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Cheetahs are commonly moved between zoos Lor

breeding purposes 1o nrantain gencic diversity within the captive poputation, and movement may exacerhate infertility

mul diseuse
ment benween Fac thties
W odavs alter maovement
and then compared with trends in postmovement

cither increased (n 8 did not chiange (1

cotticond concentrations inereased for most animals moved on-exhibie and decreased i

concentrations. In general. postmovement

2. or decreased (n

Fecal corticaids were analyzed by radiolmmimoassay 0 measure the stress response of cheetahs to move
pecal samples were collected Trom 15 cheetahs for 14 days before movement and Tar at Jeast

For cach cheetah, premovement fecal corticoid concentrations were used to determine baseline

corticoid concentritions
- 53, Although individual anial dilferences occurred,

animals moved off-exhibi

Animals moving on-exhibit had an ER-times greater risk of having corticoids elevated more than two standard deviations

above baselme for 30 davs alter movenment compared with animals that moved off-exhibit. In additon. greater day-to
day variation in corticoids occurred o animals moved on-exhibit. In general, aninials with initially low baseline
corticotd concentrations had @ greater postmovement corticoid response than chectahs with initindly high baseline levels
These results indicate that some chectahs have profonged stress response when moved between facilites, and the

maonitude and charneter of this response 18
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INTRODUCTION

Cheetahs (Acinonvy jubaiusy ave highly endan

sered. with dess than 10,000 animals estimated (o
evint worldwide” To complement in situ conser
vation efforts, captive breeding programs have been
mstituted. The American Zoo and Aguarium: As
(AZA)

(SS1) was formed to manage these captive breeding

soctation Cheetah Species Survival Plan
programs. To achieve the SSP poal of maintaming
coenctic diversity, animals are commonly moved be-
tween zoos Tor breeding. THowever, caplive cheetah

numbers continue to decline, in part because of

poor health from discases such as feline infectious
peritonitis (F1P) and vens woeclusive discase (VO
that ocenr when animals are moved to Facilities
public exposure (Munson, unpubl.

with  greater

datar Wild cheetahs in general are spared the dis
ciases common in captive populations (Munson. un

back

ground > The oceurrence ol these unuosual dis

publ, datar. despite a similar genctic

cases 0 only captive aninials and exacerbation after

movernent o suggests an environmental  effect.

Chronic stress has been suspected to be an inpor

Irom the Department of Pathology, Microbiolooy &

Innunolosy, School of Veterinary Medicine, Umiversaty
of Culifornia, Davis, California 93616, USA. Presenot ad-
dress (Terio) Zoological Pathology Program, University
af Hhinois, LUMC, Building 101, Room 0745, 2160 South
First Avenue, Maywoad, Hinois 60153, USA. Correspon

dence should be directed to Dr Ternio

influcnced by the exlubit environment

Acinonvy pebarus, cheetah, corticoids, fecal steroids, maovement, stress.

tant contributing factor, because baseline corticoids
were significantly higher and adrenal cortices larger
in captive than wild cheetahs i

The objective of this study was 10 determine
whether moving captive cheetahs o new environ
ments results inoa prolonged stress Teaporise med-
surible by elevated corticond concentrations. Co
tisol is the preferred bormone to measure in chee
tahs becanse it can reflect both acute and chronie
stress. and because the majority of cortisal metab-
olites are excreted in feces, which can be obtained
poninvasively. ! Furthermore, fecal corticoids
represent an average, pooled value Tor the previous
1724 hr, whercas serim cortisol fluctuates diur-
pally and in a pulsatory  patiern throughout the
day. 5 Therefore, fecal corticold analyses would be
ihe optimal method to measwre chronic stress as a

result of movement in captive chectahs
MATERIALS AND METHODS

Animals

Fifteen adult cheetahs, including nine males and
gix females housed in AZA-accredited facilitic: and
moved between facilities for Cheetah SSP breeding
recommendations, were studied. Animals ranged
from 512 yr of age. All animals were caposed 1o
natural variations in photoperiod and were fed o
commercial ground meat-based diet, Animals were
defined as “on-exhibit it they were on display for
they were

