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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.

T. Angkawanish, D. Morar, P. van Kooten, 
I. Bontekoning, J. Schreuder, M. Maas, W. 
Wajjwalku, A. Sirimalaisuwan, A. Michel, E. 
Tijhaar & V. Rutten
The elephant interferon gamma assay: A 
contribution to diagnosis of tuberculosis in 
elephants
Transboundary and Emerging Diseases 60 
(Suppl. 1) (2013) 53-59
Abstract.  Mycobacterium tuberculosis (M. tb) 
has been shown to be the main causative agent of 
tuberculosis in elephants worldwide. M. tb may 
be transmitted from infected humans to other 
species including elephants and vice versa, in 
case of prolonged intensive contact. An accurate 
diagnostic approach covering all phases of the 
infection in elephants is required. As M. tb is an 
intracellular pathogen and cell-mediated immune 
(CMI) responses are elicited early after infection, 
the skin test is the CMI assay of choice in humans 
and cattle. However, this test is not applicable in 
elephants. The interferon gamma (IFN-γ) assay 
is considered a good alternative for the skin 
test in general, validated for use in cattle and 
humans. This study was aimed at development 
of an IFN-γ assay applicable for diagnosis of 
tuberculosis in elephants. Recombinant elephant 
IFN-γ (rEpIFN-γ) produced in eukaryotic 
cells was used to immunize mice and generate 
the monoclonal antibodies. Hybridomas were 
screened for IFN-γ-specific monoclonal antibody 
production and subcloned, and antibodies were 
isotyped and affinity purified. Western blot 
confirmed recognition of the rEpIFN-γ. The 
optimal combination of capture and detection 

antibodies selected was able to detect rEpIFN-γ 
in concentrations as low as 1 pg/ml. The assay 
was shown to be able to detect the native 
elephant IFN-γ, elicited in positive-control 
cultures (pokeweed mitogen (PWM), phorbol 
myristate acetate plus ionomycin (PMA/I)) of 
both Asian and African elephant whole-blood 
cultures (WBC). Preliminary data were generated 
using WBC from non-infected elephants, a M. 
tb infection-suspected elephant and a culture-
confirmed M. tb-infected elephant. The latter 
showed measurable production of IFN-γ after 
stimulation with ESAT6/CFP10 PPDB and PPDA 
in concentration ranges as elicited in WBC by 
Mycobacterium tuberculosis complex (MTBC)-
specific antigens in other species. Hence, the 
IFN-γ assay presented potential as a diagnostic 
tool for the detection of elephant tuberculosis. 
Validation of the assay will require its application 
in large populations of non-infected and infected 
elephants. © 2013 Reproduced with permission 
of John Wiley & Sons, Inc. 

N. Baskaran, G. Kannan, U. Anbarasan, A. Thapa 
& R. Sukumar 
A landscape-level assessment of Asian 
elephant habitat, its population and elephant–
human conflict in the Anamalai hill ranges of 
southern Western Ghats, India
Mammalian Biology 78 (2013) 470-481
Abstract.  Spatial information at the landscape 
scale is extremely important for conservation 
planning, especially in the case of long-ranging 
vertebrates. The biodiversity-rich Anamalai 
hill ranges in the Western Ghats of southern 
India hold a viable population for the long-term 
conservation of the Asian elephant. Through 
rapid but extensive field surveys we mapped 
elephant habitat, corridors, vegetation and land-
use patterns, estimated the elephant population 
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density and structure, and assessed elephant–
human conflict across this landscape. GIS and 
remote sensing analyses indicate that elephants 
are distributed among three blocks over a total 
area of about 4600 km2. Approximately 92% 
remains contiguous because of four corridors; 
however, under 4000 km2 of this area may be 
effectively used by elephants. Nine landscape 
elements were identified, including five natural 
vegetation types, of which tropical moist 
deciduous forest is dominant. Population density 
assessed through the dung count method using 
line transects covering 275 km of walk across 
the effective elephant habitat of the landscape 
yielded a mean density of 1.1 (95% CI = 0.99–
1.2) elephant/km2. Population structure from 
direct sighting of elephants showed that adult 
male elephants constitute just 2.9% and adult 
females 42.3% of the population with the rest 
being sub-adults (27.4%), juveniles (16%) and 
calves (11.4%). Sex ratios show an increasing 
skew toward females from juvenile (1:1.8) to 
sub-adult (1:2.4) and adult (1:14.7) indicating 
higher mortality of sub-adult and adult males that 
is most likely due to historical poaching for ivory. 
A rapid questionnaire survey and secondary 
data on elephant–human conflict from forest 
department records reveals that villages in and 
around the forest divisions on the eastern side of 
landscape experience higher levels of elephant–
human conflict than those on the western side; 
this seems to relate to a greater degree of habitat 
fragmentation and percentage farmers cultivating 
annual crops in the east. We provide several 
recommendations that could help maintain 
population viability and reduce elephant–human 
conflict of the Anamalai elephant landscape. 
© 2013 Reprinted with permission from the 
Deutsche Gesellschaft für Säugetierkunde. 

N. Baskaran
An overview of Asian elephants in the Western 
Ghats, southern India: Implications for the 
conservation of Western Ghats ecology
Journal of Threatened Taxa 5 (2013) 4854-4870
Abstract.  The Western Ghats region is a global 
biodiversity hotspot and the source of all the 
major rivers of peninsular India. The conservation 
of this region is important for the biodiversity 
it harbours, and for ecological functions that 

include climate stability, erosion control, clean 
water and air, which are essential to safeguard 
economic growth, social stability and quality of 
life for the people of peninsular India. Possessing 
a unique diversity in topography, climate, 
vegetation, faunal communities, endemism 
and human communities, the Western Ghats is 
also known for its spectacular assemblage of 
larger mammals, including 25% of the global 
population of Asian Elephants. There are four 
major landscapes in the Western Ghats: (1) Uttara 
Kannada, (2) Brahmagiri-Nilgiris, (3) Anamalai-
Nelliyampathy-High Range, and (4) Periyar-
Agasthyamalai, spread across 30,000km2, 
harbouring a minimum 10,000 elephants in six 
different populations with signs of an increasing 
trend in some populations. The second landscape 
(Brahmagiri-Nilgiris) with over 50% of the Ghats’ 
elephant population, along with its contiguity 
to the Eastern Ghats elephant landscape, forms 
the single largest global population of Asian 
Elephants. However, major threats to the long-
term conservation of the elephant include further 
fragmentation of habitat, continued poaching of 
bulls for ivory, and escalation in human-elephant 
conflicts resulting in public antagonism toward 
the species. The goals of management should 
thus be to: (1) consolidate habitats and preserve 
corridors to avoid further fragmentation; (2) 
take steps through integrated land use planning 
at the landscape level to reduce human-elephant 
conflicts; and (3) build up a demographically 
and genetically viable elephant population by 
protecting the tusked males from ivory poaching. 
Being a wide-ranging umbrella species, ensuring 
the long-term conservation of Asian Elephants 
in the Ghats implies protecting its biodiversity 
and ecological functions that also safeguard the 
livelihood of several million people. © 2013 
Baskaran.

