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Abstract. Pla-ard M, Sukmasuang R, Uthairasmee S. 2022. Some population characteristics and viability of captive Asian elephant 
(Elephas maximus) in Thailand. Biodiversitas 23: 1072-1081. Sustaining long-term viable populations of captive Asian elephants poses 
a challenge in managing the existing populations. Therefore, studies of the characterization and long-term persistence of the population 

are an important aspect of the action. The results of long-term population analysis of captive Asian elephants (Elephas maximus 
Linnaeus, 1758) using Population Viability Analysis (PVA) from the demography information showed that the birth and reproductive 
rate of the captive elephants in Thailand are declining significantly while the mortality rate trends are stable. Analysis results of the 
population's ability to persist in the long term from the initial population of 4,252 elephants, it was found that extinction of the 
population if the percentage adult female breeding is 80%, which is the best-case scenario, if the mortality rate increases by 6% from the 
present, the population will start going into extinction. If the percentage adult female breeding is set to 2.3%, which is the lowest 
breeding condition in captive Asian elephants, the population will become extinct in every scenario. Therefore, the most important 
method in maintaining the captive Asian elephant population is to increase the birth rate improve the well-being, health, nutrition, 

environment, and welfare of elephants in captivity are important factors that would reduce deaths and are very important for the long-
term survival of the population in Thailand. 
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INTRODUCTION 

The Asian elephant (Elephas maximus Linnaeus, 1758) 

was once very abundant in the wild and widely distributed 

throughout its range from the Tigris-Euphrates River basin 

in Iraq, Syria, Turkey, the areas near the Persian Gulf in 
Iran, Gulf of Oman, to the countries in Southern Asia, 

Southern China to the Yangtze River Basin, as well as 

covering the countries in Southeast Asia including Java, 

Sumatra and Borneo islands (Williams et al. 2020). 

However, the Asian elephant population has decreased, 

with only 48,323-51,680 elephants left within the 13 range 

countries (Menon and Tiwari 2019), with its conservation 

status classified as Endangered (IUCN 2022). For captive 

elephants, evidence shows that human society's 

domestication of wild elephants started in the Indian region 

and has been conducted for approximately 4,000 years 
(Clutton-Brock 2012).  

In 1997, the world captive elephant population was 

approximately 19,500 elephants (Vanitha et al. 2010). Later 

Sakamoto (2017) and CITES (2021) reported the number 

of captive elephants to be approximately 14,000-15,000 

elephants or about one-third of the current population of 

Asian elephants, with approximately 1,000 elephants kept 

in zoos worldwide. Jerang et al. (2020) found that Burma 

has the largest number of elephants in captivity, reaching 

between 6,000-7,000 elephants, followed by India with 

3,600 elephants, Thailand with 3,500-4,000 elephants, 

Indonesia with 498 elephants, Lao PDR 446 elephants, Sri 

Lanka with 253 elephants and so on (CITES 2021). 

In Thailand, wild elephants are present in natural areas 

in almost every region (Pla-ard et al. 2019; 2022). The 

population is between 3,000-3,700 elephants, distributed in 
69 protected areas throughout the country (IUCN 2017). 

The main reasons for the decline of the wild elephant 

population are the loss of natural forest areas, forest 

fragmentation, habitat degradation, disturbance, and 

becoming subpopulations susceptible to threats, especially 

from human activities in wild elephant habitats (Menkham 

et al. 2019). The conflicts between humans and wild 

elephants have increased due to the overlap between human 

and wild elephant habitats, resulting in an acceleration of 

the mortality rate within the elephant population to increase 

exponentially (Shaffer et al. 2019). Elephants have been 
brought into captivity in Thailand for hundreds of years. 

Before the 19th century, it was reported that the number of 

captive elephants in Thailand was more than 100,000 

elephants (Schliesinger 2015). Thitaram (2012) reported 

that the captive Asian elephant population in Thailand has 

declined from 13,397 elephants in 1952 to 2,681 elephants 

in 2001. The main cause of the decline in the captive 

elephant population is lower than the optimum birth rate. It 

is also found that the proportion of older elephants is large 

in the total captive elephant population and an increasing 

number of adult female elephants that are not reproductive 
(Thitaram 2012). A study of the reproductive rates of 

captive elephants in seven elephant camps in Northern 
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Thailand found between 0.03 young elephants per year and 

3.5 young elephants per year (Toin et al. 2020), while 

mortality in the elephant population was high in particular, 

male elephants (Thitaram 2012). Elephants in captivity also 

suffer from physical inappropriateness for work, rest, 

natural malnutrition, bathing, exercise and proper social 

interaction (Schmidt-Burbach et al. 2015). 

After the logging ban in 1989, the use of captive 

elephants in Thailand had to be modified from the former 

used primarily in the logging industry, causing many 
captive elephants to disappear and some were used to make 

money by roaming the big cities to sell food. 

