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Illegal Captures - A Serious Threat to Asian Elephants

Jayantha Jayewardene (Editor)

E-mail:  romalijj@eureka.lk

For thousands of years, the elephant has been part 
of Asian civilizations and played a prominent role 
in their cultural, economic and religious traditions. 
A case in point is Sri Lanka, where Asia’s most 
spectacular and probably oldest pageant, the 
Esala Perehara of the Sri Dalada Maligawa in 
Kandy is held annually with the participation 
of up to a hundred caparisoned elephants. The 
ancient kings of Sri Lanka captured and tamed 
wild elephants, which used to abound in the 
country then. Tamed elephants were used in war, 
for religious purposes, ceremonial occasions, as 
beasts of burden, in sports and recreation, as an 
item of trade and in agriculture. Then the human 
population was small and the elephants lived in 
large numbers in wide spread habitats. 

With time the role of captive elephants has 
diminished and today it is largely limited to 
cultural and religious pageants and tourism. 
Wild elephants have disappeared across Asia at 
an alarming rate and populations have become 
fragmented and isolated, making the Asian 
elephant a globally threatened species. However, 
in a number of Asian countries including Sri 
Lanka, the demand for captive elephants persists 
and has shown a worrying trend of increasing in 
the recent past.

Sri Lanka was thought to have a depleting 
number of captive elephants due to owners being 
averse to breeding their elephants. This is due to 
fear that the female would become weak during 
her 22 month pregnancy and would not be able to 
work gainfully and it would be at least ten years 
before the new born baby could be utilized for any 
effective income generating work. In addition, 
captures from the wild have been banned for 
decades. Capture of elephants from the wild and 
their taming involves severe disruption of wild 
herds, much cruelty and high death rates, with 
a large numbers of captured babies dying in the 

capture and taming process. In Sri Lanka and 
most other Asian countries, captures have been 
banned due to the negative impact it has on wild 
populations. In Sri Lanka, this was precipitated 
by the public outcry against wild captures 
consequent to the disastrous results of the last 
such major capture operation – the Panamure 
kraal in 1950. However, illegal captures have 
persisted and recently there is a fear that the 
captive population is rapidly growing.

A major step towards prevention of illegal 
captures and regulation of captive elephants 
was taken in 1995, with the imposition of 
mandatory registration of all captive elephants 
by the Department of Wildlife Conservation 
(DWC). Subsequently, additional efforts were 
made to strengthen the legislature and make it 
more effective. Currently, according to the Fauna 
and Flora Protection Ordinance, any person 
who owns, has in his custody or makes use of 
an elephant which is not registered, and a license 
obtained in accordance with the provisions of this 
section, shall be guilty of an offence and shall on 
conviction be liable to a fine not less than one 
hundred thousand rupees and not more than two 
hundred thousand rupees or to imprisonment for 
a term not less than two years and not exceeding 
five years or to both such fine and imprisonment. 

It is mandatory for elephant owners to inform 
the DWC when a she-elephant gets pregnant and 
the department has to be informed within seven 
days of a birth of an elephant calf. Virtually 
no such pregnancies of captive elephants have 
been recorded in Sri Lanka. However, a large 
number of calves, juveniles and young adults 
have appeared in captivity in the last few years, 
many with claimed registration by the DWC. 
While the legislature preventing illegal capture 
and regulating captive elephants is strong, it has 
fallen short of its goal due to non-implementation.
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A new trend has surfaced in Sri Lanka in the 
last few years where gangs of poachers go into 
elephant habitats and possibly kill the mothers of 
selected baby elephants. In another method the 
poachers make a lot of noise, use firecrackers and 
bright lights to chase and disperse the herd. The 
babies are separated from their mothers in this 
confusion and are caught. The babies are then 
taken away to be tamed and used for the tourist 
trade, ceremonial occasions or kept as a symbol 
of prestige that accrues from owning an elephant.

This poaching is so well organized, wide spread 
and lucrative that even highly placed officials 
are involved in the capture and ‘legalizing’ of 
illegally captured baby elephants through fraud. 
In one such instance, a magistrate was accused 
of illegally possessing an elephant calf without a 
valid registration. Upon the filing of a complaint 
by a number of concerned environmental organi-
zations and concerned individuals, the Deputy 
Auditor General conducted an investigation and 
according to the report dated July 22, 2014, all 
documents that have been submitted to the DWC 
to get this elephant registered are fraudulent and 
the signatures of officials on the permit issued by 
the DWC have been forged. 

Giving evidence at the audit investigation a 
Management Assistant at the DWC has admitted 
that she had to prepare the fraudulent documents 
and number them on the instructions of her 
superiors. She has further stated that the docu-
ments pertaining to the elephant registration 
number 334 were inserted to the elephant 
registration book at the DWC removing some 
other documents in the book. The audit report 
states, that “In the fraudulent application 
submitted on November 12, 2008, the height of 
the elephant calf was given as four feet and six 
inches and his age as three years. However the 
DWC, in the certificate of registration (given in 
2012) too has given the animal’s height as same 
as in the application but only changed the age of 
the elephant to five years”. Although the DWC 
gave the registration license to the elephant calf 
in question on March 27, 2012 based on the 
fraudulent documents, in a letter dated October 
26, 2012 the then Acting Director General 
DWC cancelled the license of this elephant 

calf (registration number 334) claiming that the 
documents provided to obtain the registration 
were fraudulent thus ordering the owner to hand 
over the animal to the DWC. However, this 
decision was reversed on January 21, 2013 by the 
current Director General. 

Following this audit report on the investigation 
of illegal elephant registrations by the DWC, 
the focus is now to see what action the relevant 
authorities would take in this matter. However, 
after this remarkable audit query was sent to the 
Secretary of the Ministry of Wildlife Resources 
on July 22, the Deputy Auditor General who 
conducted the investigation has been removed 
from all investigations he was conducting and 
was transferred to another section with fewer 
responsibilities. 

Twenty international conservation organisations 
from Britain, Germany, France and the United 
States, committed to the conservation and 
welfare of wildlife, wrote a letter to Sri Lanka’s 
President, expressing deep concern about the 
growing illegal baby elephant trade. It asked the 
president to take urgent action to stop the capture 
of wild elephants and the public exhibition 
of elephants of questionable legal origin. The 
organisations have noted the global trend towards 
ethical tourism and expressed confidence that Sri 
Lanka, with its rich cultural and natural heritage, 
attracts visitors who value ethics and eco tourism 
alike. In addition, the people’s concern for the 
conservation and welfare of animals, particularly 
of elephants, is increasing. Therefore, ensuring 
the protection of Sri Lankan elephants from 
capture and abuse, while safeguarding their 
continued existence in the wild, would play 
an important role not only in maintaining and 
strengthening the country’s tourism industry but 
also ensure the conservation of the elephants in 
the wilds of Sri Lanka. 

The situation in Sri Lanka is not unique and 
similar conditions occur in other Asian elephant 
range states. Ensuring the survival of the Asian 
elephant in the wild requires continued vigilance 
and willingness of all stakeholders to confront 
and overcome challenges that are driving it 
towards extinction. 
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Individual Identification in Asian Elephants

T. N. C. Vidya*, Deepika Prasad and Arjun Ghosh

Evolutionary and Organismal Biology Unit, Jawaharlal Nehru Centre for Advanced Scientific 
Research (JNCASR), Bangalore, India
* Corresponding author’s e-mail:  tncvidya@jncasr.ac.in

Abstract.  Individual identification of animals is the first step in studying elephant 
behaviour, demography, and conservation, but few studies of Asian elephants (Elephas 
maximus) are based on individual identification. We describe in detail, traits that can 
be used to identify individuals, and examine the variability of different traits. Based on 
fieldwork in Nagarahole National Park, southern India, we scored trait states for 22 traits 
in 223 individuals. We found that the top fold of the ear and nicks/tears in the ear were 
useful for identifying both males and females. Tusk features and the presence of warts/
wounds on the body were useful in male identification, and tail characteristics were useful 
in female identification. The number of marks increased slowly with age, leading to adults 
having a lower probability of being misidentified than subadults. Analysis of temporal 
changes in trait states showed that even the fastest changing traits changed only over the 
course of several years, allowing for reliable identification of animals.

Introduction

Individual identification of animals is invaluable 
in understanding a species’ social organization 
and behaviour, estimating demographic 
parameters, and targeting animals for specific 
conservation and management practices. 
Identifying individuals using natural physical 
characteristics, including naturally acquired 
marks (such as cuts, injuries, etc.) is a well-
recognized technique in field studies (Pennycuick 
1978; Lehner 1996). While natural physical 
characteristics are advantageous in being non-
invasive, they can change over time and differ 
in conspicuousness and variability. Knowledge 
of the diversity and temporal variation in these 
characteristics in a given population is, therefore, 
required for reliable individual identification.

Studies of African savannah elephants have 
largely used patterns of cuts and tears on the edges 
of the elephants’ large ears to identify individuals 
(for example, Douglas-Hamilton 1972; Croze 
1974). Asian elephants have considerably smaller 
ears and usually fewer tears on them: therefore, 
a combination with other characters might be 
more important. Individual identification of a 

sizeable number of Asian elephants based on 
natural physical characteristics has been carried 
out in the context of social organization (Vidya 
& Sukumar 2005; de Silva et al. 2011), mark-
recapture population estimation (Goswami et 
al. 2007), movement (Fernando et al. 2010), 
and demography (de Silva et al. 2011, 2013). A 
particular characteristic (feature) of some part 
of the body that can be scored across animals 
is referred to here as a trait (tusk characteristics 
such as length and shape would, for example, be 
considered two traits) and the alternative forms 
possible at a trait are referred to as states (for 
example, Long and Short while scoring tusk 
length). Only limited details of the traits and states 
used previously for individual identification in 
Asian elephants are available (Goswami et al. 
2007; de Silva et al. 2013). In addition, there is 
little information on which traits are most suitable 
for use, in terms of variability across individuals 
in a population, as well as temporal variability. In 
a short study, Goswami et al. (2012) had examined 
various traits useful for identification, and had 
suggested that traits that were fixed across time 
were the most reliable for an automated process 
of individual identification, in which individuals 
could be identified as a string of states from 
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different traits. However, fixed and variable traits 
were guesses rather than assessments based on 
data, with fixed traits thought to remain constant 
over a few years or longer.

Here, we try to address the lack of information 
and provide a comprehensive list and photos of 
traits for identifying individual Asian elephants. 
Since almost all traits that are useful in individual 
identification are continuous but need to be 
discretized for consistent identification, we 
present some objective ways of defining the states 
of different traits. We assess the applicability of 
different traits to identifying males and females, 
and the temporal variability of these traits.

Methods

Study area

The Kabini Elephant Project was set up in 
March 2009 in Nagarahole National Park 
and Tiger Reserve (11.85304°-12.26089° N, 
76.00075°-76.27996° E), which encompasses 
644 km2 of elephant habitat in the Nilgiris-
Eastern Ghats landscape in southern India 
(Fig. 1), and subsequently expanded to the 
adjoining Bandipur National Park and Tiger 

Reserve (11.59234°-11.94884° N, 76.20850°-
76.86904° E). Nagarahole and Bandipur are 
contiguous or nearly so with forests of Madikeri 
Forest Division, Brahmagiri Wildlife Sanctuary, 
Wyanad Wildlife Sanctuary, and Mudumalai 
Wildlife Sanctuary and Tiger Reserve, which 
together offer a large stretch of forest to the 
wide-ranging Asian elephant. Nagarhole and 
Bandipur include a range of forest types, from 
semi-evergreen and moist deciduous forests in 
the west to dry deciduous forests in the central 
areas, to dry thorn forest in the east (Pascal 1986, 
1988). Kabini, Nagarahole, Moyar, and Nugu 
are perennial rivers in the Nagarahole-Bandipur 
area. Between Nagarahole and Bandipur lies 
the Kabini reservoir (with an area of ~6 km2) 
that has resulted from the construction of the 
Beechanahalli Dam on the River Kabini. During 
the dry season (December-June) the areas around 
the receding backwaters offer an abundant 
supply of fresh grass close to water, which leads 
to elephants and other herbivores congregating 
there. This is an open area where there is 
excellent visibility for elephant identification. 
The majority of elephant sampling for the data 
shown in this paper was conducted in the areas 
surrounding these backwaters, in Nagarahole 
National Park and Tiger Reserve. Apart from the 

Figure 1.  A map of Nagarahole National Park and Bandipur National Park and the 
adjoining protected areas. Insets: elephant range in southern India and the location of the 
study area within the Nilgiris-Eastern Ghats landscape.
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area around the backwaters, the habitat sampled 
largely included dry deciduous forest.

Field methods

We carried out fieldwork for the current study 
from March 2009 – January 2010, end of 
May 2010 (because of lack of permits during 
the preceding few months) – July 2010, and 
October 2010. We drove along pre-selected 
routes in the forest during the entire day and, 
upon encountering elephants, age-sex classified 
them, sketched and photographed them, and 
noted down the GPS location. Elephants can be 
sexed easily as they show sexual dimorphism. 
Individuals were broadly categorized as calves 
(<1 year), juveniles (1-<5 years), subadults (5-
<15 years), or adults (≥15 years) in the absence 
of data from this population on when animals 
actually began to reproduce. 

Long-term data on identified individuals are 
required to construct a growth curve for this 
population. In the meanwhile, since we had seen 
animals being born and entering the subadult 
age-class up to the time of writing this paper, 
calves, juveniles, and younger subadults were 
aged with a fairly high degree of accuracy. 
Adults were aged based on skull size, body 
size, and loose skin folds, using semi-captive 
elephants of known ages from the same area as 
reference. Some of the identified adults had also 
been seen almost ten years before the start of the 
study, which facilitated their ageing. Adults that 
were over 20 years old were placed into ten-year 
age-classes. Individuals were identified based on 
a combination of natural physical characteristics 
that included ear, tush/tusk, back, and tail 
characteristics. Each of these is described in 
detail below.

Ear characteristics

Ear folds: Photos of the ears taken from the side 
and front were used to assess folding of the ears. 
The top fold (the primary fold of de Silva et al. 
2013) and the side fold (the secondary fold of de 
Silva et al. 2013) were scored separately. The top 
fold was scored as Not Folded (Fig. 2a), Facing 
Forward (Fig. 2 c,h) if the top of the ear was bent 

forward and formed a right angle with the rest of 
the ear (equivalent to “L-shaped” of Goswami et 
al. 2007), Folded Forward (Fig. 2 b,e,f) if the 
top of the ear was curled forward on to the rest of 
the ear (equivalent of “U-shaped” of Goswami et 
al. 2007), and Backward (Fig. 2 d,g) if the top of 
the ear was either facing backward or curled onto 
itself backward (the two were not discriminated 
between because it would be difficult to do this 
in the absence of detailed photos of the ears 
taken from the back). The Folded Forward 
category could be further classified as Folded 
Forward Slightly (Fig. 2b), Folded Forward into 
a Rolling Fold (Fig. 2e), or Folded Forward into 
a Flat Fold (Fig. 2f). While we used these finer 
distinctions within the Folded Forward category 
to differentiate between animals, we did not use 
them in the analysis that assessed the variability 
of traits. The side fold was scored as Folded 
Forward (Fig. 2h) and Backward (Fig. 2 a-g).

Ear angle in relation to the head: The angle that 
the inner edge of the ear made with the vertical 
was used to score the ear angle as Angled Away 
from the Head if the angle was 25° or more (Fig. 
3 a,b), or Not Angled Away if the angle was less 
than 25° (Fig. 3d). If the inner edge itself was not 
straight, the longest straight line that the inner 
edge formed was used to determine the angle. 
Photos of elephants taken from the side, with the 
head held in a normal, relaxed position and ear 
against the head were used to score this trait. The 

Figure 2.  Types of ear folds. Top fold: a) Not 
Folded, b) Folded Forward Slightly, c) and h) 
Facing Forward, d) and g) Backward, e) Folded 
Forward into a Rolling Fold, f) Folded Forward 
into a Flat Fold. Side fold: h) Folded Forward, 
a-g) Folded Backward. The shape of the inner 
edge of the ear is also shown in white in 2 a-c.
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trait was not scored in a few animals, from which 
it was not possible to obtain suitable photos 
because they had drooping ears and a tendency 
to not hold their ears against their head. Photos 
with the face tilted downward or unusually raised 
up were excluded as these would give incorrect 
values.

Ear angle could also be measured from the front 
and used as an additional trait, but the angles 
from the front and side appeared to be correlated 
(although imperfectly; so one should not be used 
as a substitute for the other), and we did not use 
angles from the front. The shape of the inner edge 
of the ear could also be used for identification. 
We classified this as Curved Away from the 
Face (Fig. 2a), Curved but in Both Directions 
(Fig. 2b), and Straight Edge (Fig. 2c). However, 
the shape of the inner edge of the ear was also 
correlated with the ear angle (curved ears were 
usually angled away from the head and straight 
ears were not), and we did not use this for the 
analysis of trait variability.

Ear lobe length: Ear lobe length was measured 
from photos of the ear held against the side of 
the head. A straight line was drawn through as 
much of the lower margin of the ear as possible, 
up to the side fold. A parallel line was drawn at 
the lowest tip of the ear, and another parallel line 
through the point where the inner edge of the 
ear was attached to the head (see white lines in 
Fig. 3 a,d). The lobe was scored as Pointed if the 
distance between the lowest tip of the ear and the 
lower margin of the ear was more than one-fourth 
the distance between the lowest tip of the ear and 
the upper parallel line (Fig. 3a). The lobe was 
scored as Blunt if the tip of the ear did not extend 
below the line through the lower margin of the 
ear (Fig. 3c). The lobe was scored as Average if 
the tip extended below the line through the lower 
margin of the ear, but the distance between the 
tip of the ear and the lower margin of the ear was 
less than one-fourth the distance between the tip 
of the ear and the upper parallel line (Fig. 3d). 
This method of measurement dissociated ear 
lobe length from ear length since long ears could 
have short ear lobes and vice versa, depending on 
the shape of the ear.

Ear length: Ear length was also measured from 
photos of the ear held against the side of the head, 
with the animal relaxed and closing its mouth. 
A straight line was drawn at the bottom of the 
lower jaw (Fig. 3 b,d), parallel to an imaginary 
line connecting the base of the lower lip to the 
head-neck junction. A parallel line was drawn at 
the lowest tip of the ear and another at the top of 
the skull (Fig. 3b). The ear was scored as Long if 
the tip of the ear was below the jaw line (Fig. 3d). 
The ear was scored as Short if the tip of the ear 
was above the jaw line and the distance between 
the tip of the ear and the jaw line was more than 
one-fourth the distance between the jaw line 
and the top of the skull (Fig. 3b). Ear lengths in 
between Long and Short were scored as Medium 
(for example, Fig. 3a).

Ear depigmentation: Depigmentation on the ear 
was classified as Prominent (if about a fourth or 
more of the ear had depigmentation, Fig. 4c), 
Present (if an eighth to a fourth of the ear had 
depigmentation, Fig. 4d), Slight (if there were 
small patches of depigmentation covering less 

Figure 3.  Ear angles, ear lobe lengths, and ear 
lengths. Ear angle: a) and b) Angled Away from 
the Head, d) Not Angled Away (lines to measure 
ear angle with the head are drawn in yellow). 
Ear lobe length: a) Pointed, c) Blunt, b) and d) 
Average (lines to assess ear lobe length are drawn 
in white). Ear length: b) Short, d) Long, a) and c) 
Medium (lines to assess ear length are drawn in 
red, in 3 b,d).
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Figure 4.  Ear depigmentation and ear marks: a) 
a Small and a Minute (with the arrow pointing to 
it) hole Before the Side Fold, b) a Big hole Before 
the Side Fold, c) Prominent depigmentation and 
tears (including a semi-circular part missing) 
Before the Side Fold, d) tears (with finger-like 
projections) Before the Side Fold, At the Side 
Fold, and After the Side Fold, e) tear On the Top 
Fold, f) tear (large part of the ear missing) At the 
Side Fold, and g) tear At the Side Fold and nicks 
Before the Side Fold and After the Side Fold.

than an eighth of the ear), and None. The exact 
location(s) of depigmentation was drawn for 
better identification. However, unless prominent, 
depigmentation was often visible only when the 
ears were wet or in certain light conditions (for 
example, 4f shows an ear with depigmentation 
Present, but the depigmentation cannot be seen 
in this photo). Therefore, for purposes of the 
present analysis, only the categories Prominent 
(Fig. 4c) and None were used (with Present and 
Slight being pooled together with None).

Nicks, tears, and holes in ears: Nicks, tears, 
and holes, collectively called ear marks, were 
identified by observing animals from different 
angles. The difference between nicks and tears 
(see Fig. 4) as we defined them was that nicks 
were sufficiently small so that the ear did not bend 
about a nick while flapping, while the ear moved 
about a tear. Large parts of the ear that were 
missing (Fig. 4f) or finger-like projections (Fig. 
4d) were classified as tears as the ear would move 
about them. Rather than a Yes/No categorization 
of tears and holes as in Goswami et al. (2007), 

we also used rough positional information in our 
analysis of trait variability. Ears were classified 
as not having a nick/tear/hole (None) or having 
a nick/tear/hole At the Side Fold, Before the Side 
Fold, After the Side Fold, or On the Top Fold. 
Holes were additionally classified based on size 
as Minute (the smaller hole in Fig. 4a), Small (the 
larger hole in Fig. 4a), or Big (Fig. 4b). Holes 
had to be at least over half the size of the iris of 
the eye to be classified as Big (and were often 
much larger than that). Those that were between 
half and one-tenth the size of the iris (typically 
one-fifth to one-sixth the size of the iris) were 
classified as Small. Holes less than one-tenth 
the size of the iris (typically much smaller than 
that) were classified as Minute. Minute holes 
were probably created by small thorns and would 
be easily missed if not for careful observation. 
Since many studies may not be able to detect 
these, they were excluded from the analysis of 
trait variability.

A single value was entered for the right and 
left ear combined in the case of ear folds, ear 
angle with the head, ear lobe length, ear length, 
and depigmentation because the two ears often 
shared the same trait state. If they differed in their 
trait state, the state for the right ear followed by 
the state for the left ear was entered (for instance, 
Pointed/Average for ear lobe length). However, 
nicks, tears, and holes were entered separately for 
each ear as they could be acquired independently. 
There were several other ear characteristics 
that were generally used for identification (see 
Discussion) but not used in the analysis of trait 
variability.

Tush/tusk characteristics

Tushes in females: Photos of animals taken 
from the side were used to assess the presence 
and prominence of tushes in females. Tushes 
were classified as Prominent if they were longer 
than the diameter of the iris, Visible if they 
were shorter than the diameter of the iris, or 
Not Visible (Fig. 5). As with the ears, tushes of 
both sides were scored as a combined trait, and 
were entered as right tush state/left tush state if 
there were differences between the two sides (for 
example, Not Visible/Prominent). Tushes were 
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scored consistently from the side alone because 
tushes that looked small from the side could 
appear prominent from the back or if the mouth 
was wide open.

Tusk length: Photos of males taken from the side 
were used to assess tusk length. Unlike Goswami 
et al. (2007), who estimated tusk length in feet, 
we measured tusk length relative to the animal’s 
height. Tusk length in feet could be difficult to 
visually estimate correctly when tuskers were 
alone, with no other animal for comparison. We 
classified a tusk as Long if the length of the tusk 
was more than half the distance from the tusk’s 
lip line to the ground (Fig. 6i). We classified it as 
Medium (Fig. 6c) if the tusk length was less than 
half but more than quarter the distance from the 
tusk’s lip line to the ground, and Short if it was less 
than quarter the distance to the ground. The tusk 
trait in makhnas (tuskless males) was classified 
as Tush if the animal had tushes or None if it had 
no tusks or tushes. As with the ears, since the two 
tusks were not likely to be independent of each 
other, tusk traits were entered as a single value 
for both tusks and entered as right tusk state/left 
tusk state if there were differences between the 
tusks (for example, Long/Medium). Although 
tusk thickness was noted down qualitatively, it 
was not used for analysis of trait variability.

Tusk shape: Photos of animals taken from the 
front were used to assess tusk shape. Tusks could 
be Parallel (Fig. 6a), Divergent (or splayed, 
Fig. 6b), Convergent (Fig. 6f), or Divergent and 
Convergent (if the tusks diverged first, and then 
bent back inwards, Fig. 6h). 

Tusk angle: Photos of animals taken from the side 
were used to measure tusk angle with respect to 
the vertical. Animals had to be standing normally 

without their heads being unusually raised or 
lowered. Tusks with an angle of up to 30° with 
the vertical (measured from below upwards to the 
tusk) were classified as Vertical, those above 30° 
and up to 60° as Intermediate (Fig. 6i), and those 
above 60° were classified as Horizontal (Fig. 6c) 
(similar to the classification in Goswami et al. 
2007, except for having cut-off angles).

Tusk asymmetry: Photos of animals taken from 
the front and the side were used to assess tusk 
asymmetry. Tusks were classified as Left Crossed 
over Right (Fig. 6d) or Right Crossed over Left 
if one tusk actually crossed the other one when 
viewed from the front. Views from the side could 
be misleading: for example, Fig. 6e and 6f show 
photos of the same animal but the tusks in 6e 
appear to be crossed. If one tusk did not actually 
cross over the other, but was simply higher than 
the other, it was classified as Right Higher or Left 
Higher (Fig. 6 c,e). Tusks were also classified 

Figure 6.  Males with different tusk charac-
teristics. Tusk shapes: a) Parallel, b) Divergent, 
f) Convergent, h) Divergent and Convergent. The 
animal in g) has a convergent right tusk and a 
divergent left tusk. Tusk lengths: c) Medium, i) 
Long. Tusk angles: c) Horizontal, i) Intermediate. 
Tusk asymmetry: c) and e) Left Higher, i) Right 
Longer, d) Left Crossed over Right.

Figure 5.  Tushes in females: a) Prominent tush, 
b) Visible tush c) no tush (Not Visible).
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as Left Longer or Right Longer (Fig. 6i) if they 
were unequal in length. Asymmetry in height and 
length were usually more evident from the side 
than from the front. If tusks were symmetric in 
length and height, tusk asymmetry was classified 
as No Asymmetry.

Tusk shape, tusk angle, and tusk asymmetry were 
scored as Not Applicable when the animal did not 
have tusks or had tushes.

