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Abstract 

Green Peafowl are globally endangered, but at risk of local extinction in Lao People’s 

Democratic Republic. A management plan supporting the conservation of Peafowl is to be 

established for the Green Peafowl Species Conservation Zone within the Phou Khao Khouay 

National Protected Area, which currently harbours a small number of the Peafowl. Without 

intervention, it is likely that the local population of Green Peafowl will be lost within the next 

10 years. To facilitate management decisions, predictions of peafowl survival under differing 

rates of protection are required. This report outlines a modelling methodology that predicts 

population growth and decline under differing levels of death rates and management actions. 

The goal is to develop a quantified relationship between inputs (anti-poaching patrols) and 

outputs (population of Green Peafowl). Our work shows a positive effect of patrol effort on the 

Green Peafowl population size. This work will be used to inform the development of a Payment 

for Environmental Services (PES) scheme. 

 

Key words: Anti-poaching patrols; biodiversity; stochastic population model; Green Peafowl; 
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1. Introduction 

This research report develops an ‘environmental production function’ that quantifies the 

relationship between anti-poaching patrol effort and biodiversity outcomes using Green 

Peafowl population modelling applied to the Green Peafowl Species Conservation Zone 

(GPSCZ) in the Phou Khao Khouay National Protected Area (PKK-NPA). The ‘environmental 

production function’ will be an integral component of a pilot Payment for Environmental 

Services (PES) scheme that is being developed within the project ‘Effective Implementation of 

PES in Lao PDR’1. It will be used to convert inputs (anti-poaching patrols) into outputs 

(population size of Green Peafowl). This conversion is required to link environmental services 

supply and demand within the pilot PES scheme. 

This report not only provides an ‘environmental production function’ for the pilot PES scheme 

but also a modelling framework that can be used to inform future PES schemes focused on 

biodiversity protection that may be developed and implemented in Lao PDR. This report draws 

on Research Report 7: Phou Khao Khouay National Protected Area: A field survey of Green 

Peafowl (Pavo Muticus) (Vongkhamheng 2015) and Research Report 10: Providing incentives 

biodiversity protection: anti-poaching patrolling in the Green Peafowl Species Conservation 

Zone of the Phou Khao Khouay National Protected Area (Scheufele et al. 2016). Research 

Report 7 provided the results of a Green Peafowl baseline survey, while Research Report 10 

provided an overview of the Green Peafowl protection scheme based on community 

engagement and anti-poaching patrols.  

                                 
1 https://ipesl.crawford.anu.edu.au/ 
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2. Research objectives 

The overall goal of this study is to produce an ‘environmental production function’ that 

quantifies the relationship between input (anti-poaching patrol effort) and output (Green 

Peafowl survival rates and population sizes). The general effectiveness and direct impacts of 

anti-poaching patrols are investigated through population modelling. The four objectives of the 

research presented in this report are to: 

1 Identify available and appropriate management options to combat poaching (based 

on the Lao-Australian Wildlife Protection Scheme developed within the PES project); 

2 Examine how the Green Peafowl is impacted by poaching; 

3 Investigate the link between poaching management options, Green Peafowl survival 

rates and population sizes; and, 

4 Predict the effects of anti-poaching patrols on Green Peafowl survival rates and 

population sizes. 

3. Description of the study site 

The PKK-NPA, located 40 kilometres from Vientiane City, is one of 21 National Protected 

Areas in Lao PDR. The area is of global significance supporting one of the few remaining 

habitats of the Green Peafowl (Pavo muticus) (Vongkhamheng 2015; IUCN 2016). Their core 

habitat is located within the Green Peafowl Species Conservation Zone. The PKK-NPA is 

under pressures from illegal logging, illegal hunting and over-exploitation of non-timber forest 

products (Sirivongs and Tsuchiya 2012). At the same time, its proximity to Vientiane City 

provides the opportunity for eco-tourism (through its potential for canoeing, hiking, nature 

walks and bird watching) and therefore income opportunities for local villages. 

