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Examination Report of the Asian elephant “LUCY” 

Background/Introduction 

On behalf of the international charity “Free The Wild” (FTW) 
represented by Sagan Cowne (SC) we, Drs Frank Goeritz (FG), Head 
Veterinarian of IZW and Thomas Hildebrandt (TH), Head Dept. Reproduction 
Management of IZW examined the 47 year old female Asian elephant “Lucy” 
(“Skanik”) at the Edmonton Valley Zoo (EVZ) in Edmonton, Alberta, Canada on 
6th and 7th October as independent consultant and as part of an international 
team. Our main focus was to perform a medical examination to evaluate Lucy’s 
general health condition and to provide evidence based results to finally judge 
her ability for travel. Also present for the examination was i.) Dr Marie-Josee 
Limoges (JP, Edmonton Valley Zoo’s Veterinarian) who provided information 
about Lucy’s medical history and current treatment, ii) Dr Patricia London (PL, 
elephant veterinarian), who circumstantially reviewed Lucy’s life and medical 
history and her current behavior, iii.) Ingo Schmidinger (IS, Director of 
Operations of GSE), who focused on husbandry, training and enclosure design, 
and the entire Elephant Care Team of EVZ, which ensured safe excess for us to 
Lucy. 

Lucy came to EVZ as a two year old orphan. Since 2002 she was examined 
regularly by Dr JE OOsterhuis (Veterinary Consulting Service). In 2015 he 
examined her twice and since than once per year. Lucy’s respiratory problem 
(mouth breathing) has been reported in 2009 first time. Endoscopic 
exploration of her trunk after standing sedation discovered a “narrowing of 
the nasal passage. However, the cause of the “constriction” could not be 
determined. Although Lucy could breathe partially through her trunk in resting 
state at this time, her respiratory difficulties continued progressively.  
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Animal/Patient 

Species   Asian elephant (Elephas maximus) 
Sex  female  
BSC   4.5 out of 5 (1=cachectic; 3=optimal;5=obese) 
ID   „Lucy“ 
Age   47 Years 
Date   6th-7th October 2022 
Location  Edmonton Valley Zoo 
 
Lucy is a calm and gentle elephant that is managed in “free contact”. She is overweight (BSC 4.5) but 
otherwise in good over-all body condition. All medical examinations has been applied without 
sedation. Standing sedation was not performed due to Lucy’s severe respiratory problems (common 
decision by FG, TH, JP), please see well documented medical history of Lucy provided by JP. No 
current/ongoing medical treatments reported by JP and staff of EVZ. 
 

Medical examination & findings 

Blood gas and blood chemistry analysis: 
Elephants breathing physiologically through the nose/trunk exclusively. Lucy was breathing through 
her mouth solely, even in resting state without any exercise or excitement. This was different to reports 
in the past, where she was able to breathe partially through the trunk in resting state. Therefore, Lucy 
gets exhausted and hypoxic very fast. This was observed and also reported by the elephant staff very 
well. However, to verify hypoxia and hypercapnia and to quantify their values, venous blood has been 
obtained prior and after mild physical exercise (about 10 min “seek and hide training”, a special 
behavioral enrichment tool developed by the elephant care team of EVZ). Blood was analyzed 
immediately (point of care) using an i-STAT analyzer equipped with CG4+ and Chem8+ cartridges. The 
most important results (concentration of blood gases and lactate) are summarized in following table. 
All other blood chemistry parameters measured with the i-STAT analyzer were within the physiological 
range (see Appendix 1). 
 

Venous blood gas values Prior exercise After Mild exercise Reference values  
pO2 % 78 22* 55-70 
pO2 mmHg 45 19* 33-53 
pCO2 mmHg 53.5* 68.2* 45-50 

 
Lactate mmol/l Prior exercise After mild exercise Reference value 
 0.95 2.83* 0.5-2.2 

*red color indicating values out of physiological range (reference values) 
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In resting state blood oxygenation (pO2) and lactate concentration were in the 
physiological range indicating that Lucy somehow “perfected” mouth 
breathing, which is unique in elephants and which we never observed before 
in any other elephant we examined. However, just minimal physical activity 
resulted in a rapid and very severe hypoxemia and hypercapnia. The fast 
increase of lactate blood value is also a consequence of hypoxemia indicating 
anaerobic metabolic activity, which can lead to total decompensation of the 
respiratory chain and metabolic steady state when Lucy’s physical activity or 
stress level would be extended any longer time. 
 