Back characteristics

Photos of animals taken from the side were used 
to distinguish between back shapes. The back 
shape was classified as Concave, if the backbone 
gradually sloped down towards the middle from 
the pectoral and near the pelvic girdles (Fig. 7a), 
and Flat if the backbone was flat from the pectoral 
girdle to almost the pelvic girdle (Fig. 7b). If the 
back was flat with a sudden depression in the 
middle (rather than sloping down to the middle 
gradually), it was classified as Broken (Fig. 
7c). A flat back half the way from the pectoral 
girdle dropping down to a lower surface and 
remaining at that level till the pelvic girdle was 
classified as Flat and Broken (Fig. 7d). A back 
with a single highest raised point in the middle 
was called Humped (Fig. 7 e,f), while a back 

with two roughly equally high raised points was 
called Wavy (Fig. 7g). If a second raised point 
was less than three-fourths the size of the first, 
it was classified as Humped, not Wavy, because 
the second raised point in those cases would be 
visible only from some angles and some parts of 
the animal’s walk. If a back that was Humped 
had a pelvic girdle, whose height was 95% or 
lower than the height of the pectoral girdle, it was 
called Humped and Sloping (Fig. 7h). This was 
often seen amongst adult males. The categories 
Flat, Broken and Sloping or Wavy and Sloping 
were also possible (although not concave, flat, or 
broken, along with sloping, as these categories 
would require the girdles to be at almost the same 
height).

Tail characteristics

Tail length: Photos of animals taken from the 
side with the tail held vertically down were used 
to score tail length. Tail length was categorized 
as Very Long if it extended till or below the 
ankle (Fig. 8j), Long if it reached below the knee 
but above the ankle (Fig. 8 d,h,l), Medium if it 
reached till the knee, Short if it reached above 
the knee but below the abdomen, Stumpy if was 
above the abdomen. Tail hair was not included in 
the tail length measurement.

Figure 7.  Some back shapes: a) Concave, b) Flat, c) Broken, d) Flat and Broken, e and f) 
Humped, f) Wavy, h) Humped and Sloping.
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Tail brush: The tail brush shape was also classified 
by viewing the animal from the side. The tail 
brush was classified as No Hair (Fig. 8a), Short 
Anterior (short hair towards the anterior side of 
the tail and no hair on the posterior side), Short 
Posterior (short hair towards the posterior side 
of the tail and no hair on the anterior side) (Fig. 
8d), Short Anterior Short Posterior (short hair 
on both sides, Fig. 8 b,c), Normal Anterior Short 
Posterior (hair on the anterior side of normal 
length but short hair on the posterior side), Short 
Anterior Normal Posterior (hair on the posterior 
side of normal length and short hair on the 
anterior side), Normal Anterior (normal hair on 
the anterior side and no hair on the posterior side, 
Fig. 8e), Normal Posterior (normal hair on the 
posterior side and no hair on the anterior side, 
Fig. 8f), or Normal (normal hair on both sides of 
the tail, Fig. 8 g,h,i,j,l). Tail hair was classified as 
short when the length of the hair was less than or 
equal to twice the thickness of the tail just above 
the tail brush (see Fig. 8c), and as normal if it 
was longer than that. The tail hair could also be 
classified as black or discoloured (white/brown), 
but because of the latter being rare, hair colour 
was not used in the current analysis.

Tail kink: Animals were examined from the side 
and from behind to judge whether their tails were 
straight or crooked. If there was any bend in the 
tail excluding the tail brush, it was classified as 
Kinked (Fig. 8 g,i), whereas if the tail was bent 
away at the tail brush, it was classified as Curved 
(Fig. 8 h,j). If the tail was twisted about the 
vertical, it was classified as Twisted. These three 
states were not mutually exclusive and there 
could be combinations of these such as Curved 
and Twisted (Fig. 8 k,l) or Kinked and Twisted. 
Whenever the tail was twisted, the tail brush 
would not be aligned along the anterior-posterior 
axis and would be seen properly from the back 
instead of from the side (Fig. 8 k,l). If the tail was 
straight, the tail kink state was classified as None 
(for example, Fig. 8 a,d,e).

Warts, wounds, lumps

Warts, wounds, and lumps were combined 
together as it could sometimes be difficult to 
distinguish between them. For instance, a wound 

Figure 8.  Tail characteristics for individual 
identification. Tail brush: a) No Hair, b) and c) 
Short Anterior Short Posterior, d) Short Posterior, 
e) Normal Anterior, f) Normal Posterior, g-j) 
Normal. Tail kink: g) and i) Kinked, c), h) and 
j) Curved, k) Curved and Twisted seen from the 
side, l) same tail as in k) seen from the back. 
Black lines show the curve and kink in the tails 
in 8 h,i. The axis of the tail (in black) and the 
direction of twist (in white) are shown in 8k. 
Lines showing the thickness of the tail and twice 
that thickness are provided in 8c. Tail tips may 
also be tapered towards the end, remain the same 
thickness towards the end (for example, 8 b,i,j), 
or become bulbous at the end (8 f,h). Discoloured 
hair is seen in 8i.
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Figure 9.  Wounds, warts and lumps: a) wart on 
the ear (Left Side of the Head), b) nodular lumps 
on the belly (Left Body), c) wound on right 
foreleg (Right Foreleg), d) lump to the right of 
the tail (Right of the Tail Base).

that had partially healed could sometimes look 
like a lump or a wart. Depending on the presence 
and position of these features, they were classified 
as None or as being on the Right Body, Left Body, 
Right Foreleg, Left Foreleg, Right Hind Leg, Left 
Hind Leg, Right of the Tail Base, Left of the Tail 
Base, Right  Side of the Head (including the ear), 
Left Side of the Head (including the ear), or Trunk 
(see Fig. 9).

Data analysis

The list of all the traits used and their states are 
shown in Table 1. Data were coded for the different 
trait states for each animal and the proportions of 
different trait states (across animals) calculated 
for each trait. The expected probability of 
identity (PID), which is the probability that two 
different animals might be wrongly identified 
as the same animal because of low variability in 
traits across animals, was calculated as the sum 
of squared proportions of different trait states for 
each trait. The expected PIDs of all the traits were 

multiplied to obtain a total expected PID for the 
set of animals being considered. Changes in trait 
states were assessed by examining animals that 
were repeatedly seen during the present study. 
We also compared trait states of some of the 
identified animals that had been seen (by TNCV) 
during previous field trips to the Kabini area with 
sightings during the present study. The rate of 
change of trait states was calculated by dividing 
the number of changes of a particular trait by 
the number of elephant years (total number of 
years between sightings of individuals summed 
up), following Dufault & Whitehead (1995). We 
also counted the number of ear marks present 
on identified elephants of different ages to get 
a rough idea of differences in ear marks across 
animals of different ages. Since an age-class (and 
median age) was assigned to an individual based 
on the date of first sighting, it was possible for 
ages to not be whole numbers if a subsequent 
sighting date was used as the reference date for 
calculating age (for example, if the age was 20-
30 (median 25) years when first sighted on 21. 
May 2009, it would be 25.61 years on 30. Dec 
2009 when some trait was scored). Statistical 
tests were carried out using Statistica 8 (StatSoft, 
Inc., Tulsa, USA). Since PID data were not normal 
even after transformation, non-parametric tests 
were used for these data.

Results

Variability in traits across individuals

Trait states were scored for a total of 223 
individuals, comprising 168 females and 55 
males. Of these, 43 were subadult animals 
(mostly 10-15 years old) and the remaining were 
adults. The total expected PID across all classes 
of animals was found to be 3.95 x 10-7, indicating 
a very small probability of wrongly identifying 
two different animals as the same animal. The 
total expected PID was smaller for males (7.98 
x 10-9) than for females (3.91 x 10-6) because of 
tusks providing additional traits for identification 
in males (Table 2). Fourteen traits were required 
amongst females to achieve a total PID of ~9 x 
10-6, while nine traits were required to achieve a 
similar PID amongst males (Fig. 10). Amongst the 
most useful traits for identification (lowest PIDs) 
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in males and females were the top fold of the ear, 
and nicks and tears in the ears. Tusk features and 
the presence of warts/wounds on the body were 
useful traits for identification of males, while tail 
brush and the presence of kinks in the tail were 
more useful in female than in male identification 

(Table 2). Subadults showed higher total 
expected PIDs than adults, both amongst males 
and females, although this was more pronounced 
amongst males (see Table 2). A comparison of 
trait-wise PIDs (excluding tusk-related traits) 
between the different age-sex categories of 

Table 1.  List of traits used and their states. R/L in the ‘Combin’ column indicates that, in addition to 
the states mentioned, there could be combinations of two states if they were different on the right and 
left side. They would then be written as the state on the right/state on the left. Asterisks indicate that, 
in addition to the states mentioned, there could be various combinations of the states for those traits. 
For traits 7-12 and 21-22, all combinations of states, with the exception of ‘None’, for the respective 
traits were possible. For trait 17, combinations of one tusk crossing over the other or one tusk higher 
than the other, with one tusk being longer were possible.

S.No. Trait States Combin S.No. Trait States Combin
1 Ear top fold Not folded R/L 17 Tusk asymmetry Left crossed over right *

Facing forward Right crossed over left
Folded forward Right higher
Backward Left higher

2 Ear side fold Folded forward R/L Right longer
Folded backward Left longer

3 Ear angle Angled away from the head R/L No asymmetry
Not angled away Not applicable

4 Ear lobe length Pointed R/L 18 Back shape Concave -
Average Flat
Blunt Broken

5 Ear length Long R/L Flat and broken
Medium Humped
Short Wavy

6 Ear depigmentation Prominent R/L Humped and sloping
None Wavy and sloping

7-10 Right ear nick, left ear nick, Before the side fold * Flat broken and sloping
right ear tear, left ear tear At the side fold 19 Tail length Very long -

After the side fold Long
On the top fold Medium
None Short

11-12 Right ear hole, left ear hole Small, before the side fold * Stumpy
Big, before the side fold 20 Tail brush No hair -
Small, at the side fold Short anterior
Big, at the side fold Short posterior
Small, after the side fold Short anterior short posterior
Big, after the side fold Normal anterior short posterior
Small, on the top fold Short anterior normal posterior
Big, on the top fold Normal anterior
None Normal posterior

13 Tushes Not visible R/L Normal
Visible 21 Tail kink Kinked *
Prominent Curved

14 Tusk length Long R/L Twisted
Medium None
Short 22 Warts/wounds None *
Tush Right body
None Left body

15 Tusk shape Parallel R/L Right foreleg
Divergent Left foreleg
Convergent Right hind leg
Divergent and Convergent Left hind leg
Not applicable Right of tail base

16 Tusk angle Vertical R/L Left of tail base
Intermediate Right side of head
Horizontal Left side of head
Not applicable Trunk
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animals showed a significant difference between 
categories (Friedman ANOVA: c2 [N=18, df=3] 
= 15.533, P=0.001). Pairwise comparisons using 
Wilcoxon matched-pairs tests revealed significant 
differences between adult and subadult females 
(T=26.0, Z=2.591, P=0.010), adult females and 
subadult males (T=27.0, Z=2.548, P=0.011), 
adult males and subadult females (T=34.0, 
Z=2.243, P=0.025), and adult and subadult 
males (T=16.0, Z=3.027, P=0.002). There was 
no difference between adult females and males 
(T=59.0, Z=1.154, P=0.248) or subadult females 
and males (T=81.0, Z=0.196, P=0.845).

We also separately examined the total number 
of ear marks (nicks, tears, and holes) in males 
and females and found an average (± 1.96 SE) 
of 3.63 (± 0.536) ear marks amongst females 
and 4.15 (± 0.868) amongst males. Although the 
distribution of these marks looked right-shifted 

in males compared to females (Fig. 11), the 
distributions were not statistically different from 
each other (Kolmogorov-Smirnov test: P>0.1) 
when individuals of all ages were considered.

Table 2.  Expected PIDs of different traits in different classes of animals (F: all females, AF: adult 
females, SAF: subadult females, M: all males, AM: adult males, SAM: subadult males). Values less 
than 0.4 are marked in bold face in the F and M columns. The total PID values, as well as the PID values 
excluding tusk characteristics, are shown at the end (n is the number of individuals sampled).
Trait ALL F AF SAF M AM SAM
Ear top fold 0.238 0.230 0.245 0.414 0.275 0.299 0.273
Ear side fold 0.905 0.919 0.931 0.855 0.862 0.852 0.889
Ear angle 0.472 0.473 0.466 0.512 0.517 0.500 0.695
Ear lobe length 0.497 0.510 0.514 0.494 0.464 0.464 0.488
Ear length 0.692 0.665 0.653 0.740 0.798 0.719 1.000
Ear depigmentation 0.728 0.809 0.789 0.926 0.556 0.518 0.709
Right ear nick 0.291 0.285 0.256 0.509 0.318 0.318 0.343
Left ear nick 0.371 0.386 0.374 0.462 0.331 0.283 0.467
Right ear tear 0.321 0.343 0.323 0.494 0.278 0.205 0.599
Left ear tear 0.311 0.331 0.309 0.503 0.262 0.227 0.384
Right ear hole 0.788 0.798 0.777 0.926 0.758 0.704 0.889
Left ear hole 0.715 0.740 0.731 0.790 0.644 0.668 0.599
Tushes 0.716 0.646 0.698 0.435 0.964 0.949 1.000
Tusk length 0.588 1.000 1.000 1.000 0.332 0.267 0.543
Tusk shape 0.608 1.000 1.000 1.000 0.216 0.206 0.287
Tusk angle 0.619 1.000 1.000 1.000 0.405 0.399 0.453
Tusk asymmetry 0.595 1.000 1.000 1.000 0.123 0.141 0.135
Back shape 0.607 0.673 0.643 0.855 0.513 0.475 0.889
Tail length 0.563 0.617 0.618 0.612 0.441 0.400 0.557
Tail brush 0.385 0.352 0.340 0.429 0.514 0.472 0.696
Tail kink 0.401 0.351 0.341 0.417 0.652 0.691 0.585
Warts/wounds 0.512 0.585 0.553 0.787 0.324 0.236 0.606
n 223 168 142 26 55 38 17
Total PID (exp) 3.95E-07 3.91E-06 2.71E-06 8.41E-05 7.98E-09 1.87E-09 1.33E-06
PID excluding tusks 3.00E-06 3.91E-06 2.71E-06 8.41E-05 2.23E-06 6.02E-07 1.40E-04

Figure 10.  Cumulative log(PID) for an increasing 
number of traits amongst females and males. 
Traits were arranged in ascending order of PID 
(males and females separately) to calculate this.
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Variability in traits across time

We calculated the rate of change of trait states 
based on a set of 58 individuals, accounting for 
a total period of 327 elephant years. However, 
the time span that different traits were examined 
for varied since all the traits could not be scored 
for every individual at every time point. We 
found that ear angle with the head, ear length, 
and the ear side fold were the only traits that 
did not change across time in our sample (Table 
3). Nicks, tears, and holes were pooled together 
because holes could open out into nicks or into 
finger-like projections (tears), nicks could get 
enlarged into tears, and finger-like projections 
could, by falling off, progress to a part of the ear 
being missing (classified as tear again). 

These ear marks showed more variability with 
time than other traits, with the exception of tusk 
characteristics and warts/wounds, but none of 
the traits examined changed very rapidly (Table 
3). The rate of change of ear marks was 0.135 
per year (for males and females together). This 
would amount to an expected change in ear 
marks of once in about 7.4 years for an animal. 
Tusks changed about as fast (0.209 changes/
year) as ear marks (0.225 changes/year) in males. 
Tusk characteristics were also grouped together 
since a break in a tusk, for instance, could change 
its shape, symmetry, and angle, in addition to its 
length. Similarly, changes in tail length could 
also change the tail brush and tail kink state, and 
the three traits were grouped together. Although 

the rate of change of trait states seemed higher in 
males than in females (see Table 3), the difference 
was not statistically significant (Wilcoxon 
matched-pairs test: T=13.0, Z=1.478, P=0.139).

We also used Analysis of Covariance to examine 
the effect of sex and age on the total number of ear 
marks based on single-time point data of various 
identified animals. There was a significant effect 
of age (F1,220=39.338, P<0.001) and of sex after 
controlling for age (F1,220=80.778, P=0.006) on 
the number of ear marks (although there was no 
overall effect of sex on the number of marks). 
However, the effect of age was not very large, 
with R2=0.132 (P<0.001) and 0.225 (P<0.001) 
for females and males, respectively (based on 
separate regressions for males and females), 
indicating a small increase in the number of 
marks with age (Fig. 12), and factors other than 
age required to better explain the number of 
marks. This was in keeping with the small rate 
of change of ear marks found (Table 3) based on 
multiple-time point data of identified animals.

Discussion

We were able to obtain a very low PID using a 
combination of traits, which makes identification 

Table 3.  Rate of change of various traits per 
elephant year. There were no males with tushes in 
the set of animals that we examined for changes 
in trait states.
Trait All Females Males
Ear top fold 0.063 0.042 0.108
Ear side fold 0.000 0.000 0.000
Ear angle 0.000 0.000 0.000
Ear lobe length 0.009 0.006 0.015
Ear length 0.000 0.000 0.000
Ear depigmentation 0.015 0.005 0.038
Ear nick/tear/hole 0.135 0.089 0.225
Tushes _ 0.047 _
Tusk* _ _ 0.209
Back shape 0.011 0.005 0.022
Tail** 0.058 0.069 0.039
Warts/wounds 0.130 0.116 0.159

*Tusk length/angle/shape/symmetry
** Tail length/brush/kink

Figure 11.  Proportions of females and males 
with different numbers of marks on their ears.
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of individual male and female elephants reliable. 
However, a large number of traits were required 
to achieve this (at least 14 traits in females and 
9 traits in males to obtain a PID of less than 10-5). 
We found the top fold of the ear to be informative 
for male and female identification. Nicks and 
tears in the ears were also very informative (low 
PID) despite the average number of ear marks per 
individual being low. Ear holes were, however, 
not very informative. Since there were six types 
of ear holes according to our classification 
(excluding the minute holes), it should have been 
possible to classify a large number of individuals 
if the frequency of individuals with holes in 
their ears was high (for instance, 216 possible 
combinations if individuals had three holes each 
in just the right (or left) ear, or 1296 possible 
combinations if individuals had four holes each 
in an ear). However, individuals with more than 
three holes on an ear were not seen and even those 
with three were rare. The frequency of holes in 
the ear would depend on the nature of the habitat 
and might be a more useful trait for identification 
of animals that live in thorn forests. Croze (1974) 
calculated that 15,000 distinct ear prints could 
possibly be obtained from marks on the ear in the 
Seronera elephant population. Using all the ear 
traits from our analysis, it would be possible to 
have 3.63 x 1013 combinations if all the trait states 
had an equal probability of occurrence. However, 
this was not the case (and is almost certainly 
never going to the case in any population) and, 
therefore, the PID values were of a much higher 
order of magnitude than they would have been 

if all combinations of trait states were equally 
likely to be seen. While the exact positions of ear 
marks were used for identifying individuals in 
the field, it was not used in our analysis of trait 
variability.

We found tusk characteristics also to be 
informative amongst males, but it must be 
mentioned that they can be difficult to classify 
in the absence of photos from different angles. 
This is because they can look very different from 
different angles, presenting a problem of 3D 
visualization as opposed to the 2D visualization 
required for classifying most ear characteristics. 
Broken tusks would change the length of the tusks 
(and were recorded as being of the respective 
state) and were not scored separately as being 
broken because tusks would appear obviously 
broken only when the break was recent. The 
same was true of bitten-off tails. The tail brush 
and tail kink were useful in female identification 
but not as much in male identification because 
males often bit off one another’s tails, and 37% of 
the adult males did not have tail hair (as opposed 
to 18% of adult females). The presence of warts/
wounds on the body was useful for identification 
of males. We suggest that these informative traits 
listed above (ear top fold, nicks and tears, tusk 
traits and warts/wounds in males, and tail traits in 
females) be used as an initial filter if one would 
like to obtain a subset of animals that can then be 
manually identified.

Manual identification can be carried out using 
some qualitative traits in addition to the more 
objective traits listed above. As mentioned above, 
the top fold of the ear being folded forward 
could be further classified as Folded Forward 
Slightly, Folded Forward into a Rolling Fold, 
or Folded Forward into a Flat Fold. Similarly, 
depigmentation of the ears could also be 
classified as None, Slight, Present, or Prominent, 
if multiple sightings of animals in different light 
conditions and with their ears wet were obtained. 
Additional ear characteristics that were generally 
used for identification included the kinds of 
tears (for example, notches, large parts of the ear 
missing, tears with a small hook-like protrusions, 
tears with finger-like projections) and their exact 
positions, pleats in the ear or the lack of them, 

Figure 12.  Number of ear marks in females and 
males of different ages.
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wavy or straight bottom edge of the ear, whether 
the entire pinna formed a single plane or whether 
part of the pinna was angled or formed a curved 
surface, small dents at the top fold (more often 
when the ear was not folded), thickenings at the 
side fold, warts, deformities, and vein patterns 
on the ear. Other traits that were used included 
depigmentation on the trunk and other parts 
of the body, discoloured tail hair (rare in our 
population), tail tip thickness (bulbous, tapered, 
or of the same thickness as the tail above the tip, 
see Fig. 8), skull shape, positions of the eyes 
and ears, and eye size and colour. In addition 
to physical traits, individual animals also often 
had distinct postures or behaviours, with some 
animals being hunched, some holding their heads 
high consistently, and yet others looping their 
tails or holding their ears in a specific way.

Apart from using the informative traits as an 
initial filter, the entire set of 22 traits listed can be 
used for more automated identification, as would 
be desired during mark-recapture sampling 
(Goswami et al. 2007). Using these 22 traits, we 
could uniquely identify each individual from our 
dataset of 223 animals. A division of the front 
of the pinna into quadrants for better positional 
information about ear marks would increase the 
number of possible combinations that could be 
used in automated identification.

We also found that the traits examined showed 
slow change across years. Previously, tusk 
characteristics (presence of tusks, tusk shape, 
angle, length, and thickness) as well as ear fold 
and ear lobe shape had been considered fixed traits 
(thought to remain unchanged over a few years 
or longer), and ear marks and tail characteristics 
had been considered variable (thought to change 
over the 2.5 month study) (Goswami et al. 2012). 
The use of variable traits for identification had 
resulted in an overestimate of elephant numbers 
and Goswami et al. (2012) had recommended 
the use of fixed traits for optimal individual 
identification. Our data show that this is not a 
sound strategy for identification: only ear angle, 
ear length, and ear side fold did not change 
over many years and these traits did not provide 
enough discrimination between individuals. 
More importantly, if ear marks were considered 

variable traits, tusk characteristics should not be 
considered fixed traits as they were as variable 
as ear marks: breakage of tusks changed their 
length, shape, and symmetry, and even presence/
absence sometimes (when the remnant of a 
broken tusk fell out). The top fold of the ear was 
also found to change over several years. With 
ear marks, top ear fold, tusk characteristics, tail 
characteristics, and warts/wounds excluded, the 
total PID would be 0.032, which is useless even in 
a small population. 

We suggest that the traits previously thought to 
be variable also be used for identification as they 
do not change on the scale of weeks/months and 
are, in fact, fixed traits by the previous definition. 
It is possible that the previous abundance 
overestimate resulted from incomplete marking 
information rather than the use of variable 
traits. Since marks accumulate gradually, it is 
not difficult to identify individuals with new/
changed states. For an automated process such as 
that required for abundance estimation, allowing 
a level of mismatch between individuals that is in 
keeping with the rate of change of traits should 
be able to correct for recaptures of individuals 
with changes in marks. For other field studies that 
require individual identification, while recording 
a large number of trait states can be challenging, 
there is probably no better alternative to spending 
a long time getting to know the elephants, as 
long-term studies in Africa (for example, Moss 
et al. 2011; Turkalo et al. 2013) have shown.

We hope that this study will encourage researchers 
to carry out individual-based identification 
of animals in new studies, with a high degree 
of stringency in data collection. Since all the 
underlying traits being assessed are continuous, 
specific cut-offs are required to make their 
scoring objective. One would have to estimate 
PIDs for every new population studied in order to 
assess the probability of making mistakes during 
identification. Since nicks, tears, and holes are 
acquired from the habitat, their frequencies may 
vary drastically across different populations. 
Attention will also have to be paid to age-specific 
PIDs. We strongly suggest repeated measurements 
on multiple photos of the same animals to help to 
confirm various trait states.
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Introduction

Foraging is a major factor in animal movement 
and habitat selection. The elephant is a mega-
herbivore requiring large amounts of food 
estimated at 1.5–2.5% of its body weight of 
dry fodder daily (Sukumar 2003). Due to this 
enormous need for food, the elephant cannot 
afford to be a selective feeder. Elephant feeding 
habits have been studied in savannah habitats of 
Africa and tropical dry forests of Asia, but little 
documentation exists of feeding in tropical moist 
forests.

Methods

Study area

Northern West Bengal in north-eastern India is 
bound by Nepal on the west, Bhutan in the north, 
Assam in the east, and Bangladesh in the south, 
covering a total area of 9394 km2 and a forest area 
of 3050 km2. The habitat in northern West Bengal 
is highly fragmented due to developmental 
activities such as conversion of forests to tea 
plantations, settlements and agriculture, and 
exploitation for timber (Lahiri-Chowdhury 1975; 
Barua & Bist 1995). 

The main study areas were the Buxa Tiger 
Reserve, Jaldapara Wildlife Sanctuary and 
Gorumara National Park. Buxa Tiger Reserve is 
located between E89°25’ – E89°52’ and N26°33’ 
– N26°50’, and encompasses an area of 761 km2. 
Buxa was designated as a Project Tiger Reserve 
in 1983. The Jaldapara Wildlife Sanctuary lies 
to the west of the Buxa Tiger reserve, between 
E89°15’ – E89° 35’ and N26°30’ – N26°48’, 
and covers an area of 217 km2. This sanctuary is 
popularly known for the one-horned rhinoceros 
(Rhinoceros unicornis). Gorumara National 
Park is located between E88°47’ – E88°53’ and 
N26°42’ – N26°52’ in the Terai region of the 
Himalayan foothills and is 80 km2 in extent with 
grasslands and forests. It is also primarily known 
for its population of Indian rhinoceros.

The natural vegetation of the area is primarily 
tropical moist forest with grasslands along the 
floodplains of rivers. The habitat types used for 
the study were:

i) Dense-mixed (Northern tropical semi-
evergreen) forest (Fig. 1), which has several 
sub-types, viz., Eastern alluvial secondary, Sub-
Himalayan secondary wet mixed and Eastern 
submontane forest (Champion & Seth 1968). The 
most common tree species are Michilus villosa, 
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followed by Michelia champaca, Shorea robusta, 
Amoora wallichii, A. rohitica, Dysoxylum sp. and 
Elaeocarpus sp. Common climbers and shrubs 
are Cissus adnata, Acacia pennata, Tinospora 
cordifolia, Ixora undulata, Cayratia japonica, 
Millettia pachycarpa, Alpinia nigra, Laportea 
crenulata, Clerodendrum viscosum, Leea indica, 
and Microstegium ciliatum.

ii) Open-mixed (Moist Sal savannah and Low 
alluvial savannah woodland): Moist Sal savannah 
is characterised by the presence of scattered 
Shorea robusta in association with Careya 
arborea, Emblica officinalis, Lagerstroemia 
parviflora, and Bauhinia purpurea. Predominant 
grasses are Saccharum sp., Arundo donax, 
Phragmites karka, Imperata cylindrica, and 
Themeda villosa (Fig. 2).

