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Papua is known as a megabiodiversity area, mangroves in Yotefa Bay. 

However, Yotefa Bay is currently facing significant degradation, 

threatening both its biodiversity and the livelihoods of the local community. 

This study aimed to assess SES conditions related to mangrove ecosystem 

management in Yotefa Bay. Data were collected through literature reviews, 

structured in-depth interviews, and focus group discussion. The analysis was 

conducted using the DPSIR framework, a systems thinking approach that 

explores the causal relationships between social-economic, and 

environmental components. The study's findings indicate that the mangrove 

area in Yotefa Bay is shrinking by 37.98 hectares over the past 10 years, 

namely from 2014 to 2024, driven by population growth, undervaluation of 

the mangrove ecosystem's economic significance, limited livelihood 

opportunities for the community, low incomes, and limited knowledge of 

mangrove management. As a result, water quality is declining, mangrove 

areas are diminishing, ecosystem biodiversity is decreasing, conflicts over 

land use are escalating, and decreased carrying capacity. We recommend the 

following actions: 1) Reducing the rate of pollution by increasing 

environmental education for communities in pollution source areas; 2) 

Rehabilitatig and restoring damaged or lost mangrove areas; 3) Educating 

the community on the benefits and importance of mangrove ecosystems and 

sustainable management practices by environmental education; 4) 

Developing a collaborative management model for better resource 

governance; 5) Promoting and developing ecotourism as a means to enhance 

economic benefits while supporting conservation efforts; 6) Ensuring 

consistent implementation of the applicable rules and regulations; and 7)  

Construction of a wave damper in front of Cibery Beach. 
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         INTRODUCTION  

 

Papua is widely recognized for its extraordinary biodiversity, encompassing a vast 

array of flora and fauna across both terrestrial and marine environments. This remarkable 

diversity has earned Papua the distinction of being a megabiodiversity area (Kartikasari 

et al., 2012; Cámara-Leret et al., 2020; Murdjoko et al., 2020; Murdjoko et al., 2021). 

Numerous expeditions on the island, including those focusing on coastal and marine 

ecosystems such as mangroves, have highlighted this richness. According to The Ecology 

of Papua, the region's mangrove ecosystems support a wide variety of species, including 

approximately 30 species of reptiles, 12 species of amphibians, 250 species of birds, 50 

species of mammals, 195 species of fish, 95 species of mollusks, and 80 species of 

crustaceans (Kartikasari et al., 2012). This biodiversity is largely attributed to the 

relatively undisturbed state of Papua’s waters, the diversity of ecosystems and their 

interactions, along with the region’s unique geographical location and geological history 

(Tomascik et al., 1997; Suripto, 2000; Indrawan et al., 2007). 

Ironically, several mangrove areas in Papua are beginning to degrade, including 

Yotefa Bay. This area is now facing significant degradation (Manalu et al., 2011; 

Paulangan, 2014; Kalor & Paiki, 2021), posing a serious threat to biodiversity and the 

livelihoods of surrounding communities, particularly indigenous communities who hold 

customary rights to these resources (Paulangan et al., 2014; Elisabeth, 2019; 

Rumahorbo et al., 2020; Kalor & Paiki, 2021). This damage is closely linked to the 

local community's understanding and perception, particularly among those with 

customary rights, of the economic and socio-cultural value of the mangrove ecosystem. It 

is known that mangrove ecosystems play a crucial role in supporting the local economy, 

yet the community's dependence on these ecosystems also poses a threat to their long-

term sustainability (Auliansyah et al., 2020). In the broader context of coastal and 

marine area management, these dynamics are framed within the Socio-Ecological 

Systems (SES) paradigm approach (Adrianto & Aziz, 2006; Paulangan et al., 2021). 