N. Baskaran & A.A. Desai 
Frugivory and seed dispersal by the Asian 
elephant Elephas maximus in the tropical 
forests of Nilgiri Biosphere Reserve, southern 
India
Journal of Threatened Taxa 5 (2013) 4893-4897
Abstract.  Seed dispersal plays a potential role in 
plant species demographic processes. Elephants 
are important seed-dispersing agents. We studied 
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frugivory and seed dispersal by Asian elephants 
in the tropical deciduous and thorn forests of 
the Nilgiri Biosphere Reserve, southern India. 
We determined fruit consumption based on the 
presence of seeds and fruit remnants in elephant 
dung piles. In total, we identified seeds of eight 
plant species belonging to seven families in 16% 
out of 455 dung piles examined between 1991 
and 2004. Coinciding with a peak fruiting season 
in the study area, seeds and other fruit parts 
appeared in the dung piles significantly more 
frequently during the dry season than in the wet 
seasons (southwest and northeast monsoons). 
Owing to differences in fruit species abundance 
in different habitats, there was more evidence of 
fruit consumption in the dry thorn than in the dry 
and moist deciduous forests. This corresponds 
with insufficient grass availability in thorn forests 
during the dry season and an increase in browse 
consumption as a supplementary diet. Seeds of 
Tamarindus indica and Acacia intsia were found 
in elephant dung more frequently than other 
species. Seed and fruit remnants were found in 
almost an equal number of dung piles of both 
bulls and herds. © 2013 The Authors.

K. Carlstead, J.A. Mench, C. Meehan & J.L. 
Brown
An epidemiological approach to welfare 
research in zoos: The elephant welfare project
Journal of Applied Animal Welfare Science 16 
(2013) 319-337
Abstract.  Multi-institutional studies of welfare 
have proven to be valuable in zoos but are 
hampered by limited sample sizes and difficulty 
in evaluating more than just a few welfare 
indicators. To more clearly understand how 
interactions of husbandry factors influence the 
interrelationships among welfare outcomes, 
epidemiological approaches are needed as well 
as multifactorial assessments of welfare. Many 
questions have been raised about the housing 
and care of elephants in zoos and whether their 
environmental and social needs are being met 
in a manner that promotes good welfare. This 
article describes the background and rationale for 
a large-scale study of elephant welfare in North 
American zoos funded by the (U.S.) Institute 
of Museum and Library Services. The goals 
of this project are to document the prevalence 

of positive and negative welfare states in 291 
elephants exhibited in 72 Association of Zoos 
and Aquariums zoos and then determine the 
environmental, management, and husbandry 
factors that impact elephant welfare. This research 
is the largest scale nonhuman animal welfare 
project ever undertaken by the zoo community, 
and the scope of environmental variables and 
welfare outcomes measured is unprecedented. © 
2013 Honolulu Zoo Society.

K. Chelliah & R. Sukumar
The role of tusks, musth and body size in male–
male competition among Asian elephants, 
Elephas maximus
Animal Behaviour 86 (2013) 1207-1214
Abstract.  The evolution of sexually dimorphic, 
elaborate male traits that are seemingly 
maladaptive may be driven by sexual selection 
(male–male competition and or female mate 
choice). Tusk possession in the Asian elephant 
is sexually dimorphic and exaggerated but its 
role in male–male competition has not yet been 
determined. We examined the role of the tusks 
in establishing dominance along with two other 
known male–male signals, namely, body size and 
musth (a temporary physiologically heightened 
sexual state) in an Asian elephant population 
in northeastern India with equal proportions of 
tusked and tuskless males. We observed 116 
agonistic interactions with clear dominance 
outcomes between adult (>15 years) males during 
458 field days in the dry season months of 2008–
2011. A generalized linear mixed-effects model 
was used to predict the probability of winning 
as a function of body size, tusk possession and 
musth status relative to the opponent. A hierarchy 
of the three male–male signals emerged from 

Minneriya National Park (Sri Lanka)
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this analysis, with musth overriding body size 
and body size overriding tusk possession. In this 
elephant population tusk possession thus plays a 
relatively minor role in male–male competition. 
An important implication of musth and body size 
being stronger determinants of dominance than 
tusk possession is that it could facilitate rapid 
evolution of tuskless males in the population 
under artificial selection against tusked 
individuals, which are poached for ivory. © 2013 
Reprinted with permission from the Association 
for the Study of Animal Behaviour.

S. de Silva, C.E. Webber, U.S. Weerathunga, T.V. 
Pushpakumara, D.K. Weerakoon & G. Wittemyer
Demographic variables for wild Asian 
elephants using longitudinal observations
PLoS ONE 8 (2013) e82788
Abstract.  Detailed demographic data on wild 
Asian elephants have been difficult to collect due 
to habitat characteristics of much of the species’ 
remaining range. Such data, however, are critical 
for understanding and modeling population 
processes in this endangered species. We 
present data from six years of an ongoing study 
of Asian elephants (Elephas maximus) in Uda 
Walawe National Park, Sri Lanka. This relatively 
undisturbed population numbering over one 
thousand elephants is individually monitored, 
providing cohort-based information on mortality 
and reproduction. Reproduction was seasonal, 
such that most births occurred during the long inter-
monsoon dry season and peaked in May. During 
the study, the average age at first reproduction 
was 13.4 years and the 50th percentile inter-birth 
interval was approximately 6 years. Birth sex 
ratios did not deviate significantly from parity. 
Fecundity was relatively stable throughout the 
observed reproductive life of an individual (ages 
11–60), averaging between 0.13–0.17 female 
offspring per individual per year. Mortalities and 
injuries based on carcasses and disappearances 
showed that males were significantly more likely 
than females to be killed or injured through 
anthropogenic activity. Overall, however, most 
observed injuries did not appear to be fatal. 
This population exhibits higher fecundity and 
density relative to published estimates on other 
Asian elephant populations, possibly enhanced 
by present range constriction. Understanding 

the factors responsible for these demographic 
dynamics can shed insight on the future needs of 
this elephant population, with probable parallels 
to other populations in similar settings. © 2013 
The Authors.