In Low alluvial savannah woodland the common 
tree species are Bombax ceiba, Albizia procera, 
and Sterculia villosa. The common shrubs are 
Bischofia javanica, Trewia nudiflora, Acacia 
catechu and Dalbergia sissoo. The predominant 
grasses are Saccharum sp., Arundo donax, 
Phragmites karka, Imperata cylindrica, and 
Themeda villosa.

iii) Grassland habitat (Eastern alluvial grassland) 
is flooded during the monsoon and becomes 
completely dry during the summer months 
making the soil hard and not conducive to the 
growth of woody species. The predominant 
grasses are Saccharum spontaneum, Saccharum 
arundinaceum, Saccharum ravennae, Themeda 
villosa, Heteropogon contortus, Arundo donax, 
Apluda mutica, and Imperata cylindrica. 

Observational data collection

It is difficult to observe foraging by wild elephants 
in northern West Bengal as the forest is dense. 
However, captive elephants (Table 1) kept close 
to forest areas in Buxa Tiger Reserve, Jaldapara 
Wildlife Sanctuary and Gorumara National Park 
are allowed to forage in natural habitats. It was 
assumed that they chose food plants similar to 
wild elephants, as they have lived in those areas 
for a long time and depend on natural forage for 
their sustenance (Bartmann et al. 1982; Bartman 
& Carpenter 1982). Observation of foraging 
by captive elephants also allows experimental 
control in sampling of various habitats. 

Observations were made by a single observer 
and the mahout. At a time only one elephant was 
observed. Elephants go on forest patrols between 
5:30 and 8:00 am, and 2:30 and 4:30 pm. Most of 
the observations were made opportunistically by 
a researcher following an elephant on patrolling 
duty. Whenever the elephant ate any plants, the 
plant names, habit, habitat and parts eaten were 
recorded in a data sheet. Sometimes the elephant 
was left in a grazing area (grassland habitat) and 
the observer and mahout stood 20–25 m away 
from it and watched it with binoculars without 
disturbing the animal and observed the plant 
species eaten by it. A bite was defined as one 
trunk full of food taken at a time. 

Food plant identification and chemical analysis

Herbarium samples of plant species were 
collected and identified by a local botanist. The 
samples were collected during the dry season and 

Figure 1.  Elephant foraging in dense-mixed 
forest (Photo by Jasoprakas).

Figure 2.  Elephant family herd foraging in open-
mixed forest (Photo by Jasoprakas).
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Table 1.  Elephants used for studying feeding habits.
Elephant Sex Age [Years] Location of camp 
Anusua Female 35 CC Line, Jaldapara Wildlife Sanctuary
Champarani Female 30 South Rydak, Buxa Tiger Reserve
Janardhan Male 15 Khunia Forest, Jalpaiguri Forest Division
Jatraprasad Male 50 Gorumara National Park, Wildlife-II Division
Lakhibala Female 33 Cheko, Buxa Tiger Reserve 
Promila Female 37 North  Rydak, Buxa Tiger Reserve 
Sambhu Male   4 Cheko, Buxa Tiger Reserve 
Shanti Female 35 South Jayanti, Buxa Tiger Reserve 
Sharmila Female 40 Moiradanga, Jaladapara Wildlife Sanctuary
Shiprarani Female 25 Bankdaki, Jaldapara Wildlife Sanctuary
Shree Female 38 Jaldapara East, Jaldapara Wildlife Sanctuary
Silabati Female 11 Gorumara National Park, Wildlife II Division
Singhaswari Female 50 Cheko, Buxa Tiger Reserve
Urbashi Female 35 Torsa1, Jaldapara Wildlife Sanctuary

250 g of the part of the species of the food plant 
eaten by the elephants was oven-dried, weighed, 
ground and sieved through a 1mm mesh and sent 
for laboratory analysis where 50 g of the dry 
powder sample was analysed. The analysis was 
done at the laboratory of the Wildlife Institute of 
India, Dehradun. One sample of each species was 
analysed. Thirty-one food plants were analysed 
for crude protein, acid detergent fibre, lignin, 
acid-insoluble ash, and tannin content (Harris 
1970; Von Soest 1982).

Results

Food plants

In total, 3150 bites were recorded from 14 
elephants (Table 1) in the three different habitats. 
The consumed plants represented 28 families: 
Acanthaceae (1 species), Alangiaceae (1 species), 
Anacardiaceae (1 species), Angiospermae (1 
species), Apocynaceae (3 species), Areceae 
(3 species), Asclepiadaceae (1 species), Com-
bretaceae (1 species), Commelinaceae (1 
species), Cucurbitaceae (1 species), Dilleniaceae 
(1 species), Dioscoreaceae (1 species), Diptero-
carpaceae (1 species), Euphorbiaceae (5 species), 
Fabaceae (2 species ), Malvaceae (1 species ), 
Menispermaceae (1 species), Mimosaceae (5 
species), Moraceae (5 species), Musaceae (1 
species), Myrtaceae (1 species), Pandanaceae 

(1 species), Poaceae (17 species), Sabiaceae (1 
species), Smilacaceae (2 species), Urticaceae (1 
species), Vitaceae (3 species), and Zingiberaceae 
(4 species). 

Of the 67 species consumed 55 (n=1129) were 
recorded in dense mixed forest, and 22 each 
in open mixed forest (n=805), and grassland 
(n=1216).

Graze Browse ratio

Taking only grasses eaten by elephants as graze 
and bamboos, trees, shrubs, climbers, and herbs 
as browse, 56% of all bite counts consisted of 
browse (Fig. 3). There was no significant variation 
found in graze and browse in all habitats (browse 
mean 588 ± 371 SD, graze mean 459 ± 404 SD, 
t=0.409, P=0.70). 

Overall, the elephants consumed 53 species of 
browse. The browse species most commonly 
consumed were Acacia pennata (5.6%), Smilax 
perfoliata (4.3%), Cryptolepis buchanani (4%), 
Daemonorops jenkinsiana (3.7%) and Laportea 
crenulata (3.3%), which together formed 21% of 
the total bite counts. The remaining 48 species of 
browse formed 35% of the total bite counts. 

Fourteen species of grasses were consumed 
by the observed elephants. The grass species 
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most commonly consumed were Saccharum 
arundinaceum (10.6%), Microstegium ciliatum 
(7.2%), Arundo donax (6.7%), Saccharum 
spontaneum (5.3%) and Themeda villosa (4.6%), 
which together consisted of 34.6% of the total 
bite counts. The remaining 9 species together 
formed 9.4% of the total bite counts. 

In dense mixed habitat browse consisted of 89%, 
in open mixed 57 %, and in grassland 25% of bite 
counts (Fig. 3). 

Habitat types and food plants

In dense mixed habitat, the shrub Laportea 
crenulata (9.1%), climbers Tinospora cordifolia 

(8.8%), Smilax perfoliata (8.1%), Cayratia 
japonica (6.1%), and the tree Mallotus 
philippensis (5%) were consumed the most. 

In open mixed habitat, the grasses Microstegium 
ciliatum (21.4%) and Themeda villosa (6.5%), 
the climber Acacia pennata (16.5%), the shrub 
Daemonorops jenkinsiana (13.7%), and the tree 
Ficus hispida (7.3%) were mostly consumed. 

In grassland habitat, grasses Saccharum 
arundinaceum (24.4%), Saccharum spontaneum 
(13.8%), Arundo donax (13.4%), Cryptolepis 
buchanani (10.2%), and Hedychium gracile 
(7.9%) were mostly consumed. The details are 
given in Table 2.

Table 2.  Portion from a total of 3150 bite counts (TOT) on 67 food plants in dense mixed (DM, 1129 
bites), open mixed (OM, 805 bites) and grassland (GR, 1216 bites).
Scientific name Family Habit* Part eaten %DM %OM %GR % TOT
Acacia catechu Mimosaceae TR Twig with leaves 0.18 0.00 0.00 0.06
Acacia pennata Mimosaceae CL Twig with leaves 3.63 16.52 0.33 5.65
Alangium begonifolia Alangiaceae TR Twig with leaves 0.09 0.00 0.00 0.03
Albizia lucidor Mimosaceae TR Twig without leaves,

   branch, bark
1.59 3.73 0.33 1.65

Albizia procera Mimosaceae TR Small branch, large branch 1.06 0.00 0.00 0.38
Alpinia allughas Zingiberaceae HB Stem without (twigs & 

   leaves)
4.87 0.87 2.22 2.83

Artocarpus lakoocha Moraceae TR Twigs with leaves, bark, 
   branch

4.16 0.00 0.00 1.49

Arundo donax Poaceae GR Twigs with leaves 0.00 6.09 13.40 6.73
Bambusa polymorpha Poaceae GR Twigs with leaves 0.00 1.49 0.00 0.38
Bambusa tulda Poaceae GR Twigs, small branch 0.97 0.00 0.00 0.35
Bauhinia purpurea Fabaceae TR Twigs with leaves 0.44 0.00 0.00 0.16
Bombax ceiba Malvaceae TR Bark, branch 0.89 0.00 0.16 0.38
Bridelia scandens Euphorbiaceae SH Twigs with leaves 2.21 0.00 0.00 0.79
Bridelia stipularis Euphorbiaceae SH Twigs with leaves 0.89 0.87 0.00 0.54
Calamus tenuis Arecaceae SH Twigs with leaves 1.06 1.74 0.00 0.83
Carex baccans Poaceae GR Leaves 0.27 0.00 0.00 0.10
Cayratia japonica Vitaceae CL Stem with leaves 6.11 1.49 0.00 2.57
Cissus adnata Vitaceae CL Stem with leaves 0.71 0.00 0.00 0.25
Combretum decandrum Combretaceae CL Twigs with leaves 0.44 0.62 0.00 0.32
Commelina sp. Commelinaceae HB Stem with leaves 0.09 0.00 0.00 0.03
Cryptolepis buchanani Angiospermae CL Stem with leaves 0.00 0.25 10.20 4.00
Daemonorops jenkinsiana Arecaceae SH Twigs with leaves 0.44 13.66 0.00 3.65
Dendrocalamus giganteus Poaceae GR Twigs with leaves 0.89 0.00 0.00 0.32
Digitaria spp. Poaceae GR Leaves 0.00 0.00 0.90 0.35
Dillenia indica Dilleniaceae TR Fruit 1.51 0.00 0.00 0.54
Dioscorea oppositifolia Dioscoreaceae CL Stem with leaves 0.18 0.00 0.58 0.29
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Table 2.  (continued)
Scientific name Family Habit* Part eaten %DM %OM %GR % TOT
Ficus glomerata Moraceae TR Twigs, branch and bark 1.77 0.25 0.00 0.70
Ficus heterophylla Moraceae SH Twigs with leaves 1.51 0.00 0.00 0.54
Ficus hispida Moraceae TR Twigs, branch and bark 0.89 7.33 0.00 2.19
Gouania microcarpa Apocynaceae CL Twigs with leaves 0.00 0.00 0.58 0.22
Hedychium gracile Zingiberaceae HB Stem without (twigs &

   leaves)
3.28 0.00 0.00 1.17

Hemidesmus indicus Asclepiadaceae SH Twigs with leaves 2.48 0.00 0.00 0.89
Hedychium spp.. Zingiberaceae HB Stem without (twigs &

   leaves)
0.18 0.00 7.89 3.11

Ichnocarpus frutescens Apocyanaceae) CL Stem with Leaves 0.09 0.00 0.00 0.03
Imperata cylindrica Poaceae GR Stem with Leaves 0.00 0.00 6.83 2.63
Holarrhena pubescens Apocynaceae SH Twigs with leaves 0.27 0.00 0.00 0.10
Lannea coromandelica Anacardiaceae TR Twigs with leaves 0.35 0.00 0.41 0.29
Laportea crenulata Urticaceae. SH Root, stem without leaves 9.12 0.00 0.00 3.27
Leea indica Vitaceae SH Stem without leaves 1.68 0.00 0.00 0.60
Macaranga denticulata Euphorbiaceae TR Twigs 0.09 0.00 0.00 0.03
Mallotus philippensis Euphorbiaceae TR Twigs without leaves, 

   bark, branch 
5.05 0.25 0.66 2.13

Mallotus roxburghianus Euphorbiaceae SH Twigs without leaves 1.06 0.00 0.00 0.38
Meliosma simplicifolia Sabiaceae TR Twigs with leaves 2.30 0.00 0.00 0.83
Microstegium ciliatum Poaceae GR Stem with leaves 4.96 21.37 0.00 7.24
Microstegium spp. Poaceae GR Stem with leaves 1.06 0.00 0.00 0.38
Millettia pachycarpa Fabaceae) CL Twigs with leaves 3.54 0.00 0.41 1.43
Mimosa pudica Mimosaceae HB Twigs with leaves 0.18 0.00 0.82 0.38
Musa spp. Musaceae SH Stem pith & leaves 0.89 0.00 0.00 0.32
Oplismenus compositus Poaceae GR Leaves 3.45 4.35 0.00 2.35
Pandanus spp Pandanaceae SH Leaves 0.09 0.00 0.00 0.03
Phoenix acaulis Arecaceae SH Stem with leaves 0.71 0.00 0.00 0.25
Phragmites karka Poaceae GR Stem with leaves 0.00 0.00 1.64 0.63
Saccharum arundinaceum Poaceae GR Stem with leaves 0.00 4.72 24.42 10.63
Saccharum spontaneum Poaceae GR Stem with leaves 0.00 0.00 13.82 5.33
Saccharum spp. Poaceae GR Stem with leaves 0.00 0.00 0.74 0.29
Setaria palmifolia Poaceae GR Stem with leaves 0.97 0.00 0.99 0.73
Shorea robusta Dipterocarpaceae TR Bark, branch 0.18 0.00 0.00 0.06
Smilax perfoliata Smilacaceae CL Stem with leaves 8.06 5.59 0.00 4.32
Smilax macrophylla Smilacaceae CL Stem with leaves 0.35 0.00 0.00 0.13
Streblus asper Moraceae TR Twigs with leaves 0.18 0.25 0.00 0.13
Syzygium cumini Myrtaceae TR Twigs with leaves 2.66 0.00 0.00 0.95
Themeda villosa Poaceae GR Stem with Leaves 0.00 6.46 7.73 4.63
Thunbergia coccinea Acanthaceae CL Stem with Leaves 0.00 1.86 0.00 0.48
Thysanolaena maxima Poaceae GR Stem with Leaves 0.18 0.00 4.93 1.97
Tinospora cordifolia Menispermacea CL Stem 8.77 0.25 0.00 3.21
Trichosanthes palmata Cucurbitaceae CL Stem with leaves, fruits 0.62 0.00 0.00 0.22
Zingiber rubens Zingiberaceae HB Stem without leaves 0.35 0.00 0.00 0.13
 Total    100 100 100 100

*TR= Tree, SH= Shrub, CL= Climber, HB= Herb, GR- Grass
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In dense mixed habitat out of the 55 species of 
food plants recorded, 16 were trees, 11 climbers, 
13 shrubs, 6 herbs, and 9 grasses. Of these, 10 tree 
species (Acacia catechu, Alangium begonifolia, 
Albizia procera, Artocarpus lakoocha, Bauhinia 
purpurea, Dillenia indica, Ficus glomerata, 
Macaranga denticulata, Meliosma simplicifolia, 
Shorea robusta, Syzygium cumini), five climbers 
(Cissus adnata, Dioscorea oppositifolia, 
Ichnocarpus frutescens, Smilax macrophylla, 
Trichosanthes palmata), 10 shrubs (Bridelia 
scandens, Ficus heterophylla, Hemidesmus 
indicus, Holarrhena pubescens, Laportea 
crenulata, Leea indica, Mallotus roxburghianus, 
Musa spp., Pandanus spp, Phoenix acaulis),three 
herbs (Commelina sp., Hedychium gracile, 
Zingiber rubens), and four grasses (Bambusa 
tulda, Carex baccans, Dendrocalamus giganteus, 
Microstegium sp.) were unique to this habitat.

In open mixed habitat, out of the 22 species 
of food plants, 5 trees, 7 climbers, 3 shrubs, 1 
herb, and 6 grasses were recorded. Of these, the 
climber Thunbergia coccinea and grass Bambusa 
polymorpha were unique to this habitat.

In grassland habitat out of the 22 species recorded, 
Digitaria sp., Imperata cylindrica, Phragmites 
karka, Saccharum spontaneum, and Saccharum 
sp. (madhua) were unique to this habitat.

Some food plants were found in more than 
one habitat: Dense mixed (1), open mixed (2) 
and grassland (3). They consisted of climbers 
Acacia pennata (1,2,3), Cayratia japonica 
(1,2), Combretum decandrum (1,2) Cryptolepis 
buchanani (2,3), Dioscorea oppositifolia (1,3), 
Millettia pachycarpa (1,2), Smilax perfoliata 

(1,2), Tinospora cordifolia (1,2) and grasses like 
Arundo donax (2,3), Microstegium ciliatum (1,2), 
Oplismenus composites (1,2), Setaria palmifolia 
(1,3), Themeda villosa (2.3), Thysanolaena 
maxima (1,3), Alpinia allughas (1,2,3) and 
shrubs like Bridelia stipularis (1,2), Calamus 
tenuis (1,2), Daemonorops jenkinsiana (1,2)
and trees like Albizia lucidor (1,2,3), Bombax 
ceiba (1,3), Ficus glomerata (1,2), Ficus hispida 
(1,2), Lannea coromandelica (1,3), Mallotus  
philippensis (1,2,3), and Streblus asper (1,2)

Nutritional analysis of elephant food plants

Thirty-one species of food plants were analysed 
for energy and crude protein content, acid 
detergent fibre (ADF), lignin, acid soluble ash 
(AIA) and tannin (Table 3). Average percentage 
of crude protein in browse was 11.01±0.71, 
and in graze 8.70±0.80. Lignin in browse was 
11.63±1.12, and in graze 4.31±0.94. Tannin/g in 
browse was 0.51±0.11, and in graze 0.15±0.07. 
Crude protein in cultivated crops marua (Elucine 
corcona) was higher at 9% compared to common 
wild grasses (Saccharum spontaneum 6% and S. 
arundinaceum 7%).

Discussion

The analysis of forage consumed by elephants, 
showed exploitation of a large variety of species 
in the study area. A higher number of food plant 
species were found in dense mixed habitat than in 
open mixed or grassland habitat. The analysis of 
grass:browse ratio showed browse consumption 
to be somewhat higher than grass in our study 
area. Browse dominates the diet of elephants 
in rainforests of Malaysia (Olivier 1978) as the 
habitat is mostly dominated by browse and grass 
is very rare. Grass dominates the diet of elephants 
in grass-dominated habitats of Sri Lanka (McKay 
1973) and deciduous forests of Mudumalai 
Wildlife Sanctuary [Browse 12%, grass 88% 
(Sivaganesan & Johnsingh 1995); browse16%, 
and grass 84% (Baskaran et al. 2010)].

The average percentage of crude protein, 
lignin and tannin was higher in wild browse 
than in graze species. In the present study, the 
crude protein in cultivated crops was found 

Figure 3.  Browse and graze amounts in various 
habitats of northern West Bengal during the study 
period. DM = dense mixed, OM = open mixed, 
GR = grassland, OV = overall.
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to be higher at 9% compared to common wild 
grasses at 6–7%. Roy (2010) also found higher 
crude protein (same study area) in crops like 
paddy, Oryza sativa (5.6%), maize, Zea mays 
(11%) and wheat (9.1%), than in wild grasses 
like Saccharum arundinaceum (5.2%) and S. 
spontaneum (5.8%). Osborn (2004) found that 
crops were significantly higher in crude protein 
than either browse or grass in Africa. A similar 
result was found by Sukumar (1989) in southern 
India. The lignin values for the browse samples 
were significantly higher than for grass or crops 
in the study area similar to what was found by 
Osborn (2004) in Africa.
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Introduction

Sigiriya is a place of great historical and 
archaeological significance and is a UNESCO 
‘World Heritage site’ within the ‘Cultural 
Triangle’ of Sri Lanka. The 200 m high Sigiriya 
rock situated in the center is famed for the palace 
that was built on top in 477 AD, the lion gateway, 
mirror wall and the frescoes of ladies on the rock 
face. It was surrounded by landscaped gardens 
and was the center of a planned city. Sigiriya is 
one of the major tourist attractions in Sri Lanka. 

Although best known for its archaeological 
aspects, the Sigiriya Sanctuary also forms part of 
a large landscape with Asian elephants (Elephas 
maximus) in north-central Sri Lanka as elephants 
occur in and around the Sigiriya Sanctuary. The 
eastern edge of Sigiriya Sanctuary is close to the 
Minneriya National Park where more than 400 
elephants annually congregate in the dry season 
and on the western side it lies in close proximity 
to the Digampatana Forest Reserve, which 
is also frequented by elephants. By serving 
as foraging grounds, refuges and linkages in 
landscapes that support elephants, areas such as 
the Sigiriya Sanctuary play an important role in 
the conservation of Asian elephants (Fernando & 
Leimgruber, 2011). 
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Abstract.  Human dominated habitats are an integral part of the Sigiriya Sanctuary, 
making human-elephant conflict a major issue. We studied the extent and patterns of 
agriculture, conflict and mitigation, based on a grid-based questionnaire survey. The main 
agricultural practices were dry season highland onion cultivation, and wet season lowland 
paddy cultivation. Seasonally alternating cultivation allowed elephants and people to 
share resources, but also led to year round conflict. The fine scale habitat heterogeneity in 
Sigiriya made coarse separation of human and elephant areas ineffective. Community and 
farmer based permanent and seasonal electric fences maybe a more effective approach to 
mitigating human-elephant conflict in Sigiriya.

Sigiriya was declared as a Sanctuary in 1990 
under the Fauna and Flora Protection Ordinance. 
‘Sanctuary’ carries the lowest level of protection 
among the protected areas under the Department 
of Wildlife Conservation Sri Lanka. As with 
other such Sanctuaries, the Sigiriya Sanctuary 
consists of state and privately owned lands 
and human activities are a prominent aspect. 
Human-elephant conflict (HEC) has intensified 
in the Sigiriya Sanctuary over the past few years. 
Identifying the underlying local causes and 
patterns of HEC is important for its mitigation 
(Fernando et al. 2005). The aim of this study was 
to understand the relationship between land use 
patterns and HEC in the Sigiriya Sanctuary and 
thus contribute to mitigating the conflict.

Methods

The Sigiriya Sanctuary covers an area of 
approximately 5122 ha and is situated at N 
7º 57’ 23.07” E 80º 45’ 34.47”. Some areas of 
the sanctuary are natural habitats, while others 
are human habitats consisting of croplands and 
settlements. There are 38 minor fresh water 
irrigation reservoirs scattered over the Sanctuary. 
Being situated in the dry zone of Sri Lanka, 
the rainfall is seasonal with most of the annual 
precipitation occurring during the northeast 
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monsoon from October to December. The main 
cultivation season or ‘Maha’ coincides with the 
monsoon and extends from about November 
to March. The secondary cultivation season or 
‘Yala’ occurs subsequently during the dry season.

Land use at a coarse scale was estimated with 
Google Earth imagery and demarcating ‘forest’ 
and ‘developed area’ polygons done by hand 
from visual assessment. Field data collection was 
done from January to July 2013. A questionnaire 
was used to collect information from villagers. 
The questionnaire survey was based on a 1 km2 
grid aligned with the 25 km2 UTM National Grid. 
In each grid, three residents chosen in an ad hoc 
manner were interviewed. 

To find out about the nature of the conflict, 
questions were asked about landownership; the 
extent, type and timing of cultivation; extents 
and patterns of losses from elephants; and 
social groupings of elephants causing damage. 
Additional data for conflict incidents, human and 
elephant deaths, and HEC mitigation actions were 
obtained from records maintained by the Local 
Government Administration and the Department 
of Wildlife Conservation. 

Results

Land use patterns

Of the Sigiriya Sanctuary, 55% of land remains 
as forest cover (2902 ha), while the balance 
(2334 ha) has been developed for settlement, 
agriculture and other infrastructure (Fig. 1). 
Analysis of Google Earth imagery showed a 
high level of fragmentation of natural habitat 
with convoluted and scalloped edges suggesting 
historical and on-going encroachment.

Respondents

In total 115 persons were interviewed. Of the 
respondents 60% were males and 40% females, 
aged between 21-90 years, with the largest group 
being in the 31-40 year category. The mean size 
of a household was 4.32 persons (±1.28 SD, 
range 1-7). The mean period of occupancy of 
the sanctuary by respondents was 31.41 years 

(±16.3 SD; range 10-83). The majority (92%) of 
respondents were farmers and the rest worked in 
the government and private sectors as teachers, 
drivers, laborers and tourist guides. 

Cultivation patterns

Two main types of cultivation were done, 
lowland and upland. Of those doing lowland 
cultivation 72% owned the land they cultivated. 
The mean size of lowland cultivation plots was 
1.91 acres (±1.22 SD; range 0.25-7) in the Maha 
season and 1.23 acres (±0.7 SD; range 0.25-3) 
in the Yala season. Of the respondents 21% and 
80% cultivated lowland plots in the Yala and 
Maha seasons respectively. All lowland plots 
were cultivated with paddy.

Of those doing upland cultivation, 77% owned 
the land they cultivated. The mean size of upland 
areas cultivated was 1.34 acres (±0.92 SD; range 
0.5-3) in the Maha season and 1.28 acres (±0.81 
SD; range 0.25-4) in the Yala season. Of the 
respondents 81% and 11% cultivated upland 
plots in the Yala and Maha seasons respectively. 
The main crop in upland cultivation was onion. 
Other vegetables such as maize and chilies were 
cultivated in a small scale. 

Income and expenditure

Yala cultivation provided an income ranging 
from Rs. 12,000-2,500,000 (US$ 120-25,000) 

Figure 1.  Land use pattern in the Sigiriya 
Sanctuary based on Google Earth imagery.
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per farmer with a mean of Rs. 411,115. Maha 
cultivation provided incomes ranging from 
6,000 - 600,000 (US$ 60-6000) with a mean of 
Rs.124,642.

HEC 

The majority of respondents (85%) perceived 
HEC as a major problem and 10%, 4% and 1% as 
moderate, minor and not a problem respectively. 
The incidence of crop raiding experienced by 
respondents was 2.4 incidents/km2 in 2011 and 
2.8 incidents/km2 in 2012. Of the respondents 
77.6% said crop damage was the most common 
form of HEC. Crop damages were experienced 
in both seasons by 47% of respondents and in 
the Yala season only by 43% and by 8.6% in the 
Maha season only. During the period 2008-2012 
there were 41 incidents of property damage, 4 
human deaths and 3 injuries within the Sanctuary. 