Pimmanrojnagool and Wanghongsa (2002) found that there 

were 41 captive elephants brought to walk the streets in 

Bangkok in October 2000, which was before the ban on 

bringing captive elephants into the city. Later, the raising 

of captive elephants was developed into tourist attractions 

providing elephant rides and tours of the forest in the 

country’s tourist area (Schliesinger 2015), an important 

activity that affects the conservation of the captive 

elephants. Captive elephants have always been affected by 
the changes in social and economic conditions and the 

relations with the spread of various disease epidemics 

(Songthammanuphap et al. 2020).  

The current condition of captive elephants reported in 

Thailand is that they are scattered across different regions, 

either under governmental or private ownership, held in 

153 places in 56 provinces (Sukmasuang et al. 2013), each 

elephant holding contains between 1-195 elephants 

(Pintavongs et al. 2014). Some of the captive elephants also 

face nutritional or health problems (Bansiddhi et al. 2018; 

2019), accidents (Bansiddhi et al. 2020), risk of contracting 
and spreading diseases (Puyati et al. 2015) and lack of 

chance for reproduction (Thitaram 2012). Furthermore, the 

nature of male elephants that tend to go into musth during 

the rutting season makes them difficult to control and have 

a high risk of being injured or killed (Lohanan 2002). 

Therefore, it is doubtful that if the activities of raising 

captive elephants in Thailand are carried out as they have 

been in the past until present, how long will the existing 

captive elephant population be able to maintain the 

population with normal mechanisms in the future? 

Although the population of captive elephants in Thailand 

seems to be quite large. However, various conditions that 
may affect the extinction of captive elephants, especially 

the mortality rate and birth rate, are important factors that 

managers should use as information for mutual 

understanding and long-term management. 

Population Viability Analysis (PVA) estimates based 

on available data as well as concepts and calculations are a 

tool used for understanding the risk of extinction of low-

population species. Anticipating the future of the increase 

or reduce the population in various aspects for planning 

alternatives for further management in the future is an 

important tool in conservation biology (Radchuk et al. 
2016) for management planning to reduce the likelihood of 

species extinction based on population variables as well as 

creating hypothetical events in various aspects including 

defining conditions for variation in population and 

environment The selection of the VORTEX program is 

appropriate for low fertility species with long life spans, as 

well as having unequal sex ratios in the population (Lacy 

2019). The VORTEX program was used to analyze the 

persistence of domesticated elephant populations in Burma 

(Leimgruber et al. 2008) and Laos (Suter et al. 2014), as 

well as in wild elephants on Sumatra, Indonesia 

(Mossbrucker et al. 2016), Sri Lanka (de Silva and 

Leimgruber 2019), Yunnan Province, China (He et al. 

2020). A study by Prado-Oviedo et al. (2016) found that 

captive Asian elephants kept in zoo conditions in North 
America cannot survive on their own in the long term, 

while the results of the study on the ability to sustain the 

captive elephant population of the European Association of 

Zoos and Aquaria Ex-situ Program (EEP) found that it can 

be sustained over the long term. There are 15 baby 

elephants born per year out of 307 elephants or 4.89% of 

the total number of domesticated elephants/year. This is a 

result of the development of husbandry care systems, 

population structure management, health, environmental 

management, and the genetics of the elephants, as well as 

increasing knowledge of the reproductive biology of 
elephants, especially in females (Schmidt and Kappelhof 

2019). The results of the existing analysis of the population 

of captive elephants in Laos with an initial population of 

480 captive elephants revealed that the population of the 

elephants in Laos had a negative growth rate (r= -0.099), 

having a higher mortality rate than the birth rate. Results of 

the study show that the captive elephant population in Laos 

is likely to become extinct within 112 years (Suter et al. 

2014). While Leimgruber et al. (2008) reported that 

although the number of captive elephants in Myanmar is 

the highest within the Asian elephant range countries, with 
a population of approximately 6,000 captive elephants, 

however, the long-term viability analysis shows that the 

captive elephant population in Myanmar is unable to 

sustain itself long term. To maintain the captive elephant 

population in Myanmar, wild elephants have to be caught 

and added to the captive elephant population. This method 

affected the wild population characteristics and raised 

questions concerning the conservation process (Jackson et 

al. 2019).  

A study of the viability of the captive elephant 

population is therefore essential for the long-term 

management of the captive elephant population. In this 
study, 7 scenarios were formulated, including 1) the 

preservation of Thailand's captive elephant population if 

carried out under current conditions; and, where specified 

that the mortality rate of young elephants is reduced by 2% 

from the current number, to test the sensitivity of the 

equations that satisfy the program conditions. 2) the 

mortality rate in the population is specified to increase by 

2, 4, 6, 8 and 10% from the present, to consider the 

possibility of extinction of the country's elephant 

population in the future. The expected benefits of this study 

are to know the population status of captive elephants in 
Thailand to be able to formulate guidelines for their 

management in various population aspects, for the long-

term preservation of the captive elephant population of 

Thailand, as well as to increase understanding of activities 

that affect treatment and management to reduce mortality, 
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increase births in the captive elephant population to be able 

to sustain the population. 

