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 This study aims to develop a population dynamics model that 

supports biodiversity conservation efforts in Indonesia's 

tropical ecosystems. The study used a quantitative approach 

based on ecological modelling to develop the model. The model 

was validated by comparing simulation results with empirical 

data obtained from field surveys. The results show that factors 

such as population growth, mortality rates, species distribution, 

extinction risk, and the effects of climate change have significant 

impacts on the sustainability of key species, including 

orangutans, helmeted hornbills, clouded leopards, Sumatran 

tigers, and tropical corals. In addition, the results of this study 

can also serve as a basis for more integrated conservation policy 

planning, both at the national and international levels. 
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INTRODUCTION 

Tropical ecosystems are among the most important ecosystems in the world, as they are 

home to more than three-quarters of global species, including more than 90% of land birds and 

nearly all species of shallow corals. They provide essential ecosystem services such as carbon 

storage, climate regulation and food resources (Barlow et al., 2018). However, threats to tropical 

ecosystems are increasing due to human activities and global environmental change.   

Biodiversity in tropical ecosystems faces serious threats from deforestation, climate change, 

poaching and alien species invasions. These human activities not only result in species population 

declines, but also risk the stability of global ecosystems. For example, tropical forests in Indonesia 

are under immense pressure from land conversion for agriculture, logging and fires, contributing to 

habitat degradation and biodiversity loss (Harrison et al., 2019).   

The complexity of tropical ecosystems demands a science-based approach to understanding 

species interactions and environmental impacts on biodiversity. An adequate understanding of 
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biological interactions is essential for designing effective and sustainable conservation measures 

(Andresen et al., 2018).   

In the context of conservation, population dynamics modelling is a highly relevant tool. It 

allows scientists to understand growth patterns, species interactions and extinction risks. For 

example, models designed for rare species have helped mitigate extinction risk and support effective 

habitat protection efforts (Kearsley et al., 2019).    

Population modelling also supports evidence-based conservation. Using field data and 

ecological analyses, scientists can design conservation strategies that are more targeted and suited 

to the needs of specific species. This success demonstrates the importance of modelling as a scientific 

tool for understanding ecological dynamics and supporting conservation management decisions 

(Zhang & Zhou, 2019).    

Indonesia is strategically positioned as a megabiodiversity country with a major contribution 

to global biodiversity. Unfortunately, the destruction of tropical ecosystems in this country has a 

significant impact on the world's ecological balance, especially through the release of carbon and the 

loss of endemic species (Page, 2024).   

Global commitment to biodiversity conservation is increasingly emphasised through targets 

such as the Convention on Biological Diversity and the Sustainable Development Goals. However, 

achieving these targets requires synergies between national policies and local, science-based 

conservation measures (Comer et al., 2022).    

Ecology-based research in Indonesia has great potential to develop conservation models that 

can be applied globally. This approach is not only beneficial for species conservation, but also for 

improving the welfare of local communities that depend on ecosystem services (Razanatsoa et al., 

2021).    

Therefore, this research aims to develop a population dynamics model that supports tropical 

biodiversity conservation efforts, especially in Indonesia. The model is expected to make a 

significant scientific contribution in understanding species dynamics and other ecological processes.   

Through this modelling-based approach, it is hoped that the effectiveness of conservation 

programmes can be improved. In addition, the results of this research can also serve as a basis for 

more integrated conservation policy planning, both at the national and international levels.   

 

METHODS 

This study used a quantitative approach based on ecological modelling to develop a 

population dynamics model relevant to biodiversity conservation in Indonesia's tropical 

ecosystems. The study began with the collection of primary and secondary data on target species 

populations, including distribution data, population size, and ecological parameters such as 

reproduction rates, mortality, and interspecies interactions. Primary data were obtained through 

field surveys in several tropical ecosystems representing important habitats in Indonesia, such as 

tropical rainforests in Sumatra, Kalimantan and Papua. Surveys used linear transects and camera 

traps to document faunal diversity and vegetation analysis to measure ecological parameters of the 

flora.   
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Secondary data were drawn from scientific databases such as GBIF (Global Biodiversity 

Information Facility) and relevant literature, including the results of previous studies on the target 

species. Furthermore, environmental data such as land cover, temperature and rainfall were 

analysed using Geographic Information Systems (GIS) to identify species distribution patterns as 

well as environmental factors that influence population dynamics.   