The total area of the PKK-NPA encompasses 2,000 square kilometres, of which 80 square 

kilometres are marked as Green Peafowl Species Conservation Zone (Scheufele et al. 2016). 
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Figure 1. National Protected Areas of Lao PDR (ICEM 2003) 

4. Target species: Green Peafowl (Pavo muticus) 

The Green Peafowl population once spanned from Bangladesh to Indo-China and Java but has 

contracted to a few, small, isolated groups remaining today (Balen et al. 1995; IUCN 2016). 

The Green Peafowl’s current IUCN status is ‘Endangered’, with the majority of remaining 

populations found in Cambodia, Myanmar and Vietnam (Brickle et al. 1998; IUCN 2016). The 

Green Peafowl is presumed to persist in small populations in Thailand, Lao PDR, China and 

Indonesia but thought to be extinct in India and Bangladesh (IUCN 2016).  



Page | 7 

The habitat of the Green Peafowl encompasses undisturbed areas of dry deciduous forest, 

mixed forest and evergreen forest with access to a permanent water source (Brickle et al. 1998; 

IUCN 2016). The species is human-averse, and likely to avoid areas close to, or with the 

potential for, human access and incursion (Brickle et al. 1998; IUCN 2016). The Green Peafowl 

is hunted for its meat, feathers and chicks which are sold or kept as pets (Balen et al. 1995). 

Poaching methods include direct egg removal from nests and the shooting of adults, which are 

easily tracked by their loud calls (Tsechalicha et al. 2014; Vongkhamheng 2015). The Green 

Peafowl has a small home range (around 50 hectares) and are likely to stay within an assigned 

area (Cunningham et al. 2016). 

 

Figure 2. Green Peafowl 

Data for the population models was sourced from field studies (Timmins and Vongkhamheng 

1996; Vongkhamheng 2015) and the IUCN Red List (IUCN 2016). A field study conducted by 

Timmins & Vongkhamhen (1996) provided data on an initial estimate of population size, 

reproduction rate and generation length. These data were supported by data from the IUCN 

(2016), with the exception of a higher generation length estimate. The initial estimate of 

population size based on Timmins & Vongkhamhen (1996) was revised to reflect data from a 

more recent field survey conducted by Vongkhamheng (2015). The revised population size 

estimate was used to calculate population densities with respect to the size of the Green Peafowl 

Species Conservation Zone (80 square kilometres). The population size was estimated to be 20 

Green Peafowls in total, or 0.25 per square kilometre. Field data from Java reported local 
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populations ranging from 5 to 250 individuals, with less than 10 to 30 individuals across six 

locations in high-altitude woodlands (an area comparable to the Green Peafowl Species 

Conservation Zone) (Balen et al. 1995). Compared to this study, the estimates of the initial 

population size for the population model are at the lower bound. 

5. Methods 

To understand the influence of poaching on the Green Peafowl, and the impacts of 

implementing different management adaptations to poaching, a model was built within the R 

software and statistical analysis environment (R Core Team 2016). The model is designed to 

simulate Peafowl population growth within the core 80km2 conservation zone, subject to 

poaching pressure, and accounting for possible poaching mitigation measures.  

The simulation model runs on a monthly time step. It is an age-structured population model; it 

tracks the number of female peafowl in different age classes in each month. It does not 

explicitly represent male birds, but the total number of birds is assumed to be twice the number 

of females. The model uses 20 age classes, representing birds from one to 20 years old. 

Reproduction and aging (moving from one age class to the next) occurs once per year. The 

number of eggs produced by each sexually mature female bird at the end of the year is drawn 

from a Poisson distribution, with the specified mean number of eggs (Table 1).  

