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Abstract. Humans and nature cannot be separated because both have a close 

relationship as an ecosystem. The purpose of this study was to determine: 1) the 

level of social and ecological resilience; 2) Scenarios on ecological and social factors 

for the sustainability of protected forests. The research method uses survey methods 

and data analysis uses qualitative-verification analysis based on the results of the 

calculation of the resilience index and the phase of the socio-ecological system. The 

results showed that the level of social and economic resilience was partially or 

simultaneously at the level of resilience with their respective indexes: social: 

0.6944); ecology: 0.8148 and socio-ecology 0.7460. The exploitation phase (growth) 

leads to the conservation phase. The results of the scene show that both of them are 

at a high level of resilience with a resilience index of 0.8889 (high resilience) and a 

reorganization phase. If this phase can be maintained with various management 

interventions according to its function, it will minimize the level of disturbance to 

the Mount Sirimau Protection Forest Group. 

Keywords: Disruption, Change, System 

 

INTRODUCTION 

Resilience is defined as an ability of a system to absorb changes in state variables, driving variables and 
parameters and still survive (Holling, 1973); to adapt to unpleasant circumstances (Wagnild & Young, 1993; 
Rojas, 2015); to adapt and remain firm in difficult situations (Reivich & Shatte , 2002); to adapt well under 
special circumstances (Snyder & Lopez, 2002; Iacoviello & Charney, 2014); to bounce back (Smith et al., 
2008). Resilience is flexibility, resilience, ability to eliminate negative impacts and change conditions for the 
better (Desmita, 2017). 

The resilience system of a forest area is usually measured by social, ecological or combination of social 
and ecological factors in a socio-ecological system. Indicators of social-ecological systems developed by 
Ostrom (2009) and McGinnis & Ostrom (2014) namely social, economic and political, resource systems, 
government systems, resource units, interactions and ecosystems. Resilience calculation methods vary, 
depending on the research objectives that affect the analysis of data for resilience measurements. Some use 
an index with a Likert scale which simply calculates only values and weights (Hafsaridewi et al., 2018; 
Muliani et al., 2020), for further tests to determine the effect of variables with statistical tests (Saraswati & 
Dharmawan, 2014), assessing livelihood resilience (Kasmiati et al., 2016; Nurhadi et al., 2022), spatial based 
on changes in land cover (Soraya et al., 2016) and others.  

The Mount Sirimau Protection Forest Group was established in 1996, previously the community lived 
in the vicinity. Community interaction with the protected forest is high. This is because the community 
claims it as a customary forest so it has a close relationship religiously, socially, and economically with the 
forest. Therefore, the community highly respects the forest by obeying the rules handed down by their 

Received  03 August 2023;  
Accepted 18 April 2024;  
Published online 30 April 2024 

 
Citation:   Parera, P., Purwanto, R.H., 
Permadi, D.B. and Sumardi. 2024.   
Social Ecological Resilience System 

Protected Forest Ambon Island, 

Maluku Province. JPK Wallacea, Vol. 

13 No. 1 pp. 13-24 

 

 

 

 

 

 
 

Copyright © 2024 by Jurnal Penelitian 
Kehutanan Wallacea.  
Under CC BY-NC-SA license 

https://doi.org/10.24259/jpkwallacea.v13i1.28096
https://journal.unhas.ac.id/index.php/wallacea
https://creativecommons.org/licenses/by-nc-sa/4.0/


Parera., et al. / Jurnal Penelitian Kehutanan Wallacea, 13(1): 13-24  

Jurnal Penelitian Kehutanan Wallacea, 2024, 1 I 14 

ancestors. However, in recent decades there have been disturbances of flooding during the rainy season, 
drought in several places around protected forests and even fires. There was a significant change in land 
cover from 1999 when four land covers changed to seven land covers in 2019 (Parera et al., 2021). This 
indicates that there has been a significant disturbance in the protected forest. However, how much the forest 
is disturbed can be measured by the resilience index of social and ecological factors. Therefore the theme of 
this article is Social and Ecological System Resilience of the Mount Sirimau Protected Forest Group, Ambon 
City, Maluku Province; to know: 1) The level of social and ecological resilience; 2) Scenario on ecological and 
social factors for protection forest sustainability. This research is expected to provide consideration in the 
management of the Mount Sirimau Protected Forest Group. 

