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Abstract. Ihsan M, Mardiastuti A, Masy’ud B, Mulyani YA. 2021. Population status and sustainability of Yellow-crested cockatoo 

(Cacatua sulphurea sulphurea) on Pasoso Island, Central Sulawesi, Indonesia. Biodiversitas 22: 3277-3283. Yellow-crested cockatoo 

(Cacatua sulphurea sulphurea) is a sub-species of Cacatua sulphurea which is spread in Sulawesi and several surrounding islands, 

including on Pasoso Island. This cockatoo population is under tremendous pressure until categorized as critical. So far, there is no 

comprehensive information about population status and sustainable population size. The objective of this research area was to assess the 

current status or size of the population, study the size of the sustainable population and study the determinants factor of the Yellow-

crested cockatoo population sustainability on Pasoso Island. The result showed that the population of the Yellow-crested cockatoo in 

Pasoso Island was only 3 individuals, consists of 2 adults as the parent, and 1 young individual. From 5 analyzed scenarios of the 

minimum sustainable population size, the 4.1 scenario is the best scenario to maintain the sustainability of the Yellow-crested cockatoo 

population on Pasoso Island, which is a minimum population size of four pairs (8 adult individuals). The determinants of population 

sustainbility analysis with the minimum sustainable population size (8 individuals or 4 pairs of broodstock) showed that inbreeding and 

predation as determinant factors. These factors need to be controlled through mating management and predator control by both humans 

and carnivorous animals. 

Keywords: Cacatua sulphurea sulphurea, inbreeding, Pasoso Island, population, predation, viability  

INTRODUCTION 

Yellow-crested cockatoo (Cacatua sulphurea 

sulphurea) is a sub-species of Cacatua sulphurea, spread 

on Sulawesi and several surrounding islands, including 

Pasoso Island. The population of these sub-species is under 

tremendous pressure, especially due to excessive catching 

for trade and habitat destruction. So that, it is included in 

the critical category (Critically endangered) based on the 

IUCN list (Mallo et al. 2000; Birdlife 2021). The yellow-

crested cockatoo has been declared one of the Indonesian 

government's protected species under the PP. No. 7, 1999, 

Ministry of Environment and Forestry Regulation No. 

P.106/MENLHK/SETJEN/KUM.1/12/2018 and is included 

in the CITES Appendix I list (CITES 2021). 

The population of the Yellow-crested cockatoo was 

decreased sharply from the 1980s to the 1990s as the other 

Yellow-crested cockatoo populations on the island of 

Sulawesi were. The population degradation began to slow 

down in mid-1992 caused by the population became 

smaller and the quota for catching Yellow-crested cockatoo 

was stopped (Mallo et al. 2000; BKSDA 2014).   

The population of the Yellow-crested cockatoo on 

Pasoso Island was relatively fluctuating after the 

population degradation in the 1980-1990s. In 2000, there 

were 7-15 individuals (Mallo et al. 2000), in 2012 the 

population increased by 14-17 individuals (Nandika et al. 

2012), and in 2015 the population decreased drastically to 8 

individuals (Sandy 2015). Although the main cause of 

population degradation (catching for trade) has been 

resolved, intensive protection and monitoring efforts have 

been carried out, the population of Yellow-crested 

cockatoo on Pasoso Island still decrease. This condition 

shows that other factors affect population degradation. 

Demographic factors are one of the factors that are 

predicted to affect the population degradation of Yellow-

crested cockatoo on Pasoso Island.   

The sustainability of wildlife species can be predicted 

using population viability analysis (PVA). PVA is a 

method to estimate the threat faced by a population of a 

species from population degradation or extinction. This 

method can estimate the population opportunity to recover 

based on species-specific data and models (Akçakaya and 

Sjögren-Gulve 2000). It is often used in conservation 

priorities that focus on populations (Morrison et al. 2016) 

and also be used to make predictions of a population 

(Haskins 2015). It helps to assess the extinction risk of 

endangered species and to identify key factors that affect 

population status and prospects for sustainability (Zhang 

and Zheng 2007). The method plays a role in conservation 
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theory, policy and management that generally focuses on 

single species (Pe'er et al. 2013) and is useful in the 

management of endangered species (Chaudhary and Oli 

2019). Despite the advantages compared to other methods, 

PVA must be supported by adequate long-term data 

(Zeigler et al. 2013). These data, nowadays, may be 

difficult to collect (Akçakaya and Sjögren-Gulve 2000). 

