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Abstract:  
Various body condition scoring (BCS) methods have been developed as management tools in zoo 
animal husbandry. In contrast to BCS for farm animals, where visual and palpable features are used, 
these protocols are mainly restricted to visual cues. Considering their inherent subjectivity, such 
methods face scepticism as their reliability is questioned. In terms of their respective methodology, 
composite BCS (where individual body regions are scored and a sum or mean is calculated), algorithm 
BCS (where a score is achieved by following a flow chart) and overview BCS protocols (where a score is 
given based on overall appearance) can be distinguished. In order to compare their practicability and 
consistency, we conducted a test with veterinary students (n=18) scoring an equal number (n=15) of 
African (Loxodonta africana) and Asian elephant (Elephas maximus) photographs using three different 
protocols. The composite approach showed least inter-observer consistency, while the overview 
protocol led to the highest differentiation of individual elephant condition. When regularly assessed, 
visual body condition scoring may serve as an important tool for the health surveillance and complete 
the medical history of individual zoo animals. Nonetheless, a validation process for each protocol 
developed should be carried out before its application. Further research might concentrate on long-
term, individual-based body condition monitoring, using archives of standardised photographs.

Introduction

The assessment of body condition is an important tool in 
various animal management systems, whether one manages 
free-ranging populations, domesticated farm animals or 
captive zoo animal species. While economic interest motivates 
the practice in production animals, animal health issues are the 
motivation in scoring pets (Laflamme 2012). A high proportion 
of companion animals suffer from obesity (Laflamme 2012), and 
obesity has been a concern in zoo animal husbandry as well. 
Under the conditions of captivity several wildlife species are 
known to be prone to obesity (e.g. equids (Bray and Edwards 
1999), tapirs (Clauss et al. 2009), rhinos (Clauss et al. 2005), 
elephants (Morfeld et al. 2014) and monogastric primates 
(Dierenfeld 1997; Terranova et al. 1997; Videan et al. 2007)), but 
there are also examples such as giraffe (Potter and Clauss 2005) 
and moose (Clauss et al. 2002), in which poor body conditions 

seem to occur more frequently. Moreover, body condition 
scoring systems are used extensively by ecologists investigating 
wild populations and their interaction with restricted resources 
or changing environments (DelGiudice et al. 2011; Lane et al. 
2014; Carpio et al. 2015; McWilliams and Wilson 2015).  

In order to achieve the most accurate estimation of an 
animal´s physical condition, a number of different scoring 
methods have been developed, such as the kidney fat 
index, bone marrow fat index (Jakob et al. 1996; Cook et al. 
2007), bioelectrical impedance analysis, and morphometric 
measurements such as weight, size, circumferences and ratios 
from these values (Barthelmess et al. 2006; Pitt et al. 2006; 
Peig and Green 2009). Production and hunted animals can be 
scored by invasive non-repeatable techniques at slaughter, 
including fresh-carcass weight or fat indices, and also with 
non-invasive methods such as morphometric measurements 
and visual scores. For the monitoring of pets, only non-invasive 
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Abstract
Obesity is a common problem in captive elephants. Therefore, physical state monitoring presents 
a critical aspect in preventive elephant healthcare. Some institutions lack the equipment to weigh 
elephants regularly, so body condition scoring (BCS) is a valuable alternative tool. As yet, the BCS of 
both elephant species has not been assessed comprehensively for the European captive population. 
Using a previously validated visual BCS protocol, we assessed 192 African (Loxodonta africana) and 
326 Asian elephants (Elephas maximus) living in European zoos (97% of the living European elephant 
population). The majority of elephants scored in the upper categories with 56% of adults assessed in 
the range 7–10 out of 10. Adult Asian elephants had significantly lower BCS (males: mean 6.2 ± 1.0, 
median 6.0, range 4–8; females: mean 6.6 ± 1.3, median 6.0, range 3–9) than African elephants (males: 
mean 6.7 ± 0.7, median 6.0, range 6–8; females: mean 6.9 ± 1.2, median 6.0, range 1–9). Comparison 
with samples of free-ranging populations (163 Asian elephants and 121 African elephants) revealed 
significantly lower scores in free-ranging elephants independent of species, age and sex category. 
Compared to previous reports from captive populations, the European zoo elephant population is 
nevertheless less obese. In adult Asian elephant females, BCS was significantly correlated to their 
breeding status with lower scores in current breeders; however, breeding status was also correlated 
to group size, enclosure size, and a diet with less vegetables. Further attention to zoo elephant weight 
management is recommended with regular longitudinal monitoring by body condition scoring.

Introduction  

Because of their body size, intelligence, importance to the 
public and conservation status, captive management of 
African (Loxodonta africana) and Asian elephants (Elephas 
maximus) is challenging. Optimising nutritional intake for 
elephants in captivity can be problematic, and several reports 
have highlighted the problems of feeding regimes and found 
obesity to be common (Harris et al. 2008; Hatt and Clauss 
2006; Morfeld et al. 2016). Weight management is therefore 
an important focus for good elephant husbandry, and body 
weight monitoring an important part of preventative medicine. 
However, the sheer size and expense of the required technical 

equipment means regular weight monitoring might not be 
feasible for many elephant-keeping zoos. Visual body condition 
scoring (BCS) is considered a useful method to reliably assess 
zoo animals including elephants (reviewed in Schiffmann et 
al. 2017), although none of these have defined an ideal score 
range with regards to health. 

Several indices have recently been developed for elephants 
and applied in free-ranging as well as semi-captive and captive 
populations (Fernando et al. 2009; Morfeld et al. 2014; 
Morfeld et al. 2016; Treiber et al. 2012; Wemmer et al. 2006; 
Wijeyamohan et al. 2015). Scores are affected by age (Chusyd 
et al. 2018; Somgird et al. 2016b), sex (Godagama et al. 1998; 
Morfeld et al. 2016; Pinter-Wollman et al. 2009; Ramesh et 
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Little attention has been paid to the resting and sleeping behavior of zoo elephants so

far. An important concern is when elephants avoid lying down, due to degenerative

joint and foot disease, social structure, or stressful environmental changes. Inability or

unwillingness to lie down for resting is an important welfare issue, as it may impair

sleep. We emphasize the importance of satisfying rest in elephants by reviewing the

literature on resting behavior in elephants (Loxodonta africana and Elephas maximus) as

well as the documentation of four cases from European zoos and our own direct

observations in a zoo group of four femaleAfrican elephants during 12 entire days. The

common denominator in the case reports is the occurrence of a falling bout out of a

standing position subsequently to a cessation of lying rest for different periods of time.

Although well-known in horses as “episodic collapse” or “excessive drowsiness,” this

syndrome has not been described in elephants before. To enable its detection, we

recommend nocturnal video monitoring for elephant-keeping institutions. The

literature evaluation as well as own observational data suggest an inverse relationship

between lying rest and standing rest. Preventative measures consist of enclosure

modifications that facilitate lying rest (e.g., sand hills) or standing rest in a leaning

position as a substitute. Anecdotal observations suggest that the provision of

appropriate horizontal environmental structuresmay encourage safe, sleep-conducive

standing rest. We provide drawings on how to install such structures. Effects of

providing such structures should be evaluated in the future.

K E YWORD S

elephant, leaning, lying rest, sleep, zoo

1 | INTRODUCTION

Modern zoos have achieved many improvements in elephant

husbandry and management during the past years (Greco, Meehan,

Hogan et al., 2016; Greco, Meehan, Miller et al., 2016). In doing so,

studies on natural behavior of elephants supplied basic information

concerning their needs. Most probably due to challenging observation

conditions, only little research on nocturnal behavior of free-ranging

elephants has been conducted yet, leaving few “natural benchmark”

data in particular with respect to sleeping behavior.

Evans (1910) already postulated that “it is of outmost impor-

tance that the elephant should have his sleep. . .” and common sense

Zoo Biology. 2018;37:133–145. wileyonlinelibrary.com/journal/zoo © 2018 Wiley Periodicals, Inc. | 133
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Abstract
In further improving zoo elephant welfare, diet and feeding regimes are key factors. Together with the 
encouragement of physical activity, they support the management of weight and the prevention of 
obesity, which is considered a common concern in zoo elephants. Besides weight monitoring, visual 
body condition scoring (BCS) has proven a practical tool for the assessment of (zoo) elephants' physical 
condition. From the individual management as well as the medical perspective, documentation of an 
elephant´s BCS changes over time might be much more informative than a population-wide cross-
sectional analysis. We present a compilation of cases where European zoo elephant BCS can be assessed 
against influencing factors, such as reproductive activity, physical disorders, advanced age, stressful 
situations and diet adaptations. The present study of the European zoo elephant population describes 
how various life circumstances and management adaptations are reflected in the BCS of individual 
elephants, and in population-wide BCS over time. An online archive to build up a reliable, individual-
based data basis with minimal additional workload for elephant-keeping facilities is introduced. 
 