K.V. Fanson, M. Lynch, L. Vogelnest, G. Miller 
& T. Keeley
Response to long-distance relocation in Asian 
elephants (Elephas maximus): monitoring 
adrenocortical activity via serum, urine, and 
feces
European J. Wildlife Research 59 (2013) 655-64
Abstract.  Understanding how elephants 
respond to potentially stressful events, such as 
relocation, is important for making informed 
management decisions. This study followed the 
relocation of eight Asian elephants from the 
Cocos (Keeling) Islands to mainland Australia. 
The first goal of this study was to examine 
patterns of adrenocortical activity as reflected 
in three different substrates: serum, urine, 
and feces. We found that the three substrates 
yielded very different signals of adrenocortical 
activity. Fecal glucocorticoid metabolites (FGM) 
increased as predicted post-transport, but urinary 
glucocorticoid metabolites (UGM) were actually 
lower following transport. Serum cortisol levels 
did not change significantly. We suggest that 
the differences in FGM and UGM may reflect 
changes in steroid biosynthesis, resulting in 
different primary glucocorticoids being produced 
at different stages of the stress response. 
Additional studies are needed to more thoroughly 
understand the signals of adrenocortical activity 
yielded by different substrates. The second goal 
was to examine individual variation in patterns of 
adrenal response. There was a positive correlation 
between baseline FGM value and duration of 
post-transfer increase in FGM concentration. 
Furthermore, an individual’s adrenocortical 
response to relocation was correlated with 
behavioral traits of elephants. Elephants that were 
described by keepers as being “curious” exhibited 
a more prolonged increase in FGM post-transfer, 
and “reclusive” elephants had a greater increase in 
FGM values. Future research should investigate 
the importance of these personality types for the 
management and welfare of elephants. © 2013 
Springer-Verlag Berlin Heidelberg.



51

Kaudulla National Park (Sri Lanka)

L. García Sanjuán, M. Luciañez Triviño, T.X. 
Schuhmacher, D. Wheatley & A. Banerjee
Ivory craftsmanship, trade and social signi-
ficance in the southern Iberian Copper Age: 
The evidence from the PP4-Montelirio sector 
of Valencina de la Concepción (Seville, Spain)
European Journal of Archaeology 16 (2013) 
610-635
Abstract.  Because of its great potential to 
provide data on contacts and overseas trade, 
ivory has aroused a great deal of interest since 
the very start of research into Iberian late 
prehistory. Research recently undertaken by the 
German Archaeological Institute in Madrid in 
collaboration with a number of other institutions 
has provided valuable contributions to the study 
of ivory in the Iberian Copper Age and Early 
Bronze Age. One of the archaeological sites 
that is contributing the most data for analysing 
ivory from the Copper Age in southern Iberia 
is Valencina de la Concepción (Seville), which 
is currently the focus of several debates on the 
development of social complexity. This article 
contributes to this line of research by providing 
new, unpublished evidence and by examining 
the significance of ivory craftsmanship in 
commercial, social, and ideological terms. It 
also assesses in greater detail the prominent part 
played by luxury ivory items as an expression 
of social status and power. © 2013 European 
Association of Archaeologists.

R. Ghodbane & M. Drancourt 
Non-human sources of Mycobacterium 
tuberculosis
Tuberculosis 93 (2013) 589-595
Abstract.  Mycobacterium tuberculosis is a 
successful pathogen responsible for the vast 
majority of deadly tuberculosis cases in humans. 
It rests in a dormant form in contaminated 
people who constitute the reservoir with airborne 
interhuman transmission during pulmonary 
tuberculosis. M. tuberculosis is therefore regarded 
majoritary as a human pathogen. Here, we review 
the evidence for anthroponotic M. tuberculosis 
infection in non-human primates, other mammals 
and psittacines. Some infected animals may be 
sources for zoonotic tuberculosis caused by M. 
tuberculosis, with wild life trade and zoos being 
amplifying factors. Moreover, living animals 

and cadavers can scatter M. tuberculosis in the 
environment where it could survive for extended 
periods of time in soil where amoebae could play 
a role. Although marginal in the epidemiology of 
human tuberculosis, these data indicate that M. 
tuberculosis is not uniquely adapted to humans. 
© 2013 Reprinted with permission from Elsevier.

R. Ghosal, A. Ganswindt, P.B. Seshagiri & R. 
Sukumar
Endocrine correlates of musth in free-
ranging Asian elephants (Elephas maximus) 
determined by non-invasive faecal steroid 
hormone metabolite measurements
PLoS ONE 8 (2013) e84787
Abstract.  The occurrence of musth, a period 
of elevated levels of androgens and heightened 
sexual activity, has been well documented for 
the male Asian elephant (Elephas maximus). 
However, the relationship between androgen-
dependent musth and adrenocortical function in 
this species is unclear. The current study is the 
first assessment of testicular and adrenocortical 
function in free-ranging male Asian elephants 
by measuring levels of testosterone (androgen) 
and cortisol (glucocorticoid – a physiological 
indicator of stress) metabolites in faeces. During 
musth, males expectedly showed significant 
elevation in faecal testosterone metabolite 
levels. Interestingly, glucocorticoid metabolite 
concentrations remained unchanged between 
musth and non-musth periods. This observation 
is contrary to that observed with wild and captive 
African elephant bulls and captive Asian bull 
elephants. Our results show that musth may not 
necessarily represent a stressful condition in 
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free-ranging male Asian elephants. © 2013 The 
Authors.