However, Skarpaas and Stabbetorp (2011) suggested that 

data from scientific collections can be used for PVA 

analysis. Zhang and Zheng (2007) also mentioned that the 

results of PVA analysis with limited data are still relevant 

to be used as a guide for species management and future 

research.   

The current management on Pasoso Island, strongly 

suspected, not involved demographic factors as the basis 

for managing the Yellow-crested cockatoo population. 

Therefore, it is important to conduct research that includes 

the demographic factors as a factor affecting population 

degradation and growth as a model to predict the survival 

possibility of the Yellow-crested cockatoo population on 

Pasoso Island. With the PVA approach, key factors that 

affect population survival can be identified and used as a 

reference in determining appropriate conservation efforts. 

Based on this idea, this research aimed to (1) assess the 

current population status, (2) asses the size of the 

sustainable population, and (3) examine the determinant 

keys of the sustainability of the Yellow-crested cockatoo 

population on Pasoso Island. 

MATERIALS AND METHODS 

Study area 

The research was conducted from April to September 

2019 at the Pasoso Island Wildlife Reserve, Central 

Sulawesi, Indonesia. Observations and data measurements 

were carried out for four types of Yellow-crested cockatoo 

habitat, which were primary habitat type, ecotonic habitat 

type, plantation habitat type and dry shrub habitat type 

(Figure 1).  Pasoso Island (004’20” - 007’20” N and 

119036’20”- 119039’00” E) has an area of 45 ha, with 

altitudes ranging from 0-85 meters above sea level (m asl.), 

rainfall ranges from 41-465 mm, air temperature ranges 

from 26.1-28.9 °C with an average relative humidity of 

76.73%.

 

 

  

 
 

Figure 1.  Pasoso Island (Central Sulawesi, Indonesia) and transect exploration of Yellow-crested cockatoo map 
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Procedures 

Data of population  

The population data was collected by exploration on all 

habitat of the Yellow-crested cockatoo on Pasoso Island. 

The observation was performed by walking on 

predetermined transect lines. The number of observation 

transects was 5 parallel lines that were drawn from the 

Southern part to the Northern part follow the shape of 

Pasoso with a distance of 40 m between each transect 

(Figure 1). Observations were carried out twice every day 

on the same transect, during the bird's active hours, which 

were in the morning (05.30-10.00 WITA) and the evening 

(16.00-18.00 WITA). A team carried out data of population 

collection on each transect with 2 people: enumerator and 

backup worker. Every encounter with a yellow-crested 

cockatoo is carried out by recording the activity observed, 

the time of the encounter, the length of time of the 

encounter, the direction of coming and direction of going. 

Each observation transect was observed 3 days a month 

and was conducted for three months. Observations of 

Yellow-crested cockatoo sex were carried out for three 

days using a Nikon D300i DSLR camera.  

Data of sustainable population size and determinant 

factors of population sustainability 

The scenario designs test determines sustainable 

population size and determinant factors of population 

sustainability. To create a scenario design, primary data 

and secondary data are necessary as input. Primary data is 

collected from the latest population data using the 

exploration method. Secondary data is inbreeding pressure, 

disasters, mating system, reproductive age, maximum 

reproductive age, number of children in one childbirth, 

mortality rate, and mate monopolization. Secondary data 

were collected from various literature or previous research 

results related to other Yellow-crested cockatoo species, 

genus or family.  

Data for determination analysis of minimum sustainable 

population size 

Several input parameters were used to determine the 

minimum sustainable population size that was collected 

from the literature reference. The basic arguments for 

determine input parameters are presented below. 