public viewing or Coft exhibit’™ 1l

housed away from public viewing. Off-exhibit 20
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cilities we I to 0.2 ha ourdoor enclosures. On-
exhibit fac s also were outdoors and ranged
from 0.1 1 .6 ha in size. Four Dast-movement
nimal placed in a 0.1 ha outdoor off-exhibit

ntine ooty for 4wk and then moved to an-

bit enclosure at the same facility,

les were collect

tor 14 davs betore

oL between sites during a period of consis-
~nt manescinent. No animals were moved or anes
thetized during the premovement collection period

ment, fecal samiples from each animal
soted every day (as available) for 1 mo

very other day for up 1o 3 mo. Approx-

cted and stored fro-

¢ of feces were co
cenat 20 C immediately after collection. For an-
imals ho

cracked

ed together, a few drops of food dye o

anowere added 1o the diet of one cheetah

to differcnnate an individual cheetah’s feces. Once

collect as complete, samples were shipped on

dry e By overnight express mail wo the laboratory

Fecal samples were Iyophilized and pulverized,
and the steroids were extracted using established
ogy developed for cat feces.” Approxi-

20 2ol the dried fecal sample was boiled

cthanol for 20 min. After centrifueation
L 20 miny, the supernatant was recovered
and the pellet resuspended in an additional 5 ml of
HU% caanol. vortexed for 1 min. and recentrifuged.,
The etianol supernatants were combined. dried un-
10l betore

der ai and resuspended in 1 mi of met]
dilutir 2 (12209 in phosphate buffer for radioimmu-
noassayv (RIA)L

Radicimmunoassay

Concentrations of cortisal metabolite immunoac-
tvite i fecal extracts were quantified using a dou-
hic “atibody "Lcorticosterone RIA (ICN Phuarma-
als Inc., Costa Mesa. California 92626, USA)

* Fifty microliters

valt futed previously for cheetahs.
of tecal extract (diluted 1:20 in phosphate bufier)

dow 50 pl oof steroid diluent (from the

A

assayed in duplicate. Assay sensitiv-
¥ 5 P

1y vas previowsly determined to be 12,5 neg/ml and
b mter- and intraassay coefficients of variation
were < O A data are expressed on a per gram

dry weight basis.

Dauta analvsis

¢ concentration was calculated for each animal.
Foo the basis of this study. the tern Swill

cOor-

be used

o reler to the premuovern

concentrition. Statistical analvses were only
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performed on data obtained during the first 30 days
alter movement because fecul samples were not

avallable for all study animals bevond 30 davs. Be

cause conc ittions differed. all values were nor

malized as a percent change in response

baseline w allow comparisons among animals. with

the baseline designated as 100%. Because of the

e daily variation in fecal corticoid

relatively

concentrations, tends in postmovement  steroid
concentrations were evaluated wsing best it poh

nomial curves (v ax' -+ bx* + cx + d; “wend

lines™) calculated for postmovement data for cach

animal  (Excel 97, Microsolt Corp., Redmond.
Washington 98052-6399. USA). To evaluaie the

magnifi

asnmbons

e ol the response, three ¢

were delineated: a postmovement trendline remain

ing at least two standard deviations above baseline
for 30 days. & postmovement trendline remaining

swamoent

above baseline tor 30 days, and a postm

trendline remaining above baseline for 135 davs The

change in the standard deviation (A SD1 from pre
to postmovement was calculated w quanufy the
amount of dayv-to-d:
I3

facilitics with different degrees of public exposure

1y variation that was not evident

in the trendhn ccause cheetahs were

that could influence the magnitude and ch

the stress response, odds ratios and Fis

95% confidence intervals were

different types of public exposure (Epi Into 2000,

2, Centers for Discase Control and Pre
USA). The

\k'!'\it‘!) |

Atlanta,
Mann—-Whitney [-test was used to determine

vention. Georgia 30333,

whether the magnitude of premovemnent bascline

affected P

tmovement responses and
change in standard deviation correlated with post
movement exhibit type (SPSS for Windows, 8.0.0
Standard version. 1997, Chicago, Winois 60606,
LIS AD