MATERIALS AND METHODS 

Study area  
The study was conducted on captive elephant 

populations from all regions of Thailand that were reported 

of ownership and microchipped for the identification ticket 

registration with the National Institute of Elephant 

Research and Health Service (2013) and the final technical 

report of Sukmasuang et al. (2013). 

Procedures 

The information on captive elephants in different 

regions of Thailand was obtained from the study on the 

population status and distribution of elephants in Thailand 

by Sukmasuang et al. (2013), which is based on the 

information from the National Institute of Elephant 

Research and Health Service (2013), who reported the 

number of captive elephants in the southern region, from a 

total of 14 provinces, to be 402 males and 658 females, 

adding to a total of 1,060 elephants; from the 10 provinces 

in the Northeast include 408 males and 982 females, adding 
to 1,390 elephants; from 10 provinces in the North include 

442 males and 836 females, a total of 1,278 elephants; and 

the 17 provinces in central Thailand including 156 males 

and 442 females, adding to a total of 597 elephants. The 

total number of captive elephants found in 56 provinces 

throughout Thailand was 4,325 elephants which were 1,407 

males and 2,918 females (Sukmasuang et al. 2013). 

However, the number of captive elephants reported to be 

possessed by captive elephant owners varies between 

provincial authorities and central authorities. The study, 

therefore, used numbers registered with the central 
authorities, a total of 4,252 captive elephants, for this 

analysis. 

Age structure 

The age structure of the elephant population was 

divided into 4 major age classes, including young and 

juvenile with age between 0-5 years old, subadult from 5-

15 years old, sexually mature adult from 15-55 years old 

and senescent over 55 years old based on biological 

condition according to Sukumar (1989) and Arivazhagan 

and Sukumar (2008).  

Birth and deaths 
The fecundity of the elephant population is determined 

by the number of births in the population. Therefore, the 

percentage of calving was divided by the total number of 

sexually mature females during the study period, known as 

the percentage reproductive rate, and the percentage of 

elephant calves born in that year for the total elephant 

population that year is called the percentage of birth in a 

population (Mar 2013). 

Mortality rates were calculated using the number of 

elephants found dead divided by the total number of 

elephants during that period (Mumby et al. 2013). Since the 

age of the elephants that died could not be distinguished 

from the data. Therefore, the calculation was made by 

combining the data. The trend of the birth rate, 

reproductive rate and mortality in the captive elephant 

population between 2005 and 2010, a total of 6 years, was 

tested using a linear regression model. In the F test, the 

coefficient of determination was considered with the 

significance level at P<0.05. 

Modelling, baseline parameters for PVA scenarios and 

sensitivity testing 
The probability of extinction of captive elephants was 

assessed by PVA using VORTEX 10.5.0.0 program (Lacy 

and Pollak 2021), a method used to calculate minimum 

population numbers to maintain the populations not to face 

extinction (Lacy 2019). In general, PVA modeling by the 

VORTEX program can be integrated with measures for 

conservation planning because the program can accept 

parameters hypothetically and the variability of a given 

environment that can be adjusted for management benefits 

(Lacy 2019). Therefore, the VORTEX program was chosen 

for the analysis of this study, as it is a simulation program 
suitable for low fertility, long life span, and uneven age and 

sex ratio (Lacy 2019). 

The study specified a time frame for the 500-year 

analysis and baseline parameters, as did Leimgruber et al. 

(2008), Suter et al. (2014), and He et al. (2020), by setting 

a variable to test the baseline scenario. Only the death 

variable was tested by assuming the situation on both sides 

increases and a decrease in population mortality in the 

current fertility situation of the herd elephant population 

how it affects the long-term treatment of the population. 

Parameters for the six scenarios were determined from 
the Thailand Captive Elephant Registration Database 

conducted by the National Institute of Elephant Research 

and Health Service (2013) (Sukmasuang et al. 2013), as 

well as the relevant elephant population data to be able to 

determine the parameters of the analysis accurately. 

Important parameters were elephant age, sex and initial 

population size, defined as 4,252 elephants. The carrying 

capacity was 20% of the current population (Leimgruber et 

al. 2008). This study used the number of mortalities in 

domesticated elephants reported by the National Institute of 

Elephant Research and Health Service (2013) (Sukmasuang 

et al. 2013). 
The parameters used in the analysis could be precisely 

configured. Important parameters include the elephant's 

age, sex and initial population size. The population was 

considered a closed population trait because there is no 

immigration or movement. This study used the number of 

deaths in captive elephants that were reported by the 

National Institute of Elephant Research and Services 

(2013) (Sukmasuang et al. 2013) and from the report of 

Leimgruber et al. (2008) because we did not want the 

extinction results to be exaggerated if the mortality rate in 

captive elephant calves was set to be as high as in wild 
elephants, because, in captivity, baby elephants are cared 

for by an advanced veterinary system of Thailand. 