Number of iterations, simulation time, the definition of 

extinction, the total population 

Iteration in the Vortex PVA simulation is relatively 

unlimited, depending on the goal. An expected overview of 

the simulation can use 100 iterations. It is recommended to 

use 500 or even 1000 iterations to get more detailed and 

accurate simulation results (Lacy et al. 2015). This research 

used 500 iterations for all tested scenarios. 

Generally, the simulation time uses 100 or 200 years, 

although less than 100 years still relevant to use. A longer 

simulation time is recommended for long-lived species 

because the final extinction may not occur until the end of 

the simulation time (Lacy et al. 2015). In this research, the 

simulation time was 100 years. The duration of time each 

year was 365 calendar day units. Extinction is defined as 

one sex left of Lesser Sulphur Crested Cockatoo. The data 

of the total population was a single population (one 

population). 

Inbreeding pressures, disaster, environmental concordance 

of reproduction and survival 

Inbreeding pressure in Yellow-crested cockatoo species 

has not been studied before. Thus, this research used the 

default Vortex value of 6.29 with 50% lethal alleles. The 

environmental concordance of reproduction and survival is 

the annual variation of reproduction probability and 

survival rate that is generated from random variations in 

environmental conditions (Lacy et al. 2015). In the 

simulation, this option was used considering that a good 

year for reproduction and a good year for survival. 

The disaster impact was included as a parameter in this 

simulation. The extreme disaster that has occurred on 

Pasoso Island was a tsunami disaster, although the chances 

of a tsunami can only be predicted. However, this option 

was still chosen to see the impact of a tsunami hit again.  

The Yellow-crested cockatoo is a long-lived bird species, 

so there is a high chance of being affected by the tsunami 

in the future. 

Reproductive system 

Generally, the input for the reproduction system in 

VORTEX consists of four variables, i.e.: (i) Mating system: 

The Yellow-crested cockatoo mating system is long-term 

monogamy. This mating system is common among true 

parrot bird species. The two other species of true parrot 

birds’ species are well known as long-term monogamous 

systems (Heinsohn et al. 2009; Valle 2015). (ii) Female 

and male reproductive age: The growth stage of The 

Yellow-crested cockatoo from the juvenile to the adult 

phase relatively takes a longer time. The process of 

parental care is 8 to 10 weeks (Nandika and Agustina 

2018). After the bird can fly, follow the parent and mingle 

with their social group, it takes a long time to get a mate. 

The time is approximately a year. Since the breeding age is 

added to the period of mingling and looking for a mate, it is 

assumed that the ideal breeding age of The Yellow-crested 

cockatoo is approximately two years old. VORTEX defines 

breeding time as when the first child is born, not the age of 

sexual maturity or the age of the first conception (Lacy et 

al. 2015).  (iii) The maximum age for reproducing in males 

and females: The maximum age of The Yellow-crested 

cockatoo is 39.97 years (Young et al. 2012). In their natural 

habitat, The Yellow-crested cockatoo is estimated to be 

able to survive until 40 years. It is difficult for older to 

breed. Thus, it is assumed that the Yellow-crested cockatoo 

does not reproduce throughout adulthood until death. The 

maximum reproductive age of male and Yellow-crested 

cockatoo in this simulation was assumed to be 35 years old. 

Mortality rate, mate monopolization and initial population 

The mortality rate is based on the population data 

calculations from 1996-2019 (Mallo et al. 2000; Nandika et 

al. 2012; Sandy 2015). The mortality rate for age class 0-1, 

1-2, >2 are 83%; 81%, and 48%, respectively. The mating 

system of Yellow-crested cockatoo is long-term monogamy 
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(Heinsohn et al. 2009) with a sex ratio of 50%. It is 

assumed that each individual gets a partner at each 

breeding period. Furthermore, it is assumed that 100% of 

males are active in mating. The initial population was 

determined based on the results of research in the field. The 

results of this study found 3 individual Yellow-crested 

cockatoo. 