This concept emphasizes the interconnectedness of humans and nature, viewing 

human and ecological systems as interrelated components of a single, integrated whole 

(Costanza, 1999; Berkes et al., 2000; Costanza et al., 2000; Berkes et al., 2003; Glaser 

& Glaeser, 2010). This concept also emphasizes the need to view humans as an integral 

part of nature and the functional interdependence between social and ecological changes 

(Berkes & Folke, 1998). This is crucial for effective management, as SES are complex 

adaptive systems (Anderies et al., 2004; Levin et al., 2013; Petrosillo et al., 2015; 

Kanwar, 2018). Understanding SES interaction and its connectivity is crucial in 

integrated management (Sidlea et al., 2013; Gillson et al., 2014), especially in 

addressing anthropogenic impacts (Virapongse & Alessa, 2016; Kanwar, 2018). The 

complexity of these dynamics is best described through the SES framework (Ostrom, 

2009; De Vos et al., 2019). One SES approach is to use the Driver-Pressure-State-
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Impact-Response (DPSIR) analysis, which assumes a causal relationship (Bradley & 

Yee, 2015). 

This study aimed to identify the condition of SES and its connectivity to 

determine the driving factors, pressures, impacts, and responses related to mangrove 

degradation in Yotefa Bay using Driver-Pressure-State-Impact-Response (DPSIR) 

analysis. Therefore, this research combined social and ecological understanding in 

addressing biodiversity loss and mangrove degradation in Yotefa Bay with the SES 

paradigm approach. 

 

         MATERIALS AND METHODS  

 

Time and location of research  

This study was conducted over a period of 7 (seven) months in 3 (three) villages 

within the Yotefa Bay area: Enggros Village, Tobati Village, and Nafri Village. These 

villages were selected for their representation of mangrove ecosystems and communal 

(customary) ownership rights in Yotefa Bay (Fig. 1). 

 
Fig. 1. Research location map 

 

Data collection techniques  

This study employed three primary methods for data collection: (1) literature 

review, (2) structured in-depth interviews using questionnaires, and (3) focus group 

discussions. The survey was conducted in the Yotefa Bay mangrove ecosystem, covering 

both mangrove forests and socio-economic infrastructure. Interviews were carried out 

with 40 respondents from each selected village, as well as 40 other stakeholders, totaling 

120 respondents. This sample size was deemed sufficient to represent the conditions and 

perceptions of the community in each village. 



Paulangan et al., 2025 2310 

Respondents were selected through purposive sampling, based on criteria such as 

their understanding of the issues being studied, their ability to articulate opinions and 

ideas, and their representation of various characteristics and backgrounds (e.g., position, 

education, age, and gender). Additionally, respondents had to be willing to participate.  

Measuring the extent of degradation in mangrove in Youtefa Bay was carried out 

by digitizing the mangrove area to form polygons from Sentinel-2 satellite imagery in 

2014 and 2024 using ArcGIS 10.2 (Rosalina et al., 2023). The 2014 digitization results 

were overlaid with the 2024 digitization results using the normalized difference 

vegetation index (NDVI) to detect the differences (Aritonang et al., 2022). 

Water quality sampling locations were selected to represent the overall water 

quality of all water sources within each village. Water samples were collected following 

standard procedures SNI 6989.57: 2008 concerning surface water sampling methods 

(BSN, 2008). Temperature, salinity, pH, and DO were measured in situ. Meanwhile, 

BOD5, nitrate, phosphate and ammonia were analyzed at the Papua Province Regional 

Hospital Laboratory. Water samples were taken in polyethylene bottles that had been 

previously cleaned using improvized sampling methods. Samples for analysis were stored 

in a cool box at a temperature of around 4-60C and were taken to the laboratory for 

chemical analysis (Bouhayene & Djebar, 2014). Secondary data were gathered through 

literature reviews of relevant journals, research reports, and other scientific sources. 

 

Data analysis  

The obtained water quality parameter data were discussed descriptively. The data 

produced in this research were compared with quality standards based on Minister of 

Environment Decree Number 51 of 2004, Government Regulation Number 22 of 2021 

concerning the Implementation of Environmentsl Protection and Management and the 

results of previous research. 

The DPSIR (Driver-Pressure-State-Impact-Response) analysis was conducted 

descriptively, presenting qualitative and quantitative data in the form of diagrams and 

tables. The DPSIR approach was used to identify and analyze the relationships between 

the factors exerting pressure on the mangrove ecosystem, allowing for an assessment of 

the intensity of human resource use and activities in coastal areas. The DPSIR conceptual 

model is a widely recognized framework that illustrates the causal relationships between 

environmental and human systems and has been extensively used for analyzing and 

assessing social-ecological system (SES) issues (Piragnolo et al., 2014; Petrosillo et al., 

2015; Balzan et al., 2019). The modified DPSIR framework, adapted from Baldwin et 

al. (2016), is depicted in Fig. (2). 
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Fig. 2. DPSIR concept (adopted from Baldwin et al., 2016) 

 

     Connectivity network analysis was conducted based on established connectivity 

patterns (Anderies et al., 2004). The results are presented graphically and discussed 

using descriptive analysis and triangulation methods (Mudjiyanto, 2018). 