Furthermore, the sex ratio of the captive elephant calves 

was set to be the same between the sexes. The percentage 
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of sexually mature females in the captive elephant 

population was based on data collected from the National 

Institute of Elephant Health Research and Service (2013) 

from 1998 to 2010 (Sukmasuang et al. 2013). The baseline 

values of this study were an age of first offspring for 

females (years), age of first offspring for males (years), 

maximum age of reproduction (years), maximum number 

of progeny per year, according to Suter et al. (2014). 

Mortality in each age class classified into four age classes 

(>0-1, >1-5, >5-15 and >15) according to Arivazhagan and 
Sukumar (2008) in sex users according to Leimgruber et al. 

(2008), while the female mortality based on documents by 

Mar et al. (2012) and Suter et al. (2014). 

This study used the percentage of fertile females and 

males according to Suter et al. (2014), who analyzed the 

percentage of breeding females in the Lao captive elephant 

population and reported it to be relatively low, with a value 

of 2.3%. In comparison, the proportion of the male 

breeding population was proposed to be 80%, following 

Leimgruber et al. (2008). This is consistent with the reality 

that most reproductive male elephants in captivity do not 
have the opportunity to mate (Toin et al. 2020). Therefore, 

in this study, a total of 7 scenarios were formulated: 1) 

Preserving Thailand's captive elephant population if carried 

out under current conditions and if it is specified that the 

mortality rate of young elephants can be reduced by 2% 

from the present as a to test the susceptibility and the 

program's response. 2) The mortality in the population was 

set to increase by 2,4,6,8, and 10% from the present, 

together with the assigned of % adult breeding female in 

two situations, which is 80%, the same as the 

recommended for males by Leimgruber et al. (2008) and 
set at 2.3% (Suter et al. 2014), which is considered the best 

event to increase fertility in the population and the lowest 

for this study. 

RESULTS AND DISCUSSION 

Population structure and sex ratio 
The results of the population structure analysis of 4,252 

captive elephants in Thailand showed 1,473 males and 

2,779 females, as shown in Figure 1 and Table 1. However, 

when considering the captive elephant number from the 

microchip identification and captive Asian elephant 

population surveys in the elephant camps around Thailand, 

it was found that the number of captive elephants was 
fewer than those reported as being owned. This study used 

the number of captive elephants that were registered. The 

movement, traveling of captive elephants, the births and 

deaths that occur over time hinder the registration and 

tracking of captive Asian elephants. Results of the study 

showed that the number of adult males aged between >15-

55 years was 848 elephants, while the number of adult 

females aged between >15-55 was 1,970 elephants. 

Therefore, the proportion of adult males: females was 1: 

2.32. When considering the proportion of the age classes in 

the population, it was found that calf (age >0-5 years) were 
257 elephants, juvenile elephants (ages >5-10 years) were 

789 elephants, adults (ages>15-55 years) were 2,818 

elephants and senescent elephants (over 55 years old) were 

388 elephants, adding to a total of 4,252 elephants, 

accounting for a structural proportion in the population of 

1: 3.07: 10.96: 1.51, respectively, as detailed in Table 2. 

Births 

From the recorded births of the captive elephant within 

the 6 years, the number of captive elephants born between 

2005-2010 was 376, an average of 62.67 elephants (SE= 

4.36) per year. If considering the average number of 
captive elephants during the same period, the average 

number of captive elephants in 2005-2010 was 3,807.16 

(SE= 227.42) thus, the percentage of birth in the captive 

elephant population equals 1.70% per year or 1.70 calves 

per total number of elephants in all age classes of 100 

elephants per year. 

When considering only the number of adult female 

elephants in the age range between 15-55 years, which is 

the period that female elephants are fertile, by using the age 

structure to calculate the number of fertile female elephants 

during 2005 to 2010, in which the number of calves was 
reported and then used to calculate the percentage 

reproductive rate in the population. It was found that there 

was a percentage reproductive rate in the population was an 

average of 2.57%, or 2.57 calves born per 100 adult female 

elephants per year.  

However, when considering the percentage of elephant 

calves per total number of elephants each year, as shown in 

Table 2, it was found that the percentage of births in the 

captive Asian elephant population was declining 

significantly (F= 62.85, R2= 0.94, P= 0.0014). As well as, 

the percentage of calf elephants per 100 female elephants 
or percentage reproductive rate was found to have 

decreased steadily. It was found that the reproductive rate 

also continued to decrease (F= 61.78, R2= 0.93, P= 

0.0014), as detailed in Figure 2 and Table 3. 
 