Scenarios for determination analysis of minimum 

sustainable population size 

The scenarios in this research were various alternatives 

for population growth with certain input combinations that 

describe various conditions in the future. There were five 

population growth scenarios used in the analysis to 

determine the minimum sustainable population size. The 

scenarios are written below: (i) Scenario 1: Scenario 1 was 

a description of the current population condition. Field data 

shows the current population is 3 individuals. The mortality 

rate for age class 0-1, 1-2, > 2  were 83%; 81%, and 48%, 

respectively. The mortality rate was based on the average 

annual mortality rate from 1996-2019 (Mallo et al. 2000; 

Nandika et al. 2012; Sandy 2015). (ii) Scenario 2: The 

difference between scenario 2 and scenario 1 was the 

mortality rate. Scenario 2 mortality rate was reduced to half 

of the mortality rate in scenario 1.  The mortality rate for 

every class in scenario 2 was 40%, 40%, and 24%, 

respectively. (iii) Scenario 3: Scenario 3 was developed 

based on the assumption that the population management 

of Yellow-crested cockatoo had succeeded in reducing the 

mortality rate for age class 0-1 by 20%, age class 1-2 by 

20% and age class >2 by 15%. (iv) Scenario 4: In 2018, it 

was found that 7 confiscated individuals of Yellow-crested 

cockatoo in the BKSDA Sulawesi Tengah. These 

individuals were 3 females and 4 males. Scenario 4 

simulated that the chance of extinction if six individuals 

from the seven confiscated individuals were released back 

into their habitat and rejoined with their rest population on 

Pasoso Island. The mortality rate was the same as in 

scenario 3. (v) Scenario 4.1: Scenario 4.1 was similar to 

scenario 4 by including all input parameters, but the 

inbreeding pressure parameter was omitted. 

Data analysis  

The current population size was analyzed based on 

population data that was collected in the field by analyzing 

the entire number of individuals found in all observation 

transects. The analysis was carried out to determine the 

actual number of Yellow-crested cockatoo on Pasoso 

Island. The analysis was performed by reducing the 

number of individual birds that were counted 

simultaneously by different research teams. 

The Population Viability Analysis (PVA) or the 

minimum sustainable population size was conducted 

referring to the five scenarios with the input parameters as 

mentioned above.  The analysis was performed using the 

VORTEX ver10.0.07. 0 computer program (Lacy et al. 

2015).  

RESULTS AND DISCUSSION  

Status of population 

Based on the research results, individual Yellow-crested 

cockatoo was observed 59 times. At the observation time, 

three individual birds were encountered together 11 times, 

two individuals were encountered together 10 times and 

one individual was encountered 38 times (Table 1). The 

data analysis results from each team showed that several 

individual encounters of birds with the observer team were 

the same individuals. Those birds had been recorded on 

other observer teams on different transects. Thus, it is 

known that the yellow-crested cockatoo on Pasoso Island 

only consists of 3 individuals. The three individuals consist 

of two adult individuals and one young individual. It is 

suspected that two adults are the parents of the young one. 

This population has decreased sharply compared to the 

population in 2000 as many as 7-15 individuals (Mallo et 

al. 2000). 

Based on these conditions, the young adult individual 

has little chance of getting a partner and they will not 

produce offspring. In the next generation, the chances of 

inbreeding will increase considering that all the offspring 

that are born come from the same parent. The opportunity 

of inbreeding will also increase. According to Indrawan et 

al. (2007), inbreeding is usually characterized by a high 

mortality rate. Inbreeding will produce a lower number of 

individuals in the next generation which the impact of 

inbreeding will increase to the next generation. 

Sustainable population size 

Based on the simulation results from all scenarios, 

scenario 1, 2, 3 and 4 showed a negative population growth 

rate with a final population of 0. While scenario 4.1 

showed a positive growth rate with a final population of 

100 individuals (Table 2). 