Management strategy recommendations using the interpretative structural modeling 

(ISM) method developed by Saxena et al. (1992) were followed as a strategic planning 

model for identifying and concluding various relationships between factors in a particular 

problem or issue (Paulangan et al., 2022). This method helps identify factors related to 

the problem and analyze the reciprocal interactions between these factors as well as 

determine the rank order of factors and directions for solving complex problems 

(Wankhade & Kundu, 2020). This method also provides a relationship between driving 

force and dependency factors (Kumar & Sing, 2019). 

 

RESULTS  

 

Hydrological, oceanographic, and water environmental conditions 

Jayapura City features a diverse topography, ranging from plains to sloping, 

hilly/mountainous areas, flat, slightly steep to very steep, each of which has potential and 

obstacles in water infiltration, evaporation, erosion, surface flow, landslides. Yotefa Bay 

is situated in a coastal region characterized by a semi-closed (Tebay et al., 2014; 

Mandey, 2019) and is located within Yos Sudarso Bay, Jayapura City, making it a bay 

within a bay (Mandey, 2019).  

Jayapura City is home to four major rivers: the Acai River and the Kamp Wolker 

River in Abepura District, the Anfri River in North Jayapura, and the Tami River in Tami 

District. Specifically, two rivers, the Acai River and the Entrop River, flow into the 

Yotefa Bay area. According to data from BMKG and Pushidros TNI-AL, the tide pattern 

in Jayapura City is classified as a mixed tide with a prevailing semidiurnal pattern. The 
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tidal height can reach up to 1.2 meters (https://pasanglaut.com/id/papua/kota-

jayapura; BMKG, 2023). According to data from 2022-2023, wave heights in the waters 

of Jayapura City reach their peak between December and February, ranging from 1.25 to 

2 meters, which is classified as moderate. The lowest wave heights occur between June 

and September, ranging from 0.50 to 1.00 meters, classified as low (BMKG, 2023). The 

quality of the aquatic environment in Yotefa Bay has been documented in several 

research studies. The findings are summarized in Table (1). 

 

Table 1. Condition of the aquatic environment quality in Yotefa Bay 

Parameter Unit 
Quality 

Standard1,2 

Analysis 

Results 

(2024) 

Mandey, 

2019 

Manalu et al., 

2011 

Kalor & 

Paiki 

(2021) 

Handono,. 

et al., 

(2014) 

Temperature OC 28-32 28-31 30-31 - 24  

Salinity mg/l s/d 34 23-28 22-29 - 24 4.55–

24.48 

DO ppm >5 4-7,5  2.13 – 5.79 4.6  

pH - 7-8.5 7,2-8,2 6.8-8.1 7-8.5 6.8 7.01– 

7.22 

BOD5 mg/l 20 8,00-20,4 - 8.06-24.5 - - 

TSS* mg/l 80  78-186 - 89-267.5 - - 

Nitrate (NO3-N mg/l 0.008 1.85-1.98 - 0.004-0.03 - - 

Phosphate (PO4-P) mg/l 0.015 0.86-1.80 - 0.02-1.65 - - 

Ammonia(NH3-N) mg/l 0.3 2.06-3.27 - 0.03-0.24 - - 

  Source: PP No. 22/2021 concerning the Implementation of Environmental Protection and Management, 
2KepmenLH No. 51 of 2004 concerning Sea Water Quality Standards; *Mangrove; (-) no data. 

 

Based on pollution index calculations, the waters of Yotefa Bay are generally 

classified as lightly polluted (Manalu et al., 2011). According to the data presented in 

Table (1), the water quality in Yotefa Bay mostly meets seawater quality standards. 