The majority of the respondents (91%) felt that the 
measures to reduce HEC should be mainly taken 
by the Department of Wildlife Conservation. 
When asked about the methods they currently 
used to prevent crop depredation by elephants, 
99% of respondents said they used shouting, 
98% firecrackers, 97% flashlights, 93% thunder-
flashes (large firecrackers); 83% lighted fires; 6% 
shot at elephants and 4% set up trap guns. 

When asked what more needs to be done to 
mitigate HEC, 95% of respondents said that 
electric fences that protect their crops and villages 
are necessary. When asked whose responsibility 
it would be to maintain such electric fences, 88% 
of respondents said that it is the responsibility 
of the villagers. Of the respondents, 95% 
were willing to set-up societies and contribute 
manpower, for construction and maintenance of 
electric fences. Most (95%) of respondents were 
willing to pay for such electric fences and 55% 
expressed willingness to pay Rs. 1000 ($ 10), 
28% Rs. 5000 ($ 50), 10% Rs. 10,000 ($ 100) 
and 2% Rs. 25,000 ($ 250). 

When asked which social groups of elephants 
caused crop damage, 97% of respondents said 
single adult males, 89% said groups of less 
than 5 without juveniles or babies and 18% said 

groups of more than 5 individuals with juveniles 
and babies caused damage. During 2008-2012 
HEC resulted in the death of 9 elephants in the 
Sanctuary. Of these, seven were male and two 
were female elephants. The causes of death 
consisted of 6 due to gunshot injuries, 2 from 
electrocution, and 1 by falling into a well. 

Current management actions 

Compensation for property damage: The total 
loss of property due to HEC increased from 2008 
- 2011 and decreased somewhat in 2012 (Fig. 2). 
In the period 2008-2012, the total property loss 
was estimated to be Rs 1,708,239 (US$ 17,082) 
and Rs, 1,033,740 (US$ 10,337) were paid out 
as compensation by the Department of Wildlife 
Conservation. 

Providing thunder flashes: Thunder flashes 
are very large firecrackers approximately 25 
cm in length, which are thrown at elephants 
to chase them. Supply of thunder flashes was 
done throughout the year by the Department 
of Wildlife Conservation. The total number of 
thunder flashes distributed by the Department 
of Wildlife Conservation was 4158 in 2011 and 
4037 in 2012.

Electric fences: The Department of Wildlife 
Conservation constructed three electric fences 
(Fig. 3) in different periods within the Sanctuary 
to mitigate HEC: The Mahasengama fence (20 
km) in 2008, Wewela-Diyakepilla fence (5 km) 
in 2010 and Diyakepilla fence (5.2 km) in 2012. 
Of these the Diyakepilla fence was constructed 

Figure 2.  Property damage and compensation 
paid (2008-2012).



29

around a community but included the seasonally 
cultivated fields. The fences were previously 
maintained by the Department of Wildlife 
Conservation, but since 2012 they are being 
maintained by the Civil Defense Department. 

Discussion

As the questionnaire survey was based on a 
grid system covering the entire Sanctuary, the 
respondents were representative of all the villages 
located within the Sanctuary and the people living 
there. Consequently the information obtained 
is representative of the Sigiriya Sanctuary. 
The majority of people resident in the Sigiriya 
Sanctuary were farmers and most of them owned 
and cultivated lowland and upland plots.

By monitoring crop damage incidents on the 
ground, Ekanayake et al. (2011) found the 
incidence of HEC in southeastern Sri Lanka to be 
2.2 incidents/km2. Thus the annual HEC incidence 
of 2.4-2.8 incidents/km2 from interview of only 3 
residents/km2 in Sigiriya indicates an extremely 
high level of HEC. 

The major crop in the main season or Maha was 
paddy and in the secondary season or Yala it 

was onions. Unlike in other parts of Sri Lanka, 
where farmers obtained their main income from 
Maha season paddy cultivation, the farmers in 
Sigiriya received a much greater income from 
the Yala season onion cultivation. Cultivation in 
the Sigiriya Sanctuary was mainly commercial 
rather than subsistence in nature. 

Upland plots were mainly cultivated during the 
drier Yala season as there was too much water 
in the wet season to grow onions. The lowland 
plots were mainly cultivated with paddy during 
the monsoon in the Maha season. The alternation 
between the upland and lowland cultivations in 
Yala and Maha seasons meant most plots were 
cultivated only one season per year. This resulted 
in grass and scrub growth in fields during the 
uncultivated period. 

Growth of natural vegetation following 
harvesting in agricultural areas provides a large 
amount of fodder for elephants and amounts to 
habitat enrichment for elephants that benefits 
them greatly (Pastorini et al. 2012). While in 
most areas such regenerative growth of natural 
vegetation was limited to the dry season when 
fields were not cultivated (Pastorini et al. 
2013), in Sigiriya it occurred in both wet and 
dry seasons due to the alteration of upland and 
lowland cultivation between seasons. Therefore, 
as well as areas of natural vegetation, elephants 
utilized uncultivated agricultural lands seasonally 
throughout the year. The cultivation patterns in 
Sigiriya Sanctuary benefitted elephants but also 
led to high HEC year round. Therefore the spatial 
and temporal land use pattern has a significant 
effect on HEC in Sigiriya Sanctuary. 

In most situations fragmentation of forest by 
agriculture causes loss of elephant habitat and 
increases HEC (Hedges et al. 2005; Fernando 
et al. 2008). Similarly fragmentation in Sigiriya 
Sanctuary resulted in elephants raiding the 
abundant crops in close proximity to their forest 
and scrub refuges. Demarcation of the remaining 
natural areas within the Sigiriya Sanctuary with 
boundary posts would prevent encroachment and 
further fragmentation, therefore check further 
spread of HEC and loss of natural habitat.

Figure 3.  Existing electric fences at Sigiriya 
Sanctuary.
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The main cause of HEC in Sigiriya was found 
to be crop raiding by single males and male 
elephant groups. A similar finding was reported 
by Ekanayake et al. (2011) in Southeastern Sri 
Lanka. However, many elephant management 
actions for HEC mitigation do not differentiate 
between males and female groups (Fernando 
et al. 2005). Activities such as distribution of 
thunder flashes and payment of compensation 
imposed a heavy burden on the Department 
of Wildlife Conservation and had limited 
effectiveness in mitigating HEC. They tended 
to reinforce the culpability of the Department of 
Wildlife Conservation for elephant damage and 
in the case of thunder flashes, elephants became 
non-responsive to them after a while or reacted 
with aggression. To be effective and minimize 
detrimental effects on elephant conservation, 
elephant management in HEC mitigation needs 
to focus on problem causing males rather than 
elephants in general. 

The alternating single season cultivation of 
lowland and upland areas created a dynamic 
landscape with crops, re-generating vegetation 
and uncultivated areas interspersed with each 
other in a fine-scale mosaic. The spatial and 
temporal landscape heterogeneity in Sigiriya 
Sanctuary does not allow easy demarcation of 
elephant and human use areas at a coarse scale. 
Electric fences previously erected in Sigiriya 
Sanctuary to effect such coarse separation 
obstruct elephant movement across the Sanctuary 
and is likely to encourage fence breaking by 
elephants. Additionally, as the Mahasengama 
and Wewela-Diyakepilla fences are linear fences 
and not enclosure/exclosure fences, elephants are 
found on both sides of them. Such fences lead to 
increase in HEC not its resolution (Fernando et 
al. 2005). 

The Diyakepilla fence, which is an exclosure 
fence, is a better approach. However, the fine-
scale heterogeneity in elephant and human 
habitat in Sigiriya Sanctuary severely limits 
the application of this approach if the fences 
are to be constructed and maintained by the 
Wildlife Conservation Department or other 
government agency and not the people. Farmer-
based seasonal electric fences to protect seasonal 

cultivations and community-based permanent 
electric fences to protect settlements will be a 
more effective approach in mitigating HEC in 
Sigiriya Sanctuary. The high level of interest and 
willingness to construct, maintain and pay for 
such fences expressed by villagers in the Sigiriya 
Sanctuary, suggests that such an approach would 
be successful. 
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Introduction

Asian elephants (Elephas maximus) have been 
managed by the Tamil Nadu Forest Department 
since 1857 in wildlife sanctuaries (Krishnamurthy 
& Wemmer 1995a, 1995b). Initially they were 
used for logging and after the ban on logging in 
1994 they have been used for providing elephant 
rides for tourists (Bist et al. 2002). The present 
study was carried out to assess management 
practices of elephants in Kozhikamuthi Camp, 
Top Slip, Anamalai Tiger Reserve, Tamil Nadu.

Methods

The Anamalai Tiger Reserve lies between latitude 
10º 25’ 01“ N and 10º 41’ 70” N and longitude 
77º 03’ 24” E and 77º 05’ 67” E, in the state of 
Tamil Nadu. It is situated in the southern part 
of the Nilgiri Biosphere Reserve in Anamalai 
hills. The Anamalai Tiger Reserve is contiguous 
with three sanctuaries, Parambikulam Wildlife 
Sanctuary to its east, Eravikulam National Park 
to its west and Chinnar Wildlife Sanctuary to its 
south. The Anamalai Tiger Reserve is divided 
in to six ranges and the Kozhikamuthi elephant 
camp is in the Ulandy range. It is surrounded by 
moist deciduous forest and teak plantations.

Observations were made on the elephants, diet, 
management activities, interactions of mahouts 
and cavadies with elephants and health care. The 
diet schedule of the elephants was recorded by 
direct observation and details of the food given 
by the Forest Department was obtained from the 
official in-charge of the camp. Generally captive 
elephants in forest camps are allowed to forage 
freely for about eight hours a day in the forest. 

Direct observations were made on plant species 
eaten by the free-foraging captive elephants. 

The densities of trees and plants species in the 
forest around the camp were estimated using 
six transects established perpendicular to the 
elephant camp. Transects were 1 km in length 
and point sampling using 10 m square plots were 
made at 200 m intervals (Sale & Berkmuller 
1988). Number of tree species, shrub species, 
and weed cover within plots were recorded. 

Elephants were weighed using a machine 
commonly used for weighing loaded trucks 
at Setthumadai, Tamilnadu. Measurements on 
height, neck girth, leg girth and, tusk length and 
girth were taken with a measuring tape (Wemmer 
et al. 2006). Mahouts and cavadies were 
observed on their interaction with elephants and 
a questionnaire administered to obtain details of 
experiences. 

Results and discussion 

Demography

Of 18 elephants in the camp, eight were males 
aged 24-49 years, six females aged 30-65 years 
and four male calves aged 3-13 years (Table 
1). The 14 adult elephants were captured from 
different forests of Tamil Nadu and the four 
calves were born in Kozhikamuthi camp. 

In forest camps captive elephants are maintained 
as a group consisting of different age-sex classes 
and they foraged together freely. This has 
resulted in captive females breeding regularly, 
either being mated by wild or captive males. 
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Over the last 100 years, 260 calves have been 
born in forest elephant camps in Tamil Nadu 
(Krishnamurthy et al. 2002). 

Diet

The diet schedule and diet components are shown 
in Table 2. The regular man-made diet consisted 
of ragi, horse gram, salt and jaggery. Apart from 
the man-made diet, all captive elephants were 
given cut fodder during night, composed of 
Ficus benghalensis, Solanum torvum, Bambusa 
bambus, Grewia teliifolia, and Cassia tora.

The forest had sparse vegetation with slightly 
undulating terrain. The broad vegetation type 
was moist deciduous forest with a few teak and 
sandalwood plantations and bamboo thickets. 
The density of trees, shrubs and weeds per km2 
was 3271.2 ± 523.7, 1855.7 ± 241.2, and 5944.8 
± 702.8 respectively. The elephants consumed a 
total of 37 plant species belonging to 19 families 
from the surrounding natural forest (Table 3).

Elephants defecated an average of 9 to 13 times a 
day. Bolus size ranged from 33 to 39 cm.

Weight and morphometry

All the elephants were in good condition (Fig. 1). 
The weight of adult males was 3853.7 ± 361.2 
kg, adult females 3326.0 ± 74.8 kg and calves 

Table 1.  Age structure of the captive elephants at 
Kozhikamuthi camp.
  Age class [years] # Males # Females
  1-10 2 0
10-20 2 0
20-30 3 0
30-40 2 1
40-50 1 1
50-60 2 3
60-70 0 1
Total 12 6

Table 2.  Diet of Kozhikamuthi camp elephants.
Elephant 
category

Ragi 
[kg]

Horse gram 
[kg]

Salt 
[g]

Jaggery 
[g]

Juvenile 
(1-5 years)

7 2 150 150

Subadult 
(5-15 years)

10 2 200 200

Adult male 
(>15 years)

18 5 200 200

Adult female 
(>15 years)

16 4 200 200

Aged female 
(>50 years)

17 4 200 200

Table 3.  List of 37 food species found in 
Kozhikamuthi camp surrounding natural forest.
Common name Botanical name Family
Alamaram Ficus benghalensis Moraceae
Ambazham Spondias mangifera Anacardiaceae
Annakkarai Lanneacora mandelica Anacardiaceae
Arasu Ficus religiosa Moraceae
Atthi Ficus racemosa Moraceae
Cheeni Tetrameles nudiflora Datiscaceae
Ichi Ficus retusa Moraceae
Kadalaimaram Streblus taxtoides Moraceae
Kalvalai Canna indica Cannaceae
Karumaruthu Terminalia crenulata Combretaceae
Kattukoovai Curcuma angustifolia Zingebiraceae
Kodaipalai Ervtamia heyeana Apocynaceae
Koonthapanai Caryota urens Palmae
Koraipul Setaria pallidifusca Gramineae
Moongil Bambusa bambus Poaceae
Naval Syzygium cumini Myrtaceae
Odai Ochlandra travancorica Gramineae
Paeatthi Ficus hispida Moraceae
Paruvamaram Streblus asper Moraceae
Pillamaruthu Terminalia paniculata Combretaceae
Pirambu Calamus rotang Arecaceae
Ponichi Ficus benjamina Moraceae
Poovatthi Schleiche raoleosa Spindaceae
Shela Ficus tsjahela Moraceae
Thadasu Grewia tiliifolia Tiliaceae
Thekku Tectona grandis Verbanaceae
Thottachiningi Mimosa pudica Mimosoideae
Thovarai Wendlandia notonianam Rubiaceae
Vagai Albizia lebbeck Mimosoideae
Valampurii-
   dampuri

Helicte resisora Sterculiaceae

Vatakkanni Macaranga roxburghii Euphorbiaceae
Vengai Pterocarpus marsupium Leguminoseae
Venthekku Lagerstromia microcarpa Lythraceae
Kanampullu Cymbopogon martini Poaceae
Kodipullu Cymbopogon flexuosus Poaceae
Nanalpullu Saccharum spontaneum Poaceae
Thailapullu Cynodon dactylon Poaceae

.
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1292.5 ± 215.3 kg. Vanitha (2007) observed body 
weights of males and females to be up to 3890 
kg among temple elephants and up to 2199 kg 
among elephants with private owners. The weight 
of camp elephants suggests that their nutritional 
status was similar to temple elephants and better 
than elephants of private owners. Morphometric 
measurements of elephants are given in Table 4 
and tusk measurements of eight adult males and 
four male calves are given in Table 5. 

Management

In Kozhikamuthi only one elephant had a bell 
tied round its neck. In Mudumalai elephant camp 
all elephants had a bell (Kinyoun 1994). As using 
elephants in timber operations was banned, the 
elephants in Kozhikamuthi were only used for 
elephant rides and Kumkie operations. Kumkie 
operations consisted of driving out wild elephants 
that stray into fringe villages, capture of wild 
elephants for captivity and radio collaring of wild 
elephants. The eight males were engaged in both 
activities while the females were used only for 
elephant rides. The calves were not engaged in 
any work. 

Mahouts and cavadies 

A cavady is the assistant of a mahout who takes 
care of the elephant in the mahout’s absence. 
Cavadies generally do some basic work like 
feeding, bathing, cleaning the tethering spots 
and are not allowed to handle elephants when 
in musth. In Kozhikamuthi elephant camp, the 
mahouts and cavadies belonged to Malasar, 
Malamalasar and Kadar tribes. The cavadies 
assisted the respective mahouts in all regular 
activities except during musth and illness of 
elephants. The ages of mahouts ranged from 29 
to 58 whereas the cavadies were younger than the 
mahouts and are usually trainees. 

Mahouts spent 2 to 10 hours per day with 
elephants, depending upon requirement. Mahouts 
fed the elephants and bathed them twice a day. 
Tethering places were cleaned by the mahouts.

As all elephants were trained much earlier and 
were in the camp for many years, no rewards 
were provided (special fruits and coconut) for 
obedience. Almost all mahouts punished their 
elephants for mistakes made on average of 2 to 5 
times in a day with the exception of one mahout 
who never punished his elephant. No mahouts 
were attacked by the elephants during this study. 
However, one mahout was attacked twice by 
an elephant two years ago. During the study all 
mahouts fed and bathed the elephants twice a day. 

Table 4.  Measurements of the captive elephants at Kozhikamuthi camp.
Measurement Adult male Adult female Juvenile
Height [m] 2.72 ± 0.19 2.5 ± 0.07 1.84 ± 0.34
Breast girth [m] 3.87 ± 0.17 3.7 ± 0.06 2.63 ± 0.51
Neck girth [m] 2.56 ± 0.25 2.3 ± 0.04 1.57 ± 0.39
Leg girth [m] 1.39 ± 0.06 1.3 ± 0.02 0.95 ± 0.17
Weight [kg] 3853.7 ± 361.2 3326.0 ± 74.8 1292.5 ± 215.3

Table 5.  Tusk details of the captive elephants at 
Kozhikamuthi camp.
Tusk details Adults Calves
Right Length 0.91 ± 0.03 0.3 ± 0.05

Mid girth 0.32 ± 0.03 0.1 ± 0.07
Left Length 0.87 ± 0.08 0.3 ± 0.23

Mid girth 0.33 ± 0.03 0.1 ± 0.07

Figure 1.  Camp elephants waiting for their food.
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Spoken commands were mostly multilingual 
and consisted of a combination of regional 
languages of Hindi, Tamil, Kannada and 
Malayalam. Frequently used commands were for 
saluting, sitting and lying down, kneeling down, 
trumpeting, picking up something, handling 
something, going forward, going backward and 
halting.

Musth

During the study period three elephants (Kapil, 
Venkatesh, Ram) experienced musth. The musth 
elephants were observed in the daytime for 15 
days. All musth elephants were tied up and the 
tethering place was kept clean. Elephants in 
musth spent 46% of their time on feeding 26% 
sleeping, 10% resting, 7% bathing, 6% on social 
interaction with other elephants and 5% in 
stereotypic behaviour.

Health

Health care of captive elephants in Kozhikamuthi 
was well managed by a permanent medical 
practitioner. Good sanitation of the tethering 
place was maintained by washing it twice a day. 
The elephants’ health status was checked every 
two months. Traditional methods of treatment 
were used for diarrhoea and delivery of babies. 
Mahouts fed individuals with extracts of herbs 
to treat diarrhoea. Weights of the animals were 
taken and de-worming done as indicated. De-
worming was performed once in two months by 
the veterinarian with prescribed medicines given 
along with food. 
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Schistosoma nairi. Subsequently Sundaram et al. 
(1972) and Islam (1994) reported occurrence of 
Bivitellobilharzia nairi in elephants of India. 

The schistosome that parasitizes Asian elephants 
is Bivitellobilharzia nairi (Vimalraj at al. 2012) 
whereas Bivitellobilharzia ioxodontae parasitizes 
African elephants (Brant et al. 2013). These 
two schistosome species are closely related. 
Coprological and hemato-biochemical changes 
in schistosomiasis of Asian elephants and its 
successful treatment are being discussed here.

Methods

The four female Asian elephants Saraswati 
(32 years old, weighing 4800 kg), Nitya (22 
years, 4100 kg), Champa (42 years, 5600 kg) 
and Anarkali (28 years, 4700 kg) of Rambo 
international circus camped at Bidar, Karnataka 
state were screened for the present study. It is 
mandatory for all circus companies to routinely 
check their animals’ health and submit the animal 
health certificate issued by a veterinarian to the 
Central Zoo Authority of India, in New Delhi. 

To study coprological and hemato-biochemical 
profile, faecal and blood samples were obtained 
from elephants after restraining by mahouts on 
lateral recumbancy. Ten ml of blood from an 
auricular vein and freshly voided faecal samples 
were collected for further examination. 

The faecal samples were examined by direct, 
sedimentation and floatation techniques (Zinc 
Sulphate) as described by Soulsby (2005). 
Whole blood samples were analysed by using an 
automatic blood cell counter (ERMA) to obtain 

Introduction

Elephants are affected by many of the parasitic 
diseases in domestic animals. However, reports 
pertaining to parasitic diseases of elephants 
are scarce. Parasites act as biological irritants 
and compete with the hosts for nutrients. 
Schistosomiasis (also referred to as snail fever 
or bilharziasis) is caused by a type of trematode 
schistosomes (blood flukes) and is widely 
distributed among mammals and birds in Africa, 
Asia and South America. 

There are about 100 different Schistosoma 
species recorded in different domestic and wild 
animals (Khalil 2002). Among these some have 
received particular attention, mainly because 
of their recognized veterinary significance viz. 
Schistosoma bovis, S. spindale, S. indicum, S. 
nasale, S. incognitum, S. mattheei, S. curassoni, 
S. japonicum, Bivitellobilharzia sp., Orientobil-
harzia sp. etc. (Chandrasekharan 1989; Modi 
2001; Cherian & D’Souza2009; Devkota et al. 
2014). 

Schistosomiasis is an uncommon parasitic 
infection among Asian and African elephants and 
most of the time remains subclinical. In India, 
incidence of schistosomiasis were recorded in 
both free ranging and captive Asian elephants 
(Elephas maximus) from Assam, Kerala, Tamil 
Nadu, Madya Pradesh and other parts of the 
country (Chandrasekharan 1989; Modi 2001; 
Vimalraj et al. 2012). However, little is known 
about the species of schistosomes affecting 
elephants. The occurrence of schistosomes in 
elephant liver was first reported by Mudaliar 
& Ramanajuchari (1945) and they named it as 
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the hematological profile. Serum samples were 
evaluated for biochemical profiles viz. calcium, 
phosphorus, total protein, albumin, glucose, 
SGPT and creatinine by using diagnostic kits 
(Swemed). 

Results and discussion

During history taking, it was revealed that 
endoparasitic infections were recorded in these 
elephants earlier (six months back) and were 
treated with broad spectrum anthelmentics. 
Clinical examination revealed loss of appetite, 
dry skin and freshly voided fecal balls containing 
coarse material. Coprological examination by 
direct, sedimentation and floatation techniques 
revealed the presence of Schistosome ova (++), 
Strongyle ova (+) and Coccidian oocysts (+). 
The egg morphology (size, shape) was used 
to differentiate parasitic ova/oocyst as per 
the identification keys furnished by Soulsby 
(2005). The schistosome ova were identified as 
Bivitellobilharzia nairi based on its oval shape 
with a sharp spine on one end (Figs. 1 & 2). 

B. nairi is a common schistosome of Asian 
elephants (Agrawal 2012). Adult worms of B. 
nairi are obligate parasites of the vascular system. 
They occupy the mesenteric blood vessels and 
portal veins, and migrate along the endothelium 
to reach the liver and spleen. Female worms 
produce numerous eggs (200 - 3000 per day), 
which are deposited in the circulation and exit 
the host by penetrating the gut and are excreted 
with faeces. 

Strongyle ova and Coccidian oocysts were also 
observed in the elephant faeces indicating mild 
infection. Arunachalam et al. (2007) and Vanitha 
et al. (2011) recorded the prevalence of Strongyle 
sp. among Asian elephants in Tamil Nadu as 36% 
and 37% respectively. 

The present study showed the elephants to possess 
low grade helminthic and protozoan infections 
which were far less significant than manifestion 
of overt clinical infection. Subclinical infections 
might not cause any immediate effects but in the 
long term may cause ill health. Therefore, even 
low grade infections should not be neglected. 

The hemato-biochemical profile showed 
hematological changes such as a low degree 
of leucocytosis, lymphocytosis and increased 
PCV (Table 1) and biochemical changes such 
as increase in SGPT and decrease in glucose 
level (Table 2). Mixed parasitic infection and 
dehydration might have led to most of these 
changes. The increased SGPT may be due to 
migration of adult schistosomes causing damage 
to the liver parenchyma. 

Recently Rajapakse et al. (2013) observed 
clinical features of Bivitellobilharzia nairi in 
elephants in Sri Lanka, such as emaciation, 
subventral oedema and anaemia. During post-
mortem examination they found the liver was 
enlarged and adult schistosomes were found in 
the blood vessels of the liver parenchyma. The 
number of worms recovered from a portion of the 
liver was on an average 22 worms per 100 g liver.

Figure 1.  Bivitellobilharzia nairi ova (40x). Figure 2.  Bivitellobilharzia nairi ova (100x).
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 In order to treat, a combination of fenbendazole 
and praziquantel (Fentas plus®) @ 2.5 mg/kg was 
administered orally (bread soaked in Fentas plus® 
liquid and given with jaggery) and monitored 
till complete recovery (Day‘0 ‘EPG=300, Day’ 
7’ EPG= 100 and Day ‘15‘EPG= 000) and 
advised to repeat after 4 weeks. Praziquantel 
paralyses the adult worms but has no effect on 
eggs or immature worms. So repeat of treatment 
after 4 weeks is essential, to prevent recurrence 
(Agrawal 2012). 
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Introduction 

Elephants have a long gestation period of around 
22 months and produce calves weighing 95–115 kg 
at birth. The reproductive tract is proportionately 
larger and longer than other mammals. In 
elephants the vestibule, which is a tubular 
structure  approximately four feet in length, runs 
vertically from the vulval orifice situated between 
the hind legs, to below the rectum, where it makes 
a 90 degree turn inward to join the vagina proper 
(Olson 2004). Consequently, unlike in cows or 
horses, per-vaginal or per-rectal manipulation of 
an abnormally positioned full-term foetus, and 
Cesarean section is not possible. 

Ultrasound examination is valuable to determine 
the viability of the foetus in birth complications 
(Moyal et al. 2012), but is generally not available 
under field conditions. The options in such 
situations are limited. Induction of labour may 
lead to serious complications, jamming the foetus 
in the birth canal, carpal arthrogyposis or breech 
presentation (Schaftenaar 2013). Fetotomy 
through the vestibulotomy incision has been 
reported for a dead foetus (Schaftenaar 2013). 
Caesarian section is almost impossible because 
of the anatomy (Yatbantoong et al. 2002) and 
none of the dams or calves on which it was tried 
survived (Schaftenaar 2013). 

