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•In seasonal environments, many species maximise offspring survival 
by reproducing during peak resource availability.  
•Despite inhabiting such an environment, Asian elephants (Elephas 
maximus) can reproduce throughout the year. Understanding how 
environmental conditions affect their reproduction is vital for the 
conservation of this endangered species. 

We studied: 
1. Is seasonal variation in birth rate affected by climate/workload? 
2. Are there long-term effects of birth season on calf mortality? 

Questions 
Study population: Demographic data  for both sexes on 2350 
longitudinally monitored working timber elephants from across 
Myanmar born 1948-2000. 

•Seasonal variation in births  and conceptions: Distribution of all 
births by monthly climatic conditions (average temperature and 
total rainfall) and by workload. All elephants rest Feb-Jun each year 
and work pushing and dragging logs in the remainder of the year. 

• Birth month and mortality: GLMMs of elephant survival to age 1 
year, 5 years and 15 years by birth month using logistic regression. 

Methods 

•Despite being able to reproduce throughout the year, elephants avoid reproducing at the most stressful time of year. Calves conceived 
during this stressful time are also less likely to survive. 
•This provides the opportunity for conservation and management interventions: Removing breeding females from work could increase 
reproductive rates at least by 16 calves each year, and thus reducing the pressure to capture wild elephants to sustain the workforce. 
•Understanding the responses of elephants to their changing environment is pivotal to the conservation of this endangered species. 

Conclusions 

1a. Seasonality of births by climate 

Results 

Fig. 1. Monthly climatic 
variation and births.  
Monthly average temperature (a) 
and total rainfall (b) represented by 
the black curves averaged across  
timber elephant sites. The diameter 
of the circles is proportional to the 
number of births in the same month. 

More births occur at 
higher temperature 
and lower rainfall 
periods across years 
(1965-2000), despite 
resource availability 
peaking in rainy 
months. 

Individuals born in 
the high birth rate 
period have 
mortality odds 
(age 1-5) 7 times 
lower than those 
conceived during 
working months.  
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Fig. 3. Calf death probability at 1-5 years by conception 
month. Conception  is based on 22 months gestation. Controlled 
for sex, birth order, relatedness, location and cohort . 

Seasonal conditions, most likely 
maternal workload, affect birth rate and 
calf survival in this population through 
effects on maternal stress, oestrus cycles 
or access to males. 

2. Long-term effects on mortality 

High birth rate period corresponds to conception during the 
non-logging period between February and June.  These months 
cover the cool, dry season and the beginning of the hot season. 

41% births occur in 
Dec - March.  

Fig. 2. Total number of births/month. The shaded region shows 
conception during the rest period assuming a 22months gestation. 

1b. Seasonality of births by workload 
Timber elephants 
follow a seasonal 
work schedule. 
Climatic and 
workload effects  
are difficult to 
disentangle; both 
predict probability 
of being born. 

Read more in Mumby et al. 2013 Climatic variation and age-specific survival in Asian elephants from Myanmar,  Ecology; Mumby et al. Birth seasonality and calf mortality in a large 
population of Asian elephants, Ecology & Evolution, in press.   
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