 
Thermography: 
Thermography of the whole body, with special focus to the skin, joints and feet has been performed. 
Three little skin lesions and abscess on the right front foot has been observed visually and confirmed 
as “hot spots” using thermography (see Appendix 2). 
Both, skin and foot lesion, has been observed in captive elephants frequently, with higher incidence in 
older elephants. Main contributing factors are inadequate husbandry and management (e.g. hard 
flooring, lack of physical exercise, lack of regular foot care), obesity and general diseases (e.g. 
infections, tumors). The latter may contributed to her actual foot problems, since Lucy’s feet has had 
attentive care (clean nails and nice cuticles) and received also good general husbandry. Old nulliparous 
females very often suffer from uterine tumors, which producing and releasing paracrine factors (e.g. 
Tumor Necrosis Factor- alpha) and toxins, which (tumor diagnostic see Ultrasonogaphy). 
 
 
Oral examination: 
Oral exam confirmed deformity of her molars which was reported earlier. The left upper molar was 
twisted 90 degree (see Appendix 3). Dental abrasion and malformation is causing mild problems with 
mastication. Although fecal boluses show normal size, they contain a high proportion of long 
undigested fibers (incomplete grinded straw, hey and grass). Dental extraction/correction is not 
recommended because of high risk of anesthesia/sedation due to her respiratory problems and 
because she is using assumable her final set of molars.  
 
 
Ultrasonography: 
Heart, pericardium (heart sac), cranial part of uterus was imaged by tansabdomal and vestibulum, 
vagina, urinary bladder, cervix, uterine body and caudal parts of uterine horns by transrectal 
ultrasonography (sonograms see Appendix 4). Heart action was normal and pericardial effusion could 
not be detected. Heart failure could therefore excluded as main cause of Lucy’s short breath and 
weakness after mild physical exercise or stress. The liver showed several focal spots of accumulated 
fat tissue, which is related to age, diet and obesity. However this is temporarily not causing clinical 
problems, it should be followed up because progressive development can impaired metabolic liver 
activity. 
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Sonograms of the urogenital tract indicated that Lucy is still cycling. Lucy was 
in her luteal phase shown by a vaginal mucus plaque. Multiple small 
leiomyomatas has been detected in the caudal reproductive tract by 
transrectal ultrasound. The cranial part of the uterus could not be visualized 
transrectally, as you could in a healthy non-pregnant uterus, because it was 
“diving” strait down in front of the pelvic rim towards ventral abdominal wall. 
However, transabdominal ultrasound revealed a much enlarged uterus horn 
on the right side of the bottom of the abdominal cavity. 
Location and sonographical appearance approved clear diagnosis of an advanced leiomyoma 
(estimated weight ca. 30 kg) which was displacing surrounding organs. That explains the recurrent 
episodes of colic symptoms and abdominal pain reported before. 
 
Leimyomatas are very frequent in older nulliparous elephants with active sexual hormonal cycle. At an 
early stage they can be diagnosed intra vitam by Transrectal Adapter Sonography (TAS) only. This was 
performed in Lucy for the first time.  
 
Leiomyomas are benign tumors which are subclinical at the early stage and contributing to female 
infertility. However, they growth constantly, mainly triggered by estrogens produced in the ovaries 
during follicular phase and may course some clinical signs (e.g. abdominal pain, colic, impaired wound 
healing at skin and feet). Large liomyomas (advanced stage) can cause uterine torsion, which is an 
acute life threatening emergency and can lead to death of the animal. 
 
 
Trunk endoscopy: 
Endoscopy using a long flexible bidirectional endoscope to image the complete respiratory airway from 
the tip of the trunk down to the trachea and bronchi has been published recently and performed in 
elephants. This technique called broncho-alviolar-lavage (BAL) is mainly used for tuberculosis 
diagnostic (see Appendix 5).  
However, trunk endoscopy to find the cause of Lucy’s respiratory problem has not been performed 
because of necessity of deep standing sedation in addition to local anesthesia. But, it was performed 
earlier (when sedation was not yet life threatening) by specialized horse practitioners. Reviewing the 
video material provided by JP, we concluded that this examination was incomplete. It ended at the 
trunk base (cartilage plate = physiological structure to close the airway volitional, see Appendix 5). 
Neither nasal nor oral cavity was visible. Hence the actual cause (e.g. constriction of or tumor in the 
airway) of Lucy’s respiratory problem is still unknown. On one hand this is disappointing, on the other 
hand evidence based surgical intervention is not anymore an option to solve Lucy’s respiratory 
problem. 
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Conclusions and Recommendations: 

I.)  In summary of all medical finding we conclude that Lucy is not fit for travel, 
neither for long nor for short distances. Chief case for that is her severe 
respiratory problem which leads to rapid hypoxemia, hypercapnia and 
increase of lactate values. Stress and even very mild physical activity brings 
Lucy in an anaerobic metabolic status, which can lead to total decompensation 
of her respiration and hence general metabolism. 