However, several parameters exceed these standards at certain points, including dissolved 

oxygen (DO), biochemical oxygen demand (BOD5), total suspended solids (TSS), nitrate 

(NO3-N), phosphate (PO4-P), and ammonia (NH3-N). 

This suggests a significant influx of organic waste into Yotefa Bay from various 

rivers, leading to elevated BOD5 levels. High nitrate and phosphate levels are likely 

attributed to nearby land use (), with wastewater discharge also contributing to increased 

nitrate and phosphate concentrations (Pangaribuan et al., 2013; Kritiyasari et al., 2021; 

Putera et al., 2021; Paembonan et al., 2022). Waste discharge is notably high, 

particularly from the Yotefa and Buaya Rivers. Additionally, ammonia levels have 

exceeded quality standards. Ammonia in aquatic environments typically originates from 

the nitrogen cycle, involving the decomposition of organic matter or excretion by aquatic 

organisms. This inorganic compound, a form of total ammonia nitrogen (TAN), is toxic 

and can pose a threat to aquatic life. 

 

 

https://pasanglaut.com/id/papua/kota-jayapura
https://pasanglaut.com/id/papua/kota-jayapura
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Biophysical conditions of mangrove ecosystems 

The mangroves in the Yotefa Bay area have suffered significant damage over the 

years (Handono et al., 2014; Paulangan, 2014; Antoh, 2015; Hamuna & Tanjung, 

2018). Analysis indicates that, as of 2024, only 173.47 hectares of mangrove area remain 

(Fig. 8). Thus, there has been a decrease in the mangrove area of 37.98 hectares over the 

last 10 years, namely from 2014 to 2024. 

 

 
Fig. 8. Mangrove area comparison: 2014 vs. 2024 based on analysis results 

 

 The most substantial reduction in mangrove area occurred between 1967 and 

2000, as illustrated in Fig. (9). This decline is largely attributed to the conversion of 

mangrove areas into residential and commercial developments, particularly in the Entrop 

and Hamadi regions. 

 

 
 

                                    Fig. 9. Graph of changes in mangrove area 

 Source: *BPKH Region X Papua in Handono et al. (2014); **Hamuna et al. (2018); ***Analysis 

Results (2024) 
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Yotefa Bay is home to 24 mangrove species (Table 2). The mangrove vegetation 

in this area is predominantly composed of Rhizophora apiculata, followed by Rhizophora 

mucronata and Rhizophora stylosa (Lewaherilla, 2007; Paulangan, 2007; Hamuna et 

al., 2018; Handono et al., 2018; Randongkir et al., 2019). 

 

 

Table 2. Mangrove species found in Yotefa Bay 
Mangrove Species Randongkir, 

et al. (2019) 

Lewaherilla, 

(2007) 

Hamuna, 

et al. 

(2018) 

Handono, 

et al. 

(2018) 

Paulangan 

(2007) 

Analysis 

Result 

(2024) 

Rhizophora mucronate - √ √ √ √ √ 

R. apiculate √ √ √ √ √ √ 

R. alba - √ - - - - 

R. Stylosa - - √ √ √ √ 

Avicennia alba √ - √ √ √ √ 

A.marina - - - - √ √ 

Acrosticum spesiosum √ - - - - √ 

Ceripos decandra √ - - - - √ 

Ceriops tagal - √ - √ √ - 

Aegiceras corniculatum - - - - √ - 

Scyphyphora hydrophylacea - - - - √ √ 

Pandanus tectorius √ - - - - √ 

Sonneratia caseolaris - √ - √ - √ 

S. ovata - √ √ √ - √ 

S. alba √ - √ √ √ √ 

Xylocarpus menkongensis √ - - - - - 

X. granatum - - √ √ √ √ 

X. mollucensis - - - - √ - 

Acrostichum speciosum √ - - - - - 

Bruguiera cylindrica √ - √ - √ √ 

B. gymnorrhiza - - √ √ √ √ 

Casuarina sp. √ - - - - √ 

Derris trifolia √ - - - - - 

Nifa fruticans  √   √  

Note: (√) indicates presence; (-) indicates absence 

Community perceptions on mangrove degradation, deforestation, and its impacts 

 Research and interviews with communities in the three villages reveal that 

mangrove degradation and deforestation are primarily driven by the conversion of 

mangrove land into residential areas, clearing of mangrove forests for road and bridge 

construction, pond creation, and extraction of building materials. All respondents 

indicated that the mangrove condition has significantly deteriorated over the past 20 

years. Additionally, respondents reported a decrease in fish catches, consistent with 

several studies indicating that fisheries production is closely linked to the extent of 

mangrove forests (Botero et al., 2019; Carrasquilla-Henao et al., 2019; Ismail et al., 

2019). 

