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To assess zoo elephants’ welfare using objective population-level indices, we
sought data from zoos and other protected populations (potential ‘‘benchmarks’’)
on variables affected by poor well-being. Such data were available on fecundity,
potential fertility, stillbirths, infant mortality, adult survivorship, and stereotypic
behavior. Most of these can also be affected by factors unrelated to well-being;
therefore, for each, we analyzed the potential role of these other factors.
Population-level comparisons generally indicate poor reproduction, and poor
infant and adult survivorship in zoos compared with benchmark populations (with
some differences between zoo regions and over time). Stereotypic behavior also
occurs in c. 60% of zoo elephants; as the population-level welfare index least open
to alternative interpretations, this represents the strongest evidence that well-being
is/has been widely compromised. Poor well-being is a parsimonious explanation
for the diverse range of population-level effects seen, but to test this hypothesis
properly, data are now needed on, for example, potential confounds that can affect
these indices (to partition out effects of factors unrelated to well-being), and causes
of the observed temporal effects, and differences between species and zoo regions.
Regardless of whether such additional data implicate poor well-being, our findings
suggest that elephant management has generally been sub-optimal. We also discuss
the selection and utilization of benchmark data, as a useful future approach for
evaluating such issues. Zoo Biol 29:256–273, 2010. r 2010 Wiley-Liss, Inc.
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INTRODUCTION

Do zoo elephants have adequate welfare? Some animal protection groups
argue that thwarted natural behavior patterns, the lack of control and freedom in
captivity, and persistent health problems, all compromise zoo elephants’ well-being
— but such claims are typically forcefully rebutted by zoo personnel. To try and
address this issue objectively, we compare the available data on animal-based welfare
indices for zoo elephants and other protected populations. As in our companion
article (this volume), we use ‘‘welfare’’ and ‘‘well-being’’ interchangeably to mean
feelings-based states. Welfare is thus impaired if poor health causes feelings like pain
or nausea, or if animals’ circumstances induce states, such as anxiety, fear, or feelings
of stress; while welfare is good if animals experience relaxation, satisfaction, and
other positive feelings. Such ‘‘affective’’ states cannot be measured directly, only
inferred from indirect indices [see Mason and Veasey, this volume].

We use a subset of such indices here: those for which data were available from
both zoos and comparable ‘‘benchmark’’ populations. Benchmark data were required
because to judge whether zoo populations have good, acceptable, or poor welfare,
reference values are needed. Wild populations subject to human encroachment,
drought, or poaching pressure, we deemed unsuitable as benchmarks. Their welfare and
performance fell far below the aspirations of good zoos. Nor did we use data from
unspecified or pooled wild populations, because these still represent a wide range of
welfare states. Instead, we used other protected (in situ) populations as benchmarks:
those with standards of protection and performance that zoos should meet or exceed.
This approach assumes that zoos aim for excellent welfare; it also recognizes that
protecting wild animals in situ is the complement to protecting them in captivity. It
specifically addresses whether zoo elephants are faring as well as one would expect given
that they are well-provisioned, protected from danger, and receive veterinary treatment.
If they are, then claims of population-level poor welfare would not be supported.

Following earlier researchers [e.g. Kurt and Mar, 1996; Taylor and Poole, 1998;
Clubb et al., 2008, 2009; Harris et al., 2008; Saragusty et al., 2008], in practice this
meant using data from in situ sanctuaries/‘‘orphanages’’ and protected reserves, as
well as working (logging) populations. All experience the potential benefits of a
‘‘natural’’ life (appropriate climate, near-species-typical behavioral opportunities, etc.)
while being largely protected from welfare risk factors, such as starvation or poaching.
Timber camp animals can experience poor welfare [e.g. Lair, 1997; Hedges et al.,
2006], but we sought well-managed populations and/or those from which sources of
harm could be removed statistically. For both these and zoo populations, comparative
welfare index data existed for fecundity, fertility as manifest in acyclity, various
measures of survivorship, and stereotypic behavior. These were briefly reviewed in our
companion article, but here we provide more evidence of their links with well-being, as
well as detailing other factors, both extrinsic and intrinsic, which can affect them
independently of welfare. This is important because while the perfect index would
‘‘cleanly’’ reflect elephants’ affective states (in a linear, interval-scaled way, without
false positives or negatives), realistically most indices are far from this ideal. We must
consider our indices’ limitations, if we are to make valid inferences about the welfare
implications of any population differences. In each of the following sections, we
therefore first compare zoos with other populations, before discussing whether
differential welfare is the only possible explanation for any differences.
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POPULATION-LEVEL POTENTIAL WELFARE INDICES

Potential Welfare Index I: Fecundity

Age-specific fecundity (female calf output per dam) in the Asian elephants of
European zoos, between 1960 and 2005, averaged c. 0.01 at their reproductive peak
(12–30 years of age) [Clubb et al., 2009]. In contrast, Myanma Timber Enterprise
(MTE) animals working in Burma had higher peak fecundity—about 0.05 between
15 and 45 years of age—and breeding continued into their late 40s rather than
ceasing in their early 30s [Clubb et al., 2009; see their Fig. 1A]. African elephants’
average fecundity in European zoos averaged c. 0.015 at peak reproduction (12–30
years of age). This species’ zoo data again contrasted similarly with a benchmark
population, with fecundity in Amboseli National Park varying from 0.05 to 0.14
(averaging at about 0.08 between 15 and 45 years); and Amboseli females breeding
into their early 50s instead of ceasing at around 30 [Clubb et al., 2009; see their
Fig. 1B]. This estimated Amboseli average of 0.08 is the same as that calculated by
Sukumar et al. [1997] for Tamilnadu Forest Department working elephants, and is
similar to the ‘‘0.1’’ of Pinnewala Orphanage Asian elephants [Taylor and Poole,
1998]. It represents one female calf per dam every c. 12 years: thus a calf of either sex
every c. 6 years. This is approaching the maximum reproductive output: in very good
conditions female elephants can calve every 4–5 years [and for most of their adult
lives: Sukumar, 2003; Lee and Moss, 2008]. Zoo elephants’ reproductive rate is
clearly far below this optimum.