 

 

 
 
Figure 1. The percentage of Thailand captive Asian elephants in 

each age class, comparing between male (n= 1,473), female (n= 
2,779) and total (n= 4,252) (Sukmasuang et al. 2013) 
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Table 1. Number of captive Asian elephant separated by sex in each age class (Sukmasuang et al. 2013) 
 

Age class 
Male Female Total 

Number % Number % Number % 

>0-5 129 8.76 128 4.62 257 6.05 
>5-10 173 11.75 205 7.38 378 8.90 
>10-15 171 11.62 240 8.63 411 9.67 
>15-20 95 6.45 147 5.29 242 5.70 

>20-25 78 5.29 152 5.47 230 5.42 
>25-30 93 6.31 199 7.16 292 6.87 
>30-35 98 6.65 264 9.50 362 8.51 
>35-40 119 8.08 316 11.37 435 10.23 
>40-45 127 8.62 344 12.38 471 11.07 
>45-50 135 9.16 323 11.62 458 10.77 
>50-55 103 6.99 225 8.09 328 7.71 
>55-60 80 5.43 89 3.20 169 3.97 

>60-65 47 3.19 81 2.91 128 3.01 
>65-70 10 0.68 29 1.04 39 0.92 
>70-75 8 0.54 21 0.76 29 0.68 
>75-80 3 0.20 4 0.14 7 0.16 
>80-85 2 0.14 3 0.11 5 0.12 
>85-90 1 0.07 1 0.04 2 0.04 
>90-95 0 0.00 3 0.11 3 0.07 
>95-100 0 0.00 2 0.07 2 0.04 

>100 1 0.07 3 0.11 4 0.09 
Summary  1,473 100.00 2,779 100.00 4,252 100.00 

 
 
 
Table 2. The number of captive elephants in each age class and 
the proportion of the age structure in the population (Sukmasuang 
et al. 2013) 

 

 
>0-5 

years 

old 

>5-15 

years 

old 

>15-55 

years old 

> 55 

years old 
Total 

Number of 
elephants 

257 789 2,818 388 4,252 

Proportion of 

the population 
1 3.07 10.96 1.51 16.54 

 
 
 

Mortality 

From table 4, it is found that between 2005 and 2010, 

there were a total of 143 deaths of captive elephants or an 

average of 23.83 deaths per year (SE= 3.27). If considering 

the average number of captive elephants reported within 

the same period, according to Table 3, it was found that the 

average number of captive elephants from 2005 to 2010 
was 3,807.16, representing mortality of captive elephants to 

be 0.64 elephants per 100 captive elephants/year. In all age 

classes, the mortality trends are decreasing but not 

significant (F= 5.68, R2= 0.59, P= 0.08). 

Population Viability Analysis (PVA) 

Results of assigning the percentage adult female 

breeding to be 50, 60, 70, 80, 90, and 100% while 

preserving the mortality of the populations following 

scenario 1, it was found that the percentage adult female 

breeding that provided the long-term survival of the 

population without extinction, was where percentage adult 

female breeding equals 80%, which equals to percentage 

male breeding, following the recommendations by 

Leimgruber et al. (2008), which is the best situation, so the 

percentage adult breeding female was set to 80% in every 

scenario 1-7, meaning the best breeding quality of captive 

elephants. Furthermore, analysis results show that if the 

mortality rate is as present and increases to more than 4% 
from the present rate, there will be no chance of extinction 

of the captive elephant population. However, if the 

mortality rate increases to more than 6% of the present 

value, the increase of the population will start to become 

negative, having a value of-0.0054, causing the extinction 

of the captive elephants within 497.0 years and if the 

mortality rate increases by 8 and 10%, the population 

increase rate will become-0.0317 and-0.0587 and the 

extinction will happen in 193.10 and 112.60 years, 

respectively. 

However, if the percentage adult female breeding of the 
captive elephant population equals to Laos as suggested by 

Suter et al. (2014), which is 2.3% or the worst situation and 

the percentage adult male breeding equals 80%, following 

the suggestion by Leimgruber et al. (2008), it was found 

that the captive elephants of Thailand will be extinct in 

every scenario, from 1-7. Furthermore, the population 

increase rate in every scenario is all negative, having values 

of -0.0505, -0.0500, -0.0717, -0.0995, -0.1280, -0.1573, -

0.1874, and the captive elephant population will be extinct 

within 176.1, 128.8, 126,7, 93.4, 73.8, 58.3 and 48.1 years 

from the present, respectively, as detailed in Table 5. 
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Figure 2. Scatterplot and simple linear regression of percentage 
of birth rate in the population (R2= 0.93) and percentage 
reproductive rate (R2= 0.94) of the captive Asian elephant in 
Thailand cover 6-year period during 2005-2010 

Table 4. The number of captive elephants, number of deaths in 
each year during 2005-2010 and percentage of death in the 

captive elephant population in Thailand (Sukmasuang et al. 2013) 
 

Year 

Number of  

elephants in every  

age class 

Number 

of deaths 

% of death in 

population 

2005 2,966 22 0.74 

2006 3,418 29 0.85 
2007 3,676 27 0.73 
2008 4,096 35 0.85 
2009 4,252 15 0.35 

2010 4,435 15 0.33 

Average  3,807.16 23.83 0.64 

SE 227.42 3.27 0.10 

 

 

