
BI ODI VE RS I TAS  ISSN: 1412-033X 

Volume 24, Number 7, July 2023 E-ISSN: 2085-4722  
Pages: 3735-3742 DOI: 10.13057/biodiv/d240710 

Changes in density level and mangrove land cover on Teluk Pandan 

Coast, Lampung, Indonesia, after 10 years of community-based 

management 

QADAR HASANI♥, AYU ANISA, ABDULLAH AMAN DAMAI, DARMA YULIANA, INDRA GUMAY YUDHA, 

DAVID JULIAN 

Department of Aquatic Resources, Faculty of Agriculture, Universitas Lampung. Jl. Prof. Sumantri Brojonegoro No. 1, Gedong Meneng, Bandar 

Lampung 35145, Lampung, Indonesia. Tel/fax.: +62-721-770347, ♥email: masqod@fp.unila.ac.id 

Manuscript received: 7 May 2023. Revision accepted: 7 July 2023.  

Abstract. Hasani Q, Anisa A, Damai AA, Yuliana D, Yudha IG, Julian D. 2023. Changes in density level and mangrove land cover on 
Teluk Pandan Coast, Lampung, Indonesia, after 10 years of community-based management. Biodiversitas 24: 3735-3742. The mangrove 

ecosystem in the Teluk Pandan coastal area, Pesawaran District, Lampung Province, Indonesia, is part of the mega-biodiversity of 

mangroves in Indonesia. Specifically, the mangrove in this region has changed due to tourism, aquaculture, settlement activities and coastal 

abrasion. This study aimed to assess the changes in density level and area change of the mangrove forests at five coastal villages in Teluk 
Pandan during the period of community management from 2010 to 2020. The effort and success of the rehabilitation were reported in this 

study can be useful as a consideration of sustainable management of mangrove ecosystem both in Lampung and in other areas in Indonesia. 

Mangrove area was estimated through field surveys and data processing of satellite imagery from Landsat 5 in 2010 and Landsat 8 in 2020. 

The mangrove density level and area change were calculated by layering images of mangrove distribution from different years. The 
classification of mangrove density was determined based on the NDVI value. Satellite imagery was compared with field data collected from 

20 observation points at five villages to ensure the density level and interpretation accuracy. Image data analysis showed the changes in 

mangrove area from 109.80 ha in 2010, an increase of 16.39% to 127.80 ha in 2020. The area of mangrove forest in the rare category 

decreased by 49.35%, the moderate category increased by 39.13%, and the dense category increased by 109.71%. The study confirmed the 
successful effort to manage and preserve mangroves in Teluk Pandan Sub-district. Eventually, community-based mangrove management 

(CBMM) and cross-sectoral and multi-stakeholder management (co-management) has become the core strategy in the successful 

management of mangrove at five coastal villages in Teluk Pandan Sub-district. 
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INTRODUCTION  

Mangrove ecosystem is a special feature of the 

intertidal zone on tropical and subtropical coasts (Srikanth 

et al. 2015; UNEP 2020). Mangroves play a vital role in 

estuary and coastal ecosystems (Kumar et al. 2014). 

Mangrove forests are among the most productive and 

biologically valuable ecosystems on Earth (Srikanth et al. 
2015). Mangrove ecosystem is ecologically significant and 

provides socio-economic benefits in tropical and 

subtropical coastal areas (UNEP 2020; Nguyen et al. 2021; 

Arifanti et al. 2022). Mangrove forests help to stabilize 

coastlines and reduce the impact of severe natural disasters 

(Giri et al. 2011; Srikanth et al. 2015; Yuliana et al. 2019), 

such as tsunami and hurricane (Kumar et al. 2014; Arifanti 

et al. 2022). Ecologically, mangrove forests provide 

breeding and nursery grounds for various species of marine 

fish, shellfish and other wildlife (Kumar et al. 2014; UNEP 

2020; Nyangoko et al. 2022). Furthermore, mangroves 

offer economic opportunities such as food, medicines, fuel 

and building materials (Giri et al. 2011; Srikanth et al. 

2015; Tetelepta et al. 2020).  

The total mangrove area in the world is around 160,000 

km2 (FAO 2003). Another source says the global area is 

150,000 km2 (UNEP 2009). Indonesia, Australia, Brazil, 
and Nigeria are home to approximately 43% of the world's 

mangrove forests (FAO 2003). More than 20% of the 

world's mangrove area is governed by Indonesia (Sarhan 

and Tawfik 2018). Over the archipelago, Indonesia holds 

3.3 million hectares of "mega-diversity" mangrove forests. 