Introduction

With respect to their physical size, mental capabilities, 
conservation status and public perception as charismatic 
individuals, management of captive African (Loxodonta 
africana) and Asian elephants (Elephas maximus) is a 
challenging task. Compared to dietary resources in the wild, 
feeding regimes for zoo elephants are presumed to often 
oversupply energy, leading to obesity. Although there are no 
established guidelines as to when an elephant is “obese” or 
“overweight”, the terms have often been used in relation to 
elephants with high BCS or body mass (Clubb and Mason 2002; 
Harris et al. 2008; Hatt and Clauss 2006; Morfeld et al. 2014; 
Morfeld et al. 2016). Therefore, body condition monitoring is 
an important part of elephant management and preventative 
care. This can be done by regular weighing on a scale or by 

visual BCS. The latter is considered a useful method to reliably 
assess (zoo) elephants (reviewed in Schiffmann et al. 2017).

Several indices have recently been developed for elephants 
and applied in free-ranging as well as semi-captive and captive 
populations (Fernando et al. 2009; Morfeld et al. 2014; 
Morfeld et al. 2016; Treiber et al. 2012; Wemmer et al. 2006; 
Wijeyamohan et al. 2015). Scores have been reported to be 
affected by age (Chusyd et al. 2018; Somgird et al. 2016), sex 
(Godagama et al. 1998; Morfeld et al. 2016; Pinter-Wollman et 
al. 2009; Ramesh et al. 2011), living conditions (Morfeld et al. 
2014; Schiffmann et al. 2018; Wijeyamohan et al. 2015), season 
(Albl 1971; De Klerk 2009; Foley et al. 2001; Pinter-Wollman et 
al. 2009; Pokharel et al. 2017; Ramesh et al. 2011; Ranjeewa et 
al. 2018), husbandry parameters (Harris et al. 2008; Morfeld et 
al. 2016), reproductive status such as lactation (De Klerk 2009), 
history of translocation (Pinter-Wollman et al. 2009), stress 
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Abstract
Stereotypic behaviour in zoo elephants is considered an indicator of impaired welfare. The underlying 
causes are diverse and many aspects are still unexplored. Nevertheless, many zoological institutions 
make huge efforts to improve the well-being of their elephants. The construction of a new exhibit 
provides a chance to gain further evidence on the impact of such measures on elephant behaviour. 
We report a significant decrease in both the amount and frequency of swaying in an elderly African 
elephant (Loxodonta africana) after transition to a new enclosure. While we assume that continuous 
social interactions, increased freedom of choice and appropriate resting locations were critical for the 
distinct improvement of this individual´s well-being, the only factor that significantly correlated with 
swaying in this individual was the amount of time per day the elephant group was separated. Thus, 
corresponding adaptations in elephant husbandry are also encouraged in facilities without resources 
for the building of extensive new exhibits and may lead to increased zoo elephant welfare.

Introduction

Stereotypical behaviour, especially in the manner of swaying, 
is quite common in captive elephants (Greco et al. 2017; Greco 
et al. 2016). Stereotyping is generally defined as functionless 
repetitive behaviour, independent of the underlying cause 
and situation of its occurrence (Mason 1991; Mason and 
Veasey 2010). This unnatural repetitive behaviour has been 
documented in semi-captive elephants living in countries of 
origin, as well as in North American and European zoos (Clubb 
and Mason 2002; Greco et al. 2016; Kurt and Garai 2001). In 
extreme cases, elephants have been reported to spend up to 
66% of their time exhibiting stereotypic behaviours (Kurt and 
Garai 2001; Meller et al. 2007). Nevertheless, research on the 
causal factors of this behaviour (Greco et al. 2017). Correlation 
with indicators of stress and poor health have been confirmed 

(Haspeslagh et al. 2013; Kurt and Garai 2001) and stereotypic 
behaviour is widely considered a sign of impaired welfare (Asher 
et al. 2015; Mason and Veasey 2010). A recent assessment 
of the North American zoo elephant population identified 
spending time housed separately, history of inter-institutional 
transfers, unsuccessful breeding and being a member of a non-
breeding group of mainly unrelated females as risk factors for 
the occurrence of stereotypic behaviour (Greco et al. 2016). 
African elephants are generally considered to express less 
stereotypies than their Asian counterparts (Greco et al. 2016).

Modern zoos undertake huge efforts in rebuilding enlarged 
enclosures and for optimisation of husbandry methods, 
directed at further improving their elephant management 
and care. Ideally, these actions lead to an increase in natural 
behaviour, while unnatural behaviours, including stereotyping, 
decrease (Soltis and Brown 2010). Looking at the scarcity of 
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a  b  s  t r a  c t

Elephants  do  not replace deciduous teeth  once with  permanent teeth as most mammals, but replace
a single cheek  tooth  per jaw-side  five  times  in their  lives  in a process called molar  progression.  While
this  gradual process has  been  well-documented for the  purpose  of age determination, a less-considered
possible side effect  of this  progression  is that  functional  chewing surface  fluctuates,  being larger when
two  cheek  teeth are  both  partially in  use  and smaller  when  only one  cheek  tooth  is used fully.  We  found
that  body mass  of both breeding and non-breeding  female zoo elephants  (Elephas  maximus, Loxodonta
africana)  shows a cyclic undulation with  peaks separated by many  years,  which is  therefore  unrelated  to
reproduction  or  annual  seasonality. We  propose  variation in functional  chewing  surface, resulting  chew-
ing  efficiency,  and  resulting  increased food intake  and/or  digestive  efficiency  as  the underlying  cause. As
elephants  reproduce all year-round  and thus  are  not synchronized  in their molar  progression pattern,
climate-related  fluctuations in resource  availability are  likely to mask  this  pattern  in free-ranging  animals.
In  contrast, it emerges  under  the comparatively constant zoo conditions,  and  illustrates  the relevance
of the dental apparatus  for herbivorous  mammals.  The  combination of variable  chewing  efficiency  and
resource  availability  in  free-ranging  elephants  may  render these  species  particularly  prone to reported
inter-individual  fitness  differences.

© 2018  Deutsche  Gesellschaft für Säugetierkunde.  Published by  Elsevier  GmbH. All  rights reserved.

Introduction

Reducing food particle size is  crucial for herbivores, because par-
ticle size constrains the rate at which fibrous food can be digested
by the symbiotic microbiota (Bjorndal et al., 1990). In mammals,
teeth of various designs have evolved (Ungar, 2010) and, together
with additional adaptations such as rumination, lead to variation in
chewing efficiency (Fritz et al., 2009) that is linked to  digestive effi-
ciency (Clauss et al., 2015). In individual species, chewing intensity
was found to compensate for variation in the availability of func-
tional chewing surface (Pérez-Barbería and Gordon, 1998; Logan,
2003), chewing efficiency decreases with old age (Venkataraman
et al., 2014), and the age-related loss of a functional dentition is
usually considered an important reason for senescence and death

∗ Corresponding author.
E-mail address: mclauss@vetclinics.uzh.ch (M. Clauss).

in  a variety of species (Skogland, 1988; Kojola et al., 1998; King et al.,
2005), including elephants (Maglio, 1973; Lee et al., 2012). During
ontogeny, the increase in  the number of functional cheek teeth dur-
ing adolescence (as documented in  cattle, Grandl et al., 2018)  or  its
decrease during senility (as documented in  humans, Ikebe et al.,
2011)  are both linked to compensating changes in chewing inten-
sity. Less functional dental chewing surface, therefore, probably
either represents a  time constraint due to the higher compensat-
ing chewing required, or a  digestive constraint due to the lower
chewing efficiency achieved.