 

 



Social-Ecological Systems Study of Biodiversity Threats and Mangrove Ecosystem Degradation in 

Yotefa Bay, Jayapura City, Indonesia 
 

 

2315 

 

Social characteristics  

The total population in the three study villages is 1,914 individuals, as detailed in 

Table (3). 

 

Table 3. Population of Enggros, Tobati, and Nafri Villages 

Village Name 
Number of people Total 

Men Women 

Tobati Village 181 172 353 

Enggros Village 265 260 525 

Nafri Village 506 530 1036 

Total 952 962 1914 

    Source: Village Profile Data (2023). 

Based on the occupational groups by household head (Table 4), fishing is the most 

dominant occupation across the three villages, with the highest concentration in Enggros 

Village. 

 

Table 4. Occupational groups by head of household 
Occupational Groups* Enggros 

Village 

Tobati 

Village 

Nafri 

Village 

Total 

Fishermen 116 30 44 190 

Civil Servants 26 29 38 93 

Military/Police 7 5 8 20 

Farmers - 20 118 138 

Total 149 84 208 441 

    Source: Village Profile Data (2023). 

 

DISCUSSION 

 

The DPSIR condition of the Yotefa Bay mangrove ecosystem is illustrated in Fig. 

(11) as follows: 
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Fig. 11. SES framework in mangrove ecosystem in Yotefa Bay 

 

As depicted in Fig. (11), the damage and loss of biodiversity in the Yotefa Bay 

mangrove ecosystem (Manalu et al., 2011; Paulangan, 2014; Kalor & Paiki, 2021) are 

driven by several factors, including population growth, undervaluation of the mangrove 

ecosystem’s economic benefits, limited community livelihoods, low incomes, inadequate 

knowledge of sustainable mangrove management and climate change. These factors 

contribute to various issues, such as deteriorating water quality, reduction in mangrove 

area, loss of biodiversity (affecting mangroves, fish resources, and other economically 

important species), increased conflicts over land use, and a decline in the overall carrying 

capacity of the mangrove ecosystem. Damage to the mangrove ecosystem and loss of 

biodiversity will ultimately impact the native communities around the Yotefa Bay area 

(Paulangan et al., 2014; Elisabeth, 2019; Rumahorbo et al., 2020; Kalor & Paiki, 

2021). 

Currently, the government and other stakeholders have implemented several 

responses, including: the formulation of the RZWP3K (Coastal Area and Small Islands 

Zoning Plan) for Papua Province, enacted in 2022; the rehabilitation and restoration of 

damaged and lost mangroves through a collaborative mangrove planting program; the 

development of Adjahfuk mangrove tourism in Tobati Village; the installation of 

embankments at Cibery Beach; and the promotion of environmental education. 

The primary threats to the mangrove ecosystem in Yotefa Bay include: increased 

waste volume, land conversion for settlement and infrastructure development (such as 

roads and bridges), pond creation, intensive ecosystem utilization, and the transfer of land 

rights through sales by indigenous peoples. Pollution in Yotefa Bay is notably high, 

particularly from solid waste entering via the Yotefa River and Buaya River, which 
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significantly impacts communities in Enggros, Tobati, and Nafri Villages (Manalu et al., 

2011). 

The conversion of mangrove areas for settlements and businesses is particularly 

pronounced in the Hamadi area of Tobati Village. Investigations reveal that most 

mangrove areas in Hamadi have been sold and certified, largely due to its strategic 

location near urban areas and the expansion following the construction of the ring road. 

This area has seen significant transformation into settlements. Additionally, the transfer 

of land rights from indigenous peoples to private entities has been ongoing for some time. 

Another significant threat is coastal erosion around Cibery Beach, exacerbated by 

the construction of the Yotefa Bridge. The bridge’s pillars have altered current patterns, 

leading to increased erosion of the Cibery Beach area. 