Such poor fecundity could indicate poor well-being if it reflected certain
intrinsic biological changes, especially reduced ovulation rates, low libido, and/or
low conception rates caused by stress-related physiological changes. Human
epidemiological studies and experiments on other mammals reveal that ovulation
rates, sperm quality, low libido, and conception rates are all compromised by stress.
General reviews [e.g. Wingfield and Sapolsky, 2003; von Borell et al., 2007] were
referenced in our companion article, but here we give more specifics, focusing on
libido and conception rates, because ovulation and reproductive senescence are
considered in the next section. To give just some examples, in humans, stressors
reduce sexual desire, and anxiety and low libido statistically co-vary [e.g. Hartmann
et al., 2002], whereas in mice, social stress reduces the courtship male mice show to
females [e.g. Sugiura et al., 1997]. Negative effects of psychosocial stress and cortisol
on male fertility (e.g. via sperm motility) occur across species from fish to humans
[e.g. Sheiner et al., 2003; Rurangwa et al., 2004]. Female fertility is affected by well-
being too. Again in humans, improved mood is linked with greater conception rates,
independent of coital rates [Sanders and Bruce, 1997], whereas in many other species,
experimentally-imposing stressors (e.g. frightening stimuli) upon reproductive age
females reduces successful implantations and increases early fetal/blastocyst loss
rates [e.g. Wiebold et al., 1986].

However, a problem with simple fecundity comparisons between zoos and
other populations is that they cannot distinguish between these sorts of intrinsic
factors, and extrinsic factors such as opportunities to mate. Lack of access to males
is a major factor affecting fecundity in zoo elephants. Much of zoo elephants’ low
fecundity has simply arisen from management strategies limiting mating opportu-
nities [e.g. Faust et al., 2006]. To assess whether stress/poor well-being really
contributes to zoo elephants’ low fecundity, one would need to either statistically
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control for female access to males or measure more directly relevant variables, such
as persistent refusals to mate several potential partners, sperm count, early fetal
losses, or anovulation (see below).

Potential Welfare Index II: Anovulation and Reproductive Senescence

Ovulation rates, manifest as irregular cycles or periods of acyclicity, have been
investigated via endocrine surveys across North America [e.g. Brown et al., 2004a,b;
Proctor et al., 2009, this volume] and Europe [e.g. Oerke et al., 2000, 2001; Oerke,
2004]. The most recently published American survey [2005s data: Proctor et al., this
volume] revealed 30% of SSP African females to be acyclic and so unable to
conceive, and 13% SSP of Asian females. The most recent European survey (2008’s
data: Oerke, personal communication, May 2009) found less acyclicity: only 13%
(16/122) of African and 5% (8/150) of Asian females were affected. This apparent
difference between continents could merely reflect that European samples are
voluntarily submitted for assay; thus very young and old animals, not considered
reproductive, are minimally represented. North American data, in contrast, come
from nearly all females, even prepubescent or middle-aged. To correct for this, we
extracted figures for North American SSP animals aged from 11 to 35 from Proctor
et al. [this volume], arguably more equivalent to European samples. In this age
range, 32% North American African females (24/75) were still acyclic, but only 4%
(2/49) of Asian females. Thus, focusing only on animals of prime breeding age,
Europe and North America do not differ in acyclicity for Asians (chi-squared: NS),
with very few (c. 1/20) being affected. However, the regions do still differ for African
elephants, acyclicity being more prevalent in North America (w2 5 12.12, df5 1,
P5 0.005).1 Furthermore, this problem in North America has become more
widespread since 2002, even in the ‘‘reproductively aged’’ subpopulation [Proctor
et al., this volume] (see footnote 1).

Is this acyclity in female African zoo elephants problematic? Equivalent
endocrine data are not available from benchmark populations, but in good
conditions 95% of wild African adult females are pregnant or lactating,
thus clearly fertile [Gobush et al., 2008; also see Lee and Moss, 2008]. This indicates
that the acyclity and thence infertility evident at least in North America, is abnormal
for this species. In Asian elephants, acyclity is also associated with the marked
decline in fecundity shown in zoos—not in benchmark populations—after the age of
35 (see previous section). Thus, unlike African elephants where the acyclic
proportion stays rather stable up to 35 and beyond, in Asian females, post-35,
the percent acyclic significantly increases to 16.2% (6/37) [Proctor et al., this
volume]. Proctor et al. [this volume] shed further light on zoo elephants’ premature
reproductive senescence, by showing that in both species the proportion of
animals with reproductive tract pathologies (e.g. cysts) increases in dams older
than 30. Declines in fecundity with age in zoos thus do appear to have a biological
basis.