Vestibulotomy is an option provided the foetus is 
present in the vestibule. Vaginal vestibulotomy 
has been performed in standing and recumbent 
positions (Schaftenaar 1996).
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Case study

A pregnant Asian elephant (Elephas maximus) 
named “Brahmaputri” aged approximately 
45 years, at Kanha Tiger Reserve (Madhya 
Pradesh) showed signs of straining, restlessness 
and anorexia. There was continuous dribbling 
of urine from the vulvar opening and mucoid 
discharge from the anus for 3 to 4 days.

Per-rectal examination revealed a foetus like 
body in the cranial part of the vestibule and 
oxytocin was injected. Subsequently, the water 
bag ruptured but delivery of the calf did not 
occur. The animal became dull, went off feed 
and was restless even after giving five litres 
of dextrose normal saline and 10% dextrose 
and 16 g Amoxicilline-sulbactum combination 
intravenously through an ear vein for five days. 
After 3 days with no progress, given the serious 
condition, surgical intervention was decided.

Surgical management

The animal was sedated with 500 mg of xylazine 
I/M and placed in right lateral recumbency. 
The cranial vestibular region was prepared 
by thorough shaving, scrubbing with savlon 
and water followed by cleaning with hydrogen 
peroxide and povidone iodine painting at the site. 
Starting approximately 15 cm below the anus, 
an area 30 cm below was infiltrated with 2% 
Lignocaine HCl.

A skin incision approximately 10 cm in length 
was made in the infiltrated area. The incision was 
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extended in depth and bleeding vessels ligated. 
The foetus was felt as a hard mass at a depth of 
about 20-25 cm and its trunk and left foreleg 
were exteriorized (Fig. 1) and snares applied on 
them (Fig. 2). Following lubrication, traction was 
applied. Several attempts to pull out the foetus 
failed. The foetus was then pushed back and the 
right foreleg was felt flexed from the fetlock joint 
causing dystocia. The leg position was corrected 
and a third snare was placed on it. Traction was 
applied with three ropes and a transverse incision 
about 10 cm made at the centre of the longitudinal 
incision (Fig. 3). Traction with twenty persons 
was needed to extract the foetus with an effort 
over 10 minutes (Fig. 4). 

Following delivery of the foetus, about 40 to 50 l 
of uterine fluid and urine flooded out along with 
part of the placental membrane. The placenta 
was removed manually. Povidone iodine with 
metronidazole liquid was inserted through the 
cervical opening deep into the uterus. 

The mucosal edges of the vestibule were 
approximated with Vicryl No. 1 using a simple 
continuous pattern. A second row of sutures 
was placed in an interrupted manner on the 
muscular layer followed by subcutaneous tissue 
approximation. The transverse incision was 
also approximated in a similar way. Skin edges 
of transverse and vertical incisions were closed 
by Black Braided Silk No. 3 in a cross mattress 
pattern (Fig. 5). The lower dependent part of the 
longitudinal incision for about 10 cm was left un-
sutured to provide an opening for drainage.

During the operation about 10 l of dextrose 
normal saline and Ringer Lactate with Multi 
Vitamin Infusion and 20 ml of adrenochrome was 
given intravenously through an ear vein. Antidote 
Yohimbine 600 mg was given intramuscularly 
and the animal was unchained. Movement of the 
trunk and head was observed after 8 to10 minutes 
followed by movement of legs and the animal 
attended sternal recumbancy in 15 minutes. 

Figure 2.  Traction on paws and trunk.Figure 1.  Exteriorizing the trunk.

Figure 4.  Delivery of dead fetus with flooded 
urine and uterine fluid.

Figure 3.  Appearance of fore legs.
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The animal recovered and was standing after 
20 minutes and accepted jaggery and sugarcane 
shoots after 10 minutes of standing.

An edematous swelling was observed on the 3rd 
day post-operative, extending up to the umbilicus, 
which responded well to cold fomentation and 
30 ml frussamide. A mass of placental membrane 
approximately 10-15 kg was expelled out through 
the vulvar opening on the 7th day. 

On the 8th day, a thin stream of urine was observed 
passing out through the drainage opening. The 
animal was restrained and examined. About a 
7.5 cm long vestibular incision was found open 
due to breakage of all the three layers of sutures 
forming a urethral fistula. The fistulous tract was 
debrided and approximated with silk and satin 
tape interrupted sutures.

The vestibular fistula shrank gradually with twice 
a day dressing and cauterization with 10% silver 
nitrate solution once a day for seven days and on 
alternate days for about a month. The complete 
healing of the fistula took about 3 months. At 
present (3.5 years postoperative) the elephant 
is active and has gained weight, and is used for 
tourist rides at Kanha Tiger Reserve.

Discussion

Dystocia in elephants is not a common problem. 
However it has been reported due to herpes virus 
infection, malpresentation of foetus and in aged 
animals (Moyal et al. 2012; Schaftenaar 2013). 
Generally physical and medicinal attempts at its 
resolution remain fruitless. The position of the 
foetus either remains intrauterine or advances 
to lodge within the vagina in anterior or breech 

presentation. Foetal death occurs and usually 
progresses to mummification (Hildebrandt et 
al. 2003; Schaftenaar 2013). In the present 
case the foetus was in anterior presentation 
with right carpal arthrogyposis, which caused 
dystocia. As there were no signs of putrefaction, 
mummification would probably have occurred in 
the absence of intervention. 

Postoperative formation of a urethral fistula 
observed in the present case has been 
reported previously also (Schaftenaar 1996; 
Yatbantoong et al. 2002). Placement of a wide 
catheter into the urethral opening and fixing it in 
a counter drainage opening on the upper part of 
the incision may prevent fistula formation.
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Figure 5.  Closure of skin incision.
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From March 7 through March 11, 2014, 
veterinarians from around Asia with field 
experience in elephant health and medicine 
participated in the Second Regional Asian 
Elephant Veterinary Workshop held in Nay Pyi 
Taw, Myanmar.

This Regional Asian Elephant Veterinary 
Workshop was hosted by the University of 
Veterinary Science, Yezin, in collaboration with 
the Myanma Timber Enterprise (MTE) from 
the Ministry of Environmental Conservation 
and Forestry of the Republic of the Union of 
Myanmar. The Workshop was supported by the 
U.S. Fish and Wildlife Service Asian Elephant 
Conservation Fund in collaboration with Asian 
Elephant Support. 

By providing practical training and enabling 
veterinarians in Asia to share experiences 
regionally, the Second Regional Asian Elephant 
Veterinary Workshop continued the efforts of 
the first such workshop which was hosted in 
Aceh, Sumatra-Indonesia, in March 2012. These 
Workshops build local and regional capacity 
in elephant veterinary care, which enhances 
veterinary expertise needed for effective elephant 
conservation in Asia. The Second Regional 
Workshop hosted representatives from several 
Asian elephant range countries including India, 
Indonesia, Myanmar, Nepal, Sri Lanka, Thailand, 
as well as veterinarians from the United States 
and Singapore.

The Regional Asian Elephant Veterinary 
Workshop addressed veterinary topics such as 
general elephant health, diagnosis and treatment 
of diseases, and proper sample collection. During 
the Workshop, participants from each range 
country made presentations about regional and 

local elephant health issues, scientific studies, and 
elephant management plans. An important topic 
of discussion, which was also included in several 
presentations, is the significant role and value 
of captive elephants and mahouts. Discussions 
also emphasized the need for comprehensive 
post mortems, as well as the need to address 
veterinary issues at the interface of wild and 
captive elephant populations. 

Additionally, part of the Workshop was spent 
in hands-on practical sessions on the topics of 
wildlife immobilization and laboratory protocols. 
The wildlife immobilization component allowed 
participants to become better informed about 
the operation and handling of various darting 
equipment (Fig. 1). During the laboratory 
session, the elephant endotheliotropic herpes 
virus (EEHV) was confirmed for the first time 
to be present in tissue samples from Myanmar 
elephants. 

The Workshop included visits to several different 
local elephant facilities. Participants visited the 
Nay Pyi Taw Zoo with its large group of 12 
elephants (3 males, 8 females and 1 baby born 
on site), and were fortunate to see the 5 (1 male 
and 4 females) sacred white elephants in their 
special pavilion at the Uppatassanti Pagoda. 
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Figure 1.  Demonstration of darting equipment.



43

Figure 2.  Elephant care at MTE Pinloung 
elephant timber camp.

Another site visit was to the MTE Pinloung 
elephant timber extraction camp in Taunggyi 
Agency, and included health assessments of 
the 37 elephants (15 males, 15 females and 7 
calves) in this camp, as well as demonstrations 
of training and management (Fig. 2). This visit 
was a unique opportunity for participants to see 
the traditional use of working timber elephants in 
Myanmar (Fig. 3), and discuss the comprehensive 
veterinary program that MTE has in place for 
these elephants.

The recent Regional Veterinary Workshops 
in Indonesia and Myanmar highlight the 
importance of veterinary science for wild and 
captive elephant conservation, and for support 
of elephant welfare programs in Asian range 
countries. The Workshops have led to better 
communication amongst elephant veterinarians 
in Asia and have increased sharing of information 
and experiences. As a result of the networking, 

several field course initiatives are being discussed 
to continue practical training opportunities for 
elephant veterinarians in Asia.

Acknowledgements and thanks for all of their 
efforts are due to the Organizing Committee of 
the Second Regional Asian Elephant Veterinary 
Workshop, to the Ministry of Environmental 
Conservation and Forestry, to the MTE and 
University staff, and to the MTE officials and 
mahouts of the Pinloung elephant camp.

Figure 3.  Working elephant at the MTE Pinloung 
elephant timber camp.
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More space for the elephants, more proximity for 
visitors. The new Kaeng Krachan Elephant Park 
exhibit marks a further milestone at Zoo Zurich. 
While the elephants move around more freely, 
maintain social contacts and even go swimming, 
the public will have the chance to get closer to 
the animals than ever before. The project follows 
the strategy of Zoo Zurich to streamline its 
animal population and to connect all the habitats 
in the zoo with a specific conservation project 
in the wild and with an educational theme in 
conservation.

The Kaeng Krachan Elephant Park exhibit was 
created for a ten-strong elephant herd with two 
bulls and consists both outdoor and indoor areas. 
Water plays a significant role in the new Elephant 
Park. Highlights are six major water basins, and 
inside the exhibit elephants also can be observed 
underwater while swimming. The animals make 
active use of these facilities. Like the Masoala 
Rainforest at Zoo Zürich, the new Kaeng Krachan 
Elephant Park at Zoo Zurich is linked, themed 
and named in association with the Thai National 
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Park Kaeng Krachan. The Kaeng Krachan 
National Park covers the largest protected area in 
Thailand. Approximately 200 wild elephants live 
on a site covering almost 3000 km2.

In Kaeng Krachan, Zoo Zürich in collaboration 
with the Wildlife Conservation Society (WCS) 
supports a royal conservation project. Resolving 
the “human-elephant conflict” that harms farmers 
and elephants is one of the main focuses of the 
local conservation activities. Other concerns 
include expanding the elephants’ living space 
by linking separate protected zones together, 
combating poaching and investing in educational 
projects.

The conflict is due to the extensive damage 
caused to plantations by wild elephants as they 
move from one part of the protected zone to 
another. Protective fencing is being used to 
remedy the situation. A series of exhibits at the 
Kaeng Krachan Elephant Park at Zoo Zurich 
show visitors what the protective fencing looks 
like and how it works.
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The educational elements such as a house 
destroyed by elephants and an ‘alarm fence’ show 
how common peaceful life between elephants 
and man can be achieved. Zoo Zurich’s six 
elephants have been living in the Kaeng Krachan 
Elephant Park exhibit since the middle of March. 
Another baby is due. This has given them plenty 
of time to get used to all the innovative features 
of their new environment. Firstly, they have six 
times as much room as they did before. The new 
park exhibit enables the elephants live together 
naturally as a family group and offers a lot more 

opportunities for moving around in different 
ways, forty places where food is provided leads 
them to move around and forage. Secondly, the 
way in which the animal keepers look after the 
elephants has also changed. The animals are now 
cared for in “protected contact” at all times.

The Kaeng Krachan Elephant Park exhibit was 
entirely funded from donations and legacies. This 
was made possible by 5500 individual donors 
who supported the CHF 57 million project with 
small and large contributions. 
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The ability to conduct individual-based 
observations on wildlife populations is critical 
for obtaining data on population structure 
and demographic dynamics. Such data are 
in turn necessary for monitoring the health 
of populations and designing management 
programs. For some taxa, individual identities 
may be registered through active marking such 
as the bands deployed on birds, or tagging 
deployed on rodents. In other species, such as 
primates, carnivores, cetaceans, elephants and 
other large mammals, individuals may be readily 
identifiable through natural features. These 
are typically documented using photographic 
records. The challenge is that learning to identify 
individuals is an acquired skill, which comes with 
considerable time investment. Especially when 
dealing with large populations, software, which 
aids human memory in searching and matching 
identification files with field observations can be 
of great practical value in facilitating research.

For close to a decade, the Uda Walawe Elephant 
Research Project has monitored a single 
Asian elephant population in south-central Sri 
Lanka. Asian elephants are identified primarily 
through differences in ear attributes, with many 
individuals also exhibiting other distinctive 
physical characters. Photo identification files 
have been constantly maintained and updated 
over this time, now with close to 600 entries. 
While still reliant primarily on human memory 
for individual recognition, we developed the 
Elephant Attribute Recording System (EARS) as 
a simple tool to facilitate searching. EARS is built 
on the Microsoft Access platform, therefore users 
must have access to this program. The database 
structure with sample entries and complete user 
manual are now freely downloadable online.
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EARS consists of two components. The first 
component is the data table, which is essentially 
a spreadsheet with columns corresponding to 
individual ID number, all ID attributes, and 
a thumbnail photograph. The values can be 
entered directly into the database or imported 
in bulk from an external spreadsheet program, 
such as MS Excel. Each column contains either 
a binary (yes, attribute present / no, not present) 
or numerical value. The second component is a 
query box, which displays a simple set of check 
boxes and entry fields with which the user queries 
the database. The search returns the photos and 
ID numbers of all individuals matching the 
chosen criteria. The user can skim this subset to 
narrow down possible matches. Often one image 
may not suffice to verify identity. We therefore 
recommend that a set of detailed high-resolution 
photo ID files be separately maintained, which 
then be consulted for confirmation. 

The database could in principle be installed on a 
portable device with sufficient memory for use 
in the field on the fly, or simply maintained at 
a base station for later consultation. The user 
manual, which accompanies EARS contains 
sample photographs and descriptions of the 
attributes we incorporated, which includes not 
just ear morphology but also back, tail, and other 
features.

We hope that this simple tool will encourage 
more individual-based studies of Asian elephants 
elsewhere, enhancing conservation and 
management. Download it at:

http://trunksnleaves.org/resources.html

Acknowledgements: We thank Ilja Van Braeckel 
for helping us implement this idea.
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The book ‘Itin: a Bornean Elephant’ has arrived 
at a most significant time when hope seems to be 
vanishing for the Asian elephant in general and 
the Bornean elephant in particular. With roughly 
2000 Bornean elephants left in the wild, it is time 
for local people to stake their claim, appreciate 
and protect one of the most charismatic species 
in Borneo. There are not many publications 
on the Bornean elephant and most of them are 
scientifically written; this book is the first of its 
kind. It describes the biology and ecology of the 
Bornean elephant in an exceptional way, through 
the eyes of Itin, a male Bornean elephant. The 
purpose of this book is to “inspire readers to 
better understand the plight of this endangered 
animal”. This book could serve as an effective 
introduction to readers on the issues surrounding 
the Bornean elephant.

All the stories by Itin are real life stories, which are 
experienced by the Bornean elephants especially 
in the Lower Kinabatangan region of Sabah. Itin 
starts by telling his origin and continues to reveal 
aspects related to biology, ecology and behavior. 
Facts provided in this book were gathered from 
interviews with different stakeholders including 
NGO staff, indigenous people and scientists, and 
from extensive reading on elephants. From my 
point of view, an added value of this book is that it 
helps to preserve and document traditional orally 
passed down stories, describes the experience of 
field staff and translate vigorous scientific work 
and findings into simple English. Hopefully, 
it will help the public to better understand the 
nature of elephants and the situations that they 
face to survive in human dominated landscapes. 

Another special feature of this book is the 
collection of photographs; not only of the Bornean 
elephants in the wild but also many other animal 
species like the iconic orangutan, civet, Sunda 
clouded leopard and birds. A picture is worth a 
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Reviewed by Nurzhafarina Othman

thousand words and this book contains colorful 
pictures in every page! I have no doubt that 
the readers will feel as if they are in the Lower 
Kinabatangan riding on a boat while watching 
the elephants bathing and playing in the Sabah’s 
longest river! For environmental educators, 
this book would be another excellent resource 
for their educational programs, especially in 
attracting the interest of young people. 

Former journalist Jaswinder Kaur Kler who 
authored the book with scientists Dr Benoit 
Goossens and Dr Marc Ancrenaz, captured Itin’s 
curiosity, excitement, sadness, anger and hopes. 
She carefully picked her words to describe Itin’s 
feelings, which unconsciously touches the heart 
of the readers. As a local Sabahan, she truly has 
the knowledge of how to attract the attention of 
local people. Her writing style assists materialize 
the objective of having this book. 

Among the people who will benefit most from 
this book are students and people who work 
directly and indirectly with elephants to alleviate 
conflicts, such as the policy makers, estate 
managers, villagers and wildlife managers. 
This 78-page book is small enough to be a good 
giveaway souvenir from Borneo and at the same 
time will help increase the awareness of the 
plight of Bornean elephants, both nationally and 
internationally. If the French kids have Babar 
the elephant, the lucky Sabahan kids now have 
their own elephant hero, Itin. After finishing the 
book, the readers will better understand facts on 
Bornean elephants and will surely be ready to 
become ambassadors for the species.

Itin: A Bornean Elephant
Jaswinder Kaur Kler, Benoit Goossens 
    and Marc Ancrenaz (2014)
Natural History Publications, Borneo, Malaysia
78 pages, ISBN 978-983-812-150-7
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If you need additional information on any of the 
articles, please feel free to contact me. You can 
also let me know about new (2014) publications 
on Asian elephants.

J. Borges-Costa & M. da Luz Martins 
Trichophyton erinacei skin infection after 
recreational exposure to an elephant in 
Southeast Asia
Pathogens and Global Health (2013)
Abstract.  Zoophilic fungal infections are 
a prevalent disease in tropical countries and 
clinicians must consider them in the differential 
diagnosis of pruritic skin lesions. We report 
a clinical case of Trichophyton erinacei skin 
infection after recreational exposure to an Asian 
Elephant. As far as we were able to search the 
literature, it is the first case described after 
contact with elephants.

S. Bracco, A. Brajkovic, A. Comotti & V. Rolandi
Characterization of elephant and mammoth 
ivory by solid state NMR
Periodico di Mineralogia 82 (2013) 239-250
Abstract.  Ivory has always been considered one 
of the most attractive and valuable biological 
gem materials. It is tooth dentin, or the yellowish 
white, calcified, extremely elastic tissue that 
forms the tusks of several mammalian species. 
Microscopic examination of the surface in all 
possible directions is needed to a successful 
identification of cut and polished samples 
of ivory, but sometimes it is not enough. 
Supplemental techniques should be used for 
assisting discrimination of elephant (both 
Loxodonta africana and Elephas maximus) ivory 
and wholly mammoth (Mammuthus primigenius) 
ivory, because from a textural standpoint they 
can be remarkably similar. To provide the key 
identifying features of these two types of ivory is 

nowadays of special significance, due to the fact 
that elephant ivory trade and import and export 
are illegal, whereas wholly mammoth tusks may 
be legally exported and manufactured. Both 
materials are formed primarily by nanocrystals 
of biological calcium orthophosphate that 
are embedded in a type I collagen matrix. By 
exploiting 1H, 13C and 31P magic angle spinning 
(MAS) NMR we investigated the composition of 
several elephant and mammoth ivory specimens. 
13C MAS NMR spectra confirmed the presence 
of the CO3

2- group associated to the carbonated 
hydroxyapatite in both ivory types. In the collagen 
structure no differences have been highlighted. 
Quantitative P-31 MAS NMR spectra revealed 
important features about the inorganic matrix. 
The high resolution allowed us to achieve the 
simultaneous detection of the signal assigned to 
the bulk PO4

3- groups of the hydroxyapatite phase 
and of minor side peaks ascribed to unprotonated 
surface sites POx (PO, PO2

- and PO3
2-) and to 

protonated sites POxH on the surface of the nano-
sized crystals of the hydroxyapatite.

E. Cappellini, A. Gentry, E. Palkopoulou, Y. 
Ishida, D. Cram, A.-M. Roos, M. Watson, U.S. 
Johansson, B. Fernholm, P. Agnelli, F. Barbagli, 
D.T.J. Littlewood, C.D. Kelstrup, J.V. Olsen, 
A.M. Lister, A.L. Roca, L. Dalén & M.T.P. 
Gilbert
Resolution of the type material of the Asian 
elephant, Elephas maximus Linnaeus, 1758 
(Proboscidea, Elephantidae)
Zoological Journal of the Linnean Society 170 
(2014) 222-232
Abstract.  The understanding of earth’s 
biodiversity depends critically on the accurate 
identification and nomenclature of species. Many 
species were described centuries ago, and in a 
surprising number of cases their nomenclature 

News and Briefs Gajah 40 (2014) 48-62

Recent Publications on Asian Elephants

Compiled by Jennifer Pastorini

Anthropologisches Institut, Universität Zürich, Zürich, Switzerland
Centre for Conservation and Research, Rajagiriya, Sri Lanka
E-mail:  jenny@aim.uzh.ch



49

or type material remain unclear or inconsistent. 
A prime example is provided by Elephas 
maximus, one of the most iconic and well-known 
mammalian species, described and named by 
Linnaeus (1758) and today designating the 
Asian elephant. We used morphological, ancient 
DNA (aDNA), and high-throughput ancient 
proteomic analyses to demonstrate that a widely 
discussed syntype specimen of E. maximus, a 
complete foetus preserved in ethanol, is actually 
an African elephant, genus Loxodonta. We 
further discovered that an additional E. maximus 
syntype, mentioned in a description by John Ray 
(1693) cited by Linnaeus, has been preserved 
as an almost complete skeleton at the Natural 
History Museum of the University of Florence. 
Having confirmed its identity as an Asian 
elephant through both morphological and ancient 
DNA analyses, we designate this specimen as the 
lectotype of E. maximus. The mass spectrometry 
proteomics data have been deposited in the 
ProteomeXchange Consortium with the data 
set identifier PXD000423. © 2013 The Linnean 
Society of London.

S. Chen, Z.-F. Yi, A. Campos-Arceiz, M.-Y. Chen 
& E.L. Webb
Developing a spatially-explicit, sustainable 
and risk-based insurance scheme to mitigate 
human–wildlife conflict
Biological Conservation 168 (2013) 31-39
Abstract.  Insurance may encourage coexistence 
between farmers and wildlife by reimbursing 
farmers’ losses. China introduced an insurance 
scheme to mitigate human–elephant conflict in 
Xishuangbanna Dai autonomous prefecture in 
Yunnan Province, where elephants cause damage 
to rubber plantations. However, recent experience 
has suggested that the present insurance system 
exhibits poor performance related to funding 
shortfalls, undervaluing of plantations and 
insufficient payouts, and by limiting com- munity 
involvement. To address these shortcomings we 
conducted attitude surveys with farmers, and 
developed an actuarial (risk-based) insurance 
model for rubber loss that incorporated spatially-
explicit risk of depredation and net present value 
of rubber at damage, in order to calculate fair 
payouts at village and town levels for the year 
2011. Farmers were largely dissatisfied with 

the current insurance system, and their level of 
satisfaction was associated with the compensation 
ratio (percentage of lost rubber reimbursed by 
insurance). The illustrative results based on 
2011 rubber loss data revealed high variability 
in risk and therefore payouts (and further, 
premiums) and that fair insurance payouts would 
be approximately five times the current levels. 
To improve compensation and support long-
term program sustain- ability, we considered 
an insurance cost-sharing mechanism that 
incorporated shared payments from government, 
rubber farmers, and Chinese tourists. We found 
that multiple stakeholders were willing to pay 
for elephant conservation, which could make 
significant contributions to insurance premiums 
over the long term. Importantly, this proposed 
insurance model could be broadly applicable to 
livestock and long-lived cash crop compensation 
systems. © 2013 Reprinted with permission from 
Elsevier. 

K. Fanson, T. Keeley, & B. Fanson
Cyclic changes in cortisol across the estrous 
cycle in parous and nulliparous Asian 
elephants
Endocrine Connections 3 (2014) 57-61
Abstract.  In the context of reproduction, gluco-
corticoids (GCs) are generally considered to have 
negative effects. However, in well-studied model 
species, GCs fluctuate predictability across 
the estrous cycles, and short-term increases 
promote healthy ovarian function. Reproductive 
challenges have plagued captive elephant 
populations, which are not currently self-
sustaining. Efforts to understand reproductive 
dysfunction in elephants have focused on the 
suppressive effects of cortisol, but the potential 
permissive or stimulatory effects of cortisol 
are unknown. Here, we provide a detailed 
examination of cortisol patterns across the estrous 
cycle in Asian elephants (Elaphus maximus). 
Time series analysis was used to analyze cortisol 
and progesterone data for a total of 73 cycles from 
8 females. We also compared cortisol profiles 
between females that successfully conceived 
and females that failed to conceive despite 
repeated mating attempts. Our results revealed 
that cortisol fluctuates predictably across the 
estrous cycle, with a peak during the second half 
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of the follicular phase followed by low levels 
throughout the luteal phase. Furthermore, this 
pattern was significantly altered in nulliparous 
females; cortisol concentrations did not decline 
during the luteal phase to the same extent as 
in parous females. This study highlights the 
complexity of cortisol signaling, and suggests 
future directions for understanding the role of 
cortisol in reproductive dysfunction. © 2014 The 
Authors.