II.)  Therefore Lucy should remain at EVZ. Aside from her ineligibility to travel 
she is a geriatric patient and would not be able to cope with her new 
environment (unfamiliar habitat, new caretaker staff, and other elephants). 
Lucy is receiving a high level of affection and attention from her keepers and 
veterinarians, which resulted in a specific management and enrichment 
program adapted to Lucy’s age and health status. She would not survive 
independently from humans. Ultimate goal is to keep Lucy stimulated and 
engaged and to provide her with good care for the rest of her live (potentially 
4-8 years?). 

III.)  Lucy’s sexual cycle should be down regulated to reduce or even stop 
growth rate of the uterine tumors (leiomyomas) by vaccination with a GnRH 
vaccine (e.g. Improvac™, gonadotropin releasing factor analogue-protein 
conjugate). Vaccination pattern: 3.0 ml of the vaccine deep IM (100 mm 
needle) on day 0, day 28, day 42, day 182, day 365. After that repeat twice a 
year. If blood progesterone (P4) is increasing over base line (monitor P4 once 
per month) you should booster immediately. It is proven that this treatment 
reduces the incidence of colic symptoms, abdominal pain and has positive 
effect on foot health. 

IV.)  Evaluate adapt the current diet and feeding protocols to reduce her body 
weight. For detailed examination of the body condition see Appendix 6.  Due 
to limitations to increase exercise intensity and due to her metabolism slowing 
down with age this is very challenging. However, provide mainly high volume, 
low caloric diet (e.g. fresh branches, straw, hey) and try to reduce feeding 
additional treats. Replace treats (food) by improving clicker training (or whistle 
as acoustic signals) for positive reinforcement. 

V.)  Geriatric care: Lucy will continue to develop geriatric problems. To improve 
peripheral blood circulation hence the oxygenation of brain, skin, legs and feet 
oral application of propentofyllin (Karsivan™) 1-3 mg/kg BID or pentoxifyllin 5-
10 mg/kg) BID (alternative drug used in human medicine) supports general 
condition. 
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Please, don’t hesitate to contact me for further questions. 
 
Berlin, 06.01.2023 

 
 

Attachments: 
Appendix 1: Results of blood gas analysis 
Appendix 2: Results of Thermography 
Appendix 3: Dental check 
Appendix 4: Ultrasonography 
Appendix 5: Endoscopy of entire airway via trunk (example; NOT in Lucy!) 
Appendix 6: Assessment of body condition (Wemmer et al., 2006) 
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Diagnostic Tb sampling in elephants
endoscopy
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Cartilage plate 

Lung lavage
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Lung lavage

Cartilage plate 
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Bilateral local nerve block



Bilateral local nerve block
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Catheter (white tube) passing epiglottis into trachea
under visual control
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Assessment of Body Condition in Asian 
Elephants {Elephas maximus) 
C. Wemmer,^* V. Krishnamurthy,^ S. Shrestha,^ L.-A. Hayek,'* Myo Thant,^ 
and K.A. Nanjappa^ 

^Conservation and Research Center, Front Royal, Virginia 
^Saiim Ali Centre for Ornithology and Natural History, Coimbatore, Tamilnadu, India 
^Albert Einstein College of Medicine, Institute for Animal Studies, Bronx, New York 
''National Museum of Natural History, Smithsonian Institution, Washington, DC 
^Myanmar Timber Enterprise, Ministry of Forestry, Mandalay, Myanmar 
^Karnataka Forest Department, Mysore, India 

A method of assessing body condition of Asian elephants (Elephas maximus) 
is presented. The method uses visual assessment to assign numerical scores to 
six different regions of the body, which are totaled to give a numerical index 
ranging from 0-11. The relationship between the index and morphometric 
variables is compared for a sample of 119 juvenile and young adult elephants 
from southern India, Nepal, and Myanmar. Mean ages of males and females 
were similar. Mean index of body condition (with standard error [SE]) was 
7.3 + 0.2 points. No significant correlation was found between index of 
body condition and age over both sexes (r = 0.01, n = 50). Results were equivalent 
when sexes were treated separately (females: i- = 0.03, « = 24; males: i- = 0.01, 
n = 26). Sexes did not differ in height of the shoulder or body condition in 
our sample, but there was significant sexual dimorphism in breadth of the 
zygomatic arch and three measures of subcutaneous fat: girth of neck, thickness 
of cervical fold, and thickness of anal flap. These three measures were 
also significantly correlated with each other. Our assessment method should 
prove a practical tool for écologie studies, but the relationship of the index to 
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percentage  of body  fat  should  be  determined  using  heavy  water  dilution 
methodology. Zoo Biol 0:1-14, 2006.      © 2006 Wiley-Liss, inc. 