1The as-yet-unpublished 2008 survey of North America shows less acyclicity in Africans aged 11–35: 18/73

(25%; J. Brown personal communication, May 2009); however this is still higher than 2008’s figures from

Europe: w2 5 4.23, df5 1, P5 0.040.
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Could poor well-being play a role here? Poor welfare can impair ovulation in
other species. For example, in rats, experimentally imposed restraint (highly aversive
to rodents) impairs luteinizing hormone release and thence ovulation [Roozendaal
et al., 1995], whereas chronic stress (both as self-reported and indexed by elevated
cortisol) can induce anovulation in human females [Berga et al., 2000]. Chronic stress
can impair ovulation in other primates too, and accelerate reproductive senescence
[e.g. Kaplan and Manuck, 2004]. Stress is also implicated in the early reproductive
senescence of isolated or spontaneously stress-reactive rats [i.e. neophobic, with
elevated corticosteroid responses; LeFevre and McClintock, 1991; Cavigelli et al.,
2006] and evident in poultry denied environmental enrichment [Leone and Estévez,
2008]. However, factors not closely linked to welfare can also influence ovulation
rates; these include reproductive suppression in order to assist related conspecifics
[which in some species is not stress-related; e.g. Creel and Waser, 1994], and also very
high or low body fat [e.g. Baird et al., 2006].

Whether poor welfare plays a role in acyclity in elephants is uncertain. In
support of this ‘‘low welfare’’ hypothesis, hyper-prolactinemia occurs in many
acyclic African females [reviewed in Mason and Veasey, this volume]. Thanks to
apparent links with status and temperament, it has also been proposed that acyclicity
stems from the demands of being dominant in the artificial, unrelated groups of
captivity [Freeman et al., 2004, 2009]. Although this latter effect seems not to hold
for Europe (Oerke, personal communication, May 2009), here other disturbances,
such as keeper changes, inter-zoo transfer, and building noise, have been suggested as
important—at least for Africans (Oerke, personal communication, May 2009). Wild-
caught females, presumably more stressed, are also reportedly less likely to cycle
than zoo-born females (Oerke, personal communication, May 2009). However, there
is also evidence against the ‘‘low welfare’’ hypothesis. Cortisol is not elevated in
acyclic animals, and nor is prolactin in many affected animals [reviewed by Mason
and Veasey, this volume; J. Brown, personal communication, May 2009].
Furthermore, inter-zoo transfer seems not to be a risk factor for African females
in North America, with long periods of residence in one location instead being
important [Freeman et al., 2009]. Furthermore, dam status seems not to be
important, if other factors are statistically controlled for [Freeman et al., 2009]; and
in these newest analyses, excessive body fat has now emerged as a key issue. The lack
of early breeding (simply owing to management) has also been argued to accelerate
zoo elephants’ reproductive senescence [reviewed by Mason and Veasey, this
volume]. Thus, overall, if stress plays a role in zoo elephants’ acyclicity and early
reproductive senescence, it is only as part of a complex suite of other factors.

Potential Welfare Index III: Stillbirth Rates

For Asian elephants, Taylor and Poole [1998] calculated stillbirth rates of 25%
(23/92) from questionnaire returns from 46 European and North American zoos.
This compared with 0% (0/11) for Pinnewala Orphanage, 3% for Tamilnadu
Forestry elephants (7/227), and ‘‘o3%’’ for MTE elephants (calculation unclear).
Clubb et al. [2008], focusing on female calves only (as relevant for population
viability), present infant loss rates in European zoos, MTE, and Amboseli (see their
Table S1). From these data, stillbirth and premature loss rates can be calculated. For
African elephants, stillbirth and premature loss rates in European zoos and
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Amboseli do not differ (o4% in all cases). The same holds for multiparous Asian
females in European zoos and MTE (o4%). However, for primiparous Asian
females, stillbirth and premature loss rates are significantly higher in European zoos
than in the benchmark population (8/24 cf. 13/270: w2 5 27.12, df5 1, Po0.0001).

Does this finding indicate poor welfare, at least in the inexperienced mothers of
this one species? Examples of the role of poor well-being in stillbirths and premature
delivery include data from humans; for example, women with high levels of self-
reported stress have significantly elevated risks of stillbirths [Wisborg et al., 2008],
and stress can also induce preterm delivery [Lockwood, 1999]. However, obesity
(both maternal and fetal) and dystocia additionally affect stillbirth rates in many
species; and at least in Asian elephants, large neonates and overweight mothers are
indeed known risk factors [reviewed Clubb et al., 2009]. Dystocia and stillbirth rates
also seem to be particularly elevated in primiparous zoo elephants who first calve
when aged 30 years or older [Doyle et al., 1999 as cited by Hermes et al., 2008].
Hermes et al. [2008] account for this in terms of the physical characteristics of such
animals — not psychological factors related to affective state. Thus, overall, it is
unknown whether or not poor well-being plays a role in the high stillbirth rates of
first-time Asian elephant mothers in Europe (equivalent North American data are
not published) and there are plenty of alternative plausible explanations.

Potential Welfare Index IV: Infant Mortality Rates

For Asian elephants, infant mortality rates in zoos are two-three times higher
than in in situ logging enterprises (Table 1). However, the infant mortality data used
by Saragusty et al. [2009] spanned the period 1962–2006, and toward the end of this
period mortality apparently decreases (statistical significance not assessed) for Asian
calves in Europe [although not in North America; see Figs. 1a and b of Saragusty
et al., 2009]. For African elephants, the picture is more optimistic still in Europe. In
the last c. 45 years, first year infant mortality rates for liveborn female calves here
have averaged c. 23% for primiparous mothers and 0% for the few multiparous
mothers: not significantly different from Amboseli [Clubb et al., 2008]. Saragusty
et al. [2009]; calculated death rates (including stillbirths) up to 5 years of age in
elephants in Europe and North America, across all dams and for both sexes of calf.
They reported African elephant losses of 21.3% (19/89) in Europe, and again calf
mortality has seemingly decreased since the mid 1990s in Europe (see their Fig. 1c).
However, for North American zoos, the equivalent figure for African elephants is
44.9% (22/49), and we calculate that this difference between the regions is significant
(w2 5 4.35, df5 1, P5 0.037). Furthermore, nor has there been any sign of
improvement in recent years in North America (see Fig. 1d in Saragusty et al., 2009).