 
Table 3. The number of captive elephants, number of fertile adult females between 15-55 years old, number of elephant calves born, 
percentage of births in the population and the reproductive rate of captive elephants in Thailand 

 

Year 

Total number of 

captive elephants 

in every age class 

Number of adult 

females age between 

15-55 years 

Number elephant 

calves born 

% of birth in 

population 
% Reproductive rate 

2005 2966 1965 65 2.19 3.30 
2006 3418 2265 78 2.28 3.44 
2007 3676 2436 68 1.85 2.79 
2008 4096 2714 64 1.56 2.35 

2009 4252 2817 52 1.22 1.85 
2010 4435 2939 49 1.10 1.67 
Average  3807.17 2522.76 62.67 1.70 2.57 
SE 227.42 150.70 4.36 0.20 0.30 

Note: Ratio between adult males: adult female, age range between 15-55 years, equal to 1: 2.32  
Source: Sukmasuang et al. (2013) 
 

 

 
Table 5. Population viable analysis results of captive elephants comparing scenarios with percentage adult female breeding equals 80% 
as of the percentage adult male breeding and the percentage adult female breeding equals to 2.3% 

 

Scenario 1 2 3 4 5 6 7 

When % adult female breeding 80% equals to percentage adult male breeding 

Growth rate 0.0665 0.0674 0.0457 0.0204 -0.0054 -0.0317 -0.0587 

SD 0.0169 0.0167 0.0171 0.0172 0.0214 0.0739 0.0833 
PE 0.0000 0.0000 0.0000 0.0000 0.0020 1.0000 1.0000 
N 2551.44 2551.43 2551.69 2548.37 157.97 0.0000 0.0000 

SD 10.79 11.24 10.67 11.78 76.07 0.0000 0.0000 
Mean TE 0.0000 0.0000 0.0000 0.0000 497 193.100 112.600 

        
When percentage adult female breeding 2.3% following Suter et al. (2014)  

Growth rate -0.0500 -0.0500 -0.0717 -0.0995 -0.1280 -0.1573 -0.1874 
SD 0.0637 0.0411 0.0620 0.0628 0.0678 0.0724 0.0779 
PE 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 
N 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

SD 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
Mean TE 176.1000 128.8000 126.7000 93.4000 73.8000 58.3000 48.1000 

Note: SD: standard deviation, PE: probability of extinction, N: population remained, TE: time of extinction. 1: Scenario 1 Current 
captive/baseline population 2: Scenario 2 Scenario 1 + 2% lower mortality. 3: Scenario 3 Scenario 1 + 2% higher mortality 4: Scenario 4 

Scenario 1 + 4% higher mortality. 5: Scenario 5 Scenario 1 + 6% higher mortality. 6: Scenario 6 Scenario 1 + 8% higher mortality. 7: 
Scenario 7 Scenario 1 + 10% higher mortality 
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Discussion 

Population characteristics and viability  

From the captive elephant data of Thailand, it was 

found that most of the elephants are owned by private 

sectors in 153 elephant camps in 51 provinces around 

Thailand. Most of the captive elephants are in tourist 

attraction areas. The number of elephant camps with 

between 1-14 elephants was the highest, with a total of 118 

camps. This is followed by 12 camps with 27-40 elephants 

and 5 camps with 40-53 elephants. The governmental 
organizations that have elephants in their care include the 

Thai Elephant Conservation Center, Lampang province (n 

= 95) and the Elephant Study Center in Surin province (n= 

190) under Surin Provincial Administrative Organization. 

The total number of elephants at the two places equals 285 

elephants. The highest number of captive elephants is 

found in the northeast (n= 1,390), followed by the north 

(n= 1,278), south (n= 1,060) and central (n= 597) region.  

The study results show that the sex ratio of the male: 

female of the total population is 1:2.07. If considering only 

the sexually mature male and females between >15-55 
years old, the ratio was 1:2.32, which is not much different. 

This is because most of the captive elephants in Thailand 

are between >15-55 years old, especially females. The age 

structure of captive elephants is not evenly distributed 

between each age class and the age structure of the captive 

elephants were found to be 1: 3.07: 10.96: 1.51 from the 

age classes 0-5 years, 5-10 years, 15-55 years and more 

than 55 years old, respectively. The percentage growth rate 

in the population is an average of 1.70 elephant calves per 

100 elephants in all age classes per year or 0.017 elephant 

calves/adult female/year. The reproductive population rate 
is 2.57% elephant calves per 100 adult female elephants per 

year or 0.0257 elephant calves/adult female/year. The 

results are similar to Jackson et al. (2019), who found that 

the fertility rate of captive elephants in Myanmar was 3.1% 

per year (range= 1.2-5.4%). Jerang et al. (2020) reported 

that the reproductive rate in the domesticated elephant 

population in Eastern Arunachal Pradesh, North-eastern 

India was 0.04 calves/adult female/year, while the 

mortality rate was 2.2%. Vanitha et al. (2010) reported the 

reproductive rate of elephants in three management 

systems of Tamil Nadu, India, in the 10 years during 1996-

2005 was 0.065 elephant calves/adult female/year, which is 
greater than the proportion of birth and reproductive rate of 

the captive elephant population in Thailand. The 

reproductive rate in each area varies in terms of 

environment, maintenance, food, health, breeding 

opportunities. and population characteristics. Toin et al. 