Keywords: fat; morphology; morphometrics; sexual dimorphism 

INTRODUCTION 
Asian elephants live in seasonal environments, and almost all populations 

move between wet and dry season ranges that differ in availability of food, water 
and nutritional quality [Desai, 1991; Sukumar, 1992]. An increasing number 
of populations survive in lands degraded and fragmented by human activity, 
where conflict with agriculture is inevitable [Santiapillai and Jackson, 1990]. 
Because physical condition of an elephant is responsive to nutrition and 
conditions of habitat, assessment of body condition should prove as useful 
for écologie studies as it has in other species of wildlife [Riney, 1982]. It also 
has special application for husbandry of domestic elephants, particularly in 
Asia, where as many as 15,000 elephants are maintained for domestic use [Sukumar, 
1992]. 

Few attempts have been made to measure quantitatively the body condition 
of Asian elephants. No indices of body condition were used by veterinary 
surgeons working in elephant camps in southern Asia during the late 19th 
and early 20th centuries [Krishnamurthy and Wemmer, 1995b]. Evans [1910] 
remarked that emaciation may be so slight that the "natural depressions and 
projections of the surface are accentuated, or so pronounced that the beast becomes 
a skeleton." The book by Evans [1910] shows a well-rounded and smoothly 
contoured animal as an iflustration of the "ideal specimen of a timber-working 
elephant." Eltringham [1982] noted that debihty and pinguidity are easily detected in 
African elephants, but that the intermediate stages of greatest interest are most easily 
gauged by "general body configuration." He also notes that depressions and 
boniness of appearance increase with age. Albl [1971] examined carcasses of 240 
African elephants in Zambia in an effort to detect simple, condition-dependent, 
physical changes that could be used as criteria to classify physical condition. He 
noted that the best external features indicating poor condition are a pronounced 
lumbar depression and a prominent lateral wing on the ilium of the pelvic girdle 
[Albl, 1971]. 

We developed an index of body condition for Asian elephants that rehes 
on visual assessment of mass (muscle and fat) associated with skeletal 
structures, such as the head, shoulder, rib cage, and pelvic girdle. This study 
describes the method and compares it with other indirect measures of body fat to 
examine the relationship between body conditions and other morphometric 
variables. We examined sexual differences in body condition because energetic costs 
are likely to differ between males and females in polygynous and sexually dimorphic 
species, such as the Asian elephant [Eisenberg, 1981, Clutton-Brock et al., 1982]. 
Because plane of nutrition differently affects animals of differing age we also 
examined age-related differences in body condition using height of shoulder as an 
indicator of age as done in other species of ungulates [Caughley, 1970, 1971; Brooks, 
1978]. 

Zoo Biology DOI 10.1002/zoo 
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MATERIALS AND METHODS 
Subjects and Study Area 

We examined degree of fatness in various parts of the body of domestic 
elephants during visits to elephant Forest Department camps in Tamil Nadu and 
Karnataka states, India (Mudumalai, Indiragandhi, and Rajivgandhi national 
parks), Nepal (Chitwan, Bardia, and Kosi Thappu national parks), and Myanmar 
(Sagaing Division). Data were collected during both the cool and hot dry seasons, 
between December and late April, when conditions of forage were poor. The 
management systems in these regions have been described elsewhere to various 
degrees [Krishnamurthy and Wemmer, 1995a; Shrestha et al., 1998; Aung and 
Nyunt, 2002; Kharel, 2002]. The elephants at all sites receive daily food supplements 
such as whole rice and boiled grains. South Indian and Myanmar elephants are 
fettered and allowed to graze in the forest at night, whereas Nepalese elephants are 
staked at night and given cut fodder (grass and browse). There were only a limited 
number of elephants of known age in the camps of the Forest Departments of Tamil 
Nadu and Karnataka. However, we were able to measure and compare individuals 
differing in estimated or known age, body size, and body condition [Wemmer and 
Krishnamurthy, 1992]. In our sample of 119 elephants, 61 (51%) were females and 
58 (49%) were males. Fifty elephants were of known age; (n = 50, mean = 17.5 + 
1.8 years, range = 4-46 years). No significant sexual difference in mean age was 
found in this sample (females: n = 24, mean = 17 + 2.6 years, range = 4-^6 years; 
males: « = 26, mean = 17.9 + 2.6 years, range = 4-46 years). Because the F-test on 
mean ages of sexes and the test for homogeneity of variance yielded non-significant 
differences, the data were pooled when appropriate. Standard error of the mean 
(SEM) is used throughout this study. 