Overall, infant mortality rates in zoos are thus higher than they should be for
Asian elephants and for African elephants in North America. Whether the same
holds for African elephants in Europe depends on the benchmark comparator used.
The lack of difference from Amboseli is reassuring. However, other protected
populations seem to have less infant mortality than Amboseli, e.g. 10% over the first
5 years in Kenya’s Samburu reserve park [Wittemyer et al., 2005], suggesting that
Amboseli might not represent a high benchmark. Furthermore, Saragusty et al.
[2009] examined extrinsic causes of mortality in MTE animals, factoring out all those
that should not occur in zoos (e.g. snake bites, etc.; see Discussion). Without these,
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MTE infant mortality similarly dropped to about 10%. Saragusty et al. therefore,
argue that for both species, infant losses in zoos should be no greater than 10%.
Despite this note of caution, however, we perhaps still should be optimistic about
infant deaths in Europe, particularly in African elephants.

TABLE 1. Infant mortality in Asian elephants

Clubb et al. [2008]a
Saragusty et al.

[2009]b
Data available from similar

populations?

Western zoos Primiparous dams:
liveborn only 37.5%
(6/16)c

Primiparous dams: total
including stillbirths
58.3% (14/24)d

Multiparous dams:
liveborn only 18.5%
(5/27)e

Multiparous dams: total
including stillbirths
21.4% (6/28)f

European zoos:
41.5% (81/195)
North American
zoos: 39.6%
(61/154)

North American SSP data
(zoo-born calves only, 0–1
year old): Female calf
infant mortality5 48%
(23/48), male calf infant
mortality5 40% (19/47)
[Faust et al., 2006]

Myanma
Timber
Enterprise
(MTE)

Primiparous dams:
liveborn only 13.2%
(34/257)c

Primiparous dams: total
including stillbirths
17.4%
(47/270)d

Multiparous dams:
liveborn onlye 7.0%
(30/430)

Multiparous dams: total
including stillbirths
9.5%
(42/442)f

24.0% (738/3,070)g Tamilnadu Forest
department: first year
infant total
mortality5 19.4% (45/
232) [Sukumar et al.,
1997]. Of live births only,
deaths up to 5 years: 6.8%
(15/220) [Taylor and
Poole, 1998]

aOnly data from zoo-bred female calves were used, and ‘‘infant’’ deaths were up to 1 year of
age. Data were split by dam parity to ensure that any population differences were not a by-
product of the percent dams who were first-time breeders (thus calves born to dams of
unknown parity were excluded); zoo data came from Europe, 1960–2005. MTE data came
direct from the MTE studbooks, and as used in Mar [2007], thus revised and corrected over
those used in Mar [2002]. Furthermore, only data from captive-bred female calves from dams
of known parity were used.
bData from both sexes of zoo-born calves were used, including still-births and premature
births; ‘‘infant’’ deaths were up to five years of age; zoo data came from the period 1962–2006,
and while no tests were run to assess whether this effect was significant, for Asian calves in
Europe—but not in North America—there seems to have been a nonlinear increase in
survivorship, with accelerating improvements in the last 5–10 years (though it is unclear
whether this simply reflects an increasing percent of multiparous dams).
cZoo4MTE, Po0.05.
dZoo4MTE, Po0.0001.
eZoo4MTE, Po0.05.
fTrend for Zoo4MTE: Po0.10.
gSaragusty et al. used MTE data from a secondary source [Mar, 2007] on deaths before the age
of 5.
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Infant mortality is a potential welfare index for breeding females, because it
increases in many species when dams are exposed to aggression, frightening
stimuli, or other sources of stress. To illustrate, repeatedly exposing pregnant
sows to restraint causes poor welfare, as evidenced by escape attempts and
immunosuppression. Post-natally, it increases later mortality in the litter, in part by
reducing IgG in the milk [Tuchscherer et al., 2002]. Similar effects occur in rats
exposed to cat odor when pregnant (this induces fear responses and elevates
cortisol), but here, poorer pup survivorship seems caused by altered maternal
behavior [Patin et al., 2002]. Indeed, acute stressors or poor environments can even
trigger infanticide [see e.g. Ahlström et al., 2002, on piglet-savaging by sows].
Individual differences in stress, as assessed by corticosteroid levels, can also predict
poor maternal care. For instance, amongst gorillas in zoos, females with high
postpartum cortisol concentrations spend less time caring for and carrying their
newborn infants [Bahr et al., 1998]. However, many factors unrelated to dam well-
being also affect infant mortality, including congenital defects, and also dam
experience [e.g. Zedrosser et al., 2009].

Whether the high calf death rates of some zoo elephant populations reflect
poor dam well-being is unknown. Nor is it known whether the apparent recent
improvements in European calf survivorship represent improvements in dam welfare
(vs. other improvements in husbandry such as better veterinary care, or other factors
such as increased numbers of experienced mothers across the population).
Differences in the prevalence of infanticide [very rare in MTE and Amboseli; see
e.g. Clubb and Mason, 2002] do suggest that stress could play a role, at least when
this form of infant death is seen. Even were this confirmed, it need not reflect
lifelong, pre-existing welfare problems in the dam, but instead short-lived acute stress
introduced by management strategies around birth (social isolation, chaining, etc.).
In addition, many factors, quite unrelated to dam well-being, seem likely to increase
infant mortality in general in zoo calves. These include effects of dystocia on calves,
poor maternal competence that is simply a product of being primiparous and/or not
housed or raised with other calves [see Mason and Veasey this volume], and in Asian
elephants, Elephant Endothelial Herpes Virus. To pinpoint stress per se, one would
therefore need data on potential confounds, to analyze the causes of infant deaths in
zoo and ‘‘benchmark’’ populations, and to examine intervening variables likely to be
affected by stress (e.g. milk IgG, and maternal oxytocin and cortisol).