RESULTS

Three general patterns were observed

movement corticoid responses when compa

baseline: increased corticoid concentrations (n 8

Fig. 1a). no apparent change in corticoid

tration in 2. Fig. 1b). or a general decre:

le). Of the ey

iion (n = 5. 1

carticoid concen
en antmals that did not have an increase in corti
coids atter movement. four animals had o single

corticoids immediately  after moven

peak in
(Fig. lc

their final exhibit Tocation. (quarantine on site) in-

Eleven chectahs were mo

cluding all seven chectalis moved o an-exhibit en-

closures. Al four cheetahs that were guarantined

had an acute stress response corresponding with

movement out of quarantine (Fig. Icy In some
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Figure 1. Represeatative profiles of fecal corticond

concentrations i cheetah after movement berween zoos
Ihe day that the cheetah was moved is marked with an
arrow (AL AT negative dates correspamd o premovement
cottection days, and all positive values correspond to post-
movement collection days. Fach point represents an in-
dividual fecal sample. Profiles represent cheetahs that had
a marked increase (ar no change (b, and a gencral de-
credse (e corticold concentrations. In Freure Th, note

that there was no peak immediately atter movement: how

ever, no fecal samples were available untl day 4 afier

ZO0 AND WILDLIFE MEDICINEG

cheetahs, there were marked daily fluctuations iy
corticoid concentrations betore movement (Fig. Lh,
Litthe
from the mean (Fig. Ta) Marked vanatons i day-

¢y, whercas others showed daily  varnation
to-day corticoid concentrations also were noted al-
ter movement (Fig. Ia, bl Changes in daily vara-
tion alter movement (expressed as A SD) correlated

(l.)

ton occurring when animals were moved on-exhib

0.002) with exhibit type. with greater varia-

it (Table 15 Fig. la). Although some animals had
no apparent change in overall cortcond concentra-
tnon after movement (basced on trendhines), daily
corticond fluctnations  differed  between pre- and
postmovement time periods (based on A SD (Fig.
Ih).

Dilterent magnitudes and durations ol response
were detected Trom trendhne analyses (Table 1),
Seven of 15 cheetahs had corticoid concentrations
above baseline for 15 days after movement, and six
ol these animals continued to show elevated corn
coid concentrations through 30 duays after move
ment. OF these six, four had markedly elevated cor
ticord concentrations at least two SD above basehne
throughout the 30-day penod. An addinonal chee
tah also had elevated corticords atter movement but
for less than 1S days. A representative trendline fos
a postmovement stress response is shown in Fipare
2. Six cheetahs with elevated corticoids and fecal
samples available for 60 days had persistent ele
vation (Fig. 1a). Four of these six cheetahs had fe
cal samples available for 90 or more days after
movement, and three of these foar chectabs contin
ued 1o have persistent elevanons o corticoids
through at Jeast 90 days.

Overall, marked differences i bascline premoy
cement corticotd concentrations were abserved be-
tween individual cheetahs (Table 1), Chectahs with
low bascline corticond concentrations were more
likely to have elevated corticowds for 15 days (2
0.00), 30 days (£ — 0.088) or for two SD above
baschine for 30 days (F 0.0:4) after
(Table 1.

In coeneral, cheetahs moving to on-exhibit enclo

Hovemeent

sures showed a higher risk of having increased cor-
ticowds after movement nrespective of the premoy
ement exhibit type (Table 2). This risk was greatest
in chectahs moving  from off-exhibit cnclosures.

Despite these tends, ammals moved 1o the same

movement. In Figure te, peaks occurred inthe fiese avail
able sample post-movement (Bi0 on the day after immo
bilization (C). and the day alter movement oul ol gua

antine (I3).
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Table L. Toscline faverage) corticoid concentration before movement. change in standard deviation (ASEY) Trom

pre o posHTOL S nt, exhibit type, and case definitions based on postmovement corticoid patterns for heetahs maoved

hetweert Tactiiie:
exhibit if they svere housed away from public viewing.