 
MATERIAL AND METHODS 

Study Site 

The research location is the Mount Sirimau Protected Forest Group, Ambon City, Maluku Province 
(Figure 1). This location was chosen as the sample because it is strategic in the upstream area of Ambon 
City so if there is disturbance in the protected forest it will disrupt activities downstream in Ambon City. 

The research method used is a survey method. This method is used to obtain data that occurred in the 
past or present, regarding beliefs, opinions, characteristics, behavior of variable relationships and to test 
several hypotheses about sociological and psychological variables from the sample (Sugiyono, 2018). 
 

 
 

 

 

 

 

 

 

 

Figure 1. Research Location of Mount Sirimau Protected Forest Group, Ambon City, Maluku Province 

Sampling Method 

The sampling method for the community is purposive sampling. Intake is made of respondents for 

social data collection. Respondents taken were 149 people who work as farmers spread over the villages of 

Hutumuri, Hukurila and Soya. There were 13 key informants, namely related government agencies, 

community leaders and heads of Soa. 

 

Data collection 

Social Data Collection 

This research method is a survey method. Data collection was carried out by filling out questionnaires 

and in-depth interviews. The questionnaire contains the characteristics of the respondents, interactions and 

community perceptions of protected forests. 
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Ecological Data Collection 

Collection of ecological data in the form of secondary data. The data collection is based on the 

Biogeophycal Inventory report conducted by the 2015 Maluku Forest Area Consolidation Agency (BPKH, 

2015). Ecological data includes flora, fauna, soil types, and rock types. Other documents related to research. 

 

Stakeholders Data Collection 

The collection of data on stakeholders involved in the management of protected forests uses the 

snowball method, starting with the Head of the Protected Forest Management Unit on Ambon Island and 

Lease Islands. The data collected includes the role and involvement of stakeholders in the management of 

protected forests. 

 

Data analysis 

Data analysis by descriptive analysis. This analysis is used to describe the condition of phenomena in 

the field without testing hypotheses (Ghozali, 2011). The data collected is tabulated and depicted in 

graphical form. 

 

Stages in Data Analysis 

1. Identification of social and ecological indicators 

The parameter indicators are based on the results of data analysis on the Socioeconomic and 

Biogeographical characteristics of the Protected Forest Group. Social Indicators (Folke et al., 2002; Walker 

and Salt, 2006; Krasny and Tidball, 2009; Purnomo & Suryawati, 2009; Cutter et al., 2010; McGinnis & 

Ostrom, 2014; Ciptaningrum & Pamungkas, 2017; Arkham et al., 2021; modification, 2022): age, education, 

livelihood, number of dependents, distance of residence, community income, community perception of 

protected forests, stakeholder complexity, stakeholder involvement, role of indigenous peoples, 

management of protected forests by the government, forest management protected by society. 

Ecological indicators (Odum, 1996; Wirakusumah, 2003; Modification, 2022): vegetation diversity, 

vegetation density, fauna diversity, water resources, soil type, rock type, slope, rainfall, land cover change. 

 

2. Scoring on each indicator element 

Scoring on each indicator element with the following score categories: Score: 1 = low; 2 = enough; 3 = 

height. 

 

3. Calculation of Resilience Index 

Calculation of the resilience index uses the formula (Cutter et al., 2010; Hafsaridewi, 2018; Muliani et 

al., 2020; Modification, 2022). 

 

 

 
 

 

 

4.  Determine the level of resilience 

(1)

v 

(2)

v 
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Determine the level of resilience based on an index scale where 0 is the lowest and 1 is the highest. 

(Figure 2). 

 

 

 

 

 

 

Figure 2. Classification of resilience (Muliani et al., 2020) 

5. Defining Social Ecology System (SES) Phases 

Social Ecology System (SES) phase determination based on the social-ecological resilience index. The 

SES resilience phase consists of four phases, namely Growth (Exploitation), which is the growth phase (r), 

Conservation, which is the conservation phase (K), Release, which is the overhaul phase (Ω), and 

Reorganization, which is the reorganization phase (α) (Holling et al., 2002) (Figure 3). 