In elephants, the number of functional teeth does not follow the
general mammalian pattern of increase and decline from adoles-
cence to old age. Rather than replacing a deciduous dentition with
permanent teeth, elephants replace the single cheek teeth per jaw-
side five times during ontogeny, with a  repeated replacement of
the main tooth every 10–15 years (Fig.  1,  Table 1). Thus, new teeth
of ever-increasing size fill the continuously growing jaw (Laws,
1966; Maglio, 1973; Roth and Shoshani, 1988; Lee et al., 2012).

https://doi.org/10.1016/j.mambio.2018.12.004
1616-5047/© 2018 Deutsche Gesellschaft für Säugetierkunde. Published by  Elsevier GmbH. All rights reserved.
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Besides measuring body mass, visual body 
condition scoring (BCS) is an established method 
for the assessment of an animal’s physical state. 
For many zoo and wildlife species, corresponding 
protocols have been developed and proven very 
useful (Schiffmann et al. 2017). Especially 
in long-lived species such as elephants, the 
documentation of BCS changes over time is 
considered of higher significance than a lone-
standing score at a specific point in time (Meehan 
et al. 2019; Schiffmann et al. 2018, 2019 and Fig. 
1). Thus, regular BCS recordings and continuous 
documentation are recommended to facilitate 
longitudinal monitoring. The latter may serve as 
basis for analysis on the individual as well as the 
population level (Meehan et al. 2019; Schiffmann 
et al. 2019). 

Such data may have the power to enhance 
our knowledge of the physical condition and 
development of elephants. However, their 
collection and storage imposes an additional 
workload for elephant-keeping institutions. 

News and Briefs Gajah 51 (2020) 42-44

Experiences with the First Online Monitoring Tool for Body Condition Scores 
in European Zoo Elephants

Christian Schiffmann
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Moreover, the scoring of animals by one single 
external expert is considered to be more reliable 
than scoring by the daily care staff (Stringer et al. 
2010; Schiffmann et al. 2017). 

With the aim to overcome these challenges and 
compile a comprehensive database, I established 
an online archive for BCS monitoring in European 
zoo elephants. The latter represents an additional 
outcome of a population-wide research project on 
the physical condition of European zoo elephants 
conducted in 2016 and 2017 (Schiffmann et al. 
2018, 2019). After receiving the endorsement 
of the persons in charge for the management 
of African (Loxodonta africana) and Asian 
elephants (Elephas maximus) living in Europe, 
the corresponding facilities were provided with 
individual access to their data stored in the online 
archive in June 2018. The website is built upon 
Joomla! (www.joomla.org), one of the most 
frequently used content management systems in 
the world. The system standards allow flexible 
adjustments of the functions according to the 

Figure 1.  BCS changes over time for a female Asian elephant living in a European facility.
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Abstract

Regular body mass (BM) monitoring plays a key role in preventative health care of zoo

animals. In some species, including African (Loxodonta africana) and Asian elephants (Elephas

maximus), the process of weighing can be challenging, and alternative methods such as

visual body condition scoring (BCS) have been developed. We investigated the temporal

development of both parameters regarding correlation patterns between them, and their

suitability as monitoring measures in dependence of an elephant’s life stage. While BM is

more suitable in calves and juveniles under the age of 8 years, both BM and BCS are

considered equally reliable in adult elephants. In elephants over the age of 40 years, BCS

might be more suitable for assessing the physical status. Independent of species and sex,

juvenile zoo elephants grow in BM nearly linearly with age, and reach a higher BM at an

earlier age compared with conspecifics of free‐ranging and semi‐captive populations in the

countries of origin. The BCS typically remains constant during this life stage, seemingly

unaffected by growth. In adult animals, breeding females have a lower BM and BCS than

nonbreeders, and BM and BCS typically indicate fluctuations in the same direction. In

geriatric elephants (>40 years) a drop in BCS occurs commonly, while BM may even

increase in this life stage. We recommend regular body mass recording in zoo elephants to

enhance our knowledge of body mass development and allow the formulation of objective

practical recommendations. BCS presents a valuable and simple tool for complementary

monitoring of an elephant’s condition, especially in adult and geriatric individuals.

K E YWORD S

body condition scores, body mass, growth, obesity, zoo elephant

1 | INTRODUCTION

1.1 | Correlation between body mass and body
condition score

Body mass (BM) and body condition score (BCS) monitoring are integral

parts of preventative health care in zoo animals—especially in species

tending to become overweight or even obese under conditions of

captivity. African (Loxodonta africana) and Asian elephant (Elephas

maximus) represent such species (Hatt et al., 2006; Morfeld et al.,

2014; Morfeld et al., 2016; Schiffmann et al., 2018). Due to their sheer

size and mass, weighing is a challenging task for elephant‐keeping
facilities (Wijeyamohan et al., 2010). Thus, alternative monitoring

methods like visual BCS or BM calculation from morphometric

measurements have been developed and validated to varying degrees

(reviewed in Chapman et al., 2016; Schiffmann, Clauss, Hoby, & Hatt,

2017). Probably due to these challenges, comprehensive BM data over

the course of time for individual zoo elephants are scarce and typically

limited to narrow periods of an elephant’s life (Fischer et al., 1993; Lang,

Zoo Biology. 2020;39:56–62.wileyonlinelibrary.com/journal/zoo56 | © 2019 Wiley Periodicals, Inc.
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Abstract

Caring for all aspects of zoo elephants’ well‐being is considered a major

challenge. Providing an appropriate flooring substrate to facilitate lying rest

presents a meaningful part of a holistic management concept. Investigating the

impact of a new sand flooring on the nocturnal resting behavior of a breeding

group of seven African elephants living at one zoo revealed more total lying rest,

longer bouts of lying rest and a reduced side preference in the adult females.

With an average total daily lying rest of about 1.5–2.0 hrs, the investigated zoo

elephants expressed longer lying rest compared to recently reported data from

free‐ranging individuals in Botswana. In addition, the presence of nursing calves

in the observed elephant group seemed to impact the resting pattern of all group

members, with around 60% of all lying bouts being discontinued after

interruption by the youngsters. With respect to observed nursing during leaning

rest, we encourage the installation of appropriate horizontal structures in

breeding facilities to support leaning rest behavior of their female elephants. In

doing so, zoos may improve rest quality of nursing females, and, in general, the

welfare aspect of sleep for their elephants.

K E YWORD S

lying and leaning rest, sand flooring, zoo elephants

1 | INTRODUCTION

In zoo‐kept elephants of both species (Elephas maximus and Loxodonta

africana), resting behavior represents a meaningful welfare indicator

(Williams, Chadwick, Yon, & Asher, 2018). Lying rest in particular

seems to be of utmost importance, and a lack of it might lead to

severe alterations of an elephant’s health status (Schiffmann et al.,

2018). Hard and inappropriate substrates (e.g., concrete) function as

a critical factor in making an elephant reluctant to have lying rest

(Roocroft, 2005; Walsh, 2017) and might cause secondary medical

issues (e.g., pressure sores of the skin; tusk and nail alterations). In

contrast, soft and malleable substrates (e.g., sand) turned out to be

helpful in facilitating lying rest in elephants under human care

(Holdgate et al., 2016; Roocroft, 2005; Schiffmann, Knibbs, Clauss,

Merrington, & Beasley, 2018; Walsh, 2017). Accordingly, the

installation of soft flooring is strongly recommended when building

or renewing elephant facilities (Walter, 2010). It was the aim of this

study to investigate whether the installation of a new sand‐floored
indoor exhibit (Figure 1) in a European facility had a measurable

impact on the nocturnal resting behavior in a breeding group of

African elephants (Loxodonta africana). According to common sense

and current reports (Holdgate et al., 2016; Schiffmann et al., 2018;

Walsh, 2017), we expected more extended bouts of lying rest on the

malleable sand substrate.
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Abstract:  
Various body condition scoring (BCS) methods have been developed as management tools in zoo 
animal husbandry. In contrast to BCS for farm animals, where visual and palpable features are used, 
these protocols are mainly restricted to visual cues. Considering their inherent subjectivity, such 
methods face scepticism as their reliability is questioned. In terms of their respective methodology, 
composite BCS (where individual body regions are scored and a sum or mean is calculated), algorithm 
BCS (where a score is achieved by following a flow chart) and overview BCS protocols (where a score is 
given based on overall appearance) can be distinguished. In order to compare their practicability and 
consistency, we conducted a test with veterinary students (n=18) scoring an equal number (n=15) of 
African (Loxodonta africana) and Asian elephant (Elephas maximus) photographs using three different 
protocols. The composite approach showed least inter-observer consistency, while the overview 
protocol led to the highest differentiation of individual elephant condition. When regularly assessed, 
visual body condition scoring may serve as an important tool for the health surveillance and complete 
the medical history of individual zoo animals. Nonetheless, a validation process for each protocol 
developed should be carried out before its application. Further research might concentrate on long-
term, individual-based body condition monitoring, using archives of standardised photographs.