(Arifanti et al. 2022). Nonetheless, it is estimated that 10-

33% of Indonesia's mangrove areas have been degraded 

and converted in recent decades (Kusmana 2011; Arifanti 

et al. 2019), primarily as a result of coastal development 

activities including aquaculture, logging, mining, 

reclamation and pollution (Arifanti et al. 2019; Arifanti et 

al. 2022). Global mangrove cover loss due to conversion to 

non-mangrove land uses such as shrimp pond cultivation 

and expansion, agricultural development, and mangrove 

clearing for human settlements is always happening (FAO 

2007; Nguyen 2014; Nguyen et at. 2021). Therefore, it is 

important to monitor mangrove forests for changes in land 
use and to detect deforestation and mangrove degradation 

(Nguyen et al. 2021).  

Teluk Pandan coastal area is part of the Pesawaran 

District, Lampung Province, Indonesia. According to 

Irawan et al. (2019), in 2010, the total area of mangrove 

forests on Teluk Pandan coast was 79.00 ha. This area is 



 B I O DI VERS I TAS  24 (7): 3735-3742, July 2023 

 

3736 

part of 866.149 ha of mangroves in Lampung Province 

(Kusmana 2011). The area of mangroves in Teluk Pandan 

Sub-district has changed from year to year. The changes 

occur as a result of the use of mangrove forest land for 

settlement, tourism, and aquaculture, as well as natural 

factors such as beach abrasion (Emiyati et al. 2014; Firdaus 

et al. 2021; Hasani et al. 2022). In several locations, coastal 

areas in Lampung Province are also often used as sand 

mining lands (Hasani et al. 2021a; Hasani et al. 2021b). 

During this time, however, the government, state-owned 

enterprises (BUMN), non-governmental organizations 

(NGOs), the private sector and the environmental 
community carried out various programs and conservation 

activities such as mangrove restoration. This study aimed 

to assess the changes in density level and area change of 

the mangrove forest on Teluk Pandan coast during the 

period of community management from 2010 to 2020. This 

research also attempted to inform the efforts and success of 

mangrove rehabilitation and management at Teluk Pandan 

coast. Information on changes in mangrove area and 

density level is urgently needed to accelerate problem 

solving and seek steps to prevent mangrove forest 

degradation (Waiyasusri 2021), as well as important for 

sustainable management of the mangrove ecosystem and 

for improving the welfare of coastal communities in Teluk 

Pandan Sub-district.  

MATERIALS AND METHODS  

Research sites  
This research was conducted at 5 (five) coastal villages 

in Teluk Pandan Sub-district, Pesawaran District, Lampung 
Province, namely Hurun Village, Hanura Village, Sidodadi 

Village, Gebang Village and Batu Menyan Village (Figure 

1). 

Research methods 
In addition to using remote sensing technology with 

high-resolution satellite imagery, field observations were 

performed to validate the condition of the area through 

social-ecological interactions of coastal communities. The 

expected results are descriptively identifying changes in 

mangrove area and density levels in coastal areas with 

different time series (2010 and 2020), and formulating 

sustainable mangrove forest policy strategies at five coastal 

villages in Teluk Pandan Sub-district, Pesawaran District, 

Lampung, Indonesia. 

Mangrove cover area estimation and mapping 
Mangrove area data was estimated through field 

surveys and data processing of satellite imagery from 

Landsat 5 in 2010, and Landsat 8 in 2020 managed by 

National Aeronautics and Space Administration (NASA) 

and the United States Geological Survey (USGS). The 

stages of data processing include: (i) Satellite imagery data 
downloading; (ii) Radiometric and atmospheric correction; 

(iii) Image cropping; (iv) Supervised classification; (v) 

Creating composite images or band combinations; (vi) 

imagery interpretation; (vii) Normalized difference 

vegetation index (NDVI) transformation; (viii) Overlay; 

and (ix) Map layouts (Ramdani et al. 2019; Nguyen et al. 

2020a). Satellite imagery data from Landsat 5 and Landsat 

8 are downloaded from http://earthesplorer.usgs.gov 

according to certain paths and rows. The coastal area of 

Teluk Pandan Sub-district, Pesawaran District, Lampung 

Province, Indonesia is located on path 123 and row 64. 

ArcGis 10.3, Google Earth, Microsoft Excel 2010 and Envi 

5.3 were used for data processing. The flow chart of the 

main research methods is illustrated in Figure 2. 