Fxhibit type was detined as “On™exhibit ib animals were on display for public viewang or “OHT

RN

b
Premovement S
average Pre
mean = 81 LS miovement

Corticond concentration

hit — e
, Two SD above

Frost basehne (oo

Saseline Baschne

MOVe ment W davs fisr 30 davs for 15 davs

| S6o 0 104,19 On On X
2 + 41.98" 132.22 On Q1 X x X
3 + 49NN 39874 Ol On X X X
4 v 2RTT 293.28 I On X X X
5 123,51 = 31.67 32.57 On o X X
5 [32. 31 2 74006 ~-55.59 i OIr
7 146017 £ 53998 0L Ol Ot X X X
b 176.97 £ 61.10 .03 On Ot
9 [79.29 ¢ 4007 3514 Ot Oft
[ 233.02 4401 52,75 On Ot
11 32948 £ 73.26 200.73 Omn Ot
12 IRI.6Y F 54,490 184.79 Cin i X N
13 S24.20 + 36.32 16641 On On
14 57451 = 68,52 194,63 Ot On
13 K/R.6T + 96.11 404,07 On Ot
CRxpressed as ngdp dry feces
Phis cbetah developed feline mfectious perironitis and died during the saraple collection penod

SCaeutbod as the postmaverient ST minus the premovement SD

facility differed in the magnitude and daily varia-

ton of sostmovement corticords (g, 3).

DISCUSSION

Thi- =tudy is the first to document long-term ad
renal rosponses o movement in cheetahs. Although
there woas marked varaton in individual animal re-
spons s before and after movement, changes in cor

ticoid concentrations after movement could still be

20 30
Date from movement

ioure 2. Fxample of o trendhine (solid hne) tor post-

mes ement corticoid concentrations in a cheetah. The

dichied line at 100% represents the baseline (premovement

st Al vadues are represented as a percentage of

o This animals corticon] concentration remained

vie Baschine for at least 30 days

detected. Three general patterns of response were
noted: 1) an increase in corticotds after movement,
2) no change in corticoids after movement, or 3) 4
decrease in corticoids alter movement. Six of seven
animals that had increased  postmovement corti-
coids had o prolonged (greater than 60 day) stress
response Although the magnitude and nature of the
stress response differed by animal and facility, cor
ticoid concentrations generally increased i animals
were moved on-exhibit and decreased it moved otf-
exhibit.

The increased corticotds in cheetahs moved on
exhibit was not surprising because cheetals in the
wild are solitary. have large home ranges, and
avoid human contact.” Intensive handhng, a nec-
essary part of the movement procedure, also could
account for some ol the mitial clevated corticond
CONCENrations. ACule SIress responses Were seen as
single peaks. such as in the cheetah alter inimnobi
lization and movement out of quarantine. However,
prolonged  clevations are more Tikely a chronic
SIress response to environmental change, as evi-
denced by the increased rish of clevated corticonds
in animals moved on-exhibit. Al anpmals expern-

enced changes in animal-care stafi and manage

mient practices alter movement, bul these variahles

differed for cach animal. precluding statistical anad i
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Qdds ratios (93% conhidence miervals]
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ysis of these sk factors, Other possible vartables

das transit tme, mode ol transport, and

enclosure to other large carnivores tin-

Of the

‘ gludine other chectahs) were also not included in

N e risk

and san

anadyses because of msatficient information

s17¢.

v Most animals had an elevation in corticoids

1o o when moved on-exhibit regardless of premovement

? locavon. Those antmals moved from an oft-
exhibit facility were at an even greater risk of hav-

e el

ated postmovement corticoids. Three of the
four chectahs with the highest and most prolonged
postmovenment stress responsg moved from oft- to
The to uft-

it subsequently developed FIP and died

on-exhibit fourth animal moved on-

during the study period. This disecase likely contrib

s prolonged corticond elevation in this an

has occurred in several other

capti

tha after movement ( Munson, unpubl. data,
movement alters -

mg that the stress of

' mune function, exacerbat mmune-mediated o

cases such as IR

all, animals with lower baseline levels were

* hikely 10 have an increased postmovemaent re-

sponse. In contrast, animals with higher baseline

ry feces)
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Figure 3. Comparison