Modelling is done using programming-based software such as R and Python with packages 

designed for population analysis, such as `popbio` and `deSolve`. The models developed will 

include simulation of population growth (exponential or logistic models), prediction of extinction 

risk, as well as evaluation of the impact of environmental changes, such as deforestation and climate 

change. Model validation is conducted by comparing simulation results with empirical data 

obtained from field surveys.   

The research also integrates scenario analysis to evaluate various conservation interventions, 

such as habitat restoration and human activity restrictions. These  scenarios are designed to 

understand the effectiveness of policy-based approaches and conservation management. Results 

from the modelling will be presented in the form of species distribution prediction maps, population 

growth graphs, and strategic recommendations for biodiversity management.   

This evidence-based approach is expected to not only produce accurate models to support 

conservation efforts at the local level, but also make relevant contributions to tropical biodiversity 

management globally. 

 

RESULTS 

1. Population Dynamics and Environmental Factors  

Table1 . Analysis of Population Dynamics and Environmental Factors  

 

Parameters Target Species  Analysis Result 

Population growth  Orangutan (pongo pygmaeus) Average population growth of 

2.5% per year, with a 

reproduction rate of 0.9 

individuals/year 

Mortality  Helmeted Hornbill (Rhinoplax vigil) High mortality in the juvenile 

phase, with 35% annual 

mortality 

Species Distribution Clouded Tiger (Neofelis diardi) Distribution shrank 15% in the 

last 10 years in East Kalimantan 

due to deforestation and habitat 

fragmentation 

Extinction Risk Sumatran Tiger (Panthera tigris 

sumatrae) 

Risk of extinction reaches 65% 

in 50 years if the rate of habitat 

loss is not reversed 

Effects of Climate Change Tropical Corals (Acropora spp) 40% reduction in survival due 

to 2°C rise in sea temperature in 

the last 20 years 

https://creativecommons.org/licenses/by/4.0/


 
This work is licensed under a Creative Commons Attribution 4.0 International license 

Science Get Journal, Vol.  02, No. 1, January 2025 

 

SGJ Page 37 

 

Populations of target species showed significant variation based on the location of the 

tropical ecosystems studied. Borneo's tropical forests had the highest population density (20 

individuals per hectare) compared to Sumatra (12 individuals per hectare) and Papua (8 individuals 

per hectare). This high density is likely due to better habitat integrity in Kalimantan, although this 

region also faces deforestation threats. 

The highest reproductive ratio of the target species was found in Papua (1.8), indicating a 

higher rate of population regeneration despite low densities. This can be attributed to more minimal 

environmental pressure compared to Sumatra (1.3) and Kalimantan (1.5). The lowest mortality rate 

was recorded in Papua (0.8), while the highest rate was in Sumatra (1.1), indicating greater 

environmental pressures in the Sumatra region, such as habitat fragmentation or human 

exploitation. 

The extinction risk analysis shows that species populations in Sumatra have the highest 

probability of extinction (35%) in the next 50 years, compared to Kalimantan (15%) and Papua (10%). 

This confirms that conservation interventions are more urgent in Sumatra. Conservation scenario 

analyses show that habitat restoration has the greatest impact on population increases in all regions, 

especially in Sumatra, where population densities can increase to 18 individuals per hectare. This 

demonstrates the importance of habitat-based management policies. 

Overall, these results highlight the importance of a site-based approach to biodiversity 

management. Kalimantan can be a focus for conservation due to its potential as a major protected 

area, while Sumatra requires more aggressive conservation interventions to reduce extinction risk. 

Papua, despite having minimal threats, still needs to be protected to maintain its ecosystem integrity. 

This strategy is expected to support national and global conservation goals to conserve tropical 

biodiversity. 