Introduction

The assessment of body condition is an important tool in 
various animal management systems, whether one manages 
free-ranging populations, domesticated farm animals or 
captive zoo animal species. While economic interest motivates 
the practice in production animals, animal health issues are the 
motivation in scoring pets (Laflamme 2012). A high proportion 
of companion animals suffer from obesity (Laflamme 2012), and 
obesity has been a concern in zoo animal husbandry as well. 
Under the conditions of captivity several wildlife species are 
known to be prone to obesity (e.g. equids (Bray and Edwards 
1999), tapirs (Clauss et al. 2009), rhinos (Clauss et al. 2005), 
elephants (Morfeld et al. 2014) and monogastric primates 
(Dierenfeld 1997; Terranova et al. 1997; Videan et al. 2007)), but 
there are also examples such as giraffe (Potter and Clauss 2005) 
and moose (Clauss et al. 2002), in which poor body conditions 

seem to occur more frequently. Moreover, body condition 
scoring systems are used extensively by ecologists investigating 
wild populations and their interaction with restricted resources 
or changing environments (DelGiudice et al. 2011; Lane et al. 
2014; Carpio et al. 2015; McWilliams and Wilson 2015).  

In order to achieve the most accurate estimation of an 
animal´s physical condition, a number of different scoring 
methods have been developed, such as the kidney fat 
index, bone marrow fat index (Jakob et al. 1996; Cook et al. 
2007), bioelectrical impedance analysis, and morphometric 
measurements such as weight, size, circumferences and ratios 
from these values (Barthelmess et al. 2006; Pitt et al. 2006; 
Peig and Green 2009). Production and hunted animals can be 
scored by invasive non-repeatable techniques at slaughter, 
including fresh-carcass weight or fat indices, and also with 
non-invasive methods such as morphometric measurements 
and visual scores. For the monitoring of pets, only non-invasive 
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Abstract
Obesity is a common problem in captive elephants. Therefore, physical state monitoring presents 
a critical aspect in preventive elephant healthcare. Some institutions lack the equipment to weigh 
elephants regularly, so body condition scoring (BCS) is a valuable alternative tool. As yet, the BCS of 
both elephant species has not been assessed comprehensively for the European captive population. 
Using a previously validated visual BCS protocol, we assessed 192 African (Loxodonta africana) and 
326 Asian elephants (Elephas maximus) living in European zoos (97% of the living European elephant 
population). The majority of elephants scored in the upper categories with 56% of adults assessed in 
the range 7–10 out of 10. Adult Asian elephants had significantly lower BCS (males: mean 6.2 ± 1.0, 
median 6.0, range 4–8; females: mean 6.6 ± 1.3, median 6.0, range 3–9) than African elephants (males: 
mean 6.7 ± 0.7, median 6.0, range 6–8; females: mean 6.9 ± 1.2, median 6.0, range 1–9). Comparison 
with samples of free-ranging populations (163 Asian elephants and 121 African elephants) revealed 
significantly lower scores in free-ranging elephants independent of species, age and sex category. 
Compared to previous reports from captive populations, the European zoo elephant population is 
nevertheless less obese. In adult Asian elephant females, BCS was significantly correlated to their 
breeding status with lower scores in current breeders; however, breeding status was also correlated 
to group size, enclosure size, and a diet with less vegetables. Further attention to zoo elephant weight 
management is recommended with regular longitudinal monitoring by body condition scoring.

Introduction  

Because of their body size, intelligence, importance to the 
public and conservation status, captive management of 
African (Loxodonta africana) and Asian elephants (Elephas 
maximus) is challenging. Optimising nutritional intake for 
elephants in captivity can be problematic, and several reports 
have highlighted the problems of feeding regimes and found 
obesity to be common (Harris et al. 2008; Hatt and Clauss 
2006; Morfeld et al. 2016). Weight management is therefore 
an important focus for good elephant husbandry, and body 
weight monitoring an important part of preventative medicine. 
However, the sheer size and expense of the required technical 

equipment means regular weight monitoring might not be 
feasible for many elephant-keeping zoos. Visual body condition 
scoring (BCS) is considered a useful method to reliably assess 
zoo animals including elephants (reviewed in Schiffmann et 
al. 2017), although none of these have defined an ideal score 
range with regards to health. 

Several indices have recently been developed for elephants 
and applied in free-ranging as well as semi-captive and captive 
populations (Fernando et al. 2009; Morfeld et al. 2014; 
Morfeld et al. 2016; Treiber et al. 2012; Wemmer et al. 2006; 
Wijeyamohan et al. 2015). Scores are affected by age (Chusyd 
et al. 2018; Somgird et al. 2016b), sex (Godagama et al. 1998; 
Morfeld et al. 2016; Pinter-Wollman et al. 2009; Ramesh et 
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Little attention has been paid to the resting and sleeping behavior of zoo elephants so

far. An important concern is when elephants avoid lying down, due to degenerative

joint and foot disease, social structure, or stressful environmental changes. Inability or

unwillingness to lie down for resting is an important welfare issue, as it may impair

sleep. We emphasize the importance of satisfying rest in elephants by reviewing the

literature on resting behavior in elephants (Loxodonta africana and Elephas maximus) as

well as the documentation of four cases from European zoos and our own direct

observations in a zoo group of four femaleAfrican elephants during 12 entire days. The

common denominator in the case reports is the occurrence of a falling bout out of a

standing position subsequently to a cessation of lying rest for different periods of time.

Although well-known in horses as “episodic collapse” or “excessive drowsiness,” this

syndrome has not been described in elephants before. To enable its detection, we

recommend nocturnal video monitoring for elephant-keeping institutions. The

literature evaluation as well as own observational data suggest an inverse relationship

between lying rest and standing rest. Preventative measures consist of enclosure

modifications that facilitate lying rest (e.g., sand hills) or standing rest in a leaning

position as a substitute. Anecdotal observations suggest that the provision of

appropriate horizontal environmental structuresmay encourage safe, sleep-conducive

standing rest. We provide drawings on how to install such structures. Effects of

providing such structures should be evaluated in the future.

K E YWORD S

elephant, leaning, lying rest, sleep, zoo

1 | INTRODUCTION

Modern zoos have achieved many improvements in elephant

husbandry and management during the past years (Greco, Meehan,

Hogan et al., 2016; Greco, Meehan, Miller et al., 2016). In doing so,

studies on natural behavior of elephants supplied basic information

concerning their needs. Most probably due to challenging observation

conditions, only little research on nocturnal behavior of free-ranging

elephants has been conducted yet, leaving few “natural benchmark”

data in particular with respect to sleeping behavior.

Evans (1910) already postulated that “it is of outmost impor-

tance that the elephant should have his sleep. . .” and common sense

Zoo Biology. 2018;37:133–145. wileyonlinelibrary.com/journal/zoo © 2018 Wiley Periodicals, Inc. | 133
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Abstract
In further improving zoo elephant welfare, diet and feeding regimes are key factors. Together with the 
encouragement of physical activity, they support the management of weight and the prevention of 
obesity, which is considered a common concern in zoo elephants. Besides weight monitoring, visual 
body condition scoring (BCS) has proven a practical tool for the assessment of (zoo) elephants' physical 
condition. From the individual management as well as the medical perspective, documentation of an 
elephant´s BCS changes over time might be much more informative than a population-wide cross-
sectional analysis. We present a compilation of cases where European zoo elephant BCS can be assessed 
against influencing factors, such as reproductive activity, physical disorders, advanced age, stressful 
situations and diet adaptations. The present study of the European zoo elephant population describes 
how various life circumstances and management adaptations are reflected in the BCS of individual 
elephants, and in population-wide BCS over time. An online archive to build up a reliable, individual-
based data basis with minimal additional workload for elephant-keeping facilities is introduced. 
 

Introduction

With respect to their physical size, mental capabilities, 
conservation status and public perception as charismatic 
individuals, management of captive African (Loxodonta 
africana) and Asian elephants (Elephas maximus) is a 
challenging task. Compared to dietary resources in the wild, 
feeding regimes for zoo elephants are presumed to often 
oversupply energy, leading to obesity. Although there are no 
established guidelines as to when an elephant is “obese” or 
“overweight”, the terms have often been used in relation to 
elephants with high BCS or body mass (Clubb and Mason 2002; 
Harris et al. 2008; Hatt and Clauss 2006; Morfeld et al. 2014; 
Morfeld et al. 2016). Therefore, body condition monitoring is 
an important part of elephant management and preventative 
care. This can be done by regular weighing on a scale or by 

visual BCS. The latter is considered a useful method to reliably 
assess (zoo) elephants (reviewed in Schiffmann et al. 2017).