Y. Furuse, A. Dastjerdi, K. Seilern-Moy, F. 
Steinbach & B.R. Cullen
Analysis of viral microRNA expression by 
elephant endotheliotropic herpesvirus 1
Virology 454-455 (2014) 102-108
Abstract.  Elephant endotheliotropic herpesvirus 
1 (EEHV1), a member of the Betaherpesvirinae 
subfamily, has recently emerged as an important 
viral pathogen of Asian elephants that can cause 
a severe, often fatal, hemorrhagic disease. 
EEHV1 does not replicate in culture and little 
is currently known about the molecular biology 
of this emerging pathogen, with the notable 
exception of its genomic DNA sequence. Here, 
we have used small RNA deep sequencing to 
determine whether EEHV1, like other human 
and murine betaherpesviruses, expresses viral 
microRNAs in infected tissues in vivo. Our data 
provide evidence supporting the existence of at 
least three novel viral microRNAs encoded by 
EEHV1 and one of these, miR-E3-5p, is shown 
to repress target mRNA expression. Moreover, 
miR-E3-5p expression was readily detectable 
in tissue samples derived from two infected 

elephants, including in whole blood. These data 
shed new light on the biology of EEHV1 and 
identify small RNAs that have the potential to be 
useful in the diagnosis of sub-clinical infections 
in captive Asian and African elephants. © 2014 
Reprinted with permission from Elsevier.

Ž. Grabarević, A.G. Kurilj, M. Hohšteter, B. 
Artuković, A. Hinke-Bruckmann, P. Džaja, Z. 
Hutinec, S. Seiwerth & I. Bata
Eccrine carcinoma in the foot of an Asian 
elephant (Elephas maximus)
Journal of Zoo and Wildlife Medicine 44 (2013) 
1049-1054
Abstract.  A case of eccrine carcinoma of the 
interdigital foot glands in a 39-yr-old female 
Asian elephant (Elephas maximus) from 
Zagreb Zoo is described. The tumor between 
the toenails of the right forefoot was surgically 
removed 3 yr before postmortem examination 
(2003), and the histopathologic diagnosis was 
compound eccrine carcinoma characterized with 
glandular tubular and papillary proliferations, 
mild cellular pleomorphism, proliferation of the 
myoepithelial cells with mucoid secretions, and 
necrosis. Immunohistochemistry revealed strong 
immunoreactivity to S-100 protein, estrogen, 
and high–molecular weight cytokeratin. This 
elephant also had chronic renal fibrosis with 
uremia. © 2014 American Association of Zoo 
Veterinarians.

S. Gubbi, M.H. Swaminath, H.C. Poornesha, R. 
Bhat & R. Raghunath 
An elephantine challenge: human–elephant 
conflict distribution in the largest Asian 
elephant population, southern India
Biodiversity & Conservation 23 (2014) 633-647
Abstract.  Wildlife conservation is a complex 
issue especially when it involves large carnivores 
or mega-herbivores that are conflict-prone. 
Karnataka state in southern India is known to 
harbor high density of wild elephants. This 
conservation success story also has opportunity 
costs for communities living in close proximity to 
elephants. Despite the fact that human–elephant 
conflict is a serious conservation and social 
issue, there is little quantitative understanding 
of conflict especially over large areas. Here we 
conduct the first analysis of human–elephant Kaudulla National Park (Sri Lanka)
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conflict distribution, severity and explanatory 
factors over the entire state of Karnataka. We use 
data from the state forest department records on 
villages that experience conflict, compensation 
payments made by the government, elephant 
densities, forest cover and perimeter, and 
presence of physical barriers to mitigate elephant 
conflict. In total, 60,939 incidences of crop 
loss were reported and US$ 2.99 m paid in 
compensation during April 2008–March 2011. A 
total of 91 people were killed by elephants and 
101 elephants died in retaliatory killings during 
the study period. A total of 9.4 % of the state’s 
geographic area covering 25 of the 42 forest 
administrative divisions were affected. There was 
no significant difference in conflict incidences or 
compensation given between protected areas and 
non-protected areas. There was no correlation 
between conflict incidences/unit area and 
elephant density, forest cover, forest perimeter of 
protected areas and presence of physical barriers. 
The results depict the importance of efficient 
management of physical barriers, conserving 
key habitat linkages, and acts as baseline data for 
future work. © 2014 With kind permission from 
Springer Science+Business Media.

G. Gürelli & A. Ito
Intestinal ciliated protozoa of the Asian ele-
phant Elephas maximus Linnaeus, 1758 with 
the description of Triplumaria izmirae n. sp.
European J. of Protistology 50 (2014) 25-32
Abstract.  Species composition and distribution 
of intestinal ciliates excreted in the feces of three 
Asian elephants living in Sasalı National Park, 
Izmir, Turkey, were investigated. Seven ciliate 
genera consisting of 36 species were identified. 
This is the first report on intestinal ciliates in 
elephants living in Turkey; one new species, T. 
izmirae n. sp., was described. This new species 
has a special macronucleus shape, skeletal rod 
plates with two wings and posterior contractile 
vacuole lying beneath the dorsal left base of 
the tail flap. The buccal infraciliary bands of T. 
izmirae are similar to those of T. selenica and 
T. suwako known from elephants. Triplumaria 
ovina and Raabena bella occurred in highest 
percentages in two elephants, whereas Latteuria 
polyfaria was highest in the third one. Ciliate 
densities in the three fecal samples were 3.5, 

1.5 and 5.0 × 104/ml. © 2014 Reprinted with 
permission from Elsevier.

V. Gurusamy, A. Tribe & C.J.C. Phillips
Identification of major welfare issues for 
captive elephant husbandry by stakeholders
Animal Welfare 23  (2014) 11-24
Abstract.  Accurate identification of key wel-
fare issues for captive elephants could improve 
standards and help in the development of a 
welfare index. In the absence of adequate 
scientific information on the relative importance 
of key issues, the views of a range of stakeholders 
were sought using adaptive conjoint analysis. 
Fifteen key welfare issues were identified 
by experts, and three to six Levels of each, 
representing common husbandry practices. In 
order of declining importance, 224 stakeholders 
rated the issues as enclosure substrate > group 
size > healthcare > enrichment > chaining > 
enclosure type > exercise provision > enclosure 
size > interaction with keeper > enclosure 
environment > keeper knowledge/experience 
> diet > contact method with keeper > display 
duration > enclosure security. Enclosure size 
was considered more important by scientists and 
keepers than zoo directors/managers and animal 
welfare organisation representatives. Animal 
welfare organisation representatives rated en-
closure security higher than scientists. Keeper 
husbandry methods and ability of elephants 
to be active were two principal components in 
responses. Three principal groups of respondents 
were identified: scientists/veterinarians focusing 
more on conditions for the elephants and 
less on interaction with the public; keepers, 
focusing on keeper contact method, feeding and 
knowledge of elephants; and a group with mainly 
animal welfare organisation representatives/
zoo directors focusing on enclosure security. 
It is concluded that there are some differences 
between stakeholders in their recognition of 
the most important welfare issues for elephants 
in zoos. However, recognising that a diversity 
of informed opinion is necessary to adequately 
devise welfare standards, an index of elephant 
welfare in zoos is proposed, based on the relative 
merits of different husbandry practices and 
the importance of the different issues. © 2014 
Universities Federation for Animal Welfare. 
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S. Hambrecht & S. Reichler
Group Dynamics of Young Asian Elephant 
Bulls (Elephas maximus Linnaeus, 1758) in 
Heidelberg Zoo – Integration of a Newcomer 
in an Established Herd
Der Zoologische Garten 82 (2013) 267-292
Abstract.  The social organisation of elephants 
is based on female philopatry and male natal 
dispersal. The separation of males from their 
family group is a behavioural strategy of 
inbreeding avoidance. In the course of this 
gradual process young bulls increasingly have 
contact to males belonging to other herds, 
mainly same-aged, in form of sparring with 
spending more and more time away from their 
own family. After leaving the natal herd they 
join other males and form loose all-male groups. 
This natural process during the development 
of male elephants, however, raises a problem 
for the elephant keeping in zoological gardens 
because of the increasing intolerance by the herd 
in combination with the lack of adequate keeping 
facilities for bulls. As the keeping of young bulls 
without or limited contact to conspecifics is an 
unnatural way of handling them, as described 
above, efforts are made for establishing an 
appropriate husbandry. Zoo Heidelberg is the first 
German facility, which keeps a group of young 
elephant bulls. Moreover it is the first zoo which 
undertakes the experiment to integrate another 
young bull in an established group. The aim of 
this study was to assess the group dynamics, 
particularly the individual personalities and 
social bonds, in a group of young bulls in 
captivity during the integration of a new bull. By 
means of the focal animal sampling the social 
behaviour of the four young bulls during the 
first four months of integration of the new bull 
was continuously recorded. It was quantified 
by the frequencies of defined social events 
and the individual duration of social isolation 
and association with another elephant. The 
durations and the frequencies were standardised 
as the percentage of the individual observation 
period and the number of occurrences per hour, 
respectively, in order to allow the comparison 
of the individuals. The four young bulls showed 
distinct personalities, which affected the strength 
and kind of social bonds between them. In general 
the members of the initial group interacted more 

frequently among themselves than they did 
with the new one. Particularly the initial three 
elephants exhibited physical contact and friendly 
behaviours to a greater extent than the new bull 
did. But the frequency and the motivation of 
the associations depended on the social partner 
both in the case of the initial group members and 
the new one. Furthermore the behaviour of the 
new elephant indicated social isolation and an 
elevated stress level. Beside a high frequency of 
social interactions, the existence of a dominance 
hierarchy and the progressive integration of the 
new bull suggest a stable social structure and 
therefore support the concept of keeping young 
bulls in same-sex groups. © 2013 Reprinted with 
permission from Elsevier.

A.D. Hayward, K.U. Mar, M. Lahdenperä & V. 
Lummaa
Early reproductive investment, senescence 
and lifetime reproductive success in female 
Asian elephants
J. of Evolutionary Biology 27 (2014) 772-783
Abstract.  The evolutionary theory of senescence 
posits that as the probability of extrinsic mortality 
increases with age, selection should favour 
early-life over late-life reproduction. Studies 
on natural vertebrate populations show early 
reproduction may impair later-life performance, 
but the consequences for lifetime fitness have 
rarely been determined, and little is known of 
whether similar patterns apply to mammals 
which typically live for several decades. We 
used a longitudinal dataset on Asian elephants 
(Elephas maximus) to investigate associations 
between early-life reproduction and female age-
specific survival, fecundity and offspring survival 
to independence, as well as lifetime breeding 
success (lifetime number of calves produced). 
Females showed low fecundity following sexual 
maturity, followed by a rapid increase to a peak 
at age 19 and a subsequent decline. High early 
life reproductive output (before the peak of 
performance) was positively associated with 
subsequent age-specific fecundity and offspring 
survival, but significantly impaired a female’s 
own later-life survival. Despite the negative 
effects of early reproduction on late-life survival, 
early reproduction is under positive selection 
through a positive association with lifetime 



53

breeding success. Our results suggest a trade-off 
between early reproduction and later survival 
which is maintained by strong selection for high 
early fecundity, and thus support the prediction 
from life history theory that high investment in 
reproductive success in early life is favoured by 
selection through lifetime fitness despite costs 
to later-life survival. That maternal survival in 
elephants depends on previous reproductive 
investment also has implications for the success 
of (semi-) captive breeding programmes of 
this endangered species. © 2014 The Authors. 
Published by John Wiley & Sons Ltd on behalf 
of European Society for Evolutionary Biology.

L. Highfill, O. Fad, R. Makecha & S. Kuczaj
Asian elephants (Elephas maximus) may 
demonstrate stable personalities
International Journal of Comparative Psychology 
26 (2013)
Abstract.  Pioneering studies of animal 
personality appeared in the 1970s (e.g., Adamec, 
1975; Buirski, Plutchik, & Kellerman, 1978; 
Stevenson-Hinde & Zunz, 1978). These studies 
proposed personality differences and examined 
behavioral tendencies that would be predicative 
of those personality traits. These studies began 
a surge of interest in consistent individual 
characteristics among individuals of various 
species, and during the past few years, research 
has begun to focus on animal personality more 
seriously. This line of research has resulted 
in a number of studies revealing individual 
differences in personality traits in such diverse 
species as primates, marine mammals, insects, 
fish, invertebrates, and birds (Gosling, 2001). 
Animal personality is defined as an individual 
animal’s unique and stable patterns of behavior 
(Gosling, 2001). Based on this definition, there 
are often two main goals of animal personality 
research: 1) determine if individuals within a 
species exhibit distinctive patterns of behavior 
and 2) determine if these patterns are consistent 
and stable over time and in a variety of contexts. 
© 2013 by the International Society for 
Comparative Psychology.

P. Imrat, S. Mahasawangkul, C. Thitaram, 
P. Suthanmapinanth, K. Kornkaewrat, P. 
Sombutputorn, S. Jansittiwate, N. Thongtip, A. 

Pinyopummin, B. Colenbrander, W.V. Holt & 
T.A.E. Stout
Effect of alternate day collection on semen 
quality of Asian elephants (Elephas maximus) 
with poor initial fresh semen quality
Animal Reprod. Science 147 (2014) 154-160
Abstract.  In captivity, male Asian elephants 
often yield poor quality semen after transrectal 
manually assisted semen collection; however, 
the reasons for the disappointing semen quality 
are not clear. Here we test the hypothesis that 
accumulation of senescent spermatozoa is a 
contributory factor, and that semen quality 
can therefore be improved by more frequent 
ejaculation. To this end we investigated the 
effect of collecting semen five times on alternate 
days, after a long period of sexual rest, on semen 
quality in Asian elephants known to deliver poor 
semen during infrequent single collections. All 
eight bulls initially displayed a high incidence 
of detached sperm heads and low percentages of 
motile (close to 0%) spermatozoa. After semen 
collection on alternate days, the percentages of 
detached sperm heads, and head and mid-piece 
abnormalities, were reduced significantly (p < 
0.05). In particular, one bull showed markedly 
improved sperm motility (increased from 0% to 
60%) and membrane integrity (increased from 5% 
to 75%). In addition, advancing age significantly 
(p < 0.01) correlated with lower percentages 
of sperm with intact membranes and a higher 
frequency of detached sperm heads. In contrast to 
sperm accumulation problems in other species, a 
small ampullary diameter correlated significantly 
(p < 0.05) with reduced semen quality. © 2014 
Reprinted with permission from Elsevier.

M. Isaka, S. Palasarn, S. Komwijit, S. Somrithipol 
& S. Sommai
Pleosporin A, an antimalarial cyclodepsipep-
tide from an elephant dung fungus (BCC 7069)
Tetrahedron Letters 55 (2014) 469-471
Abstract.  Cyclodepsipeptides SCH 217048 (1), 
SCH 218157 (2), and a new analog, pleosporin A 
(3), were isolated from cultures of an unidentified 
elephant dung fungus of the family Pleosporaceae. 
The structure of 3 was elucidated on the basis 
of detailed spectroscopic interpretation. The 
absolute configurations of 1– 3 were determined 
by chiral column HPLC analysis and Marfey’s 
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method. Cyclodepsipeptides 1–3 exhib- ited 
antimalarial activity against Plasmodium 
falciparum K1 with respective IC50 values of 
1.6, 6.4, and 1.6 mg/mL, while they did not show 
cytotoxicity against KB, MCF-7 and NCI-H187 
cell-lines or non-can- cerous Vero cells at 50 mg/
mL. © 2014 Reprinted with permission from 
Elsevier.

A. Ito, M. Ishihara, & S. Imai
Bozasella gracilis n. sp. (Ciliophora, Ento-
diniomorphida) from Asian elephant and 
phylogenetic analysis of entodiniomorphids 
and vestibuliferids
European J. of Protistology 50 (2014) 134-152
Abstract.  Bozasella gracilis n. sp. in the order 
Entodiniomorphida was found in fecal samples 
of an Asian elephant kept in a zoo. The ciliate 
has general and infraciliary similarities to the 
families Ophryoscolecidae and Cycloposthiidae. 
Phylogenetic trees were inferred from 18S 
rRNA gene sequences of B. gracilis, 45 
entodiniomorphids, 10 vestibuliferids, 5 macro-
podiniids, and an outgroup, using maximum 
likelihood, Bayesian inference, and neighbor 
joining analyses. Of them, there were 32 new 
sequences; 26 entodiniomorphid species in the 
genera, Bozasella, Triplumaria, Gassovskiella, 
Ditoxum, Spirodinium, Triadinium, Tetratoxum, 
Pseudoentodinium, Ochoterenaia, Circodinium, 
Blepharocorys, Sulcoarcus, Didesmis, Allo-
iozona, Blepharoconus, Hemiprorodon, and 
Prorodonopsis, and 6 vestibuliferid species in the 
genera, Buxtonella, Balantidium, Helicozoster, 
Latteuria, and Paraisotricha. Thirty additional 

sequences were retrieved from the GenBank 
database. Phylogenetic trees revealed non-
monophylies of the orders Entodiniomorphida   
and Vestibuliferida, the suborders Entodinio-
morphina and Blepharocorythina, and the 
families Cycloposthiidae and Paraisotrichidae. 
Bozasella gracilis was sister to Triplumaria. 
In addition, to avoid homonymy, we propose 
Gilchristinidae nom. nov., Gilchristina nom. 
nov. and Gilchristina artemis (Ito, Van Hoven, 
Miyazaki & Imai, 2006) comb. nov.

J. Kajaysri & W. Nokkaew
Assessment of pregnancy status of Asian 
elephants (Elephas maximus) by measurement 
of progestagen and glucocorticoid and their 
metabolite concentrations in serum and feces, 
using enzyme immunoassay (EIA)
J. of Vet. Medical Science 76 (2014) 363-368
Abstract.  The study was to find patterns of 
progestagen (progesterone and its metabolite) 
and glucocorticoid and their metabolite 
concentrations in serum and feces of pregnant 
Asian elephants (Elephas maximus). The five 
female Asian domestic elephants were naturally 
mated until pregnancy. After that, blood and 
feces samples were collected monthly during 
pregnancy for progestagen, glucocorticoid 
and their metabolites analysis by enzyme 
immunoassay (EIA). The results showed the 
serum progestagen concentration during gestation 
was 2.11 ± 0.60 to 18.44 ± 2.28 ng/ml. Overall, 
serum progestagen concentration rose from 
the 1st month to reach peak in the 11th month, 
after which it declined to its lowest level in the 
22nd month of pregnancy. Fecal progestagen 
concentration varied from 1.18 ± 0.54 to 3.35 
± 0.45 µg/g during pregnancy. In general, fecal 
progestagen concentration increased from the 
1st month to its highest level in the 12th month. 
After this, it declined reaching its lowest point 
in the 22nd month of pregnancy. Glucocorticoid 
hormones and their metabolite concentrations 
both in serum and feces fluctuated from low to 
medium throughout almost the entire pregnancy 
period and then rapidly increased around the last 
week before calving. Our study suggests that 
this profile of progestagen and glucocorticoid 
hormones and their metabolite concentration 
levels in serum and feces can be used to assess Tusker checking on the females (Minneriya)
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the pregnancy status of Asian elephants. If serum 
and fecal progestagen concentrations were found 
in very low levels and glucocorticoid and their 
metabolite concentrations were found in very 
high levels, it was indicated that the cow elephant 
would calve within 7 days. © 2014 The Japanese 
Society of Veterinary Science.

A. Kanagavel, R. Raghavan & D. Veríssimo 
Beyond the “general public”: Implications of 
audience characteristics for promoting species 
conservation in the Western Ghats hotspot, 
India
AMBIO 43 (2014) 138-148
Abstract.  Understanding how different 
audience groups perceive wildlife is crucial 
for the promotion of biodiversity conservation, 
especially given the key role of flagship 
species in conservation campaigns. Although 
the heterogeneity in preferences reinforces the 
need for campaigns tailored to specific target 
audiences, many conservation education and 
awareness campaigns still claim to target the 
“general public”. Audiences can be segmented 
according to social, economic, and cultural criteria 
across which species perceptions are known 
to vary. Different studies have investigated the 
preferences of different groups towards certain 
wildlife species, but these are largely confined to 
a single conservation stakeholder group, such as 
tourists, local communities, or potential donors 
in western countries. In this study, we seek to 
determine from a multi-stakeholder perspective, 
audience characteristics that influence perceptions 
towards wildlife at Valparai, a fragmented plateau 
in the Western Ghats region of the Western Ghats 
- Sri Lanka Hotspot. We found that stakeholder 
group membership was the most important 
characteristic followed by gender. While some 
characteristics had a wide-scale effect others were 
restricted to a few species. Our results emphasize 
the need to design conservation campaigns 
with specific audiences in mind, instead of the 
very often referred to “general public”. © 2013 
Royal Swedish Academy of Sciences. With kind 
permission from Springer Science+Business 
Media.

V. Kumar, V. Reddy, A. Kokkiligadda, S. Shivaji 
& G. Umapathy

Non-invasive assessment of reproductive 
status and stress in captive Asian elephants in 
three south Indian zoos
General and Comparative Endocrinology 201 
(2014) 37–44
Abstract.  Asian elephants in captivity need 
immediate attention to be bred so as to meet the 
increasing demand for captive elephants and to 
overcome the dependence on supplementing the 
captive stock with wild animals. Unfortunately, 
captive breeding programs across the globe have 
met with limited success and therefore more 
effort is needed to improve breeding in captivity. 
Endocrine profiling of reproductive hormones 
(progestagens and androgens) and the stress 
hormone (glucocorticoids) could facilitate better 
management and breeding strategies. In the 
present study, we investigated reproductive and 
stress physiology of 12 captive Asian elephants 
for 10–27 months using a non-invasive method 
based on steroid analysis of 1700 elephant dung 
samples. Most of the elephants were cycling 
regularly. Males during musth showed increased 
fecal androgen metabolite concentrations and 
exhibited a slight increase in fecal glucocorticoid 
metabolite levels. Elephants used in public 
festivals and processions showed significantly 
increased in faecal glucocorticoid metabolite 
levels. The results indicate that captive elephants 
require periodic health care, better husbandry 
practices and scientific management for 
sustainable captive population. © 2014 Reprinted 
with permission from Elsevier.

E. Martin, C. Martin & L. Vigne
The decline in carving African and Asian 
elephant tusks in Nepal and the decrease in 
ivory items for retail sale in Kathmandu
Pachyderm 54 (2013) 52-58
Abstract.  The Nepal ivory industry has 
collapsed since early 2001, when the last survey 
was conducted. The few remaining craftsmen 
have stopped carving ivory. The number of shops 
selling ivory items has fallen from 57 in February 
2001 to 19 in December 2012. During this period 
ivory items on display for sale in Kathmandu 
dropped from 1546 to 208. Smuggled raw 
ivory from Africa and Asia used to come into 
Nepal via India, but both the India and the 
Nepal governments have improved their border 
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controls. Wildlife law enforcement in Nepal has 
strengthened considerably since 2010 with the 
establishment of government committees and 
bureaus dealing with wildlife crime all over the 
country. All ivory is illegal to sell or to display 
in shops, and vendors are now reluctant to sell 
new ivory items and are trying to offload their 
last remaining ivory objects. Turnover is slow as 
customer demand has fallen, partly as Nepalese 
now prefer to buy gold items and also because 
foreign tourists (the main buyers) show little 
interest in buying ivory as the selection is poor 
and there is a greater risk entailed in smuggling 
worked ivory out of the country. Thus Nepal is 
not a threat to Africa’s or Asia’s elephants.

M. Miller & F. Olea-Popelka
One Health in the shrinking world: 
Experiences with tuberculosis at the human–
livestock–wildlife interface
Comparative Immunology, Microbiology and 
Infectious Diseases 36 (2013) 263-268
Abstract.  Tuberculosis (TB) is a global anthro-
pozoonotic infection that has raised aware-
ness of the impact of disease at the human–
livestock–wildlife interface. There are examples 
of transmission from livestock resulting 
in establishment of reservoirs in wildlife 
populations, and exposures from interactions 
between humans and wildlife that have resulted 
in disease outbreaks. A One Health approach is 
crucial to managing and protecting the health of 
humans, livestock, wildlife and the environment. 
Although still in its infancy in many areas of the 
world, the use of transdisciplinary teams to address 
wildlife–human–livestock boundary diseases 
will broaden the scope of options for solutions. 
This paper reviews some less commonly known 
examples of threats and outcomes using lessons 
learned from tuberculosis. © 2013 Reprinted 
with permission from Elsevier.

S.Y. Moon-van der Staay, G.W.M. van der 
Staay, T. Michalowski, J.-P. Jouany, P. Pristas, 
P. Javorský, S. Kišidayová, Z. Varadyova, N.R. 
McEwan, C.J. Newbold, T. van Alen, R. de Graaf, 
M. Schmid, M.A. Huynen & J.H.P. Hackstein
The symbiotic intestinal ciliates and the 
evolution of their hosts
European J. of Protistology 50 (2014) 166-173

Abstract.  The evolution of sophisticated 
differentiations of the gastro-intestinal tract 
enabled herbivorous mammals to digest dietary 
cellulose and hemicellulose with the aid of 
a complex anaerobic microbiota. Distinctive 
symbiotic ciliates, which are unique to this 
habitat, are the largest representatives of this 
microbial community. Analyses of a total of 484 
different 18S rRNA genes show that extremely 
complex, but related ciliate communities can 
occur in the rumen of cattle, sheep, goats and 
red deer (301 sequences). The communities in 
the hindgut of equids (Equus caballus, Equus 
quagga), and elephants (Elephas maximus, 
Loxodonta africanus; 162 sequences), which are 
clearly distinct from the ruminant ciliate biota, 
exhibit a much higher diversity than anticipated 
on the basis of their morphology. All these ciliates 
from the gastro-intestinal tract constitute a 
monophyletic group, which consists of two major 
taxa, i.e. Vestibuliferida and Entodiniomorphida. 
The ciliates from the evolutionarily older hindgut 
fermenters exhibit a clustering that is specific for 
higher taxa of their hosts, as extant species of 
horse and zebra on the one hand, and Africa and 
Indian elephant on the other hand, share related 
ciliates. The evolutionary younger ruminants 
altogether share the various entodiniomorphs 
and the vestibuliferids from ruminants. © 2014 
Reprinted with permission from Elsevier.

C. Mumby, T. Bouts, L. Sambrook, S. Danika, 
E. Rees, A. Parry, M. Rendle, N. Masters & R. 
Weller
Validation of a new radiographic protocol for 
Asian elephant feet and description of their 
radiographic anatomy
Veterinary Record 173 (2013) 318
Abstract.  Foot problems are extremely common 
in elephants and radiography is the only imaging 
method available but the radiographic anatomy 
has not been described in detail. The aims of this 
study were to develop a radiographic protocol 
for elephant feet using digital radiography, and 
to describe the normal radiographic anatomy of 
the Asian elephant front and hind foot. A total 
of fifteen cadaver foot specimens from captive 
Asian elephants were radiographed using a range 
of projections and exposures to determine the best 
radiographic technique. This was subsequently 
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tested in live elephants in a free-contact setting. 
The normal radiographic anatomy of the Asian 
elephant front and hind foot was described with 
the use of three-dimensional models based on CT 
reconstructions. The projection angles that were 
found to be most useful were 65–70° for the front 
limb and 55–60° in the hind limb. The beam was 
centred 10–15 cm proximal to the cuticle in the 
front and 10–15 cm dorsal to the plantar edge 
of the sole in the hind foot depending on the 
size of the foot. The protocol developed can be 
used for larger-scale diagnostic investigations of 
captive elephant foot disorders, while the normal 
radiographic anatomy described can improve the 
diagnostic reliability of elephant feet radiography. 
© 2013 BMJ Publishing Group Limited.

