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ralization stage in the evolution of echin-
oiderms during the Ediacaran period. 
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A simple technique to estimate linear body measurements of elephants 
 
An objective assessment of body growth 
among elephants is important in optimiz-
ing their management. Elephants of both 
sexes never stop growing; the older they 
get, the taller and heavier they become1. 
Initially both sexes grow at the same 
rate, but once puberty is reached, male 
elephants begin to accelerate their 
growth (so called ‘post-pubertal growth 
spurt’). As a result, adult males tend to 
be taller than adult females and may be-
come twice as heavy. The importance of 
body measurements cannot be overstated 
for as Hanks1 points out, it is possible 
that in habitats that are over-utilized, 
body growth rates may slow down before 
food becomes scarce, and this in turn 
could reduce the birth rate in the popula-

tion. Any study of the dynamics of a 
population depends on an ability to assess 
the age of individual elephants2. To date, 
the most accurate method of ageing ele-
phants is that of Laws3, who utilized  
the elephant’s molar replacement in the 
lower jaw to describe 30 age groups. The 
culling of hundreds of elephants in  
East Africa in order to protect their habi-
tat enabled Laws3 to refine the tech-
niques of age determination. But in Asia 
where such culling is not an option prac-
tised in the management of elephants, 
there is a need to use non-invasive  
methods to estimate the age of elephants. 
Shoulder height and body length have 
been found to be reliable parameters to 
describe linear growth in elephants3–5. 

Estimates of shoulder height can be used 
as indices of the age of elephants in the 
wild.  
 There are several methods available 
for estimating shoulder height of ele-
phants, and some are of limited reliabi-
lity and too cumbersome for general field 
use. According to Tennent6, one of the 
methods used by natives of Sri Lanka to 
measure Asian elephants (Elephas maxi-
mus) was by throwing a rope over them, 
the ends brought to the ground on each 
side, and taking half the length as the 
true height. Such a contour method is  
often misleading and exaggerates the 
height of elephants. A rod held perpen-
dicular to the measuring pole and parallel 
to the ground, will rarely give more than 

 
Figure 3. Five-armed body fossil on the bedding surface of the Jodhpur Sandstone. a, c, Five-
armed body fossil. b, Line diagram of the fossil seen in (a). d, Enlarged view of (c) showing a 
disc-like structure at the centre of the body fossil. 
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10 feet, the majority being under 9 feet6. 
But such methods are useless when it 
comes to estimating the height of wild 
elephants. For the purpose of quick, on-
the-hoof assessment of shoulder height of 
a wild elephant, the simplest way is to 
multiply the forefoot circumference by 
two – a fact that was known to the local 
mahouts and colonial hunters in Sri 
Lanka. However, as Sikes7 points out, 
shoulder height estimates based on cir-
cumference of the forefoot will always 
exceed the recumbent or raised-foot 
measurement, due to its expansion as the 
sole receives the full weight of the stand-
ing or walking elephant.  
 In a study of the age structure of the 
elephant population in the Mudumalai 
Wildlife Sanctuary in South India, 
Arivazahgan and Sukumar8 compared the 
results from the visual method where ele-
phants were assigned age groups based 
on diagrams of shoulder heights obtained 
from captive elephants with those obtai-
ned from (i) the pole method and (ii) the 
distance measurement method, both of 
which involved photography. In the pole 
method8–11, at first the lateral view of an 
elephant is photographed, after which a 
second photograph is taken of a calibrated 
pole held by an assistant on the very spot 
where the elephant once stood before it 
had moved on. Although this method had 
been widely used in the past in Africa, it 
has been described as time consuming, 
cumbersome and prone to error11. 
 The distance method was far more 
complicated and involves the measure-
ment of the distance to the object (ele-
phant), magnification and the focal 
length of the camera used. Two factors, 
namely the ratio of the focal length of the 
lens and the distance between the camera 
and the object must be known12. In the 
pole method, one can never be certain 
exactly where an elephant stood, espe-
cially if the habitat is grassland, where 
no footprint and other tell-tale marks can 
be observed. It may also take a lot of 
time: for sometimes an elephant herd 
may decide to spend a few hours grazing 
in an area and so the researcher too needs 
to wait until the coast is clear to move in 
to hold the pole exactly where the animal 
concerned stood. It can be a long wait. 
At times, it can be dangerous too.  
 The method we suggest as an alterna-
tive is not something original but one, to 
the best of our knowledge, that has never 
been used in Asia to measure morpho-
logical traits of elephants. Our method 

uses a Canon Digital Rebel XTi digital 
camera and two parallel laser beams and 
is based on the principle that parallel  
laser beams are equidistant regardless of 
the distance from the origin13. The cam-
era is mounted on a metal frame that 
holds two laser pointers 20 cm apart on 
either side (Figure 1). The laser beams 
will illuminate the object (e.g. an elephant) 
exactly 20 cm apart, thereby giving a 
scale useful in calculating the height at 
withers or commonly known as shoulder 
height of the elephant from the photo-
graph (Figure 2). At first we used red la-
ser beams, but later we replaced them 
with green lasers as the latter could be 
seen clearly at a distance of over 80 m 
even during mid-day in bright sunshine. 
This simple and accurate technique could 
benefit many ecological studies that  
require linear measurements, such as 
shoulder height, body length, etc.13,14. It 
has also been used in the identification of 
marine mammals such as killer whales15, 
and even fish12. Using this method we 
were able to obtain highly accurate and 