 
Below is a line graph displaying population dynamics in three tropical ecosystem sites 

(Sumatra, Kalimantan and Papua). This graph illustrates: 
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1. Population density (individuals/ha): Kalimantan has the highest population density, 

followed by Sumatra and Papua. 

2. Reproductive ratio: Papua has the highest reproductive ratio, indicating better birth rates 

than other locations. 

3. Mortality rate: Borneo has the lowest mortality rate, suggesting environmental conditions 

are more favourable for species survival. 

4. Extinction risk (%): Papua has the lowest extinction risk, followed by Kalimantan and 

Sumatra. 

 

DISCUSSION 

1. Population Growth 

Population growth of target species, such as orangutans (Pongo pygmaeus), showed an 

average increase of 2.5% per year with a reproduction rate of 0.9 individuals per year. Despite the 

increase, this growth is still relatively low and indicates the need for conservation interventions to 

improve population sustainability. Metapopulation theory states that population growth is 

influenced by habitat integrity and connectivity between habitat areas. Fragmented habitats tend to 

reduce reproduction rates due to population isolation. In this context, habitat restoration is an 

important step to increase population growth and strengthen connectivity between groups of 

individuals. 

This study analysed Sumatran orangutan nests in Aceh to understand population and habitat 

characteristics, providing guidance for orangutan habitat and population conservation (Andini et 

al., 2021). Population dynamic simulations showed that retention of natural forest can maintain 

orangutan population stability in human-modified tropical landscapes (Seaman et al., 2021). 

The assumption that orangutan (Pongo pygmaeus) population growth of 2.5% per year 

reflects habitat stability needs to be more critically reviewed. While this figure appears positive, it 

remains below the optimal reproductive threshold for a habitat-stressed species. Other factors, such 

as human-animal interactions and microhabitat degradation, may not have been fully 

accommodated in the analytical model. In addition, the assumption that habitat improvement will 

directly increase populations should consider additional variables such as changes in species 

behaviour due to fragmentation and genetic isolation. 

Furthermore, the model is potentially oversimplified in addressing dynamic environmental 

challenges, especially with the influence of variables such as long-term climate change. For example, 

although restored habitats support population growth, extreme climate fluctuations may alter 

reproductive patterns and food resources, ultimately reducing the effectiveness of habitat-based 

conservation. Therefore, further research with a more holistic approach is needed to validate the 

assumption that habitat restoration will always promote population growth. 

 

2. Mortality 

The helmeted hornbill (Rhinoplax vigil) shows a high mortality rate in the juvenile phase, 

reaching 35% per year. High mortality in the early life phase is often attributed to environmental 
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pressures, such as loss of nesting habitat and poaching. Based on life cycle theory, the juvenile phase 

is a critical period that strongly influences population structure. Protection of reproductive habitat 

and control of destructive human activities are prioritised in the helmeted hornbill conservation 

strategy. 

Data shows that wild orangutan populations continue to decline due to deforestation and 

hunting despite claims of population increases in certain reports (Meijaard et al., 2018). Research in 

Central Kalimantan shows that logging selection reduces orangutan population density due to 

changes in forest canopy structure (Sapari et al., 2019). 

The assumption that high mortality in helmeted hornbills (Rhinoplax vigil) is only caused by 

habitat loss and hunting requires more in-depth analysis. The results of the study do not fully 

explain the possible interaction of other factors, such as changes in ecosystem quality, interspecies 

competition, and the impact of toxin bioaccumulation due to human activities. In this context, 

mortality rates may be influenced by more complex environmental factors than just habitat 

disturbance. 

Furthermore, the assumption that protection of reproductive habitat can significantly reduce 

juvenile mortality rates may be overly optimistic without additional interventions. Protected 

habitats do not necessarily address the threat of sporadic human disturbances, such as poaching and 

egg collection. Therefore, habitat protection strategies need to be integrated with local community 

education and close monitoring, especially in areas considered to be human-wildlife conflict 

hotspots. 

 

3. Species Distribution 

The distribution of clouded leopards (Neofelis diardi) has shrunk by 15% in the last decade 

due to deforestation and habitat fragmentation in East Kalimantan. This distribution decline is 

consistent with the theory of island biogeography, which states that habitat fragmentation will 

reduce the available space for species, thereby reducing survival. In addition, fragmentation leads 

to population isolation, which can inhibit individual movement and reduce genetic variability. 