 

 

 

 

 

 

 

Figure 3. The cycle of ecosystem function phases (R, K, Ω, α) (Holling et al., 2002; Muliani et al., 2020; 

Modification, 2022) 

The exploitation stage (r) is the stage where growth occurs very quickly. The system will grow to a point 

where connectedness is very high and growth capacity is saturated, a condition where growth slows down 

and the system enters the conservation (K) stage. Systems in the K stage will be very complex, making them 

vulnerable to disturbances. A certain amount of disturbance will cause the system to collapse, releasing 

resources rapidly. This stage is called the discharge stage (Ω). When the system has collapsed, it can re-

collect the resources it released to grow into a system with the same identity, or into a completely different 

new system, creating an unbroken cycle (α). 
 

Data analysis 

The data analysis used is a qualitative-verification data analysis strategy (Bungin, 2010). This analysis 

is used to explain various phenomena that occur and describe them based on theory. Data was collected as 

much as possible and analyzed inductively from all data obtained throughout the research process. 

(3)

v 

0.0-0.2 

>0.2-0.4 

>0.4-0.6 

>0.6-0.8 

>0.8-1.0 

No resilience 

Low resilience 

Moderate 

Resilience 

Resiliensi tinggi 



Parera., et al. / Jurnal Penelitian Kehutanan Wallacea, 13(1): 13-24  

Jurnal Penelitian Kehutanan Wallacea, 2024, 1 I 17 

 

RESULTS 

Level of social, ecological, and socio-ecological resilience 

The level of resilience, social, ecological, and socio-ecological of the Mount Sirimau Protected Forest 

Group can be seen in Table 1. 

Table 1. Index of Social and ecological resilience of the Mount Sirimau Protected Forest Group 

Indicator 

Exsisting Scenario 

Score 
Maximal 

Score 
Score 

Maximal 

Score 

Social     
Age 2 3 3* 3 

Education 2 3 3* 3 

Livelihood 3 3    3 3 

The number of dependents 3 3 2* 3 

Distance of residence to protected forest 1 3    1 3 

Community income 2 3 3* 3 

Community Perceptions of protected forests 3 3    3 3 

Stakeholder complexity 3 3    3 3 

Stakeholder engagement 1 3 3* 3 

The Role of indigenous peoples 2 3 3* 3 

Government-protected forest management 1 3 2* 3 

Community-protected forest management 2 3 3* 3 

Total Score of Sosial 25 36 32 36 

Existing Social Resilience Index   0.6944    

Scenario Social Resilience Index   0.8889 

Ecology  
   

Vegetation diversity 2 3 3* 3 

Vegetation density 2 3  3* 3 

Fauna diversity 2 3  3* 3 

Water resources 2 3  3* 3 

Type of soil 3 3 3 3 

Rock type 3 3 3 3 

Slopes 3 3 3 3 

Rainfall 3 3 3 3 

Land cover change 2 3 1 3 

Total Ecology Score 24 27 24 27 

Eksisting Social Resilience Index  0.8148   
Scenario Social Resilience Index  0.8889 

Total Social Ecology Score 47 63 56 63 

Existing Ecological and Social Resilience 

Index  

0.7460  

Scenario Ecological and Social Resilience 

Index  

 0.8889 

Description : * = Scenario     
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Table 1 shows the existing social resilience index of 0.6944 in the resilience category. The existing 

ecological resilience index is 0.8148 including the resilience category. The existing socio-ecological 

resilience index is 0.7460, belonging to the resilience category. The results of the scenario partially social 

and ecological aspects and simultaneously show high resilience as indicated by the resilience value of 

0.8889. 

 

DISCUSSION 

Social resilience 

Social resilience parameters that have a high (maximum) value are livelihoods, number of dependents, 

community perceptions of protected forests, and stakeholder complexity, while other parameters are low – 

sufficient (Table 1). The livelihoods of the people around the protected forest are dominated by farmers so 

the intensity of interaction with protected forests is especially high, besides that the claim to be indigenous 

people also affects the intensity of interaction if there are domestic (village) traditional rituals. The number 

of family dependents is high because generally, children who are already married live together, especially 

those who do not have a permanent job, so they are still under the responsibility of their parents. People's 

perceptions of protected forests are high because they have managed these forests from generation to 

generation and the rules, advice, advice for protecting forests for the benefit of their children and 

grandchildren and most importantly related to customs. High stakeholder complexity in protected forest 

management. Since it was designated as a protected forest, management authority has changed and many 

related agencies have partially intervened in activities so that management conflicts tend to occur. 