 

 

 
 

Figure 1. The study locations in Teluk Pandan Sub-district, Pesawaran District, Lampung Province, Indonesia  
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Figure 2. Flow chart of research methods (modified from Waiyasusri 2021) 

 

 

The mangrove density level and area change were 

calculated by layering images of mangrove distribution 

from different years (Irawan et al. 2019), in this case, the 

distribution of mangroves in 2010 and 2020. Classification 

of mangrove density is obtained from NDVI which is 

calculated as the ratio between the near infrared radiation 

bands (NIR) with the red band (RED) in the 

electromagnetic wave (Ramdani et al. 2019; Nguyen et al. 

2020b; Nguyen et al. 2021). 

 

  

 

Description: 

NDVI : Normalized Difference Vegetation Index 

NIR : Near Infrared Radiation band 

RED : Red band 

 

The NIR band has a wavelength range from 0.70 to 

1.00 µm, while the red band is from 0.40 to 0.70 µm 

(Nguyen et al. 2021). Classification of mangrove density 

based on NDVI values refers to Papilaya (2013) and 
Irawan et al. (2019), namely rare-density vegetation (NDVI 

0.01-0.32), moderate-density (NDVI 0.33-0.42) and dense 

(NDVI 0.43-1.00). A ground check was performed at 20 

observation points to ensure the accuracy of the 

interpretation of Landsat 5 and 8 satellite imagery and field 

conditions (each village was represented by 4 observation 

points). According to the Regulation of Geospatial 

Information Agency of the Republic of Indonesia No. 

15/2014, the accuracy value is considered good if the 

suitability of the image and field conditions is at least 

85.00%. Equation 2 calculates the percentage of 

interpretation conformity. 

 

 
 

Examination of mangrove density in the field refers to 

the Decree of Environment Minister of the Republic of 

Indonesia No. 201/2004, i.e. dense category (mangrove 

cover area >75% or there are >1,500 trees per hectare); 

medium category (mangrove cover area ≥50-<75% or 

1,000 < µ <1,500 trees per hectare) and rare category 

(mangrove cover area <50% or <1,000 trees per hectare). 
Envi 5.3 software was used for digital data processing 

while overlay and layout of the base map, satellite imagery 

and maps of changes in mangrove area were carried out 

using ArcGIS 10.3 software. 

RESULTS AND DISCUSSION 

This study included five coastal villages in Teluk 

Pandan Sub-district, Pesawaran District, Lampung 

Province, Indonesia. Teluk Pandan's coastal area is 

overgrown with mangroves and sea coral reefs, with a 

muddy sand beach type that has high genetic resources and 

is commonly used as a tourism destination (BPDASHL 

2020). Teluk Pandan Sub-district is one of the most 

important coastal and beach tourism centers in Lampung 

Province (Purnomo et al. 2019; Hasani et al. 2022), 

including mangrove ecotourism. The coastal area of Teluk 
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Pandan is also an important aquaculture activities center in 

Pesawaran District (Hasani et al. 2012; Hasani et al. 2022). 

According to satellite imagery, the area of mangroves at 

five coastal villages of Teluk Pandan in 2010 was 109.80 

ha. The majority of it, or approximately 56.15 ha, is a rare 

category (NDVI 0.11-0.32). An area of 18.63 hais 

classified as moderate (NDVI 0.33-0.42) and 35.02 hais 

classified as dense (NDVI 0.43-1.00) (Table 1). In 2020, 

the area of mangroves increased by 16.39% (48.80 ha) to 

127.8 ha. In comparison with 2010, the area of mangrove 

forest in the rare category decreased by 49.35%, the 

moderate category increased by 39.13%, and the dense 
category increased by 109.71% in 2020 (Table 1).  

The highest increase in mangrove forest area during ten 

years of community management was in Batu Menyan 

Village, which was 5.80 ha or a 25.82% increase from the 

mangrove forest area in 2010, followed by Hanura Village, 

which increased by 5.10 ha (17.00%), Sidodadi Village 

increased by 4.00 ha (18.71%); Hurun Village increased by 

3.10 ha (14.26%), while the mangrove area in Gebang 

Village was stagnant. In total, the area of mangrove forests 

in Teluk Pandan Sub-district increased by 18.00 ha or 

16.39% compared to 2010 (Table 2). 

Changes in mangrove area based on its density category 

in Teluk Pandan Sub-district can be seen in the map 

(Figure 3). In 2010, the thematic map shows mangrove area 

dominated by red and yellow colors indicating rare and 

moderate-density categories. Meanwhile, in 2020 the map 

shows a predominance of green, indicating dense mangrove 

categories. The ground check results for 20 observation 
points, based on significant changes in the color of the image 

map, there are 17 confirmed correct points. Therefore, the 

interpretation conformity shows a value of 85.00%. This 

value meets the requirements for the accuracy of image 

interpretation on maps and field observation data as 

stipulated in the regulation of the Geospatial Information 

Agency of the Republic of Indonesia No.15/2014. 