Several indices have recently been developed for elephants 
and applied in free-ranging as well as semi-captive and captive 
populations (Fernando et al. 2009; Morfeld et al. 2014; 
Morfeld et al. 2016; Treiber et al. 2012; Wemmer et al. 2006; 
Wijeyamohan et al. 2015). Scores have been reported to be 
affected by age (Chusyd et al. 2018; Somgird et al. 2016), sex 
(Godagama et al. 1998; Morfeld et al. 2016; Pinter-Wollman et 
al. 2009; Ramesh et al. 2011), living conditions (Morfeld et al. 
2014; Schiffmann et al. 2018; Wijeyamohan et al. 2015), season 
(Albl 1971; De Klerk 2009; Foley et al. 2001; Pinter-Wollman et 
al. 2009; Pokharel et al. 2017; Ramesh et al. 2011; Ranjeewa et 
al. 2018), husbandry parameters (Harris et al. 2008; Morfeld et 
al. 2016), reproductive status such as lactation (De Klerk 2009), 
history of translocation (Pinter-Wollman et al. 2009), stress 

O
PE

N 
AC

CE
SS

JZ
AR

 E
vi

de
nc

e-
ba

se
d 

pr
ac

tic
e

Journal of Zoo and Aquarium Research 7(1) 2019 37

O
PE

N 
AC

CE
SS

Evidence-based practice 

Impact of a new exhibit on stereotypic behaviour in an elderly captive 
African elephant (Loxodonta africana).                 
Christian Schiffmann1,2*, Marcus Clauss1, Stefan Hoby3,4

1Clinic for Zoo Animals, Exotic Pets and Wildlife, Vetsuisse Faculty, University of Zurich, Switzerland
2Elefantenhof Platschow, Germany
3Zoologischer Garten Basel, Switzerland
4Tierpark Bern, Switzerland

Correspondance: C Schiffmann, c.schiffmann.elephantproject@gmail.com

Keywords: elephant, new exhibit, 
stereotypic behaviour.

Article history:
Received:  21 Jan 2018
Accepted:  26 Sep 2018
Published online:  31 Jan 2019

Abstract
Stereotypic behaviour in zoo elephants is considered an indicator of impaired welfare. The underlying 
causes are diverse and many aspects are still unexplored. Nevertheless, many zoological institutions 
make huge efforts to improve the well-being of their elephants. The construction of a new exhibit 
provides a chance to gain further evidence on the impact of such measures on elephant behaviour. 
We report a significant decrease in both the amount and frequency of swaying in an elderly African 
elephant (Loxodonta africana) after transition to a new enclosure. While we assume that continuous 
social interactions, increased freedom of choice and appropriate resting locations were critical for the 
distinct improvement of this individual´s well-being, the only factor that significantly correlated with 
swaying in this individual was the amount of time per day the elephant group was separated. Thus, 
corresponding adaptations in elephant husbandry are also encouraged in facilities without resources 
for the building of extensive new exhibits and may lead to increased zoo elephant welfare.

Introduction

Stereotypical behaviour, especially in the manner of swaying, 
is quite common in captive elephants (Greco et al. 2017; Greco 
et al. 2016). Stereotyping is generally defined as functionless 
repetitive behaviour, independent of the underlying cause 
and situation of its occurrence (Mason 1991; Mason and 
Veasey 2010). This unnatural repetitive behaviour has been 
documented in semi-captive elephants living in countries of 
origin, as well as in North American and European zoos (Clubb 
and Mason 2002; Greco et al. 2016; Kurt and Garai 2001). In 
extreme cases, elephants have been reported to spend up to 
66% of their time exhibiting stereotypic behaviours (Kurt and 
Garai 2001; Meller et al. 2007). Nevertheless, research on the 
causal factors of this behaviour (Greco et al. 2017). Correlation 
with indicators of stress and poor health have been confirmed 

(Haspeslagh et al. 2013; Kurt and Garai 2001) and stereotypic 
behaviour is widely considered a sign of impaired welfare (Asher 
et al. 2015; Mason and Veasey 2010). A recent assessment 
of the North American zoo elephant population identified 
spending time housed separately, history of inter-institutional 
transfers, unsuccessful breeding and being a member of a non-
breeding group of mainly unrelated females as risk factors for 
the occurrence of stereotypic behaviour (Greco et al. 2016). 
African elephants are generally considered to express less 
stereotypies than their Asian counterparts (Greco et al. 2016).

Modern zoos undertake huge efforts in rebuilding enlarged 
enclosures and for optimisation of husbandry methods, 
directed at further improving their elephant management 
and care. Ideally, these actions lead to an increase in natural 
behaviour, while unnatural behaviours, including stereotyping, 
decrease (Soltis and Brown 2010). Looking at the scarcity of 
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a  b  s  t r a  c t

Elephants  do  not replace deciduous teeth  once with  permanent teeth as most mammals, but replace
a single cheek  tooth  per jaw-side  five  times  in their  lives  in a process called molar  progression.  While
this  gradual process has  been  well-documented for the  purpose  of age determination, a less-considered
possible side effect  of this  progression  is that  functional  chewing surface  fluctuates,  being larger when
two  cheek  teeth are  both  partially in  use  and smaller  when  only one  cheek  tooth  is used fully.  We  found
that  body mass  of both breeding and non-breeding  female zoo elephants  (Elephas  maximus, Loxodonta
africana)  shows a cyclic undulation with  peaks separated by many  years,  which is  therefore  unrelated  to
reproduction  or  annual  seasonality. We  propose  variation in functional  chewing  surface, resulting  chew-
ing  efficiency,  and  resulting  increased food intake  and/or  digestive  efficiency  as  the underlying  cause. As
elephants  reproduce all year-round  and thus  are  not synchronized  in their molar  progression pattern,
climate-related  fluctuations in resource  availability are  likely to mask  this  pattern  in free-ranging  animals.
In  contrast, it emerges  under  the comparatively constant zoo conditions,  and  illustrates  the relevance
of the dental apparatus  for herbivorous  mammals.  The  combination of variable  chewing  efficiency  and
resource  availability  in  free-ranging  elephants  may  render these  species  particularly  prone to reported
inter-individual  fitness  differences.

© 2018  Deutsche  Gesellschaft für Säugetierkunde.  Published by  Elsevier  GmbH. All  rights reserved.

Introduction

Reducing food particle size is  crucial for herbivores, because par-
ticle size constrains the rate at which fibrous food can be digested
by the symbiotic microbiota (Bjorndal et al., 1990). In mammals,
teeth of various designs have evolved (Ungar, 2010) and, together
with additional adaptations such as rumination, lead to variation in
chewing efficiency (Fritz et al., 2009) that is linked to  digestive effi-
ciency (Clauss et al., 2015). In individual species, chewing intensity
was found to compensate for variation in the availability of func-
tional chewing surface (Pérez-Barbería and Gordon, 1998; Logan,
2003), chewing efficiency decreases with old age (Venkataraman
et al., 2014), and the age-related loss of a functional dentition is
usually considered an important reason for senescence and death

∗ Corresponding author.
E-mail address: mclauss@vetclinics.uzh.ch (M. Clauss).

in  a variety of species (Skogland, 1988; Kojola et al., 1998; King et al.,
2005), including elephants (Maglio, 1973; Lee et al., 2012). During
ontogeny, the increase in  the number of functional cheek teeth dur-
ing adolescence (as documented in  cattle, Grandl et al., 2018)  or  its
decrease during senility (as documented in  humans, Ikebe et al.,
2011)  are both linked to compensating changes in chewing inten-
sity. Less functional dental chewing surface, therefore, probably
either represents a  time constraint due to the higher compensat-
ing chewing required, or a  digestive constraint due to the lower
chewing efficiency achieved.

In elephants, the number of functional teeth does not follow the
general mammalian pattern of increase and decline from adoles-
cence to old age. Rather than replacing a deciduous dentition with
permanent teeth, elephants replace the single cheek teeth per jaw-
side five times during ontogeny, with a  repeated replacement of
the main tooth every 10–15 years (Fig.  1,  Table 1). Thus, new teeth
of ever-increasing size fill the continuously growing jaw (Laws,
1966; Maglio, 1973; Roth and Shoshani, 1988; Lee et al., 2012).

https://doi.org/10.1016/j.mambio.2018.12.004
1616-5047/© 2018 Deutsche Gesellschaft für Säugetierkunde. Published by  Elsevier GmbH. All rights reserved.
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Besides measuring body mass, visual body 
condition scoring (BCS) is an established method 
for the assessment of an animal’s physical state. 
For many zoo and wildlife species, corresponding 
protocols have been developed and proven very 
useful (Schiffmann et al. 2017). Especially 
in long-lived species such as elephants, the 
documentation of BCS changes over time is 
considered of higher significance than a lone-
standing score at a specific point in time (Meehan 
et al. 2019; Schiffmann et al. 2018, 2019 and Fig. 
1). Thus, regular BCS recordings and continuous 
documentation are recommended to facilitate 
longitudinal monitoring. The latter may serve as 
basis for analysis on the individual as well as the 
population level (Meehan et al. 2019; Schiffmann 
et al. 2019). 

Such data may have the power to enhance 
our knowledge of the physical condition and 
development of elephants. However, their 
collection and storage imposes an additional 
workload for elephant-keeping institutions. 

News and Briefs Gajah 51 (2020) 42-44

Experiences with the First Online Monitoring Tool for Body Condition Scores 
in European Zoo Elephants

Christian Schiffmann
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Moreover, the scoring of animals by one single 
external expert is considered to be more reliable 
than scoring by the daily care staff (Stringer et al. 
2010; Schiffmann et al. 2017). 

With the aim to overcome these challenges and 
compile a comprehensive database, I established 
an online archive for BCS monitoring in European 
zoo elephants. The latter represents an additional 
outcome of a population-wide research project on 
the physical condition of European zoo elephants 
conducted in 2016 and 2017 (Schiffmann et al. 
2018, 2019). After receiving the endorsement 
of the persons in charge for the management 
of African (Loxodonta africana) and Asian 
elephants (Elephas maximus) living in Europe, 
the corresponding facilities were provided with 
individual access to their data stored in the online 
archive in June 2018. The website is built upon 
Joomla! (www.joomla.org), one of the most 
frequently used content management systems in 
the world. The system standards allow flexible 
adjustments of the functions according to the 

Figure 1.  BCS changes over time for a female Asian elephant living in a European facility.
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Abstract

Regular body mass (BM) monitoring plays a key role in preventative health care of zoo

animals. In some species, including African (Loxodonta africana) and Asian elephants (Elephas

maximus), the process of weighing can be challenging, and alternative methods such as

visual body condition scoring (BCS) have been developed. We investigated the temporal

development of both parameters regarding correlation patterns between them, and their

suitability as monitoring measures in dependence of an elephant’s life stage. While BM is

more suitable in calves and juveniles under the age of 8 years, both BM and BCS are

considered equally reliable in adult elephants. In elephants over the age of 40 years, BCS

might be more suitable for assessing the physical status. Independent of species and sex,

juvenile zoo elephants grow in BM nearly linearly with age, and reach a higher BM at an

earlier age compared with conspecifics of free‐ranging and semi‐captive populations in the

countries of origin. The BCS typically remains constant during this life stage, seemingly

unaffected by growth. In adult animals, breeding females have a lower BM and BCS than

nonbreeders, and BM and BCS typically indicate fluctuations in the same direction. In

geriatric elephants (>40 years) a drop in BCS occurs commonly, while BM may even

increase in this life stage. We recommend regular body mass recording in zoo elephants to

enhance our knowledge of body mass development and allow the formulation of objective

practical recommendations. BCS presents a valuable and simple tool for complementary

monitoring of an elephant’s condition, especially in adult and geriatric individuals.
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1 | INTRODUCTION

1.1 | Correlation between body mass and body
condition score

Body mass (BM) and body condition score (BCS) monitoring are integral

parts of preventative health care in zoo animals—especially in species

tending to become overweight or even obese under conditions of

captivity. African (Loxodonta africana) and Asian elephant (Elephas

maximus) represent such species (Hatt et al., 2006; Morfeld et al.,

2014; Morfeld et al., 2016; Schiffmann et al., 2018). Due to their sheer

size and mass, weighing is a challenging task for elephant‐keeping
facilities (Wijeyamohan et al., 2010). Thus, alternative monitoring

methods like visual BCS or BM calculation from morphometric

measurements have been developed and validated to varying degrees

(reviewed in Chapman et al., 2016; Schiffmann, Clauss, Hoby, & Hatt,

2017). Probably due to these challenges, comprehensive BM data over

the course of time for individual zoo elephants are scarce and typically

limited to narrow periods of an elephant’s life (Fischer et al., 1993; Lang,
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Abstract

Caring for all aspects of zoo elephants’ well‐being is considered a major

challenge. Providing an appropriate flooring substrate to facilitate lying rest

presents a meaningful part of a holistic management concept. Investigating the

impact of a new sand flooring on the nocturnal resting behavior of a breeding

group of seven African elephants living at one zoo revealed more total lying rest,

longer bouts of lying rest and a reduced side preference in the adult females.

With an average total daily lying rest of about 1.5–2.0 hrs, the investigated zoo

elephants expressed longer lying rest compared to recently reported data from

free‐ranging individuals in Botswana. In addition, the presence of nursing calves

in the observed elephant group seemed to impact the resting pattern of all group

members, with around 60% of all lying bouts being discontinued after

interruption by the youngsters. With respect to observed nursing during leaning

rest, we encourage the installation of appropriate horizontal structures in

breeding facilities to support leaning rest behavior of their female elephants. In

doing so, zoos may improve rest quality of nursing females, and, in general, the

welfare aspect of sleep for their elephants.
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1 | INTRODUCTION

In zoo‐kept elephants of both species (Elephas maximus and Loxodonta

africana), resting behavior represents a meaningful welfare indicator

(Williams, Chadwick, Yon, & Asher, 2018). Lying rest in particular

seems to be of utmost importance, and a lack of it might lead to

severe alterations of an elephant’s health status (Schiffmann et al.,

2018). Hard and inappropriate substrates (e.g., concrete) function as

a critical factor in making an elephant reluctant to have lying rest

(Roocroft, 2005; Walsh, 2017) and might cause secondary medical

issues (e.g., pressure sores of the skin; tusk and nail alterations). In

contrast, soft and malleable substrates (e.g., sand) turned out to be

helpful in facilitating lying rest in elephants under human care

(Holdgate et al., 2016; Roocroft, 2005; Schiffmann, Knibbs, Clauss,

Merrington, & Beasley, 2018; Walsh, 2017). Accordingly, the

installation of soft flooring is strongly recommended when building

or renewing elephant facilities (Walter, 2010). It was the aim of this

study to investigate whether the installation of a new sand‐floored
indoor exhibit (Figure 1) in a European facility had a measurable

impact on the nocturnal resting behavior in a breeding group of

African elephants (Loxodonta africana). According to common sense

and current reports (Holdgate et al., 2016; Schiffmann et al., 2018;

Walsh, 2017), we expected more extended bouts of lying rest on the

malleable sand substrate.
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Abstract: Foot problems are a common concern in elephant husbandry. Studies on this topic with sample sizes
greater than 100 animals have only been carried out in North America. We investigated foot health of 243 Asian
elephants (Elephas maximus) in 69 European institutions. During on-site visits between August 2016 and July
2017, standardized pictures were taken of each elephant’s nails and pads. The pictures were analyzed with respect
to pathological lesions (i.e. nail cracks, abscesses), care issues (i.e. minor abnormalities, which are easily
resolvable with routine foot work), and pad structure. Of all analyzed nails and pads, 35.6% revealed varying
degrees of pathological lesions, with minor nail cracks and overgrown cuticles with attachment to the nails being
most frequently observed. The most lateral nail (N5) on both front feet demonstrated the highest percentage of
pathological lesions, providing support to a separate study showing that the mean peak pressure of an elephant’s
foot occurs along the most lateral digits; however, this was not observed along the most lateral nail (N5) of the rear
feet. Three (of 243) elephants did not show any pathological lesions in their feet. The most common issues
requiring foot care were fissures in the nail sole. The structure of the pads was categorized in four grades reflecting
the percentage of surface marked by sulci. These four grades occurred at nearly equal frequency. Pearson product
moment correlations revealed no significant association between the frequency of care issues and pathological
lesions per nail. Despite this finding, it may be prudent to implement husbandry protocols that could alleviate
commonly observed pathological and care foot issues in captive Asian elephants. A standardized approach to
evaluate elephant foot health will provide a more objective way to monitor responses to management and medical
decisions and ultimately contribute to the overall wellbeing of elephants in human care.

Key words: Asian elephant, Elephas maximus, foot care, foot health, pathological lesions, pressure.

INTRODUCTION

Foot problems are a commonly reported con-
cern in the care of captive elephants.3,13 There have
been several previous studies investigating the
status quo as well as the distribution of different
pathological lesions within captive elephant pop-
ulations (Table 1). Whereas North American
investigations dealt with distinctly larger sample
sizes, all studies within the European zoo elephant
population considered less than 90 individuals. In
most studies, foot health was evaluated by local
staff, which risks biasing results due to differing
degrees of the evaluator’s experience.9,11,14 Each
study recorded a different set of pathological
lesions of the elephant foot, complicating direct

comparisons between results. However, nails were
generally more frequently affected by pathologi-
cal lesions than pads or interdigital tissues, and
the prevalence of any pathological lesion of feet
ranged between 67.4 and 80.3%.

Three studies compared the prevalence of foot
problems in Asian elephants (Elephas maximus)
versus African elephants (Loxodonta africana).8,11,14

Two of them did not reveal a statistical signifi-
cance when comparing the feet of both species in
terms of lesions.8,14 In the third study, there was a
small contribution to the statistical model indi-
cating lower frequencies of pathological lesions of
feet in African elephants; however, this difference
was explained by differing age structures.11 In
contrast to these scientific findings, anecdotal
reports from elephant keepers and experts sug-
gested that Asian elephants require more frequent
necessity of foot care, especially concerning nails
and cuticles because of a different foraging
technique than their African counterparts.18 Fur-
thermore, free-ranging Asian elephants live on
more moist and yielding surfaces compared with
African elephants. The harder substrates may
predispose Asian elephants to a higher suscepti-
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Abstract

Several established models in human and veterinary medicine exist to evaluate an individual health or disease status. Many of
these seem unsuitable for further epidemiological research aimed at discovering underlying influential factors. As a case example
for score development and choice, the present study analyses different approaches to scoring the foot health of Asian elephants
(Elephas maximus) living in European facilities. Sum scores with varying degree of detail, and without or with a weighting
method, were compared using descriptive statistics, ie kurtosis, skewness, Shannon entropy, total redundancy, their maximum
and their actual ranges. With increasing score complexity, a higher level of differentiation was reached. In parallel, the distribu-
tion of score frequencies in the population shifted systematically: with the least complex scoring model the pattern indicated a
severely unhealthy population with an opposite skew to a hypothetically healthy population, whereas the most complex scoring
model indicated a mildly affected population with a skew corresponding to that expected for a healthy population. We propose
the latter, in the form of the Particularised Severity Score (ParSev), which accounts for every nail and pad individually and weights
the sub-scores by squaring, as the most relevant score for further investigations, either in assessing changes within an elephant
population over time, or correlating foot health in epidemiological studies to potentially influencing factors. Our results emphasise
the relevance of choosing appropriate scoring models for welfare-associated evaluations, due to implications for the applicability
as well as the perceived welfare status of the test population.

Keywords: animal welfare, Asian elephant, epidemiology, foot health, scoring system, weighting factor

Introduction

Foot health of Asian elephants (Elephas maximus)
With the elephant being the heaviest terrestrial mammal on
the planet, its foot is one of the most important load-bearing
structures in the Animal Kingdom. According to a personal
communication of Professor DK Lahiri-Choudhury, cited in
Csuti et al (2001), about 50% of elephants in an Asian
working camp are affected by foot problems. Sarma et al
(2012) came to a similar conclusion with half of their inves-
tigated population of Asian elephants in India suffering
from foot pathologies, whereas Ramanathan and Mallapur
(2008) found that 74.1% of their respective sample popula-
tion showed pad fissures and 46.9% nail cracks of some
description. Under zoo conditions, foot health, especially in
Asian elephants (Elephas maximus), is a widely discussed
and difficult to assess management issue (Csuti et al 2001;
Fowler 2006). To investigate the status quo of Asian

elephant foot health in Europe, we determined the preva-
lence of foot pathologies (Wendler et al 2019). Several
other studies have investigated links between the preva-
lence of foot health conditions and husbandry factors
(Harris et al 2008; Lewis et al 2010; Haspeslagh et al 2013;
Miller et al 2016), using different approaches to assess and
evaluate foot health status. Due to the differences between
those approaches, they depict varying elephant foot health
status with prevalence ranging from 67.4 to over 80%.
Therefore, meaningful conclusions cannot be readily
drawn. For epidemiological evaluations, a quantitative
score as an objective measurement of foot health is
preferred, yet no commonly accepted method exists as to
develop such a score. Here, we present and discuss different
approaches to quantify health status in general and their
consequences for the perception of a population’s health.
The Asian elephant population currently living in European
zoos presents a suitable example.
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Abstract

Pathological lesions of feet occur frequently in captive elephant populations. To

improve foot health, it is important to identify risk factors associated with such

pathologies. Several previous studies have analyzed potentially influencing factors

but were limited, for example, by small sample sizes. This study analyzed the

relationship between 87 independent variables and the foot health score of 204

Asian elephants (Elephas maximus) in European zoos using bivariate correlation,

multivariable regression models, and principal component analysis (PCA). Correlation

and regression tests revealed significant results for 30 different variables, mainly with

small effect sizes. Only three variables were significant in more than one test: sex,

time spent indoors, and time spent on hard ground, with lower scores (i.e. less or less

severe pathological lesions) in females, and when less time is spent indoors or on hard

ground. Due to small effect sizes and differing results of the statistical tests, it is

difficult to determine which risk factors are most important. Instead, a holistic

consideration appears more appropriate. A biplot of the PCA shows that factors

representing more advanced husbandry conditions (e.g. large areas, high proportions

of sand flooring) were associated with each other and with decreased foot scores,

whereas indicators of more limited conditions (e.g. high proportions of hard ground,

much time spent indoors) were also associated with each other but increased the foot

score. In conclusion, instead of resulting from just one or two factors, reduced foot

health might be an indicator of a generally poorer husbandry system.
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1 | INTRODUCTION

As the largest terrestrial mammal with sophisticated cognitive

abilities and a complex social structure, elephants are a very popular

species kept in many of the larger zoos worldwide. By holding

elephants in captivity, we take responsibility for their welfare and for

providing conditions that prevent suffering due to health issues and

pain. There is intensive research on infectious diseases and the

investigation of reproductive aspects has already yielded major

successes, for example in the establishment of artificial insemination

techniques (Hildebrandt et al., 2006; Long, Latimer, & Hayward,

2016; Thongtip et al., 2009). Another very important topic of

elephant medicine is foot health, as foot problems have a high

incidence in different captive populations (80.4% in the UK, Harris,

Sherwin, & Harris, 2008; 98.5% in Europe, Wendler et al., 2019;*Paulin Wendler and Nicolas Ertl should be considered as joint first authors.
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Abstract

Foot health is a common concern of captive Asian elephants (Elephas maximus). Besides 
offering adequate husbandry conditions to improve foot health, foot care is implemented to 
treat and prevent pathological lesions. Foot care management varies for example in contact 
type, frequency and equipment. By interviewing elephant keepers, recording video footage of a 
routine foot care procedure and taking photographs of the elephants’ feet, data was collected of 
243 Asian elephants in 69 European institutions, obtaining a general overview of applied foot 
care methods. Additionally, the infl uence of different approaches on the foot health status was 
analyzed. Nearly all institutions (97.0%) performed regular foot care, but only 16.7% did so un-
der a prophylactic (as opposed to reactive) regime. Whereas the contact type had no signifi cant 
infl uence on the foot health (p = 0.056), a higher frequency was linked to better foot health con-
ditions (p = 0.009). Elephant staff showed a strong theoretical knowledge base of principle pedi-
cure steps (75.8% named four of four steps). However, a complete practical treatment was only 
carried out in 29.4% of the cases with necessity. Most common tools were hoof knives, rasps 
and electric grinders. The usage of grinders was linked to more/more severe foot problems (p = 
0.031) compared to the usage of manual tools: it was associated with a higher frequency of solar 
horn defects (p = 0.049) and a higher frequency of too-narrow interdigital spaces (p = 0.015). 
This leads to the recommendation to rather use hoof knives and rasps instead of grinders.