 

DPSIR SES connectivity in Yotefa Bay 

The DPSIR connectivity of the SES in Yotefa Bay is illustrated in Fig. (12). 

 

 
 

Fig. 12. Complex DPSIR connectivity model of the mangrove ecosystem in Yotefa Bay 

 

The community in Yotefa Bay, with its varied social conditions, can influence the 

ecological system, and conversely, changes in the ecological system can impact social 

and cultural conditions. The dynamics of the mangrove ecosystem in Yotefa Bay affect 

local community activities, including those of fishermen, wood collectors, building 

material gatherers, tourism operators, and others. 

The SES connectivity pattern in Yotefa Bay illustrates how changes and damage 

to the mangrove ecosystem impact community livelihoods. The network model derived 

from the connectivity of the DPSIR SES components in Yotefa Bay represents a complex 
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system (Fig. 12). The study’s findings indicate that factors such as population growth, the 

undervaluation of the mangrove ecosystem's economic benefits, limited livelihood 

opportunities, low incomes, and insufficient knowledge of sustainable mangrove 

management contribute to ecosystem damage and biodiversity loss in Yotefa Bay. 

 

Identify management strategies 

Based on the results of the analysis, it was found that there are 4 issues and 

problems that are in quadrant 3 (linkage) which means they have high influence and 

dependence so that these issues and problems need to receive main attention (Fig. 13), 

namely increasing water pollution (waste: solid and liquid) [I5]; massive conversion of 

mangrove land (opening of roads and bridges, ponds and settlements) [I6]; transfer of 

ownership rights (buying and selling land) by the community [I7], abrasion on Cibery 

Beach [I8 ]. In other words, in the context of managing the mangrove ecosystem in 

Yotefa Bay, these issues and problems need to receive a major response in their 

resolution. 

 

 
 

 

                  Fig. 13. Matrix of issues and problems power-dependence drivers 

Description: [I1] Increase in population [I2] Climate change (uncertain weather), [I3] Limited alternative 

livelihoods and low community income, [I4] Limited community knowledge in managing mangrove 

ecosystems, [I5] Increased water pollution (solid waste and liquid waste), [I6] Massive conversion of 

mangrove land (opening of roads and bridges, ponds and settlements), [I7] Transfer of ownership rights 

(buying and selling land) by the community, [I8] Abrasion on Cibery Beach, [I9] Increased conflicts over 

use and ownership of areas, [I10] Decrease in fishermen's catches, and [I11] Sea water intrusion. 
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CONCLUSION 

 

Based on the results of research by combining the understanding of social and 

ecological systems in sustainable mangrove management which contributes to ecosystem 

damage and loss of biodiversity in Yotefa Bay, several issues and problems were found. 

The DPSIR analysis reveals that the damage and loss of biodiversity in Yotefa Bay are 

primarily driven by factors such as population growth, undervaluation of the mangrove 

ecosystem's economic benefits, limited community livelihoods and low incomes, and 

inadequate knowledge of sustainable mangrove management. These issues have led to 

several negative outcomes, including decreased water quality, reduced mangrove area, 

diminished biodiversity (affecting mangroves, fish resources, and other economically 

important biota), increased conflicts over land use, and a decline in the overall carrying 

capacity of the mangrove ecosystem. The main management strategy based on issues and 

problems, namely increasing water pollution (waste: solid and liquid), massive 

conversion of mangrove land (opening of roads and bridges, ponds and settlements), 

transfer of ownership rights (buying and selling land) by the community, abrasion on 

Cibery Beach. 

RECOMENDATION  

 

To address these challenges, the following recommendations are proposed: 1) 

Reducing the rate of pollution by increasing environmental education for communities in 

pollution source areas; 2) rehabilitating and restoring damaged or lost mangrove areas; 3) 

educating the community on the benefits and importance of mangrove ecosystems and 

sustainable management practices by environmental education; and 4) developing a 

collaborative management model for better resource governance. In addition, it is 

recommended to 5) promote and develop ecotourism as a means to enhance economic 

benefits while supporting conservation efforts; 6) ensure consistent implementation of the 

applicable rules and regulations; and 7)  construction a wave damper in front of Cibery 

Beach. 
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