coid profiles

g

facil i

iy, Dissimilarities in corticoids

trom w

levels reflect individu

corticolds tended not 1o increase their corticoid

movement. Th

concentrations  sigmiticantly alter

adrenal cortical output of these latter animals may

already have been at maximal production, prechud-
ing further stimulation.
The ch

by high peaks and deep troughs that occurred both

acterized

varaton

murked ¢ day

before and after movement in individuals n

attributed to the production-secretion

stimulated adrenal eland

jected 1o a stressor. the cells of the adrenal corte
discharge their secretory granules into the blood-

stream leading to corticoid peaks.™ The gland then

becomes depleted of corticoids and enters a p

of resistance while steroids are synthesized.'? This
periad of resistance may correspond to the low cor
ticoid concentrations immediately following peaks

in the cheetahs with

high day-to-day varation. The

amount of daily corticoid variation within individ

ual animals further mformation on the

provides

character of the 'ss responses that was not

dent in the wendlines. Therefore, quantityving this

daily variation in addition to absolute corticoid les

els should be part of a stress response analvsis,

Adrenal cortical stress FESPONses L o

A0 > &
1 Movement

hibit 10 the sa

cheetahs moved from on-ex

toy the same environment

amimal differences in response




fously i ¢ apuve h,‘upl,ll'k‘; Cals

When these small cats were

cages near large predators such as lions,
ations in creuliating cortasol
When the enclosures

werll as HUFsisu [raacifg

places, cortisol concen

[rafions A SIef AVPIC pading decreased whereas

sloratory behavior mereased. Another study on

clouded leoparis (Neofelis nebulosay found that an

. on publi - housed e visual contact

i i

v other large predators had higher average tecal
|

corticoid concentrations than ammals ol display o

|

without predad visibility Y These results empha

st poe of ereating the approprnate en
ate environmental

sulitions o alley

theve was a trend o the adrenal re

pect to the type of
Sl

postinovement

cxhibit, th were variatons among individ

ate diverse abilities 1o adapt 1o change.

nown o ditter o behaviorad reac

pons opovet sieations in captiviey,™ and animal
disposition Dhely aecounts for this varidion. Future
studies sheotd compare how ndividual tempera

ment affects the postmovement corticoid response,

althouein t studies would be confounded by the

in cheetahs, '™

compiestty of behavioral

Iurther st

FCSPONSes
ies should also wimy o dentify manage
that reduce the

ment praciices TUSS TOSPONSe Lt

movement Factors to consider include maintaming
consisien wanagement, moving cheetahs with o

1

mihiar obiccts, and adapting chectahs to the trans

port cave o addition, admuustration of drags such
g neuroleptios” o reduce anxicty muy
be warranied i some situations,

ponses o movement and translocation
documented 1in other Species. Red deer
{Cervi aphuy) had significantly increased corti

sol concentratons in response to road transport du

ing a wi-term study T A study of wild black rhy
noce « (Ddceroy bicornisy documented sigmiti
cant fevated serum cortisol concentrations after
tran ation and persistent hypercortisolemia after

contirement for extended penods (up 1o 80 davs)

In a nelosure.™ Similar 1o the cheetah, black rha
nocoroses also have lagh prevalences of unusual
dh « which may, in part, be associated with a
s oed stress response 1o confinement.”

b summary, cheetahs moved from off- to on

i i

exb o tacilities can have prolonged stress respons-

~ Fhis persistent hypercortisolemia may contrl

ut postmovement health and reproduoctive prob
The decrease in corticoids when animals were

; ed off-exhibit advocates use of off-exhibit en

¢losures to reduce stress in cheetahs. Individual an-
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tnal temperament should be considered in mnterzoo
toh

elevated corticoids even after moving off-exhibit

movement because some ammals continued ¢

The risks disclosed by this study should be wes
against the benetits of moving mdividual chectahs
teomaintain genetic diversity in the captive popu

lation
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