S. Nummela, H. Pihlström, K. Puolamäki, M. 
Fortelius, S. Hemilä & T. Reuter
Exploring the mammalian sensory space: co-
operations and trade-offs among senses
J. of Compar. Physiology A 199 (2013) 1077-92 
Abstract.  The evolution of a particular sensory 
organ is often discussed with no consideration 
of the roles played by other senses. Here, we 
treat mammalian vision, olfaction and hearing 
as an interconnected whole, a three-dimensional 
sensory space, evolving in response to ecological 
challenges. Until now, there has been no 
quantitative method for estimating how much a 
particular animal invests in its different senses. 
We propose an anatomical measure based on 
sensory organ sizes. Dimensions of functional 
importance are defined and measured, and 
normalized in relation to animal mass. For 119 
taxonomically and ecologically diverse species, 
we can define the position of the species in a 
three-dimensional sensory space. Thus, we can 
ask questions related to possible trade-off vs. 
co-operation among senses. More generally, our 
method allows morphologists to identify sensory 
organ combinations that are characteristic of 
particular ecological niches. After normalization 
for animal size, we note that arboreal mammals 
tend to have larger eyes and smaller noses than 
terrestrial mammals. On the other hand, we 
observe a strong correlation between eyes and 
ears, indicating that co-operation between vision 
and hearing is a general mammalian feature. For 
some groups of mammals we note a correlation, 

and possible co-operation between olfaction and 
whiskers. © 2013 With kind permission from 
Springer Science+Business Media.

A. Parameswaran
Zooësis and ‘becoming with’ in India: The 
‘figure’ of elephant in Sahyande Makan: The 
elephant project
Theatre Research International 39 (2014) 5-19
Abstract.  I analyse Sahyande Makan: The 
Elephant Project (2008), a cross-cultural theatrical 
production in Malayalam and Japanese by the 
Kerala-based group Theatre Roots and Wings, 
as an instance of ‘zooësis’. The performance 
presents the state of an elephant in the space 
of a Kerala temple festival ritual, pooram. The 
elephant moves into a fantasy of the wild as it 
is under the physiological condition of musth. 
Approaching the question of the performing 
animal as intersectional, this performance 
challenges anthropocentrism and its assumed 
binary of human/animal, and draws a possible 
relation between domestic and wild, or the world 
of norms and freedom, both for elephants and for 
humans. I argue that by taking embodiment as the 
site of exploring discipline as well as imagining 
a freeing, and by positing an alternate way of 
‘being worldly’ through affect and senses, the 
performance articulates what Donna Haraway 
has posited as the process of ‘becoming with’. © 
2014 Internat. Federation for Theatre Research. 

S. Paudel, S.K. Mikota, C. Nakajima, K.P. 
Gairhe, B. Maharjan, J. Thapa, A. Poudel, M. 
Shimozuru, Y. Suzuki & T. Tsubot
Molecular characterization of Mycobacterium 
tuberculosis isolates from elephants of Nepal
Tuberculosis 94 (2014) 287-292
Abstract.  Mycobacterium tuberculosis was 
cultured from the lung tissues of 3 captive 
elephants in Nepal that died with extensive lung 
lesions. Spoligotyping, TbD1 detection and multi-
locus variable number of tandem repeat analysis 
(MLVA) results suggested 3 isolates belonged to 
a specific lineage of Indo-Oceanic clade, EAI5 
SIT 138. One of the elephant isolates had a new 
synonymous single nucleotide polymorphism 
(SNP) T231C in the gyrA sequence, and the same 
SNP was also found in human isolates in Nepal. 
MLVA results and transfer history of the elephants 
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suggested that 2 of them might be infected with 
M. tuberculosis from the same source. These 
findings indicated the source of M. tuberculosis 
infection of those elephants were local residents, 
presumably their handlers. Further investigation 
including detailed genotyping of elephant and 
human isolates is needed to clarify the infection 
route and eventually prevent the transmission 
of tuberculosis to susceptible hosts. © 2014 
Reprinted with permission from Elsevier.

J. Payne & G. Davies
Conservation of rain forest mammals in 
Sabah: long term perspectives
Raffles Bulletin of Zoology S29 (2013) 187-201
Abstract.  The two authors of this paper 
commenced their careers under the guidance of 
the Earl of Cranbrook, in Sabah in 1979, when 
the timber boom was under way, and when 
knowledge of the mammal fauna was rudimentary. 
A faunal survey of Sabah conducted in 1979–
1982 provided a baseline and recommendations 
on forest conservation relevant especially to the 
large mammal species reckoned to be threatened 
by logging and forest loss at that time. This paper 
traces some of the major changes in forestry in 
Sabah, the establishment of the forest estate, 
and the replacement of a long-cycle selective 
logging system by over-logging and conversion 
of forest to plantations. The visionary Sabah 
Forestry Department has tried to maximise the 
extent of forest retained and its value to species 
conservation in the face of inevitable political, 
social, and economic pressures, and has largely 
succeeded. The situation regarding Sumatran 
rhinoceros, Bornean elephant and Bornean 
orang-utan in Sabah is described, along with 
the surprising changes in our perception of the 
conservation needs of these iconic species since 
1982. © 2013 National University of Singapore.

J.M. Plotnik, R.C. Shaw, D.L. Brubaker, L.N. 
Tiller & N.S. Clayton
Thinking with their trunks: elephants use 
smell but not sound to locate food and exclude 
nonrewarding alternatives
Animal Behaviour 88 (2014) 91-98
Abstract.  The two-way object choice paradigm 
has been used extensively in studies of animal 
cognition. The paradigm involves presenting two 

options, one rewarding and one nonrewarding, 
to a subject and allowing it to make a choice 
between the two, potentially by exploiting 
specific cues provided by the experimenter. 
Using the paradigm, we tested first whether Asian 
elephants, Elephas maximus, could use auditory 
and/or olfactory cues to find food. While elephants 
were unable to locate hidden food by following 
an auditory cue, they were capable of finding 
food when the cue was olfactory. The second 
part of the study involved providing the subjects 
with only olfactory information about one option 
before presenting them with a choice between 
two. In trials in which subjects were allowed 
to investigate only the nonrewarding option, 
they made choices by exclusion, either inferring 
the location of the rewarding option or simply 
avoiding the nonrewarding one. Elephants thus 
relied on olfaction to locate food and to exclude 
nonrewarding food locations, but failed to use 
auditory information (when it was the only cue 
presented) to do the same. This study represents 
important evidence of elephants using their 
sense of smell in a cognitive task. © 2013 The 
Association for the Study of Animal Behaviour. 
Reprinted with permission from Elsevier.

S. Qasim, A.N. Khan & M. Qasim
A comparative study of conservation strategies 
of two selected national parks from Pakistan 
& Thailand: Lessons learned from each other 
Journal of Managerial Sciences 8 (2014) 61-75
Abstract.  The conservation strategies of two 
national parks i.e., Chiltan Hazarganji of Pakistan 
and Kaeng Krachan of Thailand were compared 
in this study. It was found that that Kaeng 
Krachan national park has much better “Zoning 
schemes” conservation strategies than Chiltan 
Hazarganji national park. However, the “trophy 
hunting” and community involvement of Chiltan 
Hazarganji were also important for conservation 
of Chiltan Markhor. The best conservation 
strategies of Kaeng Krachan national park may 
be attributed not only to awareness of the Thai 
people about biodiversity conservation but also 
the strong political will of Thailand’s government 
to promote tourism industry of the country. The 
study therefore recommends the exchange of 
information on natural resources conservation 
between the two countries.
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S. Romain, T. Angkawanish, P. Bampenpol, P. 
Pongsopawijit, P. Sombatphuthorn, R. Nomsiri 
& A. Silva-Fletcher
Diet composition, food intake, apparent 
digestibility, and body condition score of the 
captive Asian elephant (Elephas maximus): A 
pilot study in two collections in Thailand
J. of Zoo and Wildlife Medicine 45 (2014) 1-14
Abstract.  Limited data are available regarding 
the nutrition and feeding of captive Asian 
elephants in range countries. In this study, feeding 
regimens of two collections in northern Thailand 
and their actual diets shaped by availability of 
forage and mahout preferences were assessed for 
nutritional quality. The composition of dietary 
intake, fecal output, and the dietary regimen were 
individually recorded for 5 days in 10 elephants. 
The proportion of forage in the diet represented 
41 to 62% of the dry matter intake (DMI) in 
one collection whereas in the other collections 
it varied between 68 and 72%. Between 8.5 
and 24% of the diet consisted of commercial 
pellets, and hulled rice represented up to 25% 
of the DMI in one collection. Sugar cane, corn 
cobs, and fruits such as bananas were eaten in 
smaller amounts. Body condition scores and 
weights were measured, which revealed that nine 
animals were in good condition. Representative 
samples of each food as well as fecal samples 
were analyzed for dry matter, crude protein, 
fat, crude fiber, gross energy, ash, calcium, and 
phosphorus. Diet adequacy was assessed by 
calculating the digestible nutrients in the rations 
and by comparing them to the recommendations 
from literature. The digestible energy (DE) 
intake varied between 0.6 and 1.4 megajoules 
(MJ) per kg 0.75 per day; therefore, higher than 
the estimated recommendations of 0.65 MJ per 
kg 0.75 per day for nine of the elephants. In all 
elephants the crude protein intake was less than 
the maintenance recommendations and ranged 
between 6.01 and 7.56% of the DMI. Calcium 
intake was low in one collection and there was 
an inverse calcium : phosphorus ratio, which 
was inadequate. The present study adds to the 
knowledge of captive elephant diets in Asia and 
is a starting point for further research, which 
is necessary to design optimum diet plans for 
captive Asian elephants in Thailand. © 2014 
American Association of Zoo Veterinarians.

A.H.M.R. Sarker & E. Røskaft
Perceptions of farmers in Bangladesh to Asian 
elephants (Elephas maximus)
Environment and Natural Resources Research 4 
(2014) 23-38
Abstract.  We explored the degree to which 
Bangladeshi farmers perceive Asian elephants 
(Elephas maximus) as agricultural pests, 
as related to the type of farming and other 
demographic profile of the farmers. We analysed 
the size and cropping patterns of farms raided 
by wild elephants, the extent and nature of crop 
loss, the months and crop-raiding time; and the 
size of elephants’ herds that caused crop-raiding 
incidents. The average loss of entire crops 
increased with distance from the park up to 300 
m and then decreased with greater the distance. 
The greatest loss due to crop raiding was 
associated with specific crops. Farmers incurred 
the greatest mean losses in terms of cost from like 
rice, vegetables, banana, and teak. The highest 
proportion of small losses occurred during the 
early evening, while the greatest financial losses 
occurred during late evening. Wild elephants 
raided crops throughout most of the year, but the 
greatest loss and cost were incurred during the 
monsoon season. The proportion of crops lost 
varied with the herd size of elephant responsible 
for crop-raiding and the duration of crop-raiding. 
Differences were found in the views of farmers 
regarding the perceptions towards elephant as 
pest. Considering crop-raiding elephant herd as 
pest has been given different views by the farmers 
based on their financial/comfortable status. © 
2014 Canadian Center of Science and Education.

Male enjoying a drink (Sri Lanka)



60

S.K. Shil, M.A. Quasem, M.L. Rahman, 
A.S.M.G. Kibria, M. Uddin & A.S.M.L. Ahasan
Macroanatomy of the bones of pelvis and hind 
limb of an Asian elephant (Elephas maximus)
International Journal of Morphology 31 (2013) 
1473-1478
Abstract.  Recent excavated skeleton of an adult 
female Asian elephant (Elephas maximus), died 
in dystokia in Bangladesh was used for macro 
anatomical study. Some unique morphological 
features of bones of hind limb were observed. 
Pelvic canal was more oval and the wings of 
ilium were wider. Rump slope was about 36°. 
Angle between femur and tibia was close to 
180°. In Femur, the major trochanter was located 
at the lower level of head. Minor trochanter, 
fovea capitis and trochanteric ridge were absent. 
Supracondyloid fossa was shallow but the 
intercondyloid fossa was deep. Posterior surface 
of patella possessed a blunt vertical ridge. The 
articular surfaces of both tibial condyles were 
clearly concave. The tibia and the fibula were 
articulated proximally and distally with keeping 
a wide interosseous space. Instead of tibial 
tuberosity, there was an elongated triangular 
depression in proximal part. There were six tarsal 
bones arranged in three rows. The comparative 
size of the distal tarsal bones were III+IV > I 
> II. The comparative lengths of the metatarsal 
bones were III > II > IV > V> I. Digits I and V 
were the most vertical and digit III was the most 
horizontal. The proximal phalanx was the biggest 
of all.

J.J. Stanton, S.A. Nofs, A. Zachariah, N. 
Kalaivannan & P.D. Ling
Detection of endotheliotropic herpesvirus 
infection among healthy Asian elephants 
(Elephas maximus) in South India
Journal of Wildlife Diseases 50 (2014) 279-287
Abstract.  Elephant endotheliotropic herpes-
viruses (EEHVs) can cause fatal hemorrhagic 
disease in Asian (Elephas maximus) and African 
(Loxodonta africana) elephants. Of the seven 
known EEHV species, EEHV1 is recognized 
as the most common cause of hemorrhagic 
disease among Asian elephants in human care 
worldwide. Recent data collected from ex situ 
Asian elephants located in multiple North 
American and European institutions suggest 

that subclinical EEHV1 infection is common 
in this population of elephants. Although fatal 
EEHV1-associated hemorrhagic disease has 
been reported in range countries, data are lacking 
regarding the prevalence of subclinical EEHV 
infections among in situ Asian elephants. We used 
previously validated EEHV-specific quantitative 
real-time PCR assays to detect subclinical EEHV 
infection in three regionally distinct Asian 
elephant cohorts, totaling 46 in situ elephants 
in South India, during October and November 
2011. Using DNA prepared from trunk washes, 
we detected EEHV1, EEHV3/4, and EEHV5 at 
frequencies of 7, 9, and 20% respectively. None 
of the trunk washes was positive for EEHV2 or 6. 
At least one EEHV species was detectable in 35% 
(16/46) of the samples that were screened. These 
data suggest that subclinical EEHV infection 
among in situ Asian elephants occurs and that 
Asian elephants may be natural hosts for EEHV1, 
EEHV3 or 4, and EEHV5, but not EEHV2 and 
EEHV6. The methodology described in this 
study provides a foundation for further studies 
to determine prevalences of EEHV infection in 
Asian elephants throughout the world. © 2014 
Wildlife Disease Association.

S.J. Sugumar & R. Jayaparvathy
An improved real time image detection system 
for elephant intrusion along the forest border 
areas
Scientific World Journal 2014 (2014) 393958
Abstract.  Human-elephant conflict is a major 
problem leading to crop damage, human death 
and injuries caused by elephants, and elephants 
being killed by humans. In this paper, we propose 
an automated unsupervised elephant image 
detection system (EIDS) as a solution to human-
elephant conflict in the context of elephant 
conservation. The elephant’s image is captured 
in the forest border areas and is sent to a base 
station via an RF network. The received image 
is decomposed using Haar wavelet to obtain 
multilevel wavelet coefficients, with which we 
perform image feature extraction and similarity 
match between the elephant query image and the 
database image using image vision algorithms. 
A GSM message is sent to the forest officials 
indicating that an elephant has been detected 
in the forest border and is approaching human 
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habitat. We propose an optimized distance metric 
to improve the image retrieval time from the 
database. We compare the optimized distance 
metric with the popular Euclidean and Manhattan 
distance methods. The proposed optimized 
distance metric retrieves more images with lesser 
retrieval time than the other distance metrics 
which makes the optimized distance method 
more efficient and reliable. © 2014 The Authors.

S.J. Sugumar & R. Jayaparvathy 
Design of a quadruped robot for human–
elephant conflict mitigation
Artificial Life and Robotics 18 (2013) 204-211
Abstract. Human–elephant conflict is a major 
problem leading to crop damage, human 
death by elephants and elephants being killed 
by people. The surveillance and tracking of 
elephant herds are difficult due to their size and 
nature of movement. Materials: In this article, 
we propose a four-wheeled quadruped robot to 
mitigate human–elephant conflict. The robot can 
detect movement of wild pachyderms in certain 
pockets along the forest borders through which 
the elephants enter into the human living areas 
from the forest. The robot is so designed that 
it can navigate with wheels on flat terrains and 
with legs on unfriendly rugged terrains with the 
help of mounted cameras. Methods: The images 
of the wild elephant are captured and transmitted 
to the base stations and an SMS is sent to the 
forest officials indicating an elephant is found. 
We obtain a suitable kinematic model for both 
legs and wheels with control algorithm for the 
quadruped robot to move along a predetermined 
path. Conclusion: The quadruped robot proposed 
is a solution to detect elephant movement without 
affecting the ecological conditions to overcome 
human–elephant conflict. The unpredictability 
of time and location of elephant arrival into the 
villages are considered the major issues that are 
resolved in this work. The results of our work 
contribute to elephant conservation issues and 
are suitable for the detection of elephants in 
forest border areas. © 2013 ISAROB.

I.C. Suter, G.P. Maurer & G. Baxter
Population viability of captive Asian elephants 
in the Lao PDR
Endangered Species Research 24 (2014) 1-7

Abstract.  Asian elephants Elephas maximus 
have been captured and trained by Lao mahouts 
for centuries. While captive elephants are losing 
their traditional relevance, they still play a 
significant role in the Lao logging and tourism 
industries. However, with only an estimated 
480 captive elephants remaining nationally 
and only ~60 cows under 35 yr of age, the 
future viability of this population is uncertain. 
We assessed >80% of the captive elephant 
population and used VORTEX software to 
create 7 population viability analysis scenarios. 
Our results demonstrate that without changes to 
conservation management the current population 
is likely to be extinct in 112 yr (r = -0.099). 
Reduced mortality rates, increased reproductive 
rates and population supplementation will give 
the population an additional 108 yr of longevity, 
but will not, of themselves, prevent extinction. 
Management programs should direct efforts 
towards in situ breeding programs, a cessation 
in calf exportation, improved veterinary care 
and population supplementation. Since captive 
populations are also small and declining in other 
range nations, there is also a case for managing 
all Asian elephants as a single management unit.  
© 2014 Inter-Research.

A.A.E. van der Geer, G.A. Lyras, L.W. van den 
Hoek Ostende, J.de Vos & H. Drinia
A dwarf elephant and a rock mouse on Naxos 
(Cyclades, Greece) with a revision of the 
palaeozoogeography of the Cycladic Islands 
(Greece) during the Pleistocene
Palaeogeography, Palaeoclimatology, Palaeo-
ecology 404 (2014) 133-144
Abstract.  During the Late Pleistocene, Naxos 
and adjacent areas, including Delos and Paros, 
constituted a mega-island, here referred to as 
palaeo-Cyclades. The extensive low-lying plains 
with lakes and rivers provided a suitable habitat 
for elephants. Due to long-term isolation from 
the mainland and mainland populations, these 
elephants evolved miniature size. The species 
found on Naxos had a body size of about ten percent 
of that of the mainland ancestor, Palaeoloxodon 
antiquus. During the glacial periods of the Late 
Pleistocene, P. antiquus may have migrated 
eastwards and southwards in search of better 
conditions and reached the islands. The dwarf 
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species of the various Southern Aegean islands 
(e.g. Crete, Tilos, Rhodos, palaeo-Cyclades) 
are each the result of independent colonisation 
events. The very small size of the Naxos species 
respective to the dwarf elephants from Crete is 
explained as due to the lack of competitors. The 
only other elements of the contemporaneous fauna 
were a rock mouse (Apodemus cf. mystacinus) 
and a shrew (Crocidura sp.). Submergence of 
the area, climate change, volcanism, hunting 
by humans or a combination of these factors 
during the terminal Pleistocene may have caused 
the extinction of this endemic fauna. © 2014 
Reprinted with permission from Elsevier.

T.N.C. Vidya
Novel behaviour shown by an Asian elephant 
in the context of allomothering
Acta Ethologica 17 (2014) 123-127
Abstract.  In the absence of large sample sizes, 
logistic difficulties, and, more importantly, 
knowledge about appropriate hypotheses to 
test cognition in elephants, reliable anecdotal 
observations from field studies are increasingly 
being realized as valuable in this context. I report 
here a novel behaviour shown by a subadult 
female in the context of allomothering. The 
observation was made as part of a long-term 
study of social organization and behaviour in 
free-ranging Asian elephants in southern India. 
A subadult, nulliparous female, Genette, while 
allomothering a calf, was confronted by the calf 
persistently trying to suck at Genette’s mammary 
glands. This was presumably uncomfortable 
for Genette, as evidenced by her reactions of 
avoiding, kicking, and nudging the calf away. She, 
however, started offering her trunk tip to the calf 
to suck, and this behaviour was seen repeatedly, 
with the calf actively sucking on it as if drinking 
milk. I discuss how this trunk-sucking behaviour 
differs from related behaviours previously seen 
in elephants and how this might be a case of 
problem solving. © 2013 Springer-Verlag Berlin 
Heidelberg and ISPA.

G. Wilson, M.A.M. Gruber & P.J. Lester
Foraging relationships between elephants and 
Lantana camara invasion in Mudumalai Tiger 
Reserve, India

Biotropica 46 (2014) 194-201
Abstract.  Lantana camara is a widespread 
exotic invasive species in India, capable of 
dominating and displacing native forage 
species. We investigated whether L. camara was 
associated with variation in elephant foraging 
behavior in Mudumalai Tiger Reserve, India. 
The behavioral responses of elephants to L. 
camara were assessed from feeding and stepping 
rates. Elephants were never observed to feed on 
L. camara, but rather fed on grass and browse 
present within and around L. camara patches. 
A multiple regression analysis showed that 
feeding rates were negatively associated with L. 
camara invasion (F1, 55 = 4.26, R2 = 0.07), but not 
stepping rates. Instead, grass cover and browse 
density were associated with stepping rates (F2, 

55 = 11.16, R2 = 0.30). Path analysis indicated 
that the total effect of L. camara on feeding rates 
was 11% (β = −0.24) less than the direct negative 
association (β = −0.27) owing to a positive 
indirect association of L. camara with feeding 
rates through grass cover and browse density 
(β = 0.03), while stepping rates were negatively 
associated with grass cover (β = −0.39) and 
positively associated with browse density (β = 
0.38). Our results indicate that L. camara appears 
capable of modifying feeding rates of elephants, 
likely through a loss of grass areas due to L. 
camara invasion. Experimental work is needed to 
test for causal relationships among the variables 
we measured, to enhance our understanding of 
how invasive weeds modify elephant behavior. © 
2014 The Association for Tropical Biology and 
Conservation.

“Najaah” at Metigattha Wewa (Sri Lanka)
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1.  Wild elephants injure two in China

MSN News - 9.2.2014

A group of wild elephants trying to cross a river in 
China’s far southwest has left two tourists injured. 
The incident occurred on Saturday afternoon 
in Yunnan province when the river-crossing 
pachyderms ran into a family of five people. A 
woman suffered a fractured right shoulder while 
a man suffered slight injury. Both were treated 
at a local hospital. The incident took place at the 
Wild Elephant Valley reserve in Xishuangbanna 
prefecture.

The police drove the elephants away but did not 
provide details on the nature of the encounter 
between the animals and the family. In July, 
state media reported that a group of 14 wild 
Asian elephants attacked and killed a woman in 
the Xishuangbannna area before chasing police 
and investigators from the scene. The rainforests 
of Xishuangbanna, which borders Myanmar 
and Laos, are home to 250-300 wild elephants, 
Xinhua reported. The animals are generally 
placid but can attack when they feel threatened.

2.  Controversy over elephant ‘census’ (Sri 
Lanka)

Sunday Leader - 1.5.2014

Controversy surrounds the much publicised 
elephant census carried out in 2011, as the 
Wildlife Department is now claiming it was 
not a census and only a research. The research 
was conducted by the Wildlife Department and 
a copy of the report was given to the Ringling 
Brothers, a circus troupe, which had used it to 
source funds.

According to sources in the Wildlife Department 
the Ringling Brothers was given credit in the 
report although it never funded the research. The 
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deal was carried out when S.M. Chandrasena was 
the Minister in charge under a special agreement. 
Director General of Wildlife H.D. Ratnayake 
said that the Ringling Brothers took part in the 
survey based on a proposal put forward by the 
Rajarata University.

The first report had some shortcomings and a 
fresh report was compiled for Rs 500,000 but 
the analysis was incomplete in the second report. 
It was reported last year that the “census” had 
found that there are 5879 elephants in Sri Lanka. 
Rs 18 million was spent for the research but it 
does not identify the sex of the animals, age and 
number of baby elephants, sources said. 

Minister of Wildlife Resources Conservation, 
Vijith Vijayamuni de Soyza said the first report 
on the elephant research was sent to President 
Mahinda Rajapaksa. He admitted that the data in 
the report may not be accurate. He also said there 
is corruption in the Wildlife Department.

3.  Three elephants killed as train runs into 
herd in Assam (India)

Press Trust of India - 27.2.2014

Three elephants were killed when they were 
hit by a local passenger train in upper Assam’s 
Jorhat district today. The elephants were 
returning to their nearby habitat Gibbon Wildlife 
Sanctuary. he elephants were killed when the 
Guwahati-Tinsukia Intercity Express hit the herd 
crossing the railway track at Venuguri village 
near Moriani Railway Station, officials said. 
 
The elephants were returning to their nearby 
habitat Gibbon Wildlife Sanctuary. While an 
adult elephant was cut into pieces, a calf died 
after it was hurled about 500 meters away due 
to the mishap. Another adult elephant was found 
dead lying near the train track, they said, adding, 
forest personnel have rushed there.
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4.  Palm oil plantations allegedly poison seven 
critically endangered elephants in Sumatra

Mongabay.com - 28.2.2014

Wildlife officials suspect foul play in the deaths 
of seven Sumatran elephants on the outskirts of 
Tesso Nilo National Park. Officials stumbled on 
the corpses of one female elephant, five young 
males, and one male calf in mid-February. 
Although the males had their tusks hacked off, 
the officials suspect the elephant were poisoned in 
revenge for disturbing illegal palm oil plantations 
inside the park.

“There is an indication that they were poisoned,” 
Muhammad Zanir, head of the local wildlife 
agency, told the AFP. “Some people may consider 
the elephants a threat to their palm oil plantations 
and poison them.”