Potential Welfare Index V: Overall Survivorship

Adult survivorship and overall expected lifespans in zoos are a controversial
topic. Survivorship curves in Kurt [1995] for female Asian elephants showed median
lifespans of c. 33 years for MTE animals and c. 20 for wild, free-living animals, but just
c. 10 years for captive-born zoo animals. Clubb and Mason [2002] arrived at somewhat
similar figures for MTE and European zoo animals. Their calculations were correctly
criticized as simplistic by Wiese and Willis [2004], who calculated life expectancy for
Asian elephants in Europe and North America and African elephants in North
America, using life-table analysis as well as survival analyses that excluded infant
mortality. They calculated median life expectancy via life-table analysis for female
Asian elephants at 35.9 years in North America and 41.9 years in Europe; and average
life expectancy from their survival analyses (excluding infant losses) at 44.8 years in
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North America and 47.6 years in Europe. The North American African elephant
average life expectancy was also estimated from survival analyses to be 33 years.

However, the Wiese and Willis calculations are problematic, especially in terms
of how figures were compared with values from reference populations. Although
first-year infant mortality was omitted from survival analysis estimates, some of the
results were presented as ‘‘average life expectancies’’ and compared with reference
population values which did include infant mortality. This is important because, as
we have seen, infant mortality is high in these zoo populations. Omitting it thus
inflates calculated life expectancies. Comparable Amboseli figures, to illustrate,
would thus similarly exclude infant mortality (doing this yields an Amboseli female
mean of 44 years, and a male mean of 30; P. Lee, personal communication, March
2009). Furthermore, the sex ratio of populations under comparison should be taken
into account, because the zoo population is so heavily female-skewed. Truly
comparable Amboseli figures, in this case, should therefore also be calculated as if
the reference population is 80% female (like the zoo population) rather than 50%.
The resulting value ([44� 0.8]1[30� 0.20]) is 41 years, substantially higher than the
male/female midpoint of 32.5 years that Wiese and Willis calculated from earlier
Amboseli data and informally compared with their zoo estimate of 33 years.

Clubb et al. [2008] performed analyses using data from 4,500 animals to
compare female elephant survivorship in European zoos over nearly five decades,
with that in MTE populations and Amboseli National Park. The summary figures
they calculated were as follows: including infant mortality, median lifespans for Asian
female elephants were 19 years in zoos and 42 years in MTE [the latter being similar
to the median of c. 45 years earlier calculated for Tamilnadu Forestry animals by
Sukumar et al., 1997]; whereas median lifespans for African elephants were 17 years
in zoos and 36 years in Amboseli (56 years, if deaths caused by humans were
excluded). However, median figures like these are merely descriptive and also, of
necessity, they came only from animals with complete histories from birth. The
statistical comparison of zoo and benchmark populations, in contrast, required
separating juvenile and adult phases of the lifespan (to meet the tests’ ‘‘proportion-
ality’’ assumptions). These statistical comparisons also allowed the inclusion of wild-
caught animals, regardless of their age of entry to the zoo populations. Wild-caught
juvenile Asians survive better in zoos than in MTE, because many of the latter
animals die of ‘‘capture stress.’’ In adulthood, survivorship of these animals is then
not significantly different, unless ‘‘capture stress’’ is statistically controlled for (as a
cause of death that should be absent from zoos). Then, those adult MTE wild-caught
adults who survive the vulnerable post-capture period are shown to subsequently live
significantly longer than wild-caught zoo adults. Turning to just captive-bred Asian
elephants specifically, adult females in zoos have mortality risks more than four times
higher than captive-bred MTE adult females (a significant difference). African
elephants as adults also had significantly higher mortality risks in zoos than in
Amboseli, evident even when ‘‘low benchmark’’ data were used (i.e. Amboseli data
that included deaths caused by humans). However, their survivorship did show
significant improvement over the 45 years of zoo records.

Altogether, these various survivorship studies suggest that survivorship in the
European zoo populations, and perhaps also the North American (statistical
comparisons are now needed here), has been poorer than one would expect over the
last 4–5 decades. However, there have been significant improvements in recent years
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for adult African elephants in European zoos. Overall, such effects could [see Mason
and Veasey this volume; Clubb et al., 2009] reflect differential stress levels; thus, very
poor well-being in wild-caught juvenile MTE animals and poor well-being in zoo
adults of both species, with improving well-being in most recent years in the
European African population. However, other effects could be at work too. We
therefore now detail some specific examples where poor welfare has curtailed
lifespans across a range of species, before discussing other contributory factors that
influence survivorship post-infancy.

Chronic and acute stress can both reduce adult lifespan, this effect being best
studied in humans and rats. In the elderly, reports of not feeling in control predict
elevated mortality rates [Menec and Chipperfield, 1997], and experiencing a house
break-in also doubles the risks of dying in the 2 years after the crime compared with
non-burgled neighbors [Donaldson, 2003]. Kiecolt-Glaser et al. [2002] and Vitetta et al.
[2005] reviewed many similar findings in humans, with stress and depression apparently
curtailing adult lifespan via effects on endocrine stress axes, immune function, and
other systems which increase risks of carcinoma, strokes, and cardiovascular and other
diseases. Similarly, in rats, spontaneously stress-reactive individuals (i.e. neophobic,
with elevated HPA responses) die earlier in adulthood [typically of cancer; Cavigelli
and McClintock, 2003; Cavigelli et al., 2006]. Rats who are isolation-housed [Shaw and
Gallagher, 1984], also die prematurely once adults hit ‘‘middle age.’’