Table 1: Model input parameters 

Parameter Value 
Reproduction rate 3 eggs/yr (Timmins and Vongkhamheng 1996; IUCN 2016) 
Generation length 
(time to maturity) 

1 yr (Timmins and Vongkhamheng 1996; IUCN 2016) 

Initial population 20 (Timmins and Vongkhamheng 1996; Vongkhamheng 2015; 
IUCN 2016) 

Mortality in the 
absence of poaching: 
pmortmin  

0.08 Vongkhamheng expert opinion 

Mortality in the 
presence of poaching  
pmortmax 

0.6 Vongkhamheng expert opinion 

Probability of patrols 
discouraging poaching 
in a unit area in a given 
month 

0.5 Vongkhamheng expert opinion 
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Probability of poaching 
returning to a unit area 
in a given month after 
previously being 
discouraged by 
patrolling 

0.25 Vongkhamheng expert opinion 

 

To represent poaching, the core 80km2 conservation zone is considered to consist of 80 equal-

sized unit areas. In a given month, we assume that each unit area either is or is not under 

poaching pressure. Mortality is applied each month by drawing from a binomial distribution to 

generate the number of survivors within each age class, given the previous number of 

individuals within that age class, and the probability of mortality. The probability of mortality 

for each individual depends on the proportion of the total area that is undergoing poaching in 

that month according to the equation 

pmort = pmortmin × Np/80 × (pmortmax - pmortmin) 

where Np is the number of unit areas undergoing poaching that month, pmortmin is the average 

mortality rate in the absence of poaching and pmortmax is the average mortality rate in the presence of 

poaching (Table 1). At the start of the simulation, we assume all unit areas are subject to 

poaching, but this can reduce over time if patrolling occurs.  

A certain area of A km2 is also assumed to be patrolled each month. If this A is less than the 

total area (80 km2) then A different unit areas are assumed to be patrolled. If this A is more than 

the total area (80 km2) but less than twice the total area (160 km2) then A-80 different unit areas 

are assumed to be patrolled twice, and 160-A unit areas are assumed to be patrolled once (note 

that 2 x (A-80) + 160-A = A). If A is more than twice the total area (160 km2) but less than three 

times the total area (240 km2) then A-160 different unit areas are assumed to be patrolled three 

times, and 240-A unit areas are assumed to be patrolled twice (note that 3 × (A-160) + 2 × (240-

A) = A). Generally, if A is more than n times the total area (A>80n km2) but less than n+1 times 

the total area (A<80n+80) km2) then A-80n different unit areas are assumed to be patrolled n+1 

times, and 80(n+1)--A unit areas are assumed to be patrolled n times (note that (n+1) × (A-80n) 

+ n × (80(n+1)-A) = A). Each unit area can thus be patrolled zero, one, two or more times in a 

month. If relevant, the unit areas that are patrolled more than others are assumed to be chosen 

at random each month.  

If a unit area is currently undergoing poaching, then for each time it is patrolled in a month, 

there is a certain probability that poachers will be discouraged and stop poaching that area 
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(Table 1).  If a unit area is not currently undergoing poaching, then patrolling is assumed to 

have no impact on that unit area, but there is certain probability that poachers will return to that 

unit area (Table 1). These processes (patrols discouraging poachers and temporarily stopping 

poaching in a unit area and poachers returning to poach within a previously unpoached unit 

area) are simulated each month.  

The model can be used to predict populations over any time period, and for any amount of per-

month patrolled area. The model is stochastic, so we do multiple runs and report mean results. 

The core 80km2 conservation zone of the PCV PPA is considered to be spatially homogeneous, 

and so we assume all parameter values do not vary between unit areas.  

6. Model scenarios 

We used the model to predict population size in 5 and 10 years’ time under varying levels of 

patrol effort, ranging from no patrolling at all, to 500 km2 per month (ie each of the 80 unit 

areas patrolled five times per month). We did 500 model runs at each patrolling level to account 

for stochastic variation.  