 

Ecological resilience 

Parameters with high values are physical parameters, namely soil type, rock type, relative humidity, and 

rainfall (Table 1). The physical condition of protected forests is very vulnerable to extreme conditions, 

namely the rainy season and long hot summers. The soil type Dystropepts is included in the soil type 

Inceptisols, sub-order Tropept and great group Dystropteps, meaning that the soil type does not have 

sulfidic material at a depth of less than 50 cm from the mineral soil surface, soil temperature regime iconic 

or hotter, base saturation <50%. Sulfidic materials or acid sulphates are materials which, when oxidized, 

increase the acidity of the soil so that toxic elements are concentrated (Hardjowigeno, 2002). Haplorthoxs 

soil type is Oxisol soil type, soil that has an oxic horizon at a depth of > 150 cm, sub-order torrox means that 

the soil moisture regime is aridic or dry, great group haplorthox means another torrox (Hardjowigeno, 

2002). Soil type Hydraquents, order Entisol soil types that have sulfidic material ≤ 50 cm, or always 

saturated with water, suborder aquents, always wet or wet in certain seasons, great group hydraquents 

means very soft, low bearing capacity (Hardjowigeno, 2002). 

The type of rock in the protected forest is Ambon volcanic rock. Kanikeh Formation Raised Coral Reef 

and Ultramafic Rocks. These rock types are brittle and prone to landslides with steep slopes because the 

slopes in protected forests are 15-45%. Rainfall on Ambon Island is relatively high, so the protected forest 

is prone to landslides and flooding downstream in Ambon City. Conversely, it is also prone to drought if the 

dry season is long. 

Changes in land cover are quite high because there have been changes in land cover reaching seven 
classes of land cover over the last 20 years (Parera et al., 2021). In addition to the natural disaster, fire, and 

population pressure, government policies allow residents to be victims of the social conflict in Maluku in 

1999. 

 

Socio-ecology Resilience 

Socio-ecology simultaneously influences the protected forest. The socio-ecological condition of the 

Mount Sirimau Protected Forest Group is in the growth (exploitation) phase (Figure 4). 
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This phase shows that the Mount Sirimau Protected Forest Group is at a stage where growth occurs 

very quickly. The system will grow to a point where connectedness is very high and growth capacity is 

saturated, a condition where growth slows down and the system enters the conservation (K) stage. This 

condition occurs naturally, a lack of intervention in supporting the growth of protected forests. This is also 

related to the management of protected forests. During this decade, protected forests were still under 

management and always started from the beginning, the transfer of management authority was due to 

changes in government policies and the management of protected forests had not been properly filed so the 

management was not sustainable and partial.  

On the other hand, the community only cares for plants that have been passed down from generation 

to generation using traditional agroforestry systems (dusung) which are old plants. Some plant new trees 

but not significantly due to limited resources in land rehabilitation such as availability of seeds, assistance 

from related agencies limited to the project period and others. 

 

 

 

 

 

 

 

 

Figure 4. The cycle of ecosystem function phases (R, K, Ω, α) in the current (Existing) Mount Sirimau 

Protected Forest Group (Holling et al., 2002; Modification, 2022) 

Scenario of social and ecological resilience level 

Even though it is a protected forest area, it does not mean that it is left alone, but it must be managed 

properly by applicable regulations so that it will maintain its function as a protected forest. Parameters of 

social indicators that can be engineered are age, education, number of dependents, community income, 

stakeholder involvement, role of indigenous peoples, and management of protected forests by the 

government and the community. It is hoped that the age of the people involved will be more productive so 

that they can drive the management of protected forests more. It is hoped that the education of the people 

involved in the management of protected forests will increase to make it easier to understand protected 

forest management so that it is more developed according to science and technology. The number of 

community dependents is expected to be lower so as not to have a significant effect on the exploitation of 

protected forests. This is also related to the community's income from various sources of income related to 

the management of protected forests that only utilize environmental services and non-timber forest 

products. Increased income due to diversity of livelihoods and sources of income. The more diverse 

livelihoods and income sources, the higher the level of resilience (Wilson et al., 2018; Nasdian et al., 2020). 