M. Haspeslagh, J.M.G. Stevens, E. De Groot, J. 
Dewulf, I.D. Kalmar & C.P.H. Moons
A survey of foot problems, stereotypic 
behaviour and floor type in Asian elephants 
(Elephas maximus) in European zoos
Animal Welfare 22 (2013) 437-443
Abstract.  This study investigates whether foot 
problems in captive Asian elephants (Elephas 
maximus) can be linked to: i) enclosure floor type; 
and ii) the occurrence of repetitive behaviour. 
Using a questionnaire, we collected information 
about floor type(s) in the enclosure, occurrence 
of repetitive behaviour and occurrence of foot 
problems for 87 Asian elephants (≥12 years) in 
32 European zoos. The majority of elephants 
were housed on sand or concrete. A substantial 
proportion of the study population displayed 
repetitive behaviour. Respondents observed foot 
problems in 59 elephants, of which 53 displayed 
repetitive behaviour. Data analysis showed 
that elephants with access to sand flooring had 
a significantly greater chance of displaying 
stereotypic behaviour. Displaying this behaviour 
was also age-dependent with older elephants 
being more likely to do so. Furthermore, 
elephants that displayed stereotypic behaviour or 
that were being kept in an environment with sand 
or concrete flooring were more likely to have 
foot problems than others. Further research is 
required to determine whether the relationships 
between substrate, stereotypic behaviour and 
foot problems are of a causal nature. © 2013 
Reproduced with permission from Universities 
Federation for Animal Welfare.

S. Hing, N. Othman, S.K.S.S. Nathan, M. Fox, 
M. Fisher & B. Goossens
First parasitological survey of endangered 
Bornean elephants Elephas maximus 
borneensis
Endangered Species Research 21 (2013) 223-230
Abstract.  Relatively few studies have been 
carried out on the parasites of free-ranging 
wild animal species, which has led to a lack of 
baseline parasitological data. This is a concern 
because endoparasites can have an important 
influence on fitness and survival, particularly in 

small populations of endangered species. This 
field study is the first parasitological survey of 
Endangered Bornean elephants Elephas maximus 
borneensis. Using a special modification of 
the McMaster method, trematode, cestode and 
nematode ova were identified in the faeces of 
wild Bornean elephants in two key range areas 
in Sabah, Malaysian Borneo: the Tabin Wildlife 
Reserve and the Lower Kinabatangan Wildlife 
Sanctuary. Preliminary comparisons between the 
sites suggest that prevalence, load and diversity 
vary between the two, leading to hypotheses on 
host, parasite and environmental factors which 
may affect endoparasite infection dynamics in 
wild Bornean elephants. This study provides an 
initial catalogue of parasite types in the Bornean 
elephant and reports on endoparasite prevalence 
and load, valuable baseline data for future 
research. © 2013 Inter-Research.

T. Kitpipit, P. Thanakiatkrai & W. Chotigeat
Direct PCR-FINS: Wildlife species 
identification without DNA extraction
Forensic Science International: Genetics 
Supplement Series 4 (2013) 364–365
Abstract.  Forensically informative nucleotide 
sequencing (FINS) is commonly used in forensic 
laboratories worldwide for wildlife species 
identification. Recently direct PCR – DNA 
amplification without prior DNA extraction – has 
been gathering attention in the human forensic 
community due to its high efficiency, but it 
has never been applied to non-human forensic 
investigation. Therefore, we aimed to evaluate 
the possibility and efficiency of using direct PCR-
FINS for species identification from various types 
of forensically relevant animal samples. Eight 
biological evidence types (hair, muscle tissue, 
bloodstain, bone, ear, skin, urine, and feces) 
from three common crime-related animals (tiger, 
white rhino, and Asian elephant) were analyzed 
with the three-step direct PCR-FINS method: 
direct PCR amplification of target DNA with 
16S rRNA and cytochrome b universal primers, 
sequencing, and database searching (BLAST). 
All sample types were successfully amplified 
using direct PCR-FINS method and provided the 
expected PCR products. Each amplicon sequence 
and its relevant animal species were completely 
matched using BLAST, meaning that the species 
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of the samples were correctly identified. In 
conclusion, the ‘direct PCR-FINS method’ is 
rapid, reliable, and meets the requirement of 
international forensic organizations. © 2013 
Reprinted with permission from Elsevier.

Y. Li, X. Deng, M. Cao, Y. Lei & Y. Xia
Soil restoration potential with corridor 
replanting engineering in the monoculture 
rubber plantations of Southwest China
Ecological Engineering 51 (2013) 169-177
Abstract.  Corridor engineering is a common 
approach for wildlife conservation. The influence 
of the practice on soil properties including 
nutrients and organic matter, however, remains 
poorly investigated. In order to predicate the 
long-term effects of Asian elephant (Elephas 
maximus L.) conservation corridors (AECC) of 
the Greater Mekong Sub-region (GMS) on soil 
properties and functional recovery, we studied 
the soil comprehensive accumulation ability and 
estimated total recovery time under two major 
forest types on which the corridor is built (natural 
secondary forest and rubber plantation) and one 
forest type generated by ecological replanting on 
existing rubber plantation in comparison with 
soils under primary rain forest and fallow land in 
Xishuangbanna, Southwest China. Soil samples 
were taken from five research sites and fifteen soil 
properties were measured. On a 30-year basis, 
soil recovery differed significantly in the three 
regimes. The natural secondary forest regime 
had the highest comprehensive accumulation of 
about 92% and the shortest estimated recovery 

time (37–40 years). In contrast, the monoculture 
rubber plantation, despite constant fertilizer and 
management input, yielded the poorest recovery 
result of about 75% and the longest recovery 
time (95–100 years). From the perspective of 
soil recovery, this regime appears unsustainable. 
However, the ecological replanting using local 
rain forest trees and shrubs thereby to build 
forest structure complexity and diversity on 
the monoculture rubber plantation improved 
comprehensive accumulation ability of about 8% 
(from 75% to 83%) and shortened the recovery 
time (40 years). The results suggest that the 
corridor engineering by natural secondary forest 
regime or by ecological replanting of monoculture 
rubber plantation can serve as effective regimes 
for soil properties recovery. © 2012 Reprinted 
with permission from Elsevier.