 
 

 

Table 1.  The number of Yellow-crested cockatoos observed on each transect at each observation 

 

Transect 
Number of birds in each observation 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 

Transect 1 0 0 0 1 1 0 0 0 0 0 1 1 1 0 0 0 0 1 

Transect 2 1 1 0 0 1 1 0 1 0 1 1 0 0 1 0 1 1 1 

Transect 3 1 1 3 2 3 2 3 2 3 3 2 3 2 2 3 1 2 3 

Transect 4 1 1 1 1 1 0 2 3 1 1 0 0 1 0 2 3 3 2 

Transect 5 0 0 1 1 1 1 0 0 0 1 0 1 0 0 1 1 1 1 
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Table  2.  Growth rates and final population under various growth scenarios of Yellow-crested cockatoo population 

 

Scenario Output scenario 

Scenario Population 
Mortality rate (%) 

Inbreeding 
Population 

growth rate 

Final 

population Chic  (0-1) Juvenile (1-2) Adult (>2) 

1 3 83 81 48 6,29 -0,189 0 

2 3 40 40 24 6,29 -0,028 0 

3 3 20 20 15 6,29 -0,0068 0 

4 8 20 20 15 6,29 -0,0416 0 

4.1 8 20 20 15 0 0,1618 100 

 

 

 
 

Figure 2. The growth prediction of the individual population of the Yellow-crested cockatoo on Pasoso Island based on 4 scenarios 

 

 

 
 

Figure 3. Population prediction of the Yellow-crested cockatoo in Pasoso Island according to two scenarios 

 

 

From all simulated scenarios, there were different 

results about the extinction time of the Yellow-crested 

Cockatoo (Figure 2). The analysis of scenario 1, the current 

condition in Pasoso Island, showed that the bird population 

has a very high probability of extinction. The extinction time 

is a relatively short period over the next five years. The 

population increase in the first year then decrease in the 

second year and begin to become extinct in the fourth year.   

The results of all simulated scenarios show that the 

Yellow-crested cockatoo still has a probability of extinction 

over 50 years. Thus, management interventions and effective 

management strategies are needed to reduce the extinction 

rate of this bird (Figure 2). Based on PVA results, it is 

understood that management interventions may have a 

significant impact on reducing the extinction rate of the 

Yellow-crested cockatoo. Based on scenario 2, the existing 

population will survive if the mortality rate is reduced to 

half. The current mortality rate is 80% and the reduced 

mortality rate is 40%. This mortality reduction slows the 

rate of Yellow-crested cockatoo extinction until the 18th year.  
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The mortality rate reduction greatly affects the 

sustainability of the Yellow-crested cockatoo. Scenario 3 

result show that reduces the mortality rate by 20% in the 

same population can be maintained until it reaches the 36th 

year. Scenario 4 that combines the same condition as in 

scenario 3 and adds 3 pairs of new individuals can maintain 

the population of yellow-crested cockatoos on Pasoso 

Island until the 50th year. 

Based on these analysis results, although efforts to 

reduce the mortality rate have a significant impact on 

reducing the mortality rate, this is not enough. The 

remaining population will extinct and cannot survive until 

it reaches 100 years. Hence, it is necessary to do other 

efforts besides reducing the mortality rate.  In scenario 4.1, 

the inbreeding pressure is eliminated. The simulation 

results clearly show that removing the inbreeding pressure 

has a significant effect on population growth. The 

population of Yellow-crested cockatoo will survive over 

100 years with a final population of 100 individuals or at 

the maximum carrying capacity (Figure 3). 

Based on this result, the best scenario to conserve 

Yellow-crested cockatoo was scenario 4.1. To achieve the 

best scenario, it is necessary to reduce the mortality rate 

due to predation. To increase the new population, we need 

including, at least three pairs, of new Yellow-crested 

cockatoo. The addition of a new population to increasing 

the existing population can also increase the genetic 

diversity of these bird population on Pasoso Island. Based 

on the result, it is known that the minimum size for a 

sustainable population of Yellow-crested cockatoo on 

Pasoso Island is four pairs (8 birds). The source of the 

population of the added yellow-crested cockatoo came 

from confiscations in BKSDA Central Sulawesi. This 

number is the minimum required to maintain the Yellow-

crested cockatoo population on Pasoso Island.  