repeatable measurements of elephants in 
the wild and in captivity.  
 The laser system was tested for accuracy 
using a 100 × 100 cm2 board marked 
with a 10 cm grid. The board was fixed 
to a stand which could be rotated to  
different angles. The board was photo-
graphed at 10 m intervals up to 100 m 
using different zooms (50, 100, 200 and 
300 mm), while maintaining an angle of 
90° between the camera lens axis and the 
vertical plane of the board. Two types of 
test were performed: first to calculate the 
actual height and length of the board 
from the photographs; second to deter-
mine the effect of the angle of the object’s 
plane to the axis of the camera lens. In 
order to complete the test photographs of 
the board were obtained by changing the 
angle of the board from 0° to 45° at 5°  

increment at a fixed distance of 20 m 
with 200 mm zoom power. The results 
revealed that when the plane of the grid 
was rotated up to 15° with respect to the 
vertical axis, the error of the calculated 
length of the board increased only by 

 
 

Figure 1. The Canon Rebel XTi digital camera mounted on a horizontal metal frame, flanked 
by tubes housing the laser pointers 20 cm apart.  
 

 
 

Figure 2. Photograph of a wild bull elephant taken from Uda Walawe National Park, Sri 
Lanka, showing the two green laser points which are 20 cm apart, thereby making it possible to 
calculate accurately body length (a) and the shoulder height (b). (Photograph: S. Wijeyamohan.)
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3.3%. When the angle was increased to 
20°, the observed error was 5%. But 
within this limit of rotation, the meas-
ured height of the board remained the 
same. ACDSee Pro 3 software was used 
to measure the height and length of the 
board in the photographs.  
 Error can be minimized by making 
sure that the laser beams remain abso-
lutely parallel and the photograph show-
ing the two spots is sharp, for there could 
be an error if the photograph is blur. 
Hence, measurements taken from the 
known object of 100 × 100 cm2 at 100 m 
distance with 50 mm zoom, gave an error 
of 6%. However, when the clarity of the 
photograph was improved by reducing 
the distance and increasing the zoom 
level, the error reduced to as low as 0.7% 
on an average. The error is likely to in-
crease with poor photography using low 
quality equipment. The device was tested 
against a known sized object at different 
distances (up to 100 m) at different zoom 
levels, where the accuracy of the instru-
ment was found to be 99.3%.  
 Given that the length is a fundamental 
metric in the study of wildlife12, its accu-
rate measurement is vital to an under-
standing of an animal’s life history and 
behaviour. Although the technique of  
using parallel laser beams to measure 
physical traits of wildlife is not new16–18, 
to the best of our knowledge, it has not 
been previously used in the study of  
elephants in Asia, either in the wild or in 
captivity. In Africa, Shrader et al.19 had 
followed a different digital photogram-
metric technique successfully using a 
range finder to obtain accurate measure-
ments of the shoulder height of African 
elephants (Loxodonta africana). The 
method we describe here provides an  
accurate, non-intrusive, user-friendly, 
remote and relatively inexpensive method 
to obtain shoulder height measurements 
of elephants under virtually any condi-
tion. There are, however, some limita-
tions to the method. First, the two laser 
beams must remain absolutely parallel to 
one another. We ensured this by getting a 
reflection of the two laser beams back to 
the source from a completely flat mirror 
held perpendicular to the beams. It was 
further confirmed by measuring the dis-
tance between the two laser spots on the 
board within the tested distance of 10–
100 m. Second, the laser projections 
must be on a flat surface, for if the target 
surface is curved or bumpy, the distance 
between the lasers may be altered with 

no reliable correction factor13. Hence 
while taking photographs of elephants, 
the laser beams were directed to the up-
per part of the leg (humerus), just below 
the scapula (Figure 2). According to 
Sikes7, the dorsal edge of the scapula 
corresponds with the top of the highest 
neural spine of the thoracic vertebra. 
Third, even though there is no risk of  
injury to the human eyes from short  
exposure to laser beams classified as 
class IIIA, care must be taken to avoid 
focusing them on the eyes of the ele-
phant. Finally, the photographs must be 
of the best quality with sharp images, 
devoid of fussiness. 
 Shoulder height was found to be 
highly correlated with the age of Suma-
tran elephants (Elephas maximus suma-
tranus) in captivity, using the van 
Bertalanffy growth function20. Our study 
provides a means to obtain accurate  
estimates of the shoulder height and 
length of elephants even in the wild 
without disturbing them in any way. The 
photogrammetry described here is an  
invaluable tool in classifying and stan-
dardizing elephants as calves, juveniles, 
subadults and adults based on their 
shoulder height and therefore age. It re-
mains one of the most valuable tools for 
taking measurements of elephants and 
wildlife from a distance.  
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