7. Results 

Increased patrol effort leads to larger populations and increased chance of survival after both 5 

and 10 years (Figures 3,4,5,6,7). Under the model assumptions, the Green Peafowl is predicted 

to have a greater than 50% chance of going extinct within the protected area within 10 years 

for any amount of patrolling less than 15 km2 per month. The probability of extinction only 

fell to less than one in 500 (<0.002) when patrolling effort was greater than 160 km2 per month. 

The probability of extinction after 5 years and after 10 years were very similar, indicating that 

if extinction happens, it will happen earlier rather than later. The model shows a relatively high 

amount of variability between replicate model runs, indicating a relatively high uncertainty in 

predictions purely due to stochastic processes (Figure 7).  
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Figure 3: Predicted population size after 10 years, for varying levels of patrol effort, mean of 

500 simulation runs. 
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Figure 4: Predicted probability of extinction after 10 years, for varying levels of patrol effort. 
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Figure 5: Predicted population size after 5 years, for varying levels of patrol effort, mean of 

500 simulation runs. 
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Figure 6: Predicted probability of extinction after 5 years, for varying levels of patrol effort. 
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Figure 7: Predicted population sizes over time for various levels of patrol effort (from 0 to 400 

km2 per month). Discontinuities are due to assumed ‘once-per-year’ seasonality of 

reproduction.  
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Figure 8: Predicted population size after 10 years, for varying levels of patrol effort, with 

stochastic variability in results shown using boxplots. Central line within boxes indicates the 

median, edges of boxes indicate 25th and 75th percentiles (interquartile range, whiskers indicate 

full range. 

8. Sensitivity Analysis 

To test the sensitivity of the model predictions to variation or uncertainty in the model 

parameter values, we conducted a model sensitivity analysis. We tested the sensitivity of the 

predictions of population size and probability of extinction to variations in the following model 

parameters: reproduction rate, initial population, pmortmin, pmortmax, probability of patrols 

discouraging poaching in a unit area in a given month, and probability of poaching returning 

to a unit area in a given month after previously being discouraged by patrolling. We varied 

each model parameter plus or minus 20% and re-ran the model 500 times each for all previously 

considered patrol efforts. 

The results show sensitivity to all tested parameters (Figures 9-14). As expected, increasing 

initial population, reproduction rate and the probability of patrols discouraging poaching all 

resulted in increased populations, while increasing pmortmin, pmortmax, and the probability of 

poaching returning all resulted in decreased populations. Similarly, increasing initial 

population, reproduction rate and the probability of patrols discouraging poaching all resulted 

0 5 10 15 20 40 60 80 100 120 140 160 180 200 220 240 260 300 400

0
10

0
20

0
30

0
40

0
50

0

Patrol effort

P
op

ul
at

io
n 

si
ze



Page | 17 

in decreased probability of extinction, while increasing pmortmin, pmortmax, and the probability of 

poaching returning to a unit area all resulted in increased probability of extinction. Varying 

parameters had a smaller effect on probability of extinction than on population size. Model 

predictions of extinction probability were most sensitive to variation in the maximum death 

rate parameter. Model predictions of population size were most sensitive to varying 

reproduction rate, the maximum death rate and the probability of poaching returning. This 

indicates that these parameters are most important to specify accurately, and future work on 

improving the model accuracy should focus on generating more information about these values. 

Varying the other parameters had smaller but still significant impacts on the predictions. 

Increasing the initial population had a much smaller effect than decreasing it. Varying the 

minimum death rate had a larger effect on population sizes at high patrol levels than at lower 

patrol levels, while varying the probability of discouraging poachers had a smaller effect on 

population sizes at high patrol levels than at lower patrol levels. 
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Figure 9: Predicted population size and predicted probability of extinction after 10 years, for 

varying levels of patrol effort, mean of 500 simulation runs. The black solid line with circles 

shows the predictions from the model with standard parameter values, the red dashed line with 

triangles shows the predictions from the model with the reproduction rate parameter value 

increased 20% and the blue dashed line with crosses shows the predictions from the model with 

the reproduction rate parameter value decreased 20%. 
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Figure 10: Predicted population size and predicted probability of extinction after 10 years, for 