Index of Body Condition 

Determination of the range of body condition was aided by black-and-white 
and color photographs of over 200 individuals accumulated in the 1980s. After range 
of condition was examined and noted for each of several regions of the body, 
a preliminary index of body condition was drafted, using morphologic features of the 
head, body, and tail. Our criteria were tested on domestic elephants in 1990 by six 
researchers with the Elephant Ecology Project of the Bombay Natural History 
Society in Mudumalai National Park, and we then revised them to improve the 
accuracy of the described physical criteria (Table 1). 

The finalized methods, which were based on the most easily observable 
measures involving mutually exclusive and exhaustive criteria, can be used under 
a variety of lighting conditions, but bright overhead sunlight facilitates accurate 
evaluation. Observers can quickly assess domestic elephants by viewing various 
regions of the body from different angles and should ask the handler (mahout) to 
make the animal move and shift its weight, because postural adjustments often help 
the observer decide which criterion best describes the condition. Assessing wild 
elephants requires more time because the observer must wait for the animal to move 
and show its configuration from different perspectives. Reclining elephants can 
not be assessed easily because of unusual postural adjustments and positioning of 
the viscera. 

Zoo Biology DOI 10.1002/zoo 
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TABLE 1. Criteria and point scores used to assess body condition in Asian elephants 

Body region/score Criteria 

A. Head: temporal depression (view from several angles) 
2 points Full and convex in outline when viewed from behind (at the level of the 

neck or shoulder); frontal ridge vaguely outlined at best. 
1 point Slightly to moderately concave; frontal ridge defined. 
0 points deeply concave; frontal ridge forms a crater-like rim around the temporal 

depression. 

B. Scapula (shoulder blade) (view from side) 
2 points Spinous process of the shoulder blade not visible, or slightly visible when 

the foreleg is in certain positions. 
1 point Spinous process visible as a vertical ridge with a concavity between the 

ridge and the and the posterior edge of the scapula. 
0 points Spinous process pronounced and bladehke with the acromial process 

pronounced as a knot. 

C. Thoracic region (view from side) 
2 points Ribs not visible, barrel smooth. 
1 point Some ribs visible, but the extent and demarkation not pronounced. 
0 points Many ribs strongly demarcated (even behind the scapula) with 

pronounced intercostal depressions. 

D. Flank area (immediately in front of pelvic girdle) (view from side and behind) 
1 point No depression visible; flank bulges outwards in front of the pelvis. 
0 points Depression visible as a sunken area immediately in front of pelvis. 

E. Lumbar vertebrae (behind ribs and in front of pelvis) (view from behind, an elevated 
vantage point may be necessary) 

2 points Not visible, lower back smooth and rounded. 
1 point Visible as a ridge; skin slopes away from the top of the ridge; height of the 

vertebrae does not exceed width. 
0 points Visible as a knife-like blade; sides of spinal ridge almost parallel, and the 

height equal to or exceeds the width. 

F. Pelvic bone (external angle of the ilium) (view from several angles) 
2 points Not visible (or shghtly visible); rump region between the ihum and caudal 

vertebrae filled with tissue (and not forming a depressed zone). 
1 point Visible but not pronounced; the rump is a slightly depressed zone between 

the ilium and the caudal vertebrae. 
0 points Visible as a jutting bone; rump is a pronounced sunken zone between 

ilium and the caudal vertebrae. 

When a particular body region is intermediate between two criteria, an intermediate point 
score (i.e. 0.5, 1.5 points) should be assigned. 

To use the index and reduce subjectivity and inaccuracy, evaluators must 
become familiar with the range of conditions possible in domestic elephants 
(Figs. 1,2,3,4). The evaluator scores the elephant on the basis of six regions of the 
body using two or three criteria for each body region (Table 1). The six scores are 
then totaled to obtain the index. 

Zoo Biology DOI 10.1002/zoo 
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Fig. 1. Head configuration of cow elephants showing temporal depression from a frontal 
(A) and lateral (B,C) perspective. A,B: Receives a score of 1 point. C: Receives no points. 
See Table 1 for description of criteria. 