Collaborative engagement of stakeholders is expected to optimize protected forest management. The role 

of indigenous peoples is more optimized in every stage of protected forest management. Management of 

protected forests by the government and the community is partially improved and simultaneously 

collaborative. 
Ecological indicator parameters that can be engineered are density and diversity of vegetation, 

diversity of fauna, water resources and changes in land cover. Ecological resilience indices that are expected 

to increase with changes in social indicators are the diversity and density of vegetation. There is intensive 
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land rehabilitation due to the collaborative involvement of stakeholders which affects the diversity of fauna, 

increased water resources and changes in land cover. The results of research by Amalia et al., (2015) state 

that the factors that affect household resilience due to changes in the ecological landscape are gender, 

number of family members, level of financial capital, household income and level of trust in the network. 

The scenario results as shown in Table 1 show a high level of resilience for social systems, ecological systems 

and socio-ecological systems so that they are in the reorganization phase (Figure 5). 

 

 

 

 

 

 

 

 
Figure 5. The cycle of ecosystem function phases (R, K, Ω, α) in the future Mount Sirimau Protected Forest 

Group (Scenario) (Holling et al., 2002; Modification, 2022) 

Figure 5 shows the Mount Sirimau Protection Forest Group. In this phase, the Mount Sirimau Protected 

Forest Group has collapsed in a systemic way, it can collect the resources it has released again to grow into 

a system with the same identity, or become a new system that is completely different, creating an unbroken 

cycle. This scenario is expected to take place in the Mount Sirimau Protected Forest Group. Scenario 

parameter indicators for socio-ecological systems to minimize future conditions for protected forests. 

Berke et al. (2012) developed a set of principles to guide the improvement of hazard mitigation such as 

hazard, vulnerability, capability and risk assessment, mitigation policies, monitoring and coordination with 

local government. Many factors influence the social ecological system as mentioned by Benson and 

Garmestani (2011); Allen et al. (2011) although the stated policies are good, their operations are limited 

due to large-scale ecological and social systems, lack of understanding of complex socio-ecological systems, 

lack of measurable metrics to measure resilience, incompatibility of resilience thinking with institutional 

frameworks and management objectives, inadequate legal and regulatory frameworks, and lack of funding 

(Benson & Garmestani, 2011; Allen et al., 2011). Therefore it is necessary to develop a complex management 

framework in accordance with inputs and outputs related to the social-ecological system to be produced as 

proposed by (Harrald, 2012) proposing a logical framework with input, output, activity and outcome 

measures, to develop a community that can resilience metrics are measured based on socio-economic 

indicators, social networks, and emergency response capabilities. In addition to making decisions in 

maintaining protected forests, a comprehensive resource management is also needed which is expected to 

achieve the goal of socially and ecologically sustainable protected forest management. Management of 

protected forest social-ecological systems can refer to the framework developed by Williams & Brown, 

(2012); Brown & Williams, 2015) (Figure 6). The framework describes the context of a systems resilience 

analysis that includes decision making based on management objectives to maintain the system. 

Figure 6 shows framework for resilience management resource systems is affected by management and 

other external supports, as well as internal resource processes. In combination, these factors affect 

sustainability and resilience, which in turn can inform future management actions (Brown & Williams, 

2015). Figure 6 shows the supporting factors in resilience management, there are disturbance factors that 

can disrupt the resource system, be it structure, function, process or scale, which will affect management 
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goals and objectives, and resilience and sustainability can occur. Therefore it is necessary to do management 

(management) by analyzing decisions and adaptive feedback to the resource system. This phenomenon 

occurs in the Mount Sirimau Protected Forest Group so that the management framework can be carried out 

schematically and cyclically following the system cycles that occur in nature by the objectives of managing 

natural resources which are generally in a sustainable phase. 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. Framework for resilience management resource systems (Brown & Williams, 2015). 

CONCLUSION 

Humans and forests cannot be separated even though the systems are different, but they can be united 

in a social-ecological system (SES). The integration of the two systems can be measured by a resilience index 

to know the phases that occur in the system to carry out engineering (scenarios) for sustainability 

management to minimize social and ecological trade-offs. The Mount Sirimau Protected Forest Group is 

currently in the growth (exploitation) phase if the scenario will move into the reorganization phase. To 

sustain the reorganization phase, a management framework that is collective, comprehensive and 

simultaneous in the socio-ecological system is needed. 
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