Based on observations in the mangrove area at five 

coastal villages, Hanura Village had the highest increasing 

level in good/dense category, followed by Hurun Village. 

The area of dense mangroves at Hanura Village has 

increased by 854.84%, while it has increased by 160% at 

Hurun Village (Table 3). The area of mangrove in the 

dense category at Gebang Village has increased by 31.25%, 

while at Sidodadi Village, it has increased slightly by 

2.53%, but the area of mangrove in the moderate category 

has increased sharply by 106.90%. As seen in Table 3, 
mangrove area in the rare-density category at those four 

villages has decreased. This shows that the government, the 

community and other stakeholders have been successful in 

managing the mangrove ecosystem. This is known as co-

management (Aheto et al. 2016; Zaldívar-Jiménez et al. 

2017; UNEP 2020), which is a multi-stakeholder and cross-

sectoral approach to mangrove management (UNEP 2020; 

Arifanti et al. 2022). 

Since 2010, the mangrove ecosystem at Sidodadi 

Village has been among the best of any other coastal 

villages. Most of the mangrove forests at Sidodadi Village 

were included in the dense category (high density). 

Mangrove forests in the dense category covered an area of 

14.22 ha at Sidodadi Village, which was larger than the 

rare category (8.55 ha) and the moderate category (2.61 

ha). The area of mangrove in the dense category at Gebang 

Village during the period 2010 to 2020 has increased by 

24.00%. The area of mangroves in the rare category has 

decreased by 1.80 ha (-53.00%), while the area of mangroves 

in the moderate category has remained relatively constant 

(Table 3).  
 
 

Table 1. Mangrove density and NDVI class intervals in five 

coastal villages in Teluk Pandan Sub-district, Pesawaran District, 

Indonesia between 2010 and 2020 
 

NDVI Class 
Area (ha) Change 

(%) Year 2010 Year 2020 

0.11-0.32 Rare 56.15 28.44 -49.35 
0.33-0.42 Moderate 18.63 25.92 39.13 

0.43-1.00 Dense 35.02 73.44 109.71 

Total area 109.80 127.80 16.39 

Note: The minus sign (-) indicates a decrease in the area of 

mangrove 

 
 

 

Table 2. Total area changes of mangrove forests at five coastal 

villages in Teluk Pandan Sub-district, Pesawaran District, Indonesia  
 

Village 
Mangrove area (ha) Area changes 

(m2) 

Percentage 

(%) 2010 2020 

Hurun 21.74 24.84 3.10 14.26 
Hanura 30.00 35.10 5.10 17.00 

Sidodadi 21.38 25.38 4.00 18.71 

Gebang 14.22 14.22 0.00 0.00 

Batu Menyan 22.46 28.26 5.80 25.82 
Teluk Pandan 109.80 127.80 18.00 16.39 

 
 

Table 3. Mangrove forest area at five coastal villages in Teluk 

Pandan Sub-district, Pesawaran District, Indonesia based on 

density category 
 

NDVI 
Density 

category 

Area (ha) Area 

changes 

(ha) 

Percentage 

(%) 2010 2020 

 Hurun      

0.11-0.32 Rare 14.00 5.67 -8.30 -59.50 

0.33-0.42 Moderate 2.34 5.13 2.79 119.23 
0.43-1.00 Dense 5.40 1.40 8.64 160.00 

 Hanura      

0.11-0.32 Rare 21.00 4.50 -16.5 -78.57 

0.33-0.42 Moderate 6.21 3.96 -2.25 -36.23 
0.43-1.00 Dense 2.79 26.64 23.85 854.84 

 Sidodadi      

0.11-0.32 Rare 8.55 5.40 -3.15 -36.84 

0.33-0.42 Moderate 2.61 5.30 2.69 105.90 
0.43-1.00 Dense 10.22 14.68 4.46 42.66 

 Gebang      

0.11-0.32 Rare 5.22 3.42 -1.80 -34.48 

0.33-0.42 Moderate 3.24 3.24 0.00 0.00 
0.43-1.00 Dense 5.76 7.56 1.80 31.25 

 Batu Menyan      

0.11-0.32 Rare 7.38 9.45 2.07 28.05 

0.33-0.42 Moderate 4.23 8.19 3.96 93.62 
0.43-1.00 Dense 10.85 10.60 -0.25 -2.12 
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Figure 3. Mangrove Map of NDVI in the year 2010 and 2020 at five Coastal Villages in Teluk Pandan Sub-district, Pