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Abstract

Obesity-related health and reproductive problems may be contributing to non-sustainability of zoo African elephant
(Loxodonta africana) populations. However, a major constraint in screening for obesity in elephants is lack of a practical
method to accurately assess body fat. Body condition scoring (BCS) is the assessment of subcutaneous fat stores based on
visual evaluation and provides an immediate appraisal of the degree of obesity of an individual. The objective of this study
was to develop a visual BCS index for female African elephants and validate it using ultrasound measures of subcutaneous
fat. To develop the index, standardized photographs were collected from zoo (n=50) and free-ranging (n=57) female
African elephants for identifying key body regions and skeletal features, which were then used to visually determine body
fat deposition patterns. This information was used to develop a visual BCS method consisting of a list of body regions and
the physical criteria for assigning an overall score on a 5-point scale, with 1 representing the lowest and 5 representing the
highest levels of body fat. Results showed that as BCS increased, ultrasound measures of subcutaneous fat thickness also
increased (P<<0.01), indicating the scores closely coincide with physical measures of fat reserves. The BCS index proved to be
reliable and repeatable based on high intra- and inter-assessor agreement across three assessors. In comparing
photographs of wild vs. captive African elephants, the median BCS in the free-ranging individuals (BCS =3, range 1-5) was
lower (P<<0.001) than that of the zoo population (BCS =4, range 2-5). In sum, we have developed the first validated BCS
index for African elephants. This tool can be used to examine which factors impact body condition in zoo and free-ranging
elephants, providing valuable information on how it affects health and reproductive potential of individual elephants.
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Introduction

Efforts to maintain a self-sustaining population of African
elephants (Loxodonta africana) in zoos have met with limited success
[1], in part because of high mortality and low reproduction; over
the past decade, there have been only three births to five deaths
annually in the U.S. [2]. If this trend continues, the captive
population will pass through a bottleneck in 30 years, and could
become demographically nonviable in about 50 vyears [2].
Contributing to this problem is a dramatic increase in the rate
of ovarian cycle problems, which in African elephants has
increased from 25% to 46% in just 7 years [3]. To prevent
further population declines, the Association of Zoos and Aquar-
iums Elephant Taxon Advisory Group/Species Survival Plan
(AZA TAG/SSP) Management Committee has endorsed research
to better understand causes of poor health and reproduction of
African elephants [4]. One condition that is suspected of having a
significant effect on both of these problems is excessive body
weight [5,6].

Studies in horses (often used as a model for elephants) and
women show that being overweight can lead to biological changes
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related to metabolic conditions (i.e., insulin resistance), arthritis,
foot problems and impaired fertility, and that many of these can be
alleviated by implementing weight reduction programs (e.g.,
reduced caloric intake and/or exercise) [7,8,9,10]. One problem
in zoo elephants is poor foot health and arthritis [5,6,11,12], with a
strong inverse relationship existing between foot pathology and
levels of exercise [12]. Ovarian acyclicity also is a serious
reproductive problem in captive African elephants, and a previous
study found a relationship between a high body mass index and
ovarian acyclicity in this species [13]. Circumstantial evidence
suggests there may be a link between obesity-related changes and
poor health and reproduction in elephants [5,6,12].

A major constraint in screening for obesity in African elephants
1s the lack of a practical method to accurately assess body
condition. Although scales for direct body weights and body
measurement techniques to predict body weight are available for
use in elephants [14,15], these methods do not differentiate body
weight due to fat or muscle, and therefore are limited in their use
for assessing degree of fatness. Standard methods for measuring
body fat in humans are impractical for elephants, as they rely on
potentially stressful, costly and invasive manipulations (e.g., heavy
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Photo 1: SIDE

Position: Stand at eye-level from either side
of the elephant.

Targeted Regions: Entire length of
elephant, backbone ridge.

African Elephant Body Condition Scoring Index

Photo 2: REAR

Position: Stand at eye-level directly behind
the elephant

Targeted Regions: Both hips, top ridge of
backbone, tailhead.

Photo 3: REAR-ANGLE

Position: Stand eye-level at a 45° angle
from rear (either side), while the elephant
remains facing forward (the head should not
be turned toward you, but should be
directed forward).

Targeted Regions: Entire backbone, entire
rear, hip.

Figure 1. Guide for taking standardized photographs for body condition scoring.

doi:10.1371/journal.pone.0093802.g001

water dilution, hydrostatic weighing) [16,17]. Skinfold calipers are
widely used in humans, but with conflicting results, and these have
not yielded good results in elephants [18]. An alternate method
used in veterinary medicine is body condition scoring (BCS), a
subjective assessment of subcutaneous body fat stores based on

Figure 2. Key areas for visually assessing body condition in
female African elephants. R= ribs, PB= pelvic bone, VR = vertebral
ridge of backbone, LD = lumbar depression alongside backbone.
doi:10.1371/journal.pone.0093802.g002
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visual or tactile evaluation of muscle tone and key skeletal elements
[19,20]. BCS methods rely on a numeric scoring system, with
higher scores representing animals with more body fat. A variety
of BCS systems have been developed for farm, exotic, and
research animal management [19,21,22] including an 11-point
scale for Asian elephants [18].

Ultrasound measures of actual fat thickness have been used to
validate BCS methods in a number of domestic and non-domestic
species, including cattle [22], moose (Ales alces) [23], elk (Cervus
elaphus) [24], mule deer (Odocoileus hemionus) [25] woodland caribou
(Rangifer tarandus caribou) [26], and pinnepeds [27,28,29]. The AZA
Standards for Elephant Management and Care [30] recommends
the BCS system of Wemmer et al. [18] be used for routine
assessment of body condition in Asian elephants, although it has
yet to be validated ultrasonographically. However, the AZA does
not currently recommended a BCS method for assessing body
condition in African elephants. Given the health and reproductive
problems facing African elephants in zoos [3,5,6,12,13,31,32]
especially the high rate of ovarian acyclicity, a reliable and
validated method to assess body condition for this species is
needed.

The objective of this study was to develop a simple, reliable
method to score body condition in African elephants that can be
applied using either direct observations or the assessment of
standardized photographic views, and validate it by ultrasound
measures of subcutaneous fat. Ultimately, the goal is to develop a
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BCS Description and example photographs

Ribs: Clearly visible

Pelvic Bone: Protrudes, deep depression in front and depression or flattened area behind pelvic bone

Ribs: Not visible

Backbone: Prominent from tail head to shoulders, deep depression alongside backbone in lumbar region

Pelvic Bone: Visible as a ridge, entire pelvic bone may not be visible, slight sunken or flattened area in front

and/or behind pelvic bone
Backbone: Visible from tail head to mid-back, slopin/ g al

T

[ . )‘ﬁ G

Ribs: Not visible
Pelvic Bone: Not visible

ongside backbone in lumbar region

Backbone: Difficult to differentiate, may be visible from tail head to pelvic bone region and appears to be

covered with a thin fat layer; area alongside backbone in lumbar region filled in

Figure 3. Body condition scoring index for female African elephants.

doi:10.1371/journal.pone.0093802.9g003

validated BCS index that may be used to determine if excessive
body weight is related to morbidity, mortality or infertility in zoo
African elephants.

Materials and Methods

Body condition scoring index
This study was approved by Institution Animal Care and Use
Committees of the Smithsonian Conservation Biology Institute
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(SCBI) and all participating zoos. The study was also approved by
the Associated Private Nature Reserves and South African
National Parks in 2003. Photographs of elephants have been
taken as part of an on-going elephant identification study in South
Africa. A total of 107 elephants were utilized in the development of
the BCS index, about half (n=>50; age range, 1045 years) of
which were housed in AZA-accredited zoos. Each participating
institution submitted a series of photographs taken by zoo staff
using a “‘Photographing Guide” that provided detailed instructions
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| >| YES

e Individual ribs visible or outline of
some ribs visible

BCS =1

START HERE

Are the ribs visible?

« Pelvic bone clearly visible
¢ Gradual sunken area in front and
¢ flattened area behind pelvic bone

BCS =2

i ’—'

Is the pelvic bone visible? 7

NOTE: Fat deposits and/or muscle

¢ Pelvic bone is visible as ridge
o Slight sunken or flattened area in front
and/or behind the pelvic bone

BCS=3

may be observed in this region.

Be careful to distinguish pelvic
bone from these or other features
(for example, protrusion of the
stomach may initially appear to be
pelvic bone due to contrast in
volume in this area; dirt and/or skin

e Backbone is visible as a ridge from
the tail head to mid-back

¢ No obvious depression alongside the
backbone in lumbar region; fat
beginning to accumulate in this region

BCS =4

also accumulates in this region). NO

~h

e Backbone is difficult to differentiate;
may be visible from tail head to pelvic
bone region and appears to be
covered with a thin fat layer

* Area alongside the backbone in the
lumbar region is filled in

BCS =5

Figure 4. Body condition scoring flow chart for female African elephants.

doi:10.1371/journal.pone.0093802.g004

for obtaining a set of three standardized photographs of each
elephant from three angles (side view, rear view, and rear-angle
view) (Figure 1). To compare the body condition of captive vs.
free-ranging African elephant females, similar sets of photographs
from a photographic dataset at South Africa’s Kruger National
Park (KNP), Tanda Tula Camp were examined (n = 57; age range,
1045 years). Photographs of free-ranging elephants were age
matched and chosen randomly from the database to provide a
representative sample without bias for comparison to the captive
population. Using photographs from captive and free-ranging
elephants, key body areas were identified to serve as the
anatomical regions for assessing body fat deposition patterns

40
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g s ‘
E : ¢
7] 10 .
0
1 2 3 4 5

Body Condition Score

Figure 5. Scatter plot of body condition scores and overall
mean ultrasound measurements of fat thickness for all five
body regions combined in female African elephants.
doi:10.1371/journal.pone.0093802.9g005
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(Figure 2). From these, the BCS Index was created (Figure 3), as
was a BCS Flow Chart (Figure 4) to systematically guide an
assessor through the scoring process.

Ultrasound measures of subcutaneous fat

A subset of 33 captive adult female African elephants at 12
AZA-accredited zoos was used for ultrasound measures of
subcutaneous fat thickness to validate the visual BCS index.
Anatomical regions for assessing body fat reserve depositions were:
1) directly along the lumbar vertebrae (vertebral ridge); 2) lumbar
depression alongside the lumbar vertebrae (lumbar depression); 3)
directly on the iliac crest of ilium (pelvic bone); 4) in front of the
iliac crest of ilium (pelvic bone); and 5) behind the iliac crest of
ilium (pelvic bone) (Figure 2). From a preliminary study, the ‘ribs’
were found to be difficult to locate consistently, especially in
elephants with more fat reserves, and so were not included in the
ultrasound validations.

An ultrasonographic unit (A-scan mode) (Preg-Alert Pro, Renco
Corporation, MN, USA) was used to measure subcutaneous fat
thickness. This equipment was specifically calibrated for use in
elephants to measure fat depth up to 20 cm. Ultrasound
measurements were obtained by one individual (KM) throughout
the study. To perform the exam, ultrasound gel was applied to the
desired location and five measurements were obtained at each
body region. The mean thickness of the subcutaneous fat layer was
calculated for each location and an overall mean of the five body
regions for each elephant was calculated. Ultrasound measure-
ments were obtained for either the right or left side for regions
involving the pelvic bone and lumbar depression, whereas
vertebral ridge measurements were obtained at the body midline.
Ultrasound assessments (n=5 each) were conducted in the
following order: 1) vertebral ridge — the length of the lumbar
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Table 1. Mean (SD) ultrasound measurements of subcutaneous fat thickness by body region and body condition score (BCS)
category in zoo African elephants (N=33).

Subcutaneous fat thickness (mm)

BCS' Vertebral ridge Lumbar depression Pelvic bone Pelvic bone-front Pelvic bone-back Mean?
2 (N=2) 9.90 (1.41) 10.90 (0.14) 11.50 (2.40) 11.20 (1.31) 11.10 (1.56) 10.92 (1.41)
3(N=8) 12.25 (1.41) 12.33 (2.04) 12.08 (1.35) 12.15 (1.21) 12.10 (1.74) 12.18 (0.99)
4 (N=15) 12.83 (1.55) 13.06 (1.56) 13.55 (2.07) 13.80 (2.18) 13.69 (2.75) 13.39 (1.13)
5(N=8) 21.75 (7.46) 20.80 (6.99) 20.03 (5.28) 22.20 (6.63) 19.08 (6.34) 20.77 (4.33)
P-value 0.0003" 0.0003" 0.007" 0.0023" 0.0007" 0.0008"

"BCS (1 =lowest to 5=most body fat); no zoo elephant had a BCS=1.
2Mean subcutaneous fat thickness of all body regions.

doi:10.1371/journal.pone.0093802.t001

region of the vertebrae column, spanning a length of approx-
imately 25 cm; 2) lumbar depression - 2-3 cm to either side of the
lumbar region of vertebrae column, spanning a length of
approximately 25 cm; 3) pelvic bone - probe oriented directly
on the iliac crest and moved along the entire length; 4 and 5) in
front of and behind the pelvic bone, respectively - probe was
placed 2 to 3 cm on either side (front or behind) of the iliac crest
and moved around these regions spanning a length of approxi-
mately 13 cm. Measurements were obtained by holding the
transducer for 2-3 seconds in each location until the subcutaneous
fat layer measurement (in mm) was displayed.

Reliability study

To determine inter-assessor and intra-assessor reliability of the
BCS method, three assessors scored sets of photographs (side view,
rear view, and rear-angle view) in a pilot study of 40 captive
African elephants. Raters included a graduate student that
developed the BCS index (Assessor A), an elephant specialist
who has worked with elephants for >30 years and contributed to
the development of the Asian elephant BCS index [18] (Assessor
B), and an animal behaviorist with no prior experience in scoring
body condition of any species (Assessor C). Each assessor
independently scored the photographic sets twice within a 1-
month period. Assessors remained blinded to the previous scores
and were not permitted to discuss study results.

Statistical methods

To compare BCS between free-ranging and captive elephants,
the Cochran-Mantel-Haenszel statistic for linear trend was used to
test the null hypothesis that BCS was randomly distributed
between the free-ranging and captive groups. The five ultrasound
measurements were averaged to provide a mean ultrasound
measurement of fat thickness for each body region, and an overall
mean for all body regions was also calculated. The relationships
between BCS and ultrasound measurements were investigated
using regression analyses. Spearman correlation coefficients were
used to determine correlations among BCS and ultrasound
measurements of the five body regions. Correlations were
considered to be different from zero at P<<0.01.

For the reliability study, the overall percentage (%) agreement
between paired intra- and inter-assessor assessments was calculat-
ed as (100xm)/n, where n="total number of samples examined
and m= number of cases of exact agreement. A weighted kappa
(k) statistic was also used to analyze intra- and inter-assessor
variability [33]. Standards proposed by Lanidis and Koch [34]
were used to interpret resulting kappa values, where perfect
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*Resulting P-value from regression analyses with each body region and the means of all body regions analyzed separately.

agreement equates to a kappa of 1 and chance agreement equates
to 0. The following standards for interpreting kappa values for
strength of agreement were used: kappa values =0 = poor, 0.10 to
0.20 =slight, 0.21 to 0.40 = fair, 0.41 to .60 = moderate, 0.61 to
0.80 = substantial and 0.81 to 1.00 = almost perfect agreement.

Results

Ultrasound validation

Table 1 shows the ultrasound measurements of subcutaneous fat
thickness for each body region and the mean of all five regions for
elephants of different BCSs. Ultrasound measurements of fat
thickness at all five body regions and the means of the five regions
were significantly associated with BCS (Table 1, P<0.001). As the
BCS increased, the fat thickness also increased (P<0.001),
indicating that BCS adequately reflected the amount of fat
reserves. Spearman correlation coefficients for correlation of BSC
with specific body regions and mean of the five regions evaluated
by ultrasound are shown in Table 2. There were positive
correlations (P<<0.01) between the BCS and mean ultrasound
measures of fat thickness at each body region, and for the overall
mean of the five regions. Of the five specific body regions, the
vertebral ridge had the strongest correlation to BCS (r =0.748, P<
0.0001), and the mean of the five regions showed an even stronger
correlation (r=0.816, P<<0.0001). A scatter plot of BCS and mean
ultrasound measurement of fat thickness for the five body regions
is presented in Figure 5, which shows that the mean ultrasound
measures of fat thickness increased as BCS increased.

Reliability study

Intra-assessor reliability: The level of percentage agreement
ranged from 88-95% between repeat BCS assessments of the
photograph set of 40 captive elephants for the three assessors
(Table 3). Weighted kappa values ranged from 0.8-0.9, and the
interpretation of «,, values for repeat assessment for all assessors
was “excellent”, according to the criteria of Landis and Koch [34].

Inter-assessor reliability: The level of percentage agreement for
assigning a BCS to the set of 40 elephants among assessors ranged
from 73%-93%, with the greatest agreement between assessors A
and B (Table 3). Weighted kappa values for assessments between
assessors A and B were interpreted as “‘almost perfect” agreement,
whereas all other inter-assessor agreements were interpreted as
“substantial” agreement when applying the methods of Landis and
Koch [34].
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0.897*
0.809*
1.000

0.615*

1.000

PB-F

1.000

PB-B

behind pelvic bone.

directly on pelvic bone, PB-F=in front of pelvic bone, PB-B=

depression alongside lumbar region of backbone, PB=

vertebral ridge, LD =

"WVR=

mean of all body regions.

*Significant (P<<0.01).

Mean

doi:10.1371/journal.pone.0093802.t002
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Body condition scoring of captive and free-ranging
elephants

Body condition scores differed between captive and free-ranging
elephants, with a trend towards higher body condition scores for
captive elephants and a trend towards lower body condition scores
for free-ranging elephants (Table 4, P=0.0001). The median BCS
for elephants in the captive population (n = 50) was a 4 (range 2-3,
Table 4), which was higher than that for free-ranging elephants
(n=>57) BCS = 3, range 1-5, Table 4). The most prevalent (mode)
BCS observed in the free-ranging study population was a 2 (39%,
n=22), lower than the mode BCS =5 (40%, n =20) observed for
the captive population. None of the captive elephants had a
BCS =1, whereas 9% (n=75) of the free-ranging elephants scored
in that category.

Discussion

We have developed a new visual BCS index for assessing body
fat and condition in female African elephants. The scoring method
consists of a list of body regions and the physical criteria used for
assigning an overall score on a 5-point scale, with 1 being the least
and 5 being the most body fat. The index includes example
photographs of elephants representing each BCS, and a ‘Body
Condition Scoring Flow Chart’ to systematically guide an assessor
through the scoring process when using direct observations or sets
of standardized photos. This is the first BCS system for African
elephants that has been validated by ultrasound measures of actual
body fat, and was found to be a simple, reliable assessment tool.

A BCS index (1-6 scale) was previously described for African
elephant bulls [35]; however, that publication did not include
photographs representing each body condition category and only
brief anatomical descriptions were provided. By contrast, the
Wemmer index for Asian elephants [18] included numerous
photographs of elephants at each BCS, but was based on a rather
extensive scoring system - six regions of the body scored using two
or three criteria per region, and then the six scores totaled to
obtain an overall score ranging from 011 (where 0 is the thinnest).
Our goal was to simplify the Wemmer technique by reducing the
number of scoring criteria, and to validate the method with direct
measures of fat thickness using ultrasound, something that was not
done by Poole [35] or Wemmer [18]. First, we excluded several
body regions (e.g., head and shoulder regions) because no
consistent variations in fat thickness were observed in these areas,
especially for elephants with a higher BCS. Second, the Wemmer
BCS index requires observing the entire elephant from all angles
and adding the scores from specific body regions, which can be
difficult under field conditions. By contrast, our new BCS index
does not require observing the head or shoulder regions, and an
overall BCS can be assigned cumulatively by assessing only the
backbone, pelvic bone, and rib areas.

The new BCS index was validated with ultrasound measures of
subcutaneous fat thickness, and significant positive correlations
were observed at all five body regions. As the BCS increased,
subcutaneous fat thickness increased, similar to that described for
other species [25,27,28,36,37,38,39]. These findings show that
appropriate body regions were identified for developing the new
BCS index in African elephants. The backbone region (vertebral
ridge) provided the highest correlation to the BCS (r=0.748, P<
0.001, Table 2), although all correlations were statistically
significant. Thus, any of the designated body regions could be
used as a single validated indicator of body condition. In humans,
certain anatomical regions (e.g., the abdominal region) give a
better prediction of overall body fat than others [40,41] and the
same has been found for cattle [22], horses [42] and dogs [39].
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Table 3. Level of intra-and inter-assessor agreement for assessment of elephant body condition.

Intra-assessor agreement

Inter-assessor agreement

Assessor A B
Percentage (%) agreement 95 90
K, (95% Cl) 0.93 (0.88-0.98) 0.81 (0.74-0.88)

C
88

A and B A and C B and C
93 73 73
0.82 (0.78-0.86) 0.89 (0.82-0.96) 0.67 (0.58-0.76) 0.62 (0.52-0.72)

K, = weighted kappa; 95% Cl=95% confidence interval.
doi:10.1371/journal.pone.0093802.t003

Recently, ultrasound was used to validate a new visual 9-pt BCS
index for Asian elephants [43]. That study assessed ultrasonic fat
thickness in the rump region only (n=12), whereas we evaluated
ultrasound fat thickness at multiple body regions. Nevertheless,
results were comparable in both studies in showing a significant
relationship between measured fat thickness and BCS. The
median ultrasonic measure of subcutaneous rump fat in the Asian
elephants was 1.07 cm (range, 0.41-3.11 cm) and the median
BCS was 6.25. These findings are in accordance with our
measurements of fat thickness at the most comparable region
assessed (directly behind the pelvic bone), which had a median fat
thickness of 1.31 cm (range, 1.0-3.28 cm). Our ultrasound fat
thickness measures observed in elephants with high BCS
(~2.5 cm) were also comparable to the highest fat thickness
reported in other herbivore species, including cattle (~3.5 cm)
[22], horses (~3.1 cm) [38], elk (~3.7 cm) [24,26], deer
(~3.5 cm) [24], and moose (~7 cm) [23,24].

The new BCS index proved to be a reliable method for assessing
female African elephant body condition based on high intra- and
inter-assessor agreement across three assessors. Determining the
accuracy of a new diagnostic test can be difficult when there is no
accepted reference or “gold” standard, and none of the previous
elephant BCS studies tested assessor reliability. Two types of
reliability exist: agreement between assessments made by two or
more assessors (inter-assessor reliability); and agreement between
assessments made by the same assessor on two or more occasions
(intra-assessor reliability). Agreement can be measured using
several statistics: percent agreement to provide an overall
agreement rate; and the kappa statistic, which is a measure of
agreement that indicates the proportion of agreement expected by
chance. A weighted kappa was used to reflect the degree of
disagreement so that a greater emphasis was placed on large

differences between or among assessments compared to small
differences, which is commonly adopted in ordinal scale reliability
assessments [33]. The resulting weighted kappa value was then
mterpreted in terms of the strength of agreement among
assessments. Landis and Koch [34] proposed the following as
standards to determine the strength of agreement in reliability
studies: kappa values =0 =poor, 0.1-0.20= slight, 0.21-0.40 =
fair, 0.41-0.60 = moderate, 0.61-0.80 = substantial and 0.81-1 =
almost perfect agreement. Similar formulations exist to interpret
weighted kappa results for reliability studies, but with slightly
different descriptors. For example, an alternate scale was
developed by Fleiss [44], where kappa value <0.41 = poor, <
0.75-0.41 = good - fair, and >0.74-1.0=excellent agreement.
We chose the formulation of Landis and Koch [34] because it is
often cited in studies assessing reliability in body condition scoring
systems [45,46]. Regardless of the scale used, kappa values above
0.40 are considered to be clinically useful [47], and all assessments
in our study had values above this clinically relevant level. The
current study demonstrated high percentage agreement (73% to
95%) and an overall ‘“substantial” strength of agreement
determined by the weighted k statistic (k,, = 0.62 to 0.91) between
and among assessors using the new BCS index.

Body condition scoring has become an integral part of assessing
body fat in veterinary practices because it is an effective and
inexpensive way to quantify patient condition. In other species,
BCS indexes are used to categorize an individual in terms of body
fat (l.e. thin, normal, overweight, obese), and within the same
species various BCS methods may be employed with the middle
score commonly representing the “ideal” or ‘“normal” body
condition. For example, two numeric scales are typically used and
accepted 1n veterinary practices for assessing body condition in
dogs (5-pt and 9-pt scales) [48,49]. When using a 5-point scale, the
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Table 4. Body condition scores (BCS) (and relative percentage) of free-ranging and captive female African elephants in each BCS
category.
Free-ranging elephants Captive elephants
BCS Number (%) Number (%) P- value
1 5(9 0(0)
2 22 (39) 2 (4)
3 18 (33) 12 (24)
4 10 (18) 16 (32)
5 2 (4) 20 (40)
Total 57 50
Median (range) 3 (1-5) 4 (2-5)
Mean (SD) 3.74 (0.96) 4.39 (0.58) 0.0001*
*Cochran-Mantel-Haenszel test for linear trend.
doi:10.1371/journal.pone.0093802.t004
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“ideal/normal” BCS =3, BCS=1-2 equates to “underweight/
thin” and “overweight/obese” includes BCS =4-5. When using a
9-point scale, the “ideal/normal” BCS =4-5, whereas “under-
weight/thin” is represented by BCS=1-3 and ‘“overweight/
obese” include BCS = 6-9. Finally, in cattle, both 9-point [50,51]
and 5-point [52,53] scales are used, and the middle scores
represent the “ideal” distribution of body fat. Based on these
criteria, a BGS =4 or 5 in elephants using our 5-point scale would
equate to ‘“overweight/obese” categories, whereas a BCS=3
would indicate an “ideal/normal” body condition. If this
classification holds, 40% (n=20) of the elephants in our zoo
study were obese, differing from the free-ranging elephants where
only 4% (m=2) of the study population had a BCS=5.
Furthermore, 32% (n=16) of zoo elephants could be classified
as overweight (BCS=4), whereas only 18% n=10) of free-
ranging elephants scored in this category. Last, only 12 zoo
elephants (24%) were in “ideal” condition (BCS = 3) and two (4%)
were “thin” (BCS=2), compared to 72% of wild African
elephants that had a BCS of 2 or 3. We used the free-ranging
population in South Africa’s Kruger National Park (KNP), Tanda
Tula Camp as a reference or benchmark because the elephants are
protected, and in general the habitat quality is good [54,55]. In
addition, Save the Elephants at Tanda Tula has an existing and
extensive photographic database on hundreds of elephants.
Photographs were chosen randomly and across seasons with
standard views to match those of the captive population study.
While additional scoring of wild African elephants certainly is
needed to define optimal or suboptimal body condition status
under varied conditions, the data are beginning to suggest that
captive elephants are on the higher end of the scale, and thus may
not represent the “ideal/normal” condition. Further investigations
also are warranted to define elephant obesity in terms of associated
health complications, similar to what has been done in horses,
humans, and other species [9,56,57,58,59,60]. This new BCS
index should enable better monitoring of body condition in
individual and populations of elephants, allowing for more
directed medical and management decisions based on scientific
data and validated tools. For example, managers can monitor the
effects of changes in diet formulations or exercise programs on
BCS in conjunction with actual weight measurements to optimize
zoo husbandry practices and promote a more healthy and
sustainable population.

Ultimately, our goal was to develop an easy and reliable means
of assessing BCS because of the need to investigate possible
relationships  between obesity and health and reproductive
problems in zoo-managed elephants [6,11,61]. It is important to
recognize that the new BCS method assesses subcutaneous fat
rather than visceral fat. Visceral obesity, or a disproportionate
amount of body fat within the abdominal cavity, is linked to the
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