(2020) reported the variation of reproductive rate in 

elephant populations in the 7 elephant camps of Northern 

Thailand as between 0.03 and 3.55 elephant calve/adult 

female/year. When considering the trend of births in the 

total captive population from the aggregate data that can be 

calculated in Thailand between 2005 and 2010, it was 
found that the birth trend in the population continuously 

reduced significantly both in the percentage of elephant 

calves born in the total captive population and the 

percentage reproductive rate (see Table 2). This study 

found that the mortality rate in the captive elephant 

population is 0.64 elephants per 100 elephants of every age 

class per year.  

Jackson et al. (2019) reported the mortality rate of 

captive elephants in Myanmar to be 2.1% per year (range = 

0.3-4.2%), 3.28 times more than the rate of Thailand. This 

shows that the captive elephants in Myanmar cannot 

survive alone in the long term without capturing 

approximately 100 wild elephants a year to add to the 

captive population (Leimgruber et al. 2008; Jackson et al. 

2019). Similar to Vanitha et al. (2010), who reported the 
mortality rate of captive elephants in India per total number 

of elephants (n= 784) to be 3.95%. The age class of captive 

elephants with the highest mortality was between 20 and 60 

years. It was found that this age class had 430 deaths or 

66.22% of the total deaths in all age classes. 

Even though the study cannot divide the mortality rate 

by age classes of the captive elephants because the details 

were not reported, it is thought that this age class has the 

highest mortality rate because they are working. However, 

the death of captive elephants following Mar et al. (2012) 

was found that, in Myanmar, the mortality rate of young 
elephants from 0-5 years was 25.6% (n= 975). Between 0-1 

years, the elephant calves had the highest mortality of 

7.06%. In contrast, the mortality rate of the captive 

elephants in all age classes in Thailand is 0.64 elephants 

per 100 elephants of all age classes per year.  

The mortality rate of wild elephants reported by 

Sukumar et al. (1997), that the deaths of elephant calves in 

the wild to be 19%, which is very high when comparing to 

the captive elephant population. Analytic results of the 

lowest population that will be able to maintain for a long 

time by setting the % adult female breeding and % adult 
male breeding at 80%, which is the best situation, showed 

that if the deaths in the population increases by 6% from 

the present, the captive elephant population will be extinct 

in 497.0 years and if the % adult female breeding and % 

adult male breeding is set to 2.3%, the captive elephant 

population will be extinct in every scenario, even if the 

mortality rate decreased by 2% from the present.  

Management implications 

As it is impossible to capture wild elephants to add to 

the captive elephant in Thailand, there is no exchange 

population between captive and wild. Therefore, 

maintaining a long-term captive elephant population on its 
own is challenging for managing the present captive 

elephant population, especially increasing the birth rate in 

the population (Thitaram 2009). Results of this study 

showed that the population birth rate and reproductive rate 

in the captive elephant population in Thailand are 

decreasing significantly. In contrast, the mortality rate has a 

stable trend. Therefore, the birth rate is the most important 

condition for maintaining a long-term viable population of 

captive elephants in Thailand, even though the calculations 

show that assuming that the mortality rate in captive 

elephants was 2% lower than the present, the population 
growth rate will still be negative (r= -0.05) and the 

population will become extinct in 128.80 years (Probability 

of Extinction: PE= 1.000) in case of percentage female 

breeding pool was 2.3% as used by Suter et al. (2014).  
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The main management of the captive Asian elephant 

population in Thailand was to increase the reproduction 

percentage of female elephants as much as possible. The 

ultimate goal is that adult female elephants of the 

population have a percentage of breeding pool reach 80%. 

The result was found that although the mortality in the 

population increased by 4% from the current 0.64 elephants 

in the 100 elephants, or the mortality increased to 0.67 

elephants of the 100 elephants, or approximately 29 

elephants/year based on the total captive population of 
4,252 elephants. Hayward et al. (2014) reported that the 

youngest female breeding was 5 years old and the oldest 

was 53 years old (mean age at first birth: 19.48; median: 19 

years) (n= 416; born 1941-1990). Therefore, this study 

considers the age range of female elephants with offspring 

between 15-55 years. Based on Table 1, there are 1,745 

adult female captive elephants in Thailand in such age class 

out of a total of 4,252 elephants, or 41.04% of the total 

elephant population. If there is a birth rate per adult female 

or a percentage reproductive rate of 2.57% elephants per 

100 female population/year, there will be about 45 new calf 
elephants in the Thai captive elephant population per year. 