H.S. Mumby, A. Courtiol, K.U. Mar & V. 
Lummaa
Birth seasonality and calf mortality in a large 
population of Asian elephants
Ecology and Evolution 3 (2013) 3794-3803
Abstract.  In seasonal environments, many 
species concentrate their reproduction in the 
time of year most likely to maximize offspring 
survival. Asian elephants (Elephas maximus) 
inhabit regions with seasonal climate, but females 
can still experience 16-week reproductive cycles 
throughout the year. Whether female elephants 
nevertheless concentrate births on periods with 
maximum offspring survival prospects remains 
unknown. We investigated the seasonal timing 
of births, and effects of birth month on short- 
and long-term mortality of Asian elephants, 
using a unique demographic data set of 2350 
semicaptive, longitudinally monitored logging 
elephants from Myanmar experiencing seasonal 
variation in both workload and environmental 
conditions. Our results show variation in birth 
rate across the year, with 41% of births occurring 
between December and March. This corresponds 
to the cool, dry period and the beginning of the 
hot season, and to conceptions occurring during 
the resting, nonlogging period between February 
and June. Giving birth during the peak December 
to March period improves offspring survival, as 
the odds for survival between age 1 and 5 years 
are 44% higher for individuals born during the Mattala area in Sri Lanka’s south
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high birth rate period than those conceived during 
working months. Our results suggest that seasonal 
conditions, most likely maternal workload and/or 
climate, limit conception rate and calf survival 
in this population through effects on maternal 
stress, estrus cycles, or access to mates. This 
has implications for improving the birth rate and 
infant survival in captive populations by limiting 
workload of females of reproductive age. As 
working populations are currently unsustainable 
and supplemented through the capture of wild 
elephants, it is imperative to the conservation 
of Asian elephants to understand and alleviate 
the effects of seasonal conditions on vital rates 
in the working population in order to reduce the 
pressure for further capture from the wild. © 
2013 The Authors.

J. K. O’Brien, K.J. Steinman, G.A. Montano, 
C.C. Love, R.L. Saiers & T.R. Robeck
Characteristics of high-quality Asian elephant 
(Elephas maximus) ejaculates and in vitro 
sperm quality after prolonged chilled storage 
and directional freezing
Reproduction, Fertility and Development 25 
(2013) 790-797
Abstract. The in vitro quality of spermatozoa from 
one elephant (Elephas maximus) was examined 
after chilled storage and directional freezing 
(DF). High-quality, non-contaminated ejaculates 
(77.6 ± 6.0% progressive motility, 3.9 ± 1.5 µg 
creatinine mL–1 raw semen, 2.7 ± 0.6% detached 
heads) were cryopreserved after 0 (0hStor), 12 
(12hStor) and 24 h (24hStor) of chilled storage. 
At 0 h and 6 h post-thawing, total motility, 

plasma membrane integrity, acrosome integrity, 
mitochondrial activity and normal morphology 
were similar (P>0.05) across treatments. In 
contrast, progressive motility, rapid velocity and 
several kinematic parameters were lower (P < 
0.05) for 24Stor compared with 0hStor at 0 h post-
thaw. By 6 h post-thaw, amplitude of lateral head 
displacement and velocity parameters (average 
pathway, straight-line and curvilinear velocity) 
were lower (P<0.05) for 24hStor compared with 
0hStor and 12hStor. DNA integrity was high 
and remained unchanged (P>0.05) across all 
groups and processing stages (1.6 ± 0.6% of cells 
contained fragmented DNA). Results indicate 
that DF after up to 12 h of chilled storage results 
in a post-thaw sperm population of acceptable 
quality for artificial insemination. These findings 
have implications for the cryopreservation of 
sex-sorted spermatozoa, which typically undergo 
more than 12 h of chilled storage prior to sorting 
and preservation. © 2013 CSIRO Publishing.

J.K. O’Brien, K.J. Steinman, G.A. Montano, 
C.C. Love & T.R. Robeck
Sperm DNA fragmentation and morphological 
degeneration in chilled elephant (Elephas 
maximus and Loxodonta Africana) semen 
collected by transrectal massage
Andrology 1 (2013) 387-400
Abstract.  Ejaculates from nine Asian and 
two African elephants were analysed to gain a 
further understanding of mechanisms underlying 
variable semen quality after transrectal massage. 
Semen analysis was performed after collection (0 
h; subjective motility parameters only) and after 
24 h of chilled storage at 10°C (24 h; all ejaculate 
and sperm characteristics). Ejaculates with 50% 
total motility (TM) at 24 h, which represented 
>90% of collection attempts, contained a sperm 
population with a high degree of DNA damage 
(64.2 ± 19.2% fragmented DNA) and an elevated 
incidence of detached heads (43.3 ± 22.5%). In 
contrast, good quality ejaculates designated as 
those with >50% TM at 24 h displayed higher 
(P<0.05) values of sperm kinetic parameters, 
DNA integrity and normal morphology. Fertility 
potential was high for good quality ejaculates from 
two males (one Asian and one African bull) based 
on in vitro characteristics after chilled storage for 
up to 48 h post-collection. Urine contamination of Snare victim (Sri Lanka)
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semen, as assessed quantitatively by creat- inine 
concentration, was confirmed as a significant 
factor in reduced elephant ejaculate quality. 
However, the identification of considerable 
DNA damage and morphological degeneration 
in the majority of ejaculates after only 24 h of 
chilled storage indicates that sperm ageing 
could be a primary contributor to inconsistent 
semen quality in the elephant. © 2013 American 
Society of Andrology and European Academy of 
Andrology. Reproduced with permission of John 
Wiley & Sons, Inc.