The determining factor for the sustainability of the 

Lesser Sulphur Crested Cockatoo 

Scenario 4.1 showed that inbreeding and predation 

factors were the determining factors for the sustainability 

of the Yellow-crested cockatoo population on Pasoso 

Island. The inbreeding factor was expected to be the main 

factor that affects the high rates of mortality for chicks and 

adults. Another threat in this research was predation. The 

high potential threat of predation in birds can be seen in Fu 

et al. (2016) that showed a variety of nest predators can 

cause bird (Liocichla omeiensis) nesting failure. Mallo et 

al. (2000) reported that the slender-billed crow (Corvus 

enca) was a predator of eggs. The spotted kestrel (Falco 

moluccensis) is the predator of the juvenile Yellow-crested 

cockatoo on Pasoso Island. On the other hand, at the time 

of observation, reticulated pythons (Python reticulatus) and 

monitor lizards (Varanus salvator) were also found. These 

species are also strongly suspected to have the potential to 

become predators although there have been no reports 

stating about that. This assumption is substantiated by the 

results of another study on Masalembo Island that monitor 

lizards are predators of Cacatua sulphurea abboti eggs and 

chicks (Nandika 2020). In another research stated that 

pythons are egg predators of The palm cockatoo 

(Probosciger aterrimus) in Papua New Guinea and 

Australia (Heinsohn et al. 2009). 

The combination of inbreeding and predation factors is 

the cause of the high mortality rate of Yellow-crested 

cockatoo on Pasoso Island. Inbreeding has the potential to 

reduce population growth rates and increase the risk of 

extinction (Keller et al. 2012). It also can reduce viability 

and reproduction (Waller and Keller 2020). With a 

mortality rate above 50% in the 0-2 year age class, the 

population growth of the Yellow-crested cockatoo is very 

low. Its small population size and low population growth 

rate make this species vulnerable to any threat or change. It 

means that this population is not stable in conservation. 

The reason is to protect most species require a large 

population. When the size of a population decreases, it is 

vulnerable to become extinct. 

Based on the Yellow-crested cockatoo population 

preservation determinant factors, the management steps to 

ensure population sustainability are mating management to 

prevent inbreeding and control of predatory animals on 

Pasoso Island. According to Roos et al. (2018), both 

elimination and control of predators are effective strategies 

for the conservation of vulnerable bird populations. 

Besides, to increase the population size, at least 8 

individuals or 4 pairs of adult individuals from the current 

population status of 3 individuals, alternative steps that can 

be taken are a program of release or population restoration 

(restocking) to their natural habitat on Pasoso Island.  We 

can utilize confiscated and captive birds from captivity or 

conservation institutions. It has been carried out on Bali 

myna (Leucopsar rotschildi).  Release activity is one way 

that aims to improve, restore or strengthen endangered 

population conditions (Masy'ud and Ginoga 2016). 

Release activation must be preceded by predator 

control. According to White et al. (2012), predation is the 

most important factor of several factors that determine the 

release activity of bird species from the Psittacidae family. 

A high predation threat can reduce the success and survival 

rates of birds after release activity. Other studies have also 

reported that predators are a major factor determining the 

successful release of birds (Jones and Merton 2012), 

mammals and reptiles (Moseby et al. 2011). 

In conclusion, the population of Yellow-crested 

cockatoo on Pasoso Island is only 3 individuals which are 

two adults and one young individual.  It is suspected that 

two adult individuals are the parents of young individuals. 

From the simulation, scenario 4.1 is the best scenario to 

maintain the population of the Yellow-crested cockatoo. 

The scenario is a sustainable minimum population with 

four pairs (8 individuals) to maintain the preservation of 

this Yellow-crested cockatoo population on Pasoso Island.  

The determinants of population sustainability in scenario 

4.1 are inbreeding and predation factors.  It is necessary to 

control the mating management and predators by both 

humans and carnivores. The alternative to achieve this 

minimum sustainable population size (8 individuals or 4 

pairs of broodstock) is a release or restocking program 

using confiscated birds or captive birds. 
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