This study analysed the distribution of tigers, elephants and orangutans in Sumatra using 

anthropogenic and climatic parameters, showing that distribution is more prevalent outside 

conservation areas (Rahman et al., 2022). This study showed that orangutan distribution in Borneo 

is influenced by fig tree availability and forest carbon density (Milne et al., 2021). 

The assumption in this study is that species distribution is strongly influenced by the 

presence of habitat corridors that connect fragmented areas. Thus, restoration of ecological corridors 

can be an effective measure to increase species distribution, reduce population isolation and 

improve habitat connectivity. 

 

4. Extinction Risk 

The Sumatran tiger (Panthera tigris sumatrae) faces a 65% extinction risk in the next 50 years 

if the rate of habitat loss is not reversed. According to population dynamics theory, extinction risk 

increases exponentially as habitat loss places high pressure on small populations. Evidence-based 
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conservation strategies, such as law enforcement against poaching and restoration of critical 

habitats, are needed to reduce extinction risk 

Exploitation of natural resources led to a major loss of Bornean orangutan populations, with 

a decline of more than 100,000 individuals in the last 16 years (Voigt et al., 2018). The study modelled 

the redistribution of Sumatran orangutans in the Leuser ecosystem due to climate change and 

deforestation, under both mitigation and business-as-usual scenarios (Condro et al., 2021). 

The assumption in this study is that planned habitat interventions can increase the chances 

of species survival. Scenario analyses suggest that habitat restoration in Sumatra could reduce 

extinction risk by 30% over the next 20 years. 

 

5. Effects of Climate Change 

Tropical corals (Acropora spp.) have experienced a 40% decrease in survival due to a 2°C 

increase in sea temperature in the last 20 years. According to environmental ecology theory, climate 

change causes thermal stress on corals that disrupts symbiosis with zooxanthellae, which is essential 

for coral survival. To address this, marine protected area management with a focus on reducing 

environmental stress is a priority measure. 

Research has shown the role of fruit availability, rainfall and temperature in Bornean 

orangutan movements in heterogeneous habitats (Marshall et al., 2021). 

Research assumptions indicate that the survival of tropical corals is influenced by the species' 

level of adaptation to changes in temperature and environmental conditions. Therefore, mitigation 

strategies, such as the development of coral rehabilitation technologies and the reduction of carbon 

emissions, are necessary to keep marine ecosystems productive 

 

CONCLUSIONS 

This research shows that factors such as population growth, mortality rates, species 

distribution, extinction risk, and the effects of climate change have significant impacts on the 

sustainability of key species, including orangutans, helmeted hornbills, clouded leopards, Sumatran 

tigers, and tropical corals. Orangutan population growth of only 2.5% per year points to the need 

for planned habitat restoration to increase connectivity between populations, although this 

approach must account for dynamic environmental variables, such as genetic isolation and climate 

change. High mortality in helmeted hornbills, particularly in the juvenile phase, emphasises the 

importance of reproductive habitat protection combined with poaching control and mitigation of 

other threats.  Habitat fragmentation, which has led to a 15% shrinkage in the distribution of clouded 

leopards over the past decade, points to the need for restoration of ecological corridors to reduce 

population isolation and improve species survival. In addition, the Sumatran tiger faces a 65% 

extinction risk over the next 50 years, requiring critical habitat restoration and law enforcement 

against poaching to reduce this risk, with mitigation scenarios showing a potential risk reduction of 

30% in 20 years. On the other hand, climate change is having a major impact on tropical corals, which 

have experienced a 40% reduction in survival due to a 2°C rise in ocean temperatures over the past 

two decades, requiring coral rehabilitation technologies and carbon emission reductions to sustain 
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marine ecosystems. Overall, integrated, evidence-based conservation approaches that address 

complex environmental pressures are needed, involving cross-disciplinary collaboration and local 

community participation to ensure the holistic sustainability of species and ecosystems. 
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