A. Rattanawannee, O. Duangpukdee & P. 
Poolprasert
Insect diversity during different stages of 
Asiatic elephant dung deterioration in eastern 
Thailand
Kasetsart J. (Natural Science) 47 (2013) 387-397
Abstract.  A determination was conducted in 
eastern Thailand of the family composition 
of dung-utilizing insects in relation to various 
elephant dung pad stages: A (dung intact with 
odor and moisture), B (dung intact, no odor, no 
moisture), C1 (less than 50% degraded), C2 (50% 
or more degraded) and stage D (flat mass). A total 
of 4,857 individuals representing 30 families of 
insects utilized the sampled elephant dung; these 
included beetles from three prominent families: 
Ptiliidae, Staphylinidae and Scarabaeidae. Scarab 
beetles could be found throughout all stages of 
dung disintegration. The Shannon-Wiener index 
(H’) for all insects in all elephant dung piles 
was considered relatively high. In addition, H’ 
obtained by calculating the pooled data set of this 
study was 2.09, with high evenness (E = 0.615), 
and dominance by the Simpson index was high 
for all dung-utilizing insects (D = 0.723). Stage 
B showed the highest family diversity index (H’ 
= 2.274), whereas stage C1 had the lowest levels 
of diversity (H’ = 1.401). Significant differences 
in the family diversity indices of five Asian 
elephant dung stages were detected (P < 0.05) 
in all comparisons. The results show that such 
biodiversity parameters as the richness, diversity 
and composition of these insect communities 
differ during the various stages of elephant dung 
decay. The relevance of these findings to the 
interpretation of what constitutes a dung stage 
preference is discussed. 

S. Sahoo, J.-P. Puyravaud & P. Davidar
Local knowledge suggests significant wildlife 
decline and forest loss in insurgent affected 
Similipal Tiger Reserve, India
Tropical Conservation Science 6 (2013) 230-240
Abstract.  Similipal Tiger Reserve is a large 
insurgent-affected protected area (PA) located in 
the northern Eastern Ghats, India, with a resident 
tribal population of about 12,500. In 2007-08, 
we carried out a survey of conservation attitudes 
among 217 men and women (>20 years old) 
and documented their perceptions of wildlife 
and forest decline over a 20-year period from 
1997-2007. Using data from the Forest Survey of 
India, we ascertained the decrease in forest cover 
(>40%), and using available census information 
we assessed tiger status over this period. Most 
of the respondents were primarily agriculturists 
(79%), and all households collected fuel-wood 
from the forest; 13% hunted and 49% fished. The 
majority of the respondents (80%) agreed that 
trees had disappeared, and 90% agreed that the 
tiger and elephant had disappeared. Respondents’ 
recollections of Bengal tiger and Asian elephant 
sightings over a 20-year period indicated a 
drastic decline in their numbers, and perceptions 
of forest loss were supported by assessments 
of changes in dense forest cover indicating an 
annual deforestation rate of 1.577% yr-1 over a 
20-year period, or loss of 274 km2 of dense forest. 
This suggests that forest dwelling communities 
have an acute awareness of disappearing forests 
and wildlife, and informant-based surveys can 
be indicative of the status of wildlife and forests 
in situations such as Similipal, where ecological 
studies are problematic due to civil conflict.© 
2013 The Authors.

C. Santiapillai & S. Wijeyamohan
The first national survey of elephants in Sri 
Lanka
Current Science 105 (2013) 153-154
Abstract.  none.

C.S. Sastri, A. Banerjee, T. Sauvage, B. Courtois 
& T. Schuhmacher
Fluorine determination in different types of 
ivory by PIGE technique
Journal of Radioanalytical and Nuclear 
Chemistry 298 (2013) 311-315
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Abstract.  Fluorine was determined by 
particle induced gamma-ray emission (PIGE) 
technique with 2.3 MeV protons in elephant, 
mammoth, aquatic (walrus, pot whale, narwhal, 
hippopotamus) and archaeological ivory, with 
concentration varying between 55 ppm and 2.3 
%. The characteristic variation of F concentration 
with species shows that it has the potential to 
serve as a marker in identifying different types 
of ivory. Additionally, Na concentration was also 
reported in all the analysed samples. © 2013 
Akadémiai Kiadó.

N. Sekar & R. Sukumar
Waiting for Gajah: An elephant mutualist’s 
contingency plan for an endangered 
megafaunal disperser
Journal of Ecology 101 (2013) 1379-1388
Abstract.  Large animals are disproportionately 
likely to go extinct, and the effects of this on 
ecosystem processes are unclear. Megaherbivores 
(weighing over 1000 kg) are thought to be 
particularly effective seed dispersers, yet only 
a few plant species solely or predominantly 
adapted for dispersal by megaherbivores have 
been identified. The reasons for this paradox may 
be elucidated by examining the ecology of so-
called megafaunal fruiting species in Asia, where 
large-fruited species have been only sparsely 
researched. We conducted focal tree watches, 
camera trapping, fruit ageing trials, dung seed 
counts and germination trials to understand 
the ecology of Dillenia indica, a large-fruited 
species thought to be elephant-dispersed, in a 
tropical moist forest (Buxa Tiger Reserve, India). 
We find that the initial hardness of the fruit of 
D. indica ensures that its small (˜6 mm) seeds 
will primarily be consumed and dispersed by 
elephants and perhaps other megaherbivores. 
Elephants removed 63.3% of camera trap-
monitored fruits taken by frugivores. If the fruit 
of D. indica is not removed by a large animal, 
the seeds of D. indica become available to 
successively smaller frugivores as its fruits soften. 
Seeds from both hard and soft fruits are able to 
germinate, meaning these smaller frugivores 
may provide a mechanism for dispersal without 
megaherbivores. Synthesis. Dillenia indica’s 
strategy for dispersal allows it to realize the 
benefits of dispersal by megaherbivores without 

becoming fully reliant on these less abundant 
species. This risk-spreading dispersal behaviour 
suggests D. indica will be able to persist even 
if its megafaunal disperser becomes extinct. © 
2013 Reproduced with permission of John Wiley 
& Sons, Inc.