varying levels of patrol effort, mean of 500 simulation runs. The black solid line with circles 

shows the predictions from the model with standard parameter values, the red dashed line with 

triangles shows the predictions from the model with the initial population parameter value 

increased 20% and the blue dashed line with crosses shows the predictions from the model with 

the initial population parameter value decreased 20%. 
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Figure 11: Predicted population size and predicted probability of extinction after 10 years, for 

varying levels of patrol effort, mean of 500 simulation runs. The black solid line with circles 

shows the predictions from the model with standard parameter values, the red dashed line with 

triangles shows the predictions from the model with the pmortmin parameter value increased 20% 

and the blue dashed line with crosses shows the predictions from the model with the pmortmin 

parameter value decreased 20%. 
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Figure 12: Predicted population size and predicted probability of extinction after 10 years, for 

varying levels of patrol effort, mean of 500 simulation runs. The black solid line with circles 

shows the predictions from the model with standard parameter values, the red dashed line with 

triangles shows the predictions from the model with the pmortmax parameter value increased 20% 

and the blue dashed line with crosses shows the predictions from the model with the pmortmax 

parameter value decreased 20%. 
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Figure 13: Predicted population size and predicted probability of extinction after 10 years, for 

varying levels of patrol effort, mean of 500 simulation runs. The black solid line with circles 

shows the predictions from the model with standard parameter values, the red dashed line with 

triangles shows the predictions from the model with the probability of patrols discouraging 

poaching in a unit area in a given month parameter value increased 20% and the blue dashed 

line with crosses shows the predictions from the model with the probability of patrols 

discouraging poaching parameter value decreased 20%. 
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Figure 14: Predicted population size and predicted probability of extinction after 10 years, for 

varying levels of patrol effort, mean of 500 simulation runs. The black solid line with circles 

shows the predictions from the model with standard parameter values, the red dashed line with 

triangles shows the predictions from the model with the probability of poaching returning to a 

unit area in a given month parameter value increased 20% and the blue dashed line with crosses 

shows the predictions from the model with the probability of poaching returning parameter 

value decreased 20%. 
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9. Conclusions 

The model is able to predict changes in Green Peafowl populations over time and probability 

of extinction for any level of poaching and patrol effort. It is relatively simple and transparent, 

and based on a relatively small number of parameters, making it relatively easy to understand 

and use. It would also be relatively easy to adapt the model to represent other locations and/or 

species, by updating parameters based on existing literature and/or expert knowledge, as we 

have here.  

The model predicts that for our PKK conservation situation, implementing patrols will result 

in larger Green Peafowl populations and increased chance of survival into the future. 

Unfortunately, the Green Peafowl is predicted to have a greater than 50% chance of going 

extinct within the protected area within 10 years, unless at least 15 km2 is patrolled per month. 

However, to be highly confident of avoiding extinction, at least 160 km2 needs to be patrolled 

per month. If extinction happens, we can expect it to happen sooner rather than later.  

There are increasing returns for increasing levels of patrolling at low levels, with a sharp climb 

in expected population size as patrolling increases from ~30 km2 per month to ~100 km2 per 

month, and a sharp decrease in extinction probability as patrolling increases from ~30 km2 per 

month to ~80 km2 per month. There are still substantial gains in terms of expected population 

size as patrolling increases up to ~250 km2 per month, but clear diminishing returns for 

additional patrol effort beyond that point.  

It is also important to consider that the Green Peafowl will avoid humans, and regular patrolling 

through a dedicated habitat or conservation zone may disturb the birds and cause them to leave 

the area. Thus care must be taken to avoid patrolling near nesting areas where possible, and 

minimise road use or construction nearby and certainly avoid permanent encampment of patrol 

groups. It may be difficult to avoid human-animal conflict, even where patrols are aiming to 

help the birds they may hinder breeding, and care must be taken to minimise human-animal 

conflict at all times.  
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