restraint waa associaied with more specice-typical hehaviors,

ACKNOWLEDGMENTS

The authers are graksful to the circua managemoent, with special thanks to the
clephiant ataff, for their support, The authors are also grateful to Barbara Dewitch and
Karen Hole {or revicwing the manuscript.

REFERENCES

Mdlatng T, Terg TR, 1960, Behavior of Femele Af-
rieam clephants (Loradente africend) in cnplive
ity, Apnl Anim Behnr Sci 6:257-Ta

Altmnnn I 1974, Clservatlonal Swdy of Delar-
lor: snmpling methods, Behayior 49;227-67,

Areflane TR, Pijoan €, Incohson LIy, Alpera B
[902. Stereatyped behaviour, social Muteractlons
and suckling patieen of pips housed in groups
or in aingle cratos, Appl Anie Bohav Sci 35
I57-6h.

Dakeman B, Gottwan I, 1986, Ghserving inler-
action: an intraduction to acquential atalvsis,
Cambridge: Crmbridee University Tress. 220 p.

Rrockoit R0, Sioinski TH, Black I, Markowitz T,
hiaple TL. 1999, Maclurnal behnviaor in n gronp

of unchained female African elephants, Zon Biol
181014,

Bronm Dk, Kennedy &) 1993, Sierealypies in
Torses: Meir rglevance 1o wellare and cansalinn.
Eqtiin ¥ou Bd 5 151-4, .

Cacladend K. 1996, Tiffecta of cantivily on the be-
Teviot of wlld mammala. B Eliemrn TG, Allon
ME, Tharpron KV, editers. Wild mammals in
cantivity. Chicnpa: Univeesily of Chicapo Tress.
1 317-13

antzgr Be 1991, $teeas, slercebypica and welfwe.
Bohnv Prag 2509502,

Ritringham SK. 1952 Gicphants. Doesel, Enplamd:
Blatdfoed Press, 262 p.

Fox &W, 1965, Tnvironmenta] factacs influenc-



Sterentypic Behavior in Circus Efephants

ing stereotyped and allelomimetic behavlowe in
animals. Lab Anim Care 1536374,

Fox MW, 1988, Abnormanl ehaviar [ anitnals,
Philladelphia: W, Smnders, 363 n.

Fricnd TH. 1999, Behaviot af plokeded circus cls
eplents. Appl Anim Bobav Sei 637388,

Friond TH, Patker ML, 1935, The offoer of pon-
ning wersua picketing oo atercodynie hahnror
of circus elephants. Appl Anim Achav Se
421325,

Carai ME. 1991 Speaial relationshins betweon -
mnle Asing clephnns (Elemiis mrinps) in zon-
logieal saedens, EMolegy $k187-205,

Grhoe ThAL 1909, The aflect of peaning nnd chain-
ing an cirens elephanl behavier. [hesis], Caol-
lepe Station; Texas A&M Unbversty.

Huit C. Hutt 81, E965. The cfieots of atvirmtimet-
a1l complexity on the stereatyped hehaviours of
children. Anim Behay 13:1-4.

Martin T, Pnteaan P 1993 Measuring belinvioor,
an iotradietnmy guide, 2od cil. Cumbeidge: Cit-
brfdpe Univerity Tress, 222 p

Masan 30, 1991, Sereatypies: o eritienl review.,
Anim Aehnsr A0 1005-37.

hlasan G 1993, Anc and conlext ailect (e slemea-
ypics af cnged mink, Tehaine 12719229,

MeGraevy PTY Cripps P, Franch WP, Green LT,
Mieel CI. 1995, Managerenl feiors associaled

221

with stercotypie anel redirected behaviour in the
thecoughbred korse. Fquin Vet 1 2784 -0,

acknight L. 1995, Tehaviourn]l ecology of
hand-reared” African clephanls (Levodonre
afitcann (Blemenbnchl) in Terro Enst Nationnl
Park, Fenyn, A{r T Fenl 33:242-54.

doas CL 1983, Oesirous behavionr and femnle
chaice in the Adrican elephant, Behovior 86
167-04,

SALSATAT USER'S GUIDTE {Wersion [), 1996,
Cary {MC) SAS [nay, Toe, LO2R o

Sahrmidd I 1998, Keeping clrcus elephanis lcono-
earily in paddocks—ihe cffects an Lheic hebavloon
Arim Wellsre JRT-101.

Tobler 1. 1992, Rohasineal sleep in the Azlan al-
epliant i captivy. Sleep 18 1-1d,

Vancuylenhoz BW, 1977, Fooding behavior al (he
Ausinlie clephant n souwlhenst Srl Lanka in mela-
inm to conscryntion, ol Cong 12:33-54.