Thus, there are about 16 newborns born per year, which is 

the current state of the elephants that have not resulted in 

extinction under the assumption that reproductive in the 

female population or percentage breeding pool is 80%. 

Thailand's overall extinction threshold is defined as the 

mortality below 29 elephants per year out of the total 

population and natality rate of at least 45 elephants per total 

reproductive female per year. The captive elephant 

populations of Thailand could increase if these conditions 

were improved.  
In conclusion, important guidelines for managing 

captive elephants increase the fertility rate and reduce the 

mortality rate. This is in line with the recommendation of 

Thitaram (2009). The management of female elephants 

before, during and after pregnancy is important by 

enhancing the skills of the staff involved with support from 

various agencies (Thitaram 2012). An important way to 

increase the birth rate and reduce the mortality rate of 

elephant calves is to reduce the work of adult female 

elephants throughout their lives to increase the chances of 

reproduction of elephants in elephant camps across the 

country (Mumby et al. 2013). In addition, the importance 
of nutritional quality must be emphasized. Food sufficiency 

in elephant calf, as well as health-related to maternal 

fertility enhancement, is something that needs to be 

addressed because it is the leading cause of elephant calf 

mortality (Mar et al. 2012). 

The management of captive Asian elephant populations, 

although genetic diversity, must be considered. 

Kriangwanich et al. (2018) reported the genetic diversity of 

captive Asian elephants in northern Thailand from 97 

samples collected in 7 elephant camps. The genetic 

diversity index was 2.415±0.054, and the expected 
heterozygosity was 0.892±0.008, indicating a good genetic 

diversity level. The arrangement of inbreeding according to 

the differences in the genetic cluster in each region should 

be considered further to reduce the inbreeding risk of 

captive elephants. The important captive elephant 

management strategy is to increase the birth rate, maintain 

the number of deaths not to increase or reduce the mortality 

rate, increase the opportunities for the captive elephants to 

stay together in large areas, as done at the Thai Elephant 

Conservation Center or the Elephant Study Center, 

Lampang Province, or the Surin Elephant Study Center, 

Surin Province, development of artificial insemination 

(Thongtip et al. 2009), develop captive elephant care and 

management protocols in elephant camps (Bansiddhi et al. 

2018) as well as promoting the well-being of the 
individual, increase the efficiency of relevant departments, 

are ways to increase the breeding success of the captive 

elephants. However, from the way of caring for captive 

elephants and the importance of the captive elephants to the 

economy, society of the community and owner 

(Laohachaiboon 2010), the living conditions of the persons 

involved must also be developed. 

Long-term conservation guidelines for captive 

elephants and improving the living conditions of the 

captive Asian elephants to be more suitable, for example, 

the release of captive Asian elephants back into the wild 
(Thitaram et al. 2020). In Thailand, operations have 

continued since 1997 (Elephant Reintroduction Foundation 

2022) at Doi Pha Muang Wildlife Sanctuary, Sub Langka 

Wildlife Sanctuary, Mae Wong Kaeng Krachan National 

Park and Phu Phan National Park. As a result, sixty-four 

captive elephants were released into the wild 

(Angkawanish and Thitaram 2012). This is because captive 

elephants are able to live well in nature when considering 

their feeding behaviors, health and calving in the wild. 

Therefore, it is the hope of conserving the captive Asian 

elephant population in the future. In addition, the 
establishment of a specific area for the conservation of wild 

elephants and the experiment to bring captive Asian 

elephants to be reared in that area to create a relationship 

between the captive Asian elephant and wild Asian 

elephants to occur properly (Rees 2021). 

Results of the possibility for the long-term survival of 

captive Asian elephant population from the information on 

the age structure, birth rate and mortality rate of the 

population, as well as other related variables, it was found 

that from the population of 4,252 captive Asian elephants 

in Thailand, in the scenario that the reproduction possibility 

is highest with the percentage adult female breeding of 
80% which equals to the value of the males. It was found 

that if the mortality rate increases by 6% from the present, 

there is a possibility that the captive Asian elephant 

population will become extinct within 420.10 years. Even 

if the mortality rate reduces by 2%, it is still not enough to 

maintain the captive elephant population. Suppose the 

mortality rate increases by 2, 4, 6 and 8%, the extinction of 

the captive Asian elephant population will happen within 

204.30, 121.60, 87.90 and 68.00 years, respectively. In the 

worst possible scenario in which the percentage adult 

female breeding is 2.3%, as of the situation in Laos (Suter 
et al. 2014), it was found that the captive elephant 

population in Thailand will be extinct in all scenarios from 

1-7 where the population growth rate will have a negative 

value in every situation, with values of-0.0505,-0.0500,-

0.0717,-0.0995,-0.1280,-0.1573,-0.1874, and the captive 
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Asian elephant population will become extinct in 176.1, 

128.8, 126,7, 93.4, 73.8, 58.3 and 48.1 years. The 

important management method to maintain the captive 

Asian elephant population is to increase the birth rate of the 

elephants, which is found to be decreasing significantly. 
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