We do not know if poor welfare similarly accelerates aging, senescence, and death
in zoo elephants. There is certainly some evidence that stress can increase mortality
rates in these animals, at least in Asian elephants. Wild-born Burmese elephants
captured and ‘‘tamed’’ for logging die at faster rates than same-age captive-bred
animals in the same working populations, and also faster than same-age wild-caught
MTE animals who have survived for more than 8 years after these events [Mar, 2007;
Clubb et al., 2008]. In zoos, the most likely examples of stress-related deaths are those
seen following inter-zoo transfer [Clubb et al., 2008, 2009], although data on pre-
transfer health, stress physiology, and causes of death are needed to test this hypothesis.
However, when it comes to the premature adult deaths of African and Asian elephants
(especially zoo-bred individuals), other potential causal factors—not caused by poor
psychological welfare — could include Herpes (in Asians) and obesity (both species).
To know whether poor welfare per se accelerates death, it would thus be useful to know
the relative severity and prevalence of various pathologies (e.g. cardiovascular disease),
of disease risk factors [e.g. insulin resistance, IL-6, thymus involution, wound-healing
rates; see Mason and Veasey, this volume; also Clubb et al., 2009], and of other
physiological differences (e.g. HPA function) in zoo vs. benchmark populations.
Unfortunately, such comparative data do not exist as yet.

Potential Welfare Index VI: Stereotypic Behavior

Clubb and Mason [2002], pooling data from published accounts, estimated
that c. 40% of zoo elephants perform stereotypic behavior [for definition and
examples see Mason and Veasey, this volume], spending on average 10% time in this
behavior (15% for Asian and 2% for African elephants). More recently, Harris et al.
[2008] collected behavioral data from the entire UK and Irish elephant population.
Of the 77 animals observed in the daytime, 42 (54%) showed stereotypic behavior.
Prevalence did not apparently vary with species but time budget did, with Asian
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elephants spending a mean of 6% day-time observations in this behavior, and
African elephants, just 1%. Estimates of prevalence and time-budget values
increased, however, if nocturnal data were also collected; of the 41 animals observed
for the full 24 hr, 68% performed stereotypic behavior and for on average 9% of
their time. These revised prevalence values resemble those obtained by surveying zoo
keepers on their charges’ behavior. Keepers reported that 22/30 (73%) of their Asian
and 17/28 (61%) African elephants were stereotypic (an apparent slight species
difference that is not statistically significant).

How does this compare to benchmark populations? Harris et al. applied the
same day-time observation methods and ‘‘keeper’’ surveys as they used in zoos to
working timber animals in Assam, India. From direct day-time observation, they
inferred that none of the 42 subjects performed this behavior, but again greater
prevalence was indicated by keeper knowledge: mahouts reported 21% (9/42) of
these elephants to stereotype. We calculate this prevalence to be significantly lower
than that reported for Asian elephants in the UK zoos (w2 5 19.23, df5 1,
Po0.0001). Stereotypic behavior has similarly been reported as rare in MTE
elephants [Mar, 2007; K. Mar, personal communication, October 2008], although
instances might have been overlooked here: behavior and welfare were not this
work’s focus, nor were MTE mahouts questioned. Quantitative data, unfortunately,
do not exist for sanctuary animals or for free-living wild Asian or African elephants.
However, a widely accepted judgment is that zoo elephants are more prone to
unambiguous stereotypic behavior than their wild conspecifics. Thus, for example,
when transient foot-swinging and other displacement activities occur in free-living
African elephants [reviewed by Mason and Veasey, this volume], they are far less
frequent and time-consuming than the repetitive movements performed in zoos [e.g.
J. Poole, personal communication, March 2009; Harris et al., 2008 also cautiously
report no stereotyping in a Botswana population studied by a collaborator].

Such contrasts are important because a recent meta-analysis of several hundred
articles across a range of captive species [Mason and Latham, 2004], showed that
empirically, those housing-types, aspects of husbandry (e.g. weaning age), and
experimental treatments that increase stereotypic behavior typically also induce or
increase other signs of poor well-being (e.g. avoidance/escape attempts, elevated HPA
activity, increased infant mortality, etc.). Thus, populations in which stereotypic behavior
is elevated, show significant increases in other signs of poor welfare compared with less
stereotypic populations. This pattern is consistent with the apparent mechanisms
underlying these activities: repeated attempts to perform frustrated, highly motivated
behaviors and changes in forebrain structure and function stemming from stress and/or
abnormal developmental environments [e.g. Wuerbel and Stauffacher, 1998; Hadley et al.,
2006; Mason, 2006]. Overall, prevalent stereotypic behavior across zoo populations thus
suggests that conditions are sub-optimal for many elephants or at least have been
historically. Of all the indices reviewed in this paper, this one is hardest to account for via
effects independent of well-being.

DISCUSSION

Our aim was to evaluate how zoo populations compare with others in terms of
animal-based indices, to assess whether zoo elephants as a cohort appear to have
good, adequate, or poor welfare. In practice, our considerations often left us
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uncertain as to the roles of well-being per se, because other factors like excess body
fat or inadequate reproductive experience repeatedly emerged as plausible alternative
explanations for population differences. Nevertheless, in summarizing our findings
(Table 2), three things become clear. First, regardless of whether poor well-being is
the underlying cause in each instance, zoo elephants show many undesirable
responses from a management perspective. Second, these effects are sometimes
impacted by ‘‘recency’’ (i.e. changes over time) and region (i.e. Europe vs. America),
suggesting that variation in husbandry with time or location is influential. Third, the
degree to which some variables appear sub-optimal sometimes depended on the
reference data they were compared with (especially the degree of statistical correction
for causes of harm that would be absent in optimally protected animals). Here we
therefore synthesize and discuss our findings, suggest future research needs, and
finally address some methodological issues raised by ‘‘benchmarking.’’