J.J. Stanton, C. Cray, M. Rodriguez, K.L. Arheart, 
P.D. Ling & A. Herron
Acute phase protein expression during 
elephant endotheliotropic herpesvirus-1 
viremia in Asian elephants (Elephas maximus)
J. Zoo and Wildlife Medicine 44 (2013) 605-612
Abstract.  Infection of Asian elephants (Elephas 
maximus) with elephant endotheliotropic 
herpesvirus (EEHV) can be associated with 
rapid, lethal hemorrhagic disease and has been 
documented in elephant herds in human care 
and in the wild. Recent reports describe real-
time quantitative polymerase chain reaction 
(qPCR) assays used to monitor clinically ill 
elephants and also to detect subclinical EEHV1 
infection in apparently healthy Asian elephants. 
Acute phase proteins have been demonstrated to 
increase with a variety of infectious etiologies 
in domesticated mammals but have not yet been 
described in elephants. In addition, the immune 
response of Asian elephants to EEHV1 infection 
has not been described. In this study, whole 
blood and trunk wash samples representing 
repeated measures from eight elephants were 
examined for the presence of EEHV1 using 
a qPCR assay. Elephants were classified into 
groups, as follows: whole blood negative and 
positive and trunk wash negative and positive. 
Serum amyloid A (SAA) and haptoglobin (HP) 
levels were compared between these groups. A 
significant difference in SAA was observed with 
nearly a threefold higher mean value during 
periods of viremia (P = 0.011). Higher values of 
SAA were associated with >10,000 virus genome 
copies/ml EEHV1 in whole blood. There were 
no significant differences in HP levels, although 
some individual animals did exhibit increased 
levels with infection. These data indicate that 
an inflammatory process is stimulated during 
EEHV1 viremia. Acute phase protein quantitation 
may aid in monitoring the health status of Asian 
elephants. © 2013 American Association of Zoo 
Veterinarians.
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I.C. Suter, M. Hockings & G.S. Baxter 
Changes in elephant ownership and 
employment in the Lao PDR: Implications 
for the elephant-based logging and tourism 
industries
Human Dimensions of Wildlife 18 (2013) 279-91
Abstract.  Communities in the Lao People’s 
Democratic Republic (PDR) have been utilizing 
captive Asian elephants (Elephas maximus) 
for centuries. The elephant handler (mahout) 
profession has remained fundamentally 
unchanged. Captive elephants, however, are 
no longer necessary in roles where they were 
once considered vital, particularly the logging 
industry. To gauge mahout demographics 
and assess problems associated with elephant 
industries, we surveyed 133 mahouts in the Lao 
PDR. We found that mahoutship is an aging 
industry with a vanishing family association. 
Contrasts between logging and tourism mahouts 
were apparent when observing family tradition, 
finances, and industry-related experiences. 
Logging mahouts rely on tourism to provide 
them with future employment; however, tourism 
cannot currently employ elephants on a scale 
similar to that of logging operations. The need 
for the traditional mahout and a large population 
of captive elephants may have reached its finality 
in Laos.  © 2013 Taylor & Francis Group, LLC.

C. Theivarasu & S. Chandra
Adsorption performance of activated carbon 
prepared from elephant (Elephas maximus) 
dung for the removal of Reactive Yellow 15 
from aqueous solution
Desalination and Water Treatment 51 (2013) 
7639-7654 
Abstract.  Elephant Dung Activated Carbon 
(EDAC), prepared by acid treatment, was used as 
an eco friendly adsorbent for the removal of the 
textile dye, Reactive Yellow 15 (RY15) from an 
aqueous solution. Batch adsorption experiments 
were carried out to investigate the kinetic, 
thermodynamic and isotherm studies by varying 
the initial dye concentration and temperature. 
The adsorption kinetic data were correlated with 
pseudo first-order, pseudo second-order, and 
elovich models. Pseudo second-order kinetic 
model fitted very well with the experimental data. 
The thermodynamic parameters like Gibb’s Free 

energy change (ΔG0), Entropy change (ΔS0), 
and enthalpy change (ΔH0) were calculated. 
The results indicated that RY15 adsorption 
process was endothermic and spontaneous. The 
mechanism of adsorption process was determined 
by studying the intraparticle diffusion and liquid 
film diffusion models. Effects of EDAC dosage 
and pH on percentage removal of RY15 were 
studied. Maximum adsorption had taken place at 
pH 2. The experimental data were correlated with 
Langmuir, Freundlich, and Temkin adsorption 
isotherm models and it was best represented 
by Langmuir isotherm model. Adsorption 
capacity of EDAC was compared with different 
adsorbent/adsorbate systems. Desorption studies 
indicated the physisorption type of adsorption 
of RY15 onto EDAC. The effectiveness of the 
adsorbent was tested with an effluent collected 
from a dyeing industry. Competitive adsorption 
of various types of dyes was examined to study 
the performance of EDAC. © 2013 Balaban 
Desalination Publications.

N. Thongtip, B. Lorsanyaluck, M. Sukmak, S. 
Chaichanathong, N. Thengchaisri, P. Sunya-
thitiseree & W. Wajjwalku
Surgical removal of urethral and bladder 
stones in female Asian elephant (Elephas 
maximus) by episiotomy and urethrotomy
Thai J. Veterinary Medicine 43 (2013) 375-382
Abstract.  A 45-year-old female Asian elephant 
(Elephas maximus) was presented with urinary 
incontinence and solid masses at the perineal area. 
Vaginoscopy revealed stricture of the vaginal 
vestibule. Trans skin and rectal ultrasonography 

Swarnamali Wewa in southern Sri Lanka
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demonstrated presence of hyperechogenic 
uroliths. Episiotomy and urethrotomy were 
performed after standing sedation with xylazine 
and perineal infiltration with lidocaine. Total of 
8 kg urethral calculi were retrieved manually. 
Calcium carbonate was identified as the main 
component of the stones. Due to acute urinary 
obstruction after the operation, an episiotomy 
was left open allowing urine to pass through 
the incision. Following urine scalding, necrotic 
tissues were detected along the tracts below the 
incision wound through umbilicus. Daily wound 
cleaning and antibiotics treatment for one month 
were performed. The episiotomy wound was 
left to heal by secondary intention and led to a 
2 cm stricture. The healing process completed 
in 5 months post-operatively. The elephant can 
urinate via normal tract in 8 months after surgery.