“Killing of elephants in and around Tesso Nilo 
National Park has dramatically increased. 
Since 2012: a total of 33 elephants have been 
found dead, many more may have remained 
undetected,” reads a statement from Eyes on the 
Forest, a local NGO. “If forest loss and elephant 
killings do not slow down, Tesso Nilo’s elephant 
population might go extinct in less than 10 years.”

Tesso Nilo was established as a national park 
in 2004, but was already heavily fragmented 
by thousands of migrants, many of whom have 
illegal stayed on inside the park. The park is 
located in Riau province, which has lost some 
of the most forest on the island. In 1985, Riau 
was believed to be home to over 1600 Sumatran 
elephants, by 2009 only 330 survived. Today, 
there are likely less.

5.  It will soon be ‘paradise regained’ for wild 
elephants (India)

The Hindu - 4.3.2014

Annual migration has begun; it’s expected to 
peak by March-end. It will be ‘paradise regained’ 
for hundreds of wild elephants as they reclaim 
the Kabini backwater. Their annual migration 
has just commenced and is expected to peak by 
March-end.

This year, there is sufficient water in the reservoir 
and the backwater. Last year, the prolonged 
drought and incessant release of water to save 
standing crops resulted in very low water level in 
the backwater. As a result, innumerable animals 
died of thirst and starvation. Consequently, 
wild animals deserted the Kabini in large 
numbers. Though elephants remained around the 
backwater, their number was less.

The Wildlife Conservation Foundation told 
The Hindu that as many as 54 elephants aged 
between nine and 14 had died in Bandipur last 
year because of this. “Post-mortem reports in 
almost all cases showed the presence of mud in 
elephants’ stomachs, as they had tried to dig out 
water-holes and eaten dollops of mud with little 
bit of moisture in them to survive,” he said.

Speaking to The Hindu, he said that on certain 
days during the peak of the migration season, 
one could find 800 to 1000 elephants on both 
the Bandipur and Nagarahole sides of the Kabini 
backwater. These numbers vary, depending on the 
availability of fodder in other parts of the forests, 
but one can easily spot over 200 elephants during 
this period.

6.  Tourism seen as factor in illegal jumbo 
trafficking (Sri Lanka)

The Island - 7.3.2014

Tourism is being seen as a factor in the increasing 
illegal capture of wild elephants locally and in the 
trading of these animals. Wildlife conservationists 
warned that the Sri Lankan elephant population 
could very well be wiped out in the near future if 

Elephants in Malaysia.
Photo by Ahimsa Campos-Arceiz



65

these deleterious trends continue. 

Species Conservation Centre Chairman Pubudu 
Weeraratne said that the Sri Lankan elephants 
were in crisis due to the well organised, illegal 
trade conducted with the support of some 
politicians of this country. He claimed that there 
was a group of people who caught wild elephants 
and sold them at a huge price.

He also accused the Wildlife Conservation 
Department Director General H.D. Rathnayake 
of misleading the court by not divulging correct 
details.

Elephant activists suspect that this baby elephant 
had been captured in the Habarana forest. 
Habarana is believed to be the nerve centre of 
this alleged racket. The area has a high elephant 
density, being in the centre of three National 
Parks, namely, Minneriya, Kawdulla and 
Hurulu. Transporting elephants used for elephant 
safaris in and out of Habarana is also a common 
occurrence. So it is an ideal ground to execute 
abductions.

Meanwhile, Buddha Sasana Deputy Minister 
recently revealed that 63 elephant calves were 
stolen from the Habarana forest area, while the 
Wildlife Resources and Conservation Minister 
Vijith Wijayamuni Soysa said that they were 
finding it difficult to curb illegal elephant 
trafficking due to the absence of a proper legal 
system on the matter and proposed registering 
the elephants calves following a DNA test as a 
solution.

7.  Six people and one elephant killed after 
cars pile into a herd running wild near Thai 
nature reserve 

Mail Online - 12.3.2014 

Six people have been killed and two others 
injured today after three wild elephants walked 
into a road in Thailand. The accident that 
involved a three-car pile-up happened in Rayong 
province, east of Bangkok. One of the elephants, 
who had ventured away from a nature reserve, 
later died. The area is near the Khao Anglunai 

Wildlife Preserve, near Khao Chamao National 
Park and the heavily forested Cambodian border.

Reports said a sports utility vehicle carrying 
four people hurtled off the road after hitting an 
elephant. The male driver and a female passenger, 
died on the spot and the elephant had its leg 
broken. Another passenger later succumbed to 
injuries in Wang Chan Hospital. Shortly after, a 
six-wheel Isuzu truck crashed and then a bronze 
Toyota Vigo pickup rammed into the back of it. 
The male pickup driver died there. Three others, 
a man and two women, were injured. One died of 
her injuries, the Bangkok Post reported.

He saw two elephants looking agitated in the 
middle of the road. Another was lying on the 
ground almost 100 metres from the crash site. 
Pitak Yingyong, a forestry officer, said the 
three elephants left the Khao Anglunai Wildlife 
Preserve Area several days ago and rangers were 
searching for them. 

8.  Elephant bites on pumpkin filled with 
explosives, dies (Sri Lanka)

Emirates 24/7 - 13.3.2014

In a horrific incident in Sri Lanka, some villagers 
had hidden explosives inside a pumpkin and left 
it for a wild elephant to consume it. Wildlife 
officials in Madhu area found a malnourished 
baby elephant besides the carcass of its dead 
mother, which was lying by the side of the road 
in the village of KK Kulam in Murungan.

The female elephant had died on Sunday night. 
The post mortem conducted on the elephant 
revealed that she had swallowed a pumpkin, 
which was stuffed with the explosive ‘hakka 
patas’, which is used by villagers to chase away 
wild animals. The unfortunate elephant had tried 
to eat the pumpkin, which then exploded in her 
mouth injuring her severely. The official said her 
jaw had been blown up.

The mother and her calf were loitering unable to 
find food and the mother was unable to eat due 
to her injuries. The calf had been walking behind 
her without food when it was spotted. The female 
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had eventually succumbed to her injuries and the 
calf had remained by her side, unable to forage 
for food on its own.

9.  Killer elephant halts West Bengal rampage 
to unearth baby girl

Animals World - 14.3.2014 

It appears the cries of a baby are too much to 
bear, even for a rampaging elephant. A killer 
tusker elephant was on a fresh rampage through a 
West Bengal village on Monday when it stopped 
to carefully unearth a crying baby girl beneath 
the rubble of the house it had begun to demolish.

The 10-month-old’s father, Dipak Mahato, told 
the Times of India that he and his wife were 
having dinner at about 8pm when they heard a 
“cracking sound” and then a huge crash from 
the bedroom. “We ran over and were shocked 
to see the wall in pieces and a tusker standing 
over our baby,” Mr Mahato said. “She was crying 
and there were huge chunks of the wall lying all 
around and on the cot. The tusker started moving 
away but when our child started crying again, it 
returned and used its trunk to remove the debris.” 
The baby was taken to hospital with external 
injuries from the falling debris but was “in no 
danger”.

Conflict between humans and elephants in West 
Bengal’s Purulia district has risen over the past few 
years. Land-use patterns have blocked elephants’ 
traditional migration routes. Herds routinely raid 
farms and villages and smash houses, according 
to the Times of India. Local forest ranger Samir 
Bose said the same elephant had killed three 
people in the last year and damaged 17 homes in 
three village areas.

10.  Human encroachment shoos elephants 
from forests in central Vietnam

Thanh Nien Daily - 31.3.2014

A shrinking habitat has forced herds of wild 
elephant away from natural forests and into 
residential areas to scrounge for food in the 
buffer zone of a national park in the north-central 

province of Nghe An. The daily lives of many 
residents in the buffer zone of Pu Mat National 
Park in Anh Son District have been disturbed for 
several months now with the presence of wild 
elephants in their areas.

At around 2 a.m. every day, Luong Van Tinh 
and Ha Thi Hien of Veu 3 Village, Phuc Son 
Commune, are woken from sleep by the sounds 
of broken trees and fallen leaves. Tinh rushes to 
his neighbors’ houses to give them the alert. Soon 
the village is alight with torches and flashlights. 
The sounds of striking pans and people screaming 
are disturbing.

A herd of elephants is seen calmly gnawing into 
sugarcane in the fields, as if they do not hear the 
sounds. It is not until 4 a.m. that the elephants 
made their exit, leaving the exhausted villagers 
behind.

The Nghe An provincial government has just 
approved an emergency plan for elephant 
conservation until 2020. The cost to implement 
the project in 2014-2015 is VND30 billion ($1.42 
million). However, the provincial government 
has allocated only VND300 million for the 
project so far.

Vietnam is home to some 100 wild elephants 
but conservationists have blamed habitat loss, 
human-animal conflict and poaching for a sharp 
decline in the population in recent decades. 
Conservationists warn the species will become 
extinct in Vietnam over the next decade if drastic 
measures are not taken to protect it.

11.  Slightly over 2000 Bornean pygmy 
elephants left in the wild in Sabah (Malaysia)

New Straits Times - 15.4.2014

Slightly over 2000 Bornean pygmy elephants are 
left in the wild across Sabah based on a survey 
conducted in 2010. Assistant Tourism, Culture 
and Environment Minister Datuk Pang Yuk 
Ming said this had put the endangered species in 
the Red List of the United Nation International 
Union for Conservation of Nature and Natural 
Resources (IUCN).
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“Since the survey was completed by the State 
Wildlife Department and World Wildlife Fund 
Malaysia in 2010, a series of action plans have 
been launched to preserve the species,” he said. 
“The Borneo Elephant Sanctuary have also been 
formed as a rehabilitation centre to place sickly 
or problematic species,” Pang said.

12.  Yunnan insures farmers against wild 
elephant attacks (China)

China Times - 18.4.2014

A villager from Jiangcheng in the city of Pu’er 
was killed by an Asian elephant at his rubber 
plantation on Saturday. It was the second human 
death caused by a wild elephant in the past few 
weeks. In March, another farmer named Zhang 
Defen from the same village was trampled to 
death by an elephant while farming.

China’s ecological improvement has led to better 
conditions for wild animals. Eighteen Asian 
elephants were found in Pu’er for the first time 
in 2011. The number increased to 43 in March 
this year. However, these wild elephants take 
farmers’ crops as food, damage trees, houses and 
pose a risk to local people’s lives.

According to Chinese law, the local government 
should compensate victims for relevant losses 
caused by wild animals. However, as most local 
governments have no compensation standards 
or specific budget allocation for the damage, 
enforcement has been poor.

Since 2010, Yunnan began to purchase 
commercial insurance for people in pilot regions. 
The government pays insurance and companies 
investigate and compensate people when wild 
animals cause trouble.

13.  Solar-powered fence to keep elephants in 
Chitwan (Nepal)

eKantipur - 28.4.2014

Starting from March 30, the elephants at Chitwan 
National Park (CNP) have been allowed to move 
freely with the construction of an electric fence 

to mark their territory. Thirty-one elephants out 
of the 63 chained in 15 different places will be 
released in first phase, with four of the elephants 
already off the chains, he said.

The construction of a solar-powered fence has 
already been completed in four places. The 
construction will be completed by June 29. The 
relation between mahouts and elephants will 
improve once the animals are off the chains. The 
elephants tied up reportedly suffered wounds on 
its feet. Around Rs 800,000 will be spent in the 
construction of a fence in each location and a 
total of around Rs 10.7 million is allocated for 
the construction of electric fences in all places. 
The government and Elephant and International 
Project, an INGO, have funded the project. 

14.  Beehive fence to ward off jumbos (India)

ZNews - 1.5.2014

After solar fences and trenches, Kerala Forest 
Department is experimenting with beehives to 
deter wild elephants from straying into farms in 
human settlements close to forests. The Kerala 
Forest Research Institute has erected a beehive 
fence on an experimental basis in a selected 
location in the wake of increasing man-animal 
conflicts and wide crop damage caused by 
straying jumbos in many parts of the state.

According to KFRI sources, the eco-friendly 
technique has been successfully implemented 
in many places, especially in Kenya, to keep 

Elephants in Corbett National Park (India)
Photo by A. Christy Williams
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elephants away. A KFRI scientist said many 
studies have proved that the hissing sound of 
bees would frighten jumbos. “First of all, it is a 
completely eco-friendly technique and so cause 
no harm to elephants. It is widely in practice in 
many foreign countries especially in Kenya,” Dr. 
E.A. Jayson, Wildlife Biology scientist of KFRI, 
told PTI. 

As part of the experiment, KFRI personnel 
recently set up a beehive fence at Mailampara in 
Nilambur forest region, one of the many places 
where straying jumbos cause havoc. A total of 
18 beehives had been installed in a forest-fringe 
path there, he said.

“We first fixed a number of wooden sticks along 
the path. Then connected them together using 
metal wires on which the beehives are installed. 
The bees were procured from local apiculturists,” 
he said. Raid by animals, especially jumbos, to 
ravish on the crops of small-holders is a serious 
problem in forest-fringe hamlets in the state.

15.  Tusker havoc at Satasidham (Nepal)

Republica - 5.5.2014

A herd of elephants has vandalized three houses 
at Satasidham in the district on Monday. The 
houses of Bir Bahadur Neupane, Sita Ram 
Budhathoki and Bal Kumari Rai of Satsidham 
were vandalized by the tuskers.

Property worth around Rs 170,000 in the houses 
was also destroyed, said the Area Police Office, 
Jhilmile. The herd of tuskers came from the Chure 
region near to the village and created havoc, said 
locals.

16.  Police say Kui Buri jumbo killed by poison 
powder (Thailand)

Bangkok Post - 9.5.2014

Prachuap Khiri Khan: Police believe a dead 
elephant discovered in the Kui Buri National 
Park last week was deliberately poisoned. A 
bag of white powder was found next to the 
jumbo. Prachuap Khiri Khan police chief Thanet 

Sunthonsuk said police gave weight to poisoning 
as the probable cause.

Blood found on the trunk and mouth of the 
jumbo during an initial examination corroborated 
this theory. Police believe there is a chance that 
whoever poisoned the elephant wanted to show 
off their work by leaving the bag of powder in 
full view. Fingerprints found on the bag will lead 
to the identification and arrest of the suspect, said 
Pol Maj Gen Thanet yesterday.

The six-year-old wild male elephant was found 
dead last Tuesday near Kunchon creek in the 
park, part of a forest restoration area under a 
royally initiated project. Experts are certain it 
died of unnatural causes and are determining 
what kind of substance the white powder is. 
Police said the bag looked to have contained a 
toxic substance and are tracing where the powder 
could have been bought.

The wild elephant’s death came as some farmers 
in Kui Buri district filed complaints about wild 
elephants invading their farms, according to police. 
In the past, wild elephants from protected forests 
have been found foraging for food in pineapple 
farms, causing extensive damage to crops. 

17.  Bee sting to scare away straying elephants 
(India)

The Hindu - 20.5.2014

A study report prepared by experts from 
Oxford University, UK, and findings from field 
experiments in the forest-fringe villages in 

Elephants in Kuiburi National Park (Thailand)
Photo by Wayuphong Jitvijak
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Kenya and Western Uganda has inspired farmers 
of Kalladikode-Karimba region in Mannarkad 
taluk to try out a unique way of scaring away 
wild elephants that frequently raid their crops.

On hearing about the success of African farmers 
in deterring wild elephants from entering 
agricultural fields, a large number of farmers 
living close to the Siruvani and Silent Valley 
forests here have started placing beehives on 
strategic places inside their farms after realising 
that bees can significantly reduce human-wildlife 
conflicts involving elephants.

According to him, an elephant, which suffers bee 
attack once will not visit that particular region 
again. The African experiment replicated in the 
countryside of Siruvani has farmers placing 
beehives in the normal routes of elephants inside 
the farmlands.

The hives will be inter-linked using tight ropes 
and the bees will be disturbed once the elephants 
touch the ropes while they attempt to raid crops. 
Then the bees in unison will attack the elephants 
and the pachyderms will retreat back home to the 
forests.

“It is true that bees cannot sting through thick 
adult elephant skin. But these insects can 
create uneasiness in few vulnerable spots of an 
elephant’s body like its eyes and the trunk. We 
have adapted the African model after sourcing 
their details from the Internet and accessing a 
study report of experts from Oxford University,’’ 
says T. Sabu of Kalladikkode.

18.  Hungry jumbos raid cupboards (Thailand)

Bangkok Post - 19.5.2014

About 30 elephants raided a village in Khao 
Chamao district on Saturday and searched for 
food in the cupboards of villagers’ homes. The 
villagers of Ban Khao Ngor said the elephants 
intruded into their village around 1 am while 
most of them were out tapping rubber in local 
plantations. The elephants opened cupboards 
at the back of some houses and ate ripening 
mangoes. They did not attack the villagers.

The villagers had seen the herd around the village 
for three days. They believed the elephants 
were from the same herd that had come down 
from the forest in search of food and damaged 
crops at Ban Moo 4 in neighbouring Wang Chan 
district and Ban Moo 2 in Khao Chamao earlier. 
The elephants picked different villages as their 
targets before returning deep into the forest in the 
sanctuary.

19.  At least 34 wild elephants poached in 
Myanmar last year

The Nation - 27.5.2014

Myanmar lost at least 34 wild elephants last 
year to poachers supplying the illicit ivory trade, 
a government official said on Tuesday. “We 
arrested poachers in 34 cases of elephant slayings 
last year but we believe there were a lot more 
deaths,” said Aye Myint Maung, deputy minister 
of environmental conservation and forestry.

There are 2500 to 3000 wild elephants left in 
Myanmar’s jungles, down from 6000 in 1960-
1970, and 4639 recorded in a 1991 census, the 
deputy minister said, citing government estimates. 
The decline is due to poaching for their ivory, and 
also to trafficking in live pachyderms to supply 
the tourism industry in neighbouring countries, 
according to Myanmar conservationists.

The government needs to combat both the export 
and domestic markets for illegal ivory, as the 
population of wild elephants has declined by 
more than 2000 in two decades. The government 
has designated several protected national parks as 
well as reserves specifically to provide sanctuary 
for wild elephants.

20.  Alarming rise in elephant deaths in the 
state (India)

The New Indian Express - 30.5.2014

Kerala, the Gods own country, is fast becoming 
a burial ground for domestic elephants, with as 
many as 453 pachyderms dying in the state in the 
past seven years. Though old age is the primary 
cause of elephant deaths in the state many of 
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them have died of torture-related illness much 
before their average life expectancy. According 
to statistics available with the Heritage Animal 
Task Force, as many as 12 elephants died so far 
this year. In 2013, a total of 36 elephants died 
of various causes, which vary from torture to 
diseases and age-related illnesses.

In 2012 and 2011, the number of elephants died 
in the state was 96 and 94, respectively. In 2010, 
79 elephants died. The numbers for 2009 and 
2008 are 72 and 64, respectively. “In short, a total 
of 453 elephants died in the state since 2007,” 
said Heritage Animal Task Force secretary V.K. 
Venkitachalam. Additional Principal Conservator 
of Forests (Bio-diversity Cell) O.P. Kaler said 
that only 80 elephants died during that period.

21.  Operation jumbo capture nearing end 
(India)

The New Indian Express - 14.6.2014

One of the biggest operations to capture wild 
elephants in recent times is almost complete 
with the state Forest Department successfully 
catching 22 of them in the affected taluks of 
Alur and parts of Sakelespur taluks in Hassan 
district. The operations, that began in November 
last year, was taken up on the directions of the 
High Court to capture 25 pachyderms to address 
the increasing human-elephant conflict in the 
region. This is a massive exercise the state is 
seeing after the Khedda operations in 1971. The 
present modern effort involved lot of meticulous 
planning, modern equipment, and guidance from 
pachyderm experts from other states.

Speaking to Express, Karnataka PCCF (Wildlife) 
Vinay Luthra said, “The operations are almost 
complete and unlike the 10 per cent mortality 
that we usually see, this has been done without 
any casualties. This exercise was done using 
tranquilising methods needing coordination 
from various people and departments.” Deputy 
Conservator of Forests, Hassan, Ganesh Bhat 
said, “Out of the 22 captured elephants, 12 are 
tuskers, five adult females, one juvenile and 
four calves”. All the 22 captured animals have 
been transported to elephant training camps at 

Sakarebailu, Dubare, Doddarve, and Mathigodu 
where they will be looked after and trained.

One of the positive spin offs from this exercise 
was that the state Forest Department got an 
opportunity to study the social dynamics of 
elephants at very close quarters. Also some 
interesting behavioural patterns like the aunt 
taking care of the calves, roaming of calves with 
other young ones, among others was observed 
and recorded. All observations have been 
documented and a paper will be presented soon.

22.  Dept denies Myanmar jumbo trade 
(Thailand) 

Bangkok Post - 9.7.2014

Thai authorities insisted there is no evidence 
that illegally traded elephants in Thailand come 
from Myanmar. Nipon Chotiban, acting director-
general of the Department of National Parks, 
Wildlife and Plant Conservation, said Thai 
authorities have made efforts to tackle illegal 
elephant trading in the country but there are no 
cases showing that those elephants came across 
the border from Myanmar.

He was responding to Myanmar’s deputy 
environment minister Aye Myint Maung who 
claimed that elephants sold illegally in Thailand 
for the tourist trade were captured from Myanmar 
“but no arrests have been made”. The comment 
followed warnings in a recent report issued by the 
wildlife NGO Traffic that the trade in Thailand 
could resurface unless there are changes to 
various laws.

About 80 elephants were illegally captured for 
sale in Thailand between April 2011 and March 
2013, where they were put to work at tourist 
camps and hotels, the Traffic report said. At 
least 60% of the animals trafficked originated 
from Myanmar, the report said. The capture of 
wild elephants is considered a serious threat to 
Myanmar’s wild population of around 5000. 
In Thailand there are about 2500 to 3200 wild 
elephants. The captive population is far greater, 
numbering 4169 animals in 2012, according to 
government data.



Instructions for Contributors

Gajah welcomes articles related to Asian elephants, including their conservation, management, and 
research, and those of general interest such as cultural or religious associations. Manuscripts may 
present research findings, opinions, commentaries, anecdotal accounts, reviews etc. but should not be 
mainly promotional. 

All articles will be reviewed by the editorial board of Gajah. Gajah also has a peer reviewed section. 
Peer reviewed papers will carry a notation to that effect. Authors are requested to specify that they are 
submitting their paper to the “peer reviewed section“. Word limits for submitted articles are for the 
entire article (title, authors, abstract, text, tables, figure legends, acknowledgements and references). 

Correspondence: Readers are encouraged to submit comments, opinions and criticisms of articles 
published in Gajah. Such correspondence should be a maximum of 400 words, and will be edited and 
published at the discretion of the editorial board.

News and Briefs: Manuscripts on anecdotal accounts and commentaries on any aspect of Asian 
elephants, information about organizations, and workshop or symposium reports with a maximum of 
1000 words are accepted for the “News and Briefs” section. 

Research papers: Manuscripts reporting original research with a maximum of 5000 words are 
accepted for the “Research Article” section. They should also include an abstract (100 words max.). 
Shorter manuscipts (2000 words max.) will be published as a “Short Communication” (no abstract).

Tables and figures should be kept to a minimum. Legends should be typed separately (not incorporated 
into the figure). Figures and tables should be numbered consecutively and referred to in the text as 
(Fig. 2) and (Table 4). The lettering on figures must be large enough to be legible after reduction to 
final print size. Include tables and line drawings in the MS WORD document you submit. In addition, 
all figures must be provided as separate files in JPEG or TIFF format.

References should be indicated in the text by the surnames(s) of the author(s) with the year of 
publication as in this example:  (Baskaran & Desai 1996; Rajapaksha et al. 2004) 
Avoid if possible, citing references which are hard to access (e.g. reports, unpublished theses). Format 
citations in the ‘References’ section as in the following examples, writing out journal titles in full.

Baskaran N & Desai AA (1996) Ranging behavior of the Asian elephant (Elephas maximus) in the Nilgiri biosphere 
reserve, South India. Gajah 15: 41-57.

Olivier RCD (1978) On the Ecology of the Asian Elephant. Ph.D. thesis, University of Cambridge, Cambridge, UK.

Rajapaksha RC, Mendis GUSP & Wijesinghe CG (2004) Management of Pinnawela elephants in musth period. In: 
Endangered Elephants, Past Present and Future. Jayewardene J (ed) Biodiversity & Elephant Conservation Trust, 
Colombo, Sri Lanka. pp 182-183.

Sukumar R (1989) The Asian Elephant: Ecology and Management. Cambridge University Press, Cambridge, UK.

Manuscripts should be submitted by e-mail to the editor <romalijj@eureka.lk>. Submission of an 
article to Gajah is taken to indicate that ethical standards of scientific publication have been followed, 
including obtaining concurrence of all co-authors. Authors are encouraged to read an article such as: 
Benos et al. (2005) Ethics and scientific publication. Advances in Physiology Education 29: 59-74.

Deadline for submission of manuscripts for the next issue of Gajah is 31. October 2014.



Contents Gajah 40 (2014)

Editorial 1-2
Jayantha Jayewardene 

Peer-reviewed Research Article

Individual identification in Asian elephants 3-17
T. N. C. Vidya, Deepika Prasad & Arjun Ghosh

Research Articles

Foraging ecology of the Asian elephant in northern West Bengal 18-25
Mukti Roy & Sushant Chowdhury

Land use and human-elephant conflict in the Sigiriya Sanctuary, Sri Lanka 26-30
U. L. Thaufeek, U. K. G. K. Padmalal & Prithiviraj Fernando

Short Communications

Management of captive Asian elephants in Kozhikamuthi elephant camp, 
Topslip, Anamalai Tiger Reserve, Southern India 31-34
J. Charles Leo Prabu, S. Saravanan & H. Mohana Krishnan

Schistosomiasis in Asian elephants 35-38
R. Bhoyar , B. S. Pradeep, Kulkarni Shrikant, V. R. Kasaralikar & N. A. Patil

Vaginal vestibulotomy in an Asian elephant 39-41
V. P. Chandrapuria, A. B. Shrivastava, Sanjay Agrawal & Sandeep Agarwal

News and Briefs

Second Regional Asian Elephant Veterinary Workshop Nay Pyi Taw, Myanmar 42-43
Zaw Min Oo, Ye Htut Aung & Wan Tun

Kaeng Krachan Elephant Park at Zoo Zürich 44-45
Alex Rübel

The Elephant Attribute Recording System (EARS): a tool for individual-based 
research on Asian elephants 46
Shermin de Silva

Book Review - Itin: A Bornean Elephant 47

Recent Publications on Asian Elephants 48-62

News Briefs 63-70

Journal of the Asian Elephant Specialist Group
GAJAH NUMBER 40

2014