What Do Potential Welfare Indices Reveal About Zoo Elephants’ Well-Being?

The low fecundity and premature reproductive senescence, high prevalence of
acyclicity in African elephants (at least in North America), and high stillbirth rates of
primiparous Asian dams could be caused by stress or other forms of poor welfare.
However, other potential explanations appear equally valid (e.g. excess body fat,
little access to mates, or cycling too often in early adulthood). Similarly, for elevated

TABLE 2. Are zoo elephant populations performing as well as should be expected?

Potential welfare index (Please see text
for discussion of non-welfare related
factors that can influence each index) African elephants Asian elephants

(i) Fecunditya No No
(ii) Fertility (cycling) North America: Nob

Europe: Maybe
Yes (aside from

reproductive
senescence post 35)

(iii) Still and premature birthsa Yes No: if primiparous
Yes: if multiparous

(iv) Infant mortality North America: No Noc

Europe: Maybec

(depends on
‘‘benchmark’’
used)

(v) Juvenile/adult survivorshipa Juvenile: Yes Juvenile: Yes
Adult: Nod Adult: Noe

(vi) Stereotypic behavior No No

Differences between regional zoo subpopulations (Europe vs. North America), any temporal
effects seen (e.g. improvements in recent years), and conclusions that vary according to the
precise ‘‘benchmark’’ used are noted.
aData from European zoos only.
bFigures apparently worsening in recent years.
cWith figures apparently improving in recent years.
dAlthough values have improved in Europe in recent years.
eParticularly if captive-born (whether wild-caught adults are performing to standard depends
on which ‘‘benchmark’’ is used).
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infant mortality (especially as seen in Asians, and the African elephants of North
America), poor dam well-being could be the cause, but again alternative
explanations are possible, such as lack of earlier experience with calves and (for
Asians) Herpes. Adult survivorship in Europe (the North American population
awaits valid comparison with reference populations) is also poorer than one would
expect. Again, this could well reflect stress (especially Asian elephants’ elevated risks
of dying after inter-zootransfer), but factors not directly related to poor
psychological welfare could well play a role too (e.g. being overweight, which could
even reflect good well-being if animals actually prefer to exercise little and eat too
much). It thus cannot currently be said which, if any, of these problems truly reflect
poor well-being. The answer could even vary between the species, and/or between
European and North American sub-populations.

The picture is clearer for stereotypic behavior. This is prevalent (if not very
time-consuming), apparently occurring in at least 60% of zoo elephants. Some argue
that unambiguous stereotypic behavior should simply never occur in zoos [Mason
et al., 2007]. Even if this is seen as too stringent, working Asians, providing a less
high benchmark, still perform significantly less than zoo conspecifics. With regards
to population-level welfare assessments, this index is least open to alternative
interpretations, so representing the strongest evidence that well-being is or has been
compromised in a high proportion of zoo elephants.

In summary, several potential welfare indices show often striking differences
between zoos and reference populations. This does not mean that it is impossible for
zoos to achieve the same standards as benchmark populations or that no individual
zoo has done so already; but at the population-level, zoos as a group have been
underperforming. This suggests that, at the very least, it is worth investigating
elephant welfare in more detail. Poor well-being is certainly a parsimonious
hypothesis for the effects seen, and one now needing more direct test. Such work is
needed because, regardless of whether welfare issues are causal, short life-spans,
anovulation and stereotypic behavior are all unwanted management problems.

What Next?

The relative dearth of unambiguous welfare-relevant data is frustrating. It
reflects a lack of large-scale empirical research projects — beyond the welcome but
somewhat limited Harris et al. [2008] — explicitly aimed at assessing zoo elephant
well-being. Several future research approaches would more effectively test
hypotheses about population-level welfare.

One group of approaches continues our theme of carefully and statistically
comparing zoos with other populations. Data could be collected from zoo and
reference populations on variables to confirm (or otherwise) our indices’ links with
poor welfare: for instance, the degree to which poor immunity contributes to
premature adult deaths, the role of infanticide in elevated infant mortality, and the
role of stress-induced suppression of maternal oxytocin levels in stillbirths and infant
losses. In addition, data are needed on potential confounds that could affect the
indices used here, to help identify when factors unrelated to well-being are involved
in the population differences. Examples include using records of mating
opportunities, to help interpret fecundity data; using records of earlier breeding
experience, to help interpret acyclicity and premature reproductive senescence; and
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obtaining measures of obesity, to assess their role in stillbirths and premature adult
deaths. A final future comparative approach is to screen zoo and reference
populations with additional, independent welfare indices, such as cortisol and
catecholamine output, cognitive bias, behavioral indices of fear/conflict, and post-
mortem measures, such as adrenal weight (see companion article for details).
Cortisol might be the easiest because already enough data exist to statistically
compare fecal corticosteroid outputs of captive and free-ranging animals, at least for
African elephants (see articles cited by Mason and Veasey’s companion article, this
volume). Harris et al. [2008], who recently assayed fecal corticoids across the UK
and Irish zoos, commented that the mean levels for African elephants in this
population fall within the range reported in the wild. However, to make such a
comparison useful and valid, it would need to select specific, appropriate in situ
benchmark populations; be statistical, not descriptive; and also carefully control for
any age and sex differences in population structure.