Zoo Biology DOI 10.1002/zoo 
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Fig. 2. Body configuration of (A) young adult bull in good body condition (ca. 8 points); 
notice the smooth shoulder and rib cage, absence of flank depression (pelvic bone not clearly 
discernible); (B) a thin male in late middle age in poor body condition (2-3 points); (C) a thin- 
bodied old cow (notice that the ribs are not visible) (2 points); (D) an emaciated old cow 
with strongly demarcated scapula, ribs, and pelvic girdle (0 points). See Table 1 for description 
of criteria. 

Comparative Measures of Subcutaneous Fat 
To examine age-related variation in topography of the head and deposition 

of fat we used a Haglof aluminum forestry caliper (Haglof, Inc., Madison, MS) for 
the following measurements. The maximum breadth of the head at zygomatic arches 
(ZB) as a dimension of reference, and the breadth of the head at the temporal fossa 
(intertemporal breadth or 1TB) midway between the posterior corner of the eye and 
dorsal attachment of the ear served as the comparative measurements [Wemmer and 
Krishnamurthy, 1992]. Similarly, we measured the straight distance between 
the posterior corner of the eye and the upper origin of the ear (EELs), and 
compared this dimension of reference with the curved distance (EELc) obtained 
when a cloth tape was pressed against the skin of the temporal depression [Wemmer 
and Krishnamurthy, 1992]. The difference between the dimensions of reference and 
comparative measures is presumed to reflect differences in the amount of fat in the 
underlying tissue. Ratios between these measures (EELs with EELc and ZB with 
ITB) and their log differences were correlated with various other measures including 
age and size of body (height of shoulder). Because we employed the descriptive 
statistics of correlation, rather than the predictive capabihties, no assumptions of 
normality (and transformations) were necessary [Hays, 1974; Hayek and Buzas, 
1997]. Because both parametric and nonparametric correlation analyses yield the 

Zoo Biology DOI 10.1002/zoo 
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Fig. 3. The degrees of visibility of the lumbar vertebrae of Asian elephants of differing body 
condition (as seen from behind; sketches from photographs). In the top two profiles (A,B) the 
lumbar vertebrae and the thoracic vertebrae beyond them are clearly visible and blade-hke 
(0 points); the middle example (C) shows the vertebral ridge with sloping tissue on the sides 
(1 point); the fourth example (D) is less pronounced and would receive 1.5 points. In the 
bottom example (E), as is seen in the rare fat elephant, underlying tissue obscures the lumbar 
vertebrae (2 points). See Table 1 for description of criteria. 

same decisions when used with continuous data, we chose only to quote the 
parametric version at the a = 0.05 level. 

Four additional variables were measured to examine individual variation in 
indicators of subcutaneous fat. The circumference of the neck and chest were 
measured with a tape measure, and the diameter of folds of skin on the anal flap and 
side of the neck (cervical fold) were measured with the use of a Lange Skinfold 
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Fig. 4. Views of the pelvic girdle and associated tissue. A: The external angle of the ihum is 
visible in the middle of the photo {left arrow), and the caudal vertebrae appear as a distinct 
ridge {right arrow). The tissue of the rump is depressed between these two features. The degree 
of depression of the hip tissue is more visible when viewed from anterior position (B) and 
a tangential posterior angle (C) (notice mass of tissue at base of tail-the anal flap). See Table 1 
for description of criteria. 
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Caliper (Pro-Med Products Inc., Atlanta, GA). No significant differences were found 
in measures of fat on tiie rigiit and left side of the neck and the anal flap (Fig. 4C); 
so a mean of the two measures was used as a measure of body size. Height of the 
shoulder, determined with a caliper, was used as a surrogate measure for body size. 

RESULTS 
Our observations indicate that Asian elephants differ in the extent to which 

different regions of the body store fat. The head, shoulder and pelvic girdle show a 
range of condition from full and convex to highly angular and contoured (Figs. 1,2). 
The temporal fossa, zygomatic arches, supraorbital bars, and the angle of the mouth 
are not pronounced in fat animals, but become sharply outlined in thin animals. The 
scapulae, ribs, and vertebral column are smooth and rounded in fat animals, but 
acquire increasing skeletal definition with loss of fat. In the rare fat animal, the pelvic 
girdle and lumbar region are rounded and full (Figs. 2,3). Most elephants have a 
distinctive caudal ridge anterior to the tail, and the musculature of the hips forms a 
depressed zone between the caudal ridge and the ilium of the pelvic girdle (Fig. 4). 
In very thin animals the transverse processes of the tail and the caudal ridge are 
clearly visible. The anal flap often retains its fleshy character in otherwise bony 
elephants (Fig. 4C). 