Keywords: Elephant foot health, ParSev Score, pedicure, tools
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1. Average lifespan is lower in zoos than in situ

2. Survivorship is lower in zoos than in situ

3. Although there was some improvement in 
survivorship in African elephants since 1960, 
there was no such improvement in Asian 
elephants
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‘average’ or ‘median’ lifespan can only be compared on 
equal conditions – either similar cohorts, or only using life 
table-based extrapolation

TECHNICAL REPORT

Calculation of Longevity and Life
Expectancy in Captive Elephants
Robert J. Wiese,1n and Kevin Willis2

1Fort Worth Zoo, Fort Worth, Texas
2Minnesota Zoological Gardens, Apple Valley, Minnesota

The concepts of longevity (longest lived) and life expectancy (typical age at death)
are common demographic parameters that provide insight into a population.
Defined as the longest lived individual, longevity is easily calculated but is not
representative, as only one individual will live to this extreme. Longevity records
for North American Asian elephants (Elephas maximus) and African elephants
(Loxodonta africana) have not yet been set, as the oldest individuals (77 and 53
years, respectively) are still alive. One Asian elephant lived to 86 years in the
Taipei Zoo. This is comparable to the maximum (though not typical) longevity
estimated in wild populations. Calculation of life expectancy, however, must use
statistics that are appropriate for the data available, the distribution of the data,
and the species’ biology. Using a simple arithmetic mean to describe the non-
normally distributed age at death for elephant populations underestimates life
expectancy. Use of life-table analysis to estimate median survivorship or survival
analysis to estimate average survivorship are more appropriate for the species’
biology and the data available, and provide more accurate estimates. Using a life-
table, the median life expectancy for female Asian elephants (Lx¼ 0.50) is 35.9
years in North America and 41.9 years in Europe. Survival analysis estimates of
average life expectancy for Asian elephants are 47.6 years in Europe and
44.8 years in North America. Survival analysis estimates for African elephants
are less robust due to less data. Currently the African elephant average
life expectancy estimate in North America is 33.0 years, but this is likely to
increase with more data, as it has over the past 10 years. Zoo Biol 23:365–373,
2004. "c 2004 Wiley-Liss, Inc.

Key words: survival analysis; Loxodonta africana; Elephas maximus
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as Compared to Some Selected in situ Populations Declared ‘Benchmarks’

1. Average lifespan is lower in zoos than in situ

2. Survivorship is lower in zoos than in situ

3. Although there was some improvement in 
survivorship in African elephants since 1960, 
there was no such improvement in Asian 
elephants

Data from 1960-2008



Age

Survivorship



Age

%
 o

f a
ll a

ni
m

al
s

Age

Survivorship



Age

%
 o

f a
ll a

ni
m

al
s

Time

Survivorship



Age

%
 o

f a
ll a

ni
m

al
s

Time

Survivorship



Age

%
 o

f a
ll a

ni
m

al
s

Time

Survivorship



Age

%
 o

f a
ll a

ni
m

al
s

Time

Cox Proportional Hazard analysis: is the survivorship different between the groups ?

Survivorship



Age

%
 o

f a
ll a

ni
m

al
s

Cox Proportional Hazard analysis: is the survivorship different between the groups ?

Survivorship



Age

%
 o

f a
ll a

ni
m

al
s

Cox Proportional Hazard analysis: is the survivorship different between the groups ?

can be different populations or 
different birth cohorts of the 
same population

Survivorship



Age

%
 o

f a
ll a

ni
m

al
s

Cox Proportional Hazard analysis: is the survivorship different between the groups ?

can be different populations or 
different birth cohorts of the 
same population

old husbandry

more recent husbandry

Survivorship



Age

%
 o

f a
ll a

ni
m

al
s

Cox Proportional Hazard analysis: is the survivorship different between the groups ?

e.g. coefficient < 1  means that the red group has better survivorship than the purple baseline

can be different populations or 
different birth cohorts of the 
same population

old husbandry

more recent husbandry

Survivorship



Age

%
 o

f a
ll a

ni
m

al
s

Cox Proportional Hazard analysis: is the survivorship different between the groups ?

e.g. coefficient < 1  means that the red group has better survivorship than the purple baseline

can be different populations or 
different birth cohorts of the 
same population

old husbandry

more recent husbandry

Survivorship



Age

%
 o

f a
ll a

ni
m

al
s

Cox Proportional Hazard analysis: is the survivorship different between the groups ?
is there significant change with time (birth date) ?

can be different populations or 
different birth cohorts of the 
same population

old husbandry

more recent husbandry

Survivorship



Age

%
 o

f a
ll a

ni
m

al
s

Cox Proportional Hazard analysis: is the survivorship different between the groups ?
is there significant change with time (birth date) ?

can be different populations or 
different birth cohorts of the 
same population

old husbandry

more recent husbandry

Survivorship



A fundamental distinction: science and rhetoric
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as Compared to Some Selected in situ Populations Declared ‘Benchmarks’

There should be little debate about the data.

The data itself is all correct (MC).

The debate is about the methods of calculation …

… but most of all about the rhetorical conclusions.

A fundamental distinction: science and rhetoric
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If you intend to use the data to make recommendations, you 
need to define the rules in advance. 
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What are the consequences of these data?
Phase out free-ranging populations with 
human-animal conflict and promote 
husbandry based on chaining and human 
dominance?

‘Benchmark’ populations ?
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since 1960: Asian elephants tend towards lower survivorship compared to African 

elephants (P = 0.080)
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Adult survivorship – African elephants (N.Am. & EU)
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Adult survivorship – African elephants (N.Am. & EU)

“This development is positive, yet something to 
be expected, not celebrated.” 
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“This development is positive, yet something to 
be expected, not celebrated.” 



Adult survivorship – species comparison (N.Am. & EU, since 1960)
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(reference: L. africana, n=787) 
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Significant survivorship improvement since 1960

Asian elephants with a significantly better survivorship than Africans

Adult survivorship – species comparison (N.Am. & EU, since 1960)
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We expect zoos to continuously improve …
… and that is what the data show ! 
… for Asian elephants only when including most recent data !

Summary and Recommendations

Don’t accept statements from the 2008 paper but emphasize we moved on since !

Juvenile mortality is stable and might be in its species-specific range, but building of 
experienced matrilines might lead to improvement.

Survivorship monitoring must continue, and there should be no
regression.
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Outlook

“This development is positive, yet something to 
be expected, not celebrated.” 

And this development needs to be continued to 
ensure a further improvement in our 
management & care of elephants. 
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Demographic data are the result of many individual actions but cannot 
recommend individual actions – only inform large-scale decisions.
To understand demographic changes, we need to know what is 
happening in the total of facilities … by surveying the facilities. Ideally, on 
a regular basis (5-10 years). Doing ‘just another husbandry and health 
survey’ is a good idea!

Outlook





thank you for your attention

Species360 Research Data Agreement # 2019-Q3-RR3
there is no funding to report

conflict of interest: all co-authors work for zoological gardens, or are linked to the zoo 
community



10

15

20

25

30

35

1960-1989 1990-2009 2010-2019

M
or

ta
lit

y 
(%

)

day 0 day 10 day 30 1st year

10

15

20

25

30

35

1960-1989 1990-2009 2010-2019

M
or

ta
lit

y 
(%

)

day 0 day 10 day 30 1st year

Juvenile mortality (zooborn only)



10

15

20

25

30

35

1960-1989 1990-2009 2010-2019

M
or

ta
lit

y 
(%

)

day 0 day 10 day 30 1st year

10

15

20

25

30

35

1960-1989 1990-2009 2010-2019

M
or

ta
lit

y 
(%

)

day 0 day 10 day 30 1st year

Are comparisons with in situ reliable – in terms of day0 mortality reporting ?

Juvenile mortality (zooborn only)



10

15

20

25

30

35

1960-1989 1990-2009 2010-2019

M
or

ta
lit

y 
(%

)

day 0 day 10 day 30 1st year

10

15

20

25

30

35

1960-1989 1990-2009 2010-2019

M
or

ta
lit

y 
(%

)

day 0 day 10 day 30 1st year

Are comparisons with in situ reliable – in terms of day0 mortality reporting ?

‘Natural’ births in zoos – establishment of experienced matrilines.

Juvenile mortality (zooborn only)