Our other broad research recommendation involves focusing in on the zoo
populations themselves. Regional sub-population (Europe vs. North America), time-
period (e.g. recent/current vs. historical), and species can all clearly influence our
indices; and ‘‘zoo effects’’ have also been identified for stereotypic behavior and fecal
corticoids [Harris et al., 2008]. The reasons for this variation should now be
identified empirically. Note that relevant timescales should be considered here. Thus,
for variables where early or cumulative past experience is important (e.g. stereotypic
behavior; adult lifespan), this would require tracking down historical information on
weaning/import age and past facility design, social environments, and training
methods; whereas for stillbirths and infant mortality, dam treatment around the
immediate time of parturition might be a fruitful variable to investigate (perhaps
more so than long-term housing). Done with care, such studies could both improve
best management practice and assess the likelihood that poor welfare per se underlies
these temporal, regional, species, and zoo effects.

‘‘Benchmarking’’: How Should Comparisons With Reference Populations
Be Run?

Using ‘‘benchmark’’ data from well-run sanctuaries, reserves in good habitats,
or wild or semi-protected populations from which threats that should be absent in
zoos (e.g. deaths from hunting) are statistically removed, is a useful, objective way to
assess zoos’ performance, and relevant not just for welfare but also for comparing
bodyweights and many other variables. Our focus has been elephants, but this
approach has been applied to other taxa too [e.g. carnivores: Terio et al., 2000, 2004;
Munson et al., 2005; and Clubb and Mason, 2007]. Obviously, valid comparisons
must compare like with like (e.g. males with males, females with females, like-aged
animals with like-aged animals), use complete datasets, and also test for significance
with appropriate inferential statistical tests. However, this article has repeatedly
touched on other methodological and interpretative issues this approach can raise,
and because they have not been tackled elsewhere, we end by addressing them.

One major issue is that there often will be alternative reference populations to
choose between, or judgments to make as to how stringently to statistically remove
the impacts of various threats from these populations’ data. To illustrate, Clubb
et al. [2008, 2009] used MTE data as a benchmark for Asian elephants, even though
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its population growth is lower and its infant mortality levels higher than some other
protected or even wild populations of Asian elephants [its low fecundity compared
with Amboseli was certainly evident in Section I; see also Clubb et al., 2009].
Similarly, they used Amboseli as their reference for African elephants, even though
other wild African elephants have faster population growth and/or lower infant
mortality [see Clubb et al., 2009]. Such choices depend on how high one wishes to set
the benchmark (Clubb et al.’s were thus rather conservative), plus practical
constraints like access to data. Furthermore, Clubb et al. then factored out deaths
caused by humans (presenting these values alongside figures from raw data so that
both ‘‘low’’ and ‘‘high’’ benchmarks could be seen). They chose not to additionally
remove deaths caused by snake bite or other natural threats absent in good zoos, to
avoid accusations of ‘‘setting the bar too high.’’ Saragusty and co-workers, in
contrast, in their analyses of MTE infant mortality data, did remove such deaths, in
order to identify what they judged as more appropriate infant loss rates for a truly
optimally cared-for population. As we have seen, such statistical decisions can affect
zoos’ apparent relative performance. Our view here is not that one decision is wrong
and another right, but that, when presented transparently, they yield benchmarks
that vary in ‘‘height,’’ perhaps usefully regarded as ‘‘bronze,’’ ‘‘silver,’’ and ‘‘gold’’
standards, or medium-term, long-term and ultimate goals for zoos to aspire to.

Perhaps more controversially, we would like to encourage researchers using this
approach to recognize that potential reference populations may perhaps involve
elements of lifestyle which are good for some aspects of welfare (thus affecting certain
welfare indices positively), and yet be far from ideal in other ways (thus affecting other
welfare indices negatively). To illustrate, circus elephants perform more stereotypic
behavior than zoo elephants [reviewed by Clubb and Mason, 2002], yet anecdotally
have higher fecundity and lower infant mortality. This might suggest aspects of social
structure and birth management that should be emulated by zoos while also identifying
degrees of confinement or lack of control that should most definitely be avoided. In
practice then, the ideal ‘‘platinum level benchmark’’ might potentially comprise data on
different variables from different populations, compiled to create a composite view of
what animal-based measures should look like in the ideal population.

CONCLUSIONS

(1) Data on three broad types of welfare index were available for comparing zoo
elephants with benchmark populations: data related to reproduction (fecundity,
acyclicity, reproductive senescence, and stillbirth rates); mortality (in infant,
juvenile, and adult stages); and stereotypic behavior.

(2) Results typically suggest that zoo elephants could have had, or currently may have,
poorer welfare than benchmark populations. Although all contrasts except those
relating to stereotypic behavior could reflect factors other than poor well-being (e.g.
obesity, inadequate reproductive experience, etc.), the most parsimonious explana-
tion is that zoo elephants broadly have experienced poorer standards of welfare than
should be expected, given that they are well-provisioned and protected from danger.

(3) In many cases, our ‘‘zoo welfare performance’’ measures displayed variation over
time, between regions, and between species, suggesting that these variables are
sensitive to local husbandry standards. Optimistically, the evidence suggests
improvements in husbandry and potentially welfare in recent years, at least in Europe.
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(4) Further research is much needed. This should test the hypothesis that zoo
elephants have substandard welfare more directly, tease out effects of other
variables like obesity, and aim to yield husbandry improvements that bring zoo
elephant performance to benchmark standards.

(5) ‘‘Benchmarking’’ via carefully chosen reference populations, is a useful, objective
methodological approach, although one needing transparency, judgment, and
the careful use of appropriate statistical tests.
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