Using the entire sample of both known and estimated age elephants, the mean 
index of body condition was 7.3 + 0.02 points {n = 119). No significant correlation 
was found between scores of body condition and age (r = 0.011). Likewise, there was 
no correlation when sex data were treated separately (females: r = 0.03, n = 24; 
males: r = 0.01, « = 26). The condition of males and females as determined by a 
Student's t-test was not significantly different at the 0.05 level. 

Shoulder height and neck and chest girth had similar profiles of relationships. 
Shoulder height was more highly correlated with chest girth than with neck girth 
(r = 0.95 vs. 0.86, n = 119), but aU three variables were significantly correlated at the 
0.05 level with age as represented by height of shoulder (r = 0.86); chest girth 
(/• = 0.88), neck girth (r = 0.85). Significant sexual dimorphism (P = O.Ol) was 
apparent in the girth of the neck (males: mean = 2.01+0.05 m; range = 1.31-2.74, 
« = 58; females : mean = 1.85 + 0.04 m, range = 1.19-3.00), and breadth of the 
zygomatic arch (males: mean = 61.3+1.1 cm, range = 44.1-75, « = 58; females :- 
mean =58.2+ 0.8 cm, range = 44.1-71, « = 61; ^ = 0.03). 

Comparative Measures of Deposition of Fat 
In the male and female elephants, age was significantly correlated with both 

ITB and ZB, but not correlated with the ratio ITB:ZB (Table 2), nor with a 
logarithmic transformation of the ratio. Age (and its proxy of shoulder height) was 
also highly correlated with EELs and EELc, as wefl as the ratio EELs:EELc 
(Table 3). The ratio EELs:EELc was significantly correlated with the height of 
shoulder, girth of chest, girth of neck, ITB, and ZB (Table 3). The ratio ITB:ZB, on 
the other hand, was not correlated with any other variable for either sex (Table 3). 
However, the ratio ITB:ZB was significantly correlated with EELs:EELc in males 
(r = 0.39, « = 58, P = 0.003). 

Thickness of the cervical fold was significantly correlated with height of 
shoulder and girth of neck (both variables, r = 0.24, P = 0.04, « = 75), and thickness 
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TABLE 2. Correlation of sex with two sets of head measurements and their ratios in a sample 
of 24 female and 26 male Asian elephants" 

Sex ITB ZB ITB:ZB EELs EELc EELs:EELc 

Female 
Male 

0.85** 
0.79** 

0.85** 
0.87** 

0.14"' 
-0.29"' 

0.89** 
0.86** 

0.90** 
0.88** 

-0.25* 
-0.66* 

^ITB, inter-temporal breadth; ZB, zygomatic breadth; EELc, straight ear-eye length; EELs, 
curved ear-eye length. 
*Sigmficant at 0.00 level. 
**Significant at 0.000 level. 
"'Not Significant. 
of the anal flap was significantly correlated witii height of shoulder, as well as girth 
of chest and neck (r = 0.54, i' = 0.001; r = 0.55, P = 0.001; r = 0.51, P = 0.001; 
n= 119, respectively). Neither variable of skin thickness was significantly correlated 
with the index of body condition. Males had significantly greater mean thickness 
values of both the cervical fold and anal flap than females (neck: female: 
mean = 20.5 + 0.6, range = 10-35, « = 43; male: mean = 24.7+1.1, range = 15-35.5, 
K = 32; P = 0.001; anal flap: female: mean = 19.29 + 0.6, range = 11-27.5, 
n = 43; male: mean = 23.72+1.01, range = 14-38.5, « = 32; i' = 0.0001). Sex 
differences were also found in girth of neck (male: mean = 2.01 + 0.05 m, 
range = 1.31-2.74; female:mean = 1.85 +0.04 m, range = 4.22-3.00; P = 0.01), and 
ZB (male: mean = 61.3+ 1.12 cm, range = 44.1-75.0; female:mean = 58.15+ 0.84 cm, 
range = 44.1-71.0; P = 0.03). 

DISCUSSION 
The level of reserves of fat is a useful indicator of a population's general well- 

being, but obtaining field measures of body fat is a challenge. The relationship 
of most indices methods to actual composition of the body has not been determined 
[Robbins, 1983]. Robbins [1983] states that minimal variation and a hnear or 
curvilinear relationship are two factors that enhance the value of indices as 
indicators of body composition. Indices that measure "an off-off process, such as 
a body fat reserve that is the last to be mobilized and first to be replenished and 
maintains a constant value over a wide range of conditions, will be far less useful 
than one that provides a continuous, accurate and easily determined indication of 
body composition." We found no single variable of subcutaneous fat (e.g., cervical 
fold, anal flap, girth of chest and neck, and the ratios EELs:EELc and 1TB:ZB) that 
closely parallels the index of body condition. The index gauges subcutaneous fat and 
intermuscular fat in several parts of the body. In a study of caribou, Adamczewski 
et al. [1987] noted that starving deer utilized subcutaneous fat and fat of the rump 
before fat of the viscera and marrow. We infer from the differing appearance of 
animals seen in Figures 1,2,3,4 that elephants foflow the general pattern observed in 
ungulates. Subcutaneous changes in mass of tissue may be sensitive indicators of 
composition of the body, but additional studies must be undertaken to test this 
hypothesis. Methodology that measures the dilution of heavy water in the body is 
one possible means of doing this [Hildebrand et al., 1998]. 