Vined TR, Cheeran JV. 1997, Aciivity dime -
get of Asian elephants (Slaphos sractus L) in
Tadukki Wildlife Sonctunry, Keraln, South Dndin
Indian Foredter 12394551,

Wicdcomayer (., Tanoer K. 1995 Untefhered hous-
Ine of Asian elephants (Tlepfar maxinms) at
Zurich oo, Tol Zna Yrhk 4:200-5.

Wyall IR, Clteingham 8K, 1974, Tho dnily notiv-
iy af the clephant in Rweazots Malinnal Park.
Upanda. T2 Al Wialdl T [2:273-89,



.. J .
RN :
SRS e T “ ‘\__‘,1‘-\ 1 c;:hi
- . A . 4 T — Ly
aee ) — * )

k m‘

Al

: q\
]{Jg:

!
/

kil i

HZOL'ELL ¥4D 8 "SiHdy “He)
JAqIUNU ronaes oyoeds sy} pue teguimu 3Rt (4-49) Suojjenifiay jeiaped o spoa
alj} *Aousbe sy ann seanpaacud sy annbas suopenbas jesapey ‘Aue i yeyp g

WiN

‘[majaq g way| ass ‘Bunss) pajepuewr Ajelapay] 10.]) ‘S)|NSAL JS3) Y SIBLTIU|
pInom Jo)e) ecans|n o/pue uied Jeuy) aditiialan o) pASH SURSLY Jo SpoUAL ajes
'PaAa||aL 2¢ Jou pinod ssans|p Jopue ued Aum uonesnasnl 3EUSpS eplacld S

‘ANl JEL) pRIACDE) NG ‘AllenL)

Bu|pasy puey pesnber SBWIUE oM JOUIC 241 'PaZUBLING &4 (It [BLIJUE SU) ‘poa-jles
o} Age funogses 12 \nssenonsun s) Adesey) jeuy )| Heweal Jeyung Jun upbun

51 Buipaay pusL AlEP PUB PIAI0SS1 JOU SBY PRa-Y8S O} AHIGE Peanpal at) sewiue
a501) J0 SUO U] PO2I-J|8S 0] UCIEAROLL 10 AYj|9E 8u] U SuSganpal pabuogid pue
WSILIOSUDLIE] Sisras o) Buipes] Yosus peiediue uey) 1BBLass e pey JLdN ‘sjelne
aanj) asoy] U] 3 Aobisjeo Uy sEwUe £ Lodes am DIAIOAUN SSAJE|P BLIOS 9 ABLL
siaLp BERENAq aAsmoy qualsues Aensn s 8|y ), Woddns pin)) rejuaied pue Bupss)
izualeiddng snxnbes Aew pue JyBiam Apog sso] Asu} Lsiym u) pouad jaug e ofiisput
ABUI siELUjUR s uawean Bupng spoos Buiznedde jo ugjgacud pue Buipas)

PUBY AQ BLIOSIBAD B UBD pUR JUSSUE 5 pesj-es o] A nagedun o epadde jo
uonanpas *ffreoidd ] 'poay Ul js&e Jo $50) [z1aush e pue sso| JuBlem swos o] spee)
AlgeUEAL] UORENSIUNLIDE o] I BUIST WISJUOSHIMIE J&O UORINPY S|SWUE PajRa)]
.1 Busn jusuneas) sy pue aseasip S|l ApnIS Joyung o peYNUap! Laag seY [Spow
W 19jenu ujesq dasp jo dnoub 2 'epBueld [Bseq ay) W suomsy BujuEpos-suuEdop

10 ufjelsuabiap alj) AQ pesnEd 1APIOSIP JLSWAADW UDILILLICT B S| SSE8SI(] S, LOSuIEd

*§58AS1D JG/pue ued Bujanpord aunpasoad ag; ulerdxg

sAevUOp enbeaer Sneayy
Apms agy U pasn S|EWIUE [0 (B'[].IEU' UDI.i.IlUDﬂI] Sﬂjﬂﬂdg "E

£
"APMS SHYE ] PS5 S[EW|LUE Ja AqUINN "2

ObF-=E8
Jamuuny uonessiey '
"S18lUaIas se [lom 8 suosiad Az AQ pOISIEPUN B O] SE OS LefjM B 1SN uopsusdxs
3 Ln|ed v uopeueidxe ue Jo ped se paunbel Jou aie "9y su) pue ‘sweboad
alea fpupslea ‘000100 ‘SOSSSIPRE 'SSLUEN ‘AIBJUMOA 8| BSN $)f PUE LLOJ JEIDILO
UE JoU st ] "uoneuedxe 3 uwnioy ey Gupeidwes o) ple ue sk papusul s Wio) syl

uoieEueTdx)g 3 UWIRR Y