V. Thuppil & R.G. Coss 
Wild Asian elephants distinguish aggressive 
tiger and leopard growls according to 
perceived danger
Biology Letters 9 (2013) 20130518
Abstract.  Prey species exhibit antipredator 
behaviours such as alertness, aggression and 
flight, among others, in response to predators. The 
nature of this response is variable, with animals 
reacting more strongly in situations of increased 
vulnerability. Our research described here is 
the first formal study to investigate night-time 
antipredator behaviour in any species of elephants, 
Asian or African. We examined the provocative 
effects of elephant-triggered tiger and leopard 
growls while elephants attempted to crop-raid. 
Tigers opportunistically prey on elephant calves, 
whereas leopards pose no threat; therefore, we 
predicted that the elephant response would be 
reflective of this difference. Elephants reacted 
similarly cautiously to the simulated presence of 
felids of both species by eventually moving away, 
but differed markedly in their more immediate 
behavioural responses. Elephants retreated 
silently to tiger- growl playbacks, whereas they 
responded with aggressive vocalizations, such as 
trumpets and grunts, to leopard-growl playbacks. 
Elephants also lingered in the area and displayed 
alert or investigative behaviours in response 
to leopard growls when compared with tiger 

growls. We anticipate that the methods outlined 
here will promote further study of elephant 
antipredator behaviour in a naturalistic context, 
with applications for conservation efforts as well. 
© 2013 The Authors.

G.R. van Sonsbeek, J.H. van der Kolk, J.P.T.M. 
van Leeuwen, H. Everts, J. Marais & W. 
Schaftenaar
Effect of calcium and cholecalciferol 
supplementation on several parameters of 
calcium status in plasma and urine of captive 
Asian (Elephas maxiumus) and African 
elephants (Loxodanta africana)
J. Zoo and Wildlife Medicine 44 (2013) 529-540
Abstract.  The aim of the current study 
was to assess the effect of oral calcium and 
cholecalciferol supplementation on several 
parameters of calcium status in plasma and urine 
of captive Asian (Elephas maximus; n = 10) 
and African elephants (Loxodonta africana; n 
= 6) and to detect potential species differences. 
Calcium and cholecalciferol supplementation 
were investigated in a feeding trial using a 
crossover design consisting of five periods of 28 
days each in summer. From days 28–56 (period 
2), elephants were fed the Ca-supplemented diet 
and from days 84–112, elephants were fed the 
cholecalciferol-supplemented diet (period 4). 
The control diet was fed during the other periods 
and was based on their regular ration, and the 
study was repeated similarly during winter. 
Periods 1, 3, and 5 were regarded as washout 
periods. This study revealed species-specific 
differences with reference to calcium and 
cholecalciferol supplementation. Asian elephants 
showed a significant increase in mean plasma 
total calcium concentration following calcium 
supplementation during summer, suggesting 
summer-associated subclinical hypocalcemia in 
Western Europe. During winter, no effect was 
seen after oral calcium supplementation, but 
a significant increase was seen both in mean 
plasma, total, and ionized calcium concentrations 
after cholecalciferol supplementation in 
Asian elephants. In contrast, evidence of 
subclinical hypocalcemia could be demonstrated 
neither in summer nor in winter in African 
elephants, although 28 days of cholecalciferol 
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supplementation during winter reversed the 
decrease in plasma 1,25(OH)2-cholecalciferol and 
was followed by a significant increase in mean 
plasma total calcium concentration. Preliminary 
findings indicate that the advisable permanent 
daily intake for calcium in Asian elephants and 
cholecalciferol in both elephant species at least 
during winter might be higher than current 
guidelines. It is strongly recommended to monitor 
blood calcium concentrations and, if available, 
blood parathyroid hormone levels to adjust the 
nutritional supplementation for each individual 
elephant. © 2013 American Association of Zoo 
Veterinarians.

N. Velho & W.F. Laurance
Hunting practices of an Indo-Tibetan Buddhist 
tribe in Arunachal Pradesh, north-east India
Oryx 47 (2013) 389–392
Abstract.  Hunting is a serious threat to Indian 
wildlife. We used semi-structured interviews 
to assess hunting practices, cultural contexts 
and village-level governance within a Buddhist 
Indo-Tibetan tribe in the biologically rich region 
of Arunachal Pradesh. A large majority (96%) 
of the 50 respondents preferred wild meat over 
domestic meat, and most hunted for recreation. 
Species such as the Asian elephant Elephas 
maximus are still considered taboo to hunters 
but other species that were once taboo (such as 
gaur Bos gaurus) are now hunted. A month-long 
ban was previously instituted to prohibit tribal 
hunting during the wildlife breeding season 
each year but this has now decreased to 16-days 
duration. A multi-level governance framework is 
needed to resolve a mismatch between national 
policy in India and grass-roots governance for 
managing wildlife hunting. © 2013 Fauna & 
Flora International.

A. Zachariah, J.-C. Zong, S.Y. Long, E.M. 
Latimer, S.Y. Heaggans, L.K. Richman, & G.S. 
Hayward
Fatal herpesvirus hemorrhagic disease in wild 
and orphan Asian elephants in southern India
Journal of Wildlife Diseases 49 (2013) 381-393
Abstract.  Up to 65% of deaths of young Asian 
elephants (Elephas maximus) between 3 mo and 

15 yr of age in Europe and North America over 
the past 20 yr have been attributed to hemorrhagic 
disease associated with a novel DNA virus called 
elephant endotheliotropic herpesvirus (EEHV). To 
evaluate the potential role of EEHV in suspected 
cases of a similar lethal acute hemorrhagic 
disease occurring in southern India, we studied 
pathologic tissue samples collected from field 
necropsies. Nine cases among both orphaned 
camp and wild Asian elephants were identified 
by diagnostic PCR. These were subjected to 
detailed gene subtype DNA sequencing at 
multiple PCR loci, which revealed seven distinct 
strains of EEHV1A and one of EEHV1B. Two 
orphan calves that died within 3 days of one 
another at the same training camp had identical 
EEHV1A DNA sequences, indicating a common 
epidemiologic source. However, the high level of 
EEHV1 subtype genetic diversity found among 
the other Indian strains matches that among 
over 30 EEHV1 strains that have been evaluated 
from Europe and North America. These results 
argue against the previous suggestions that this 
is just a disease of captive elephants and that the 
EEHV1 virus has crossed recently from African 
elephant (Loxodonta africana) hosts to Asian 
elephants. Instead, both the virus and the disease 
are evidently widespread in Asia and, despite the 
disease severity, Asian elephants appear to be the 
ancient endogenous hosts of both EEHV1A and 
EEHV1B. © 2013 Wildlife Disease Association.

“Dexie” in Yala National Park (Sri Lanka)