There was no correlation between the index of body condition and age in 
the Myanmar population. With a mean age of 17.5 + 12.7 years, this was a young 
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population in whicli most animals had not achieved adult body size; greater 
variation in condition of the body would be expected in a population of middle-aged 
and reproducing elephants. The predominance of young adults in the sample is also 
the most likely explanation of why no significant sex difference was evident in height 
of shoulder. 

Attempts to find a single morphometric measure concordant with the index of 
body condition were not successful. Nearly ah morphometric variables were 
correlated with age and height of shoulder. In females, however, neither ratio of 
the temporal fossa (EELs:EELc and 1TB:ZB) was correlated with age. The negative 
value of the correlation coefficient of these ratios indicates that as males grow older, 
the disparity between the straight and curved measurement of the EEL increases. 
The similarity in direction and magnitude of the same relationship in females 
suggests, with an increase in sample size, the ratio may prove to be useful 
discriminate of age for females as well. Although we considered these ratios to be 
prospective indicators of condition, they did not correlate with the index of body 
condition. The temporal fossa of males shows increasing concavity with age, but 
like other individual measures, it did not reflect overall body condition. In neither 
sex did the 1TB:ZB ratio correlate with age or index of body condition. 

Girth of chest and neck were more strongly correlated with age than with the 
index of body condition. Why do indirect measures of fat from various regions of 
the body correlate so poorly with the index of body condition? Statistically the index 
of body condition is a conglomeration of variables that behaves like an average. 
Individual differences in the location of storage of fat between animals are 
de-emphasized by rehance on a composite value, based upon several measures. 

Sexual differences were evident in the ratios computed for the temporal fossa, 
anal nap, and cervical fold. We infer from these differences that the anal flap of 
males is a depot of fat of higher physiologic priority than that of females. The greater 
girth of the neck and size of the cervical fold, however, may reflect thicker skin 
associated with a dermal shield because fighting in male Asian elephants involves 
frontal engagement of the trunks and tusks. Greater girth of neck also contributes to 
the characteristic male conformation we have observed in tuskless males, and 
possibly to sexual recognition. The head seems to be a low priority storage area of 
fat, whereas the body and pelvic girdle are storage sites of medium priority. 

While developing the index of body condition, we instructed a number of Asian 
veterinarians and wildlife biologists in its use. The method is easily learned, 
especially when photographs and sketches are used to clarify the criteria. This 
method allows quick assessment of body condition of captive elephants where the 
observer can easily view the animals from different angles. When assessing the 
condition of wild Asian elephants, binoculars are usually required and greater time is 
necessary that when viewing captive animals at close range. The application of the 
method wifl aflow wildlife biologists to examine body condition of Asian elephants 
under differing environmental and demographic conditions. The habitats of wild 
elephants differ from dry scrub jungle to moist evergreen forest, and from large 
protected areas to smafl fragments of habitat where disturbance is chronic. The 
conservation of these populations wifl beneflt from study and the application of 
additional methods. The index reported here can be used to assess relative 
differences between individuals and populations by testing the mean scores for 
two or more groups of adequate size using a Z-test. 
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CONCLUSIONS 
We examined morphometric variation in specific body parts of domestic 

Asian elephants to determine their usefulness as indicators of subcutaneous 
and intermuscular fat, and we then designed an index of body condition based 
on visual criteria for six parts of the body. We found no single variable of 
subcutaneous fat (e.g., cervical fold, anal flap, girth of chest and neck, and the 
ratios EELsiEELc and ITB:ZB) that closely parallels the index of body condition. 
Statistically the index of body condition is a conglomeration of variables that 
behaves like an average. Individual differences in the location of storage 
of fat between animals are de-emphasized by rehance on a composite value, 
based upon several measures. The index should prove useful to zoo and 
wildlife biologists who wish to assess body condition of captive and wild elephants, 
but studies of the body composition of elephants should be undertaken to 
vahdate the relationship of the body condition index to physiologic measures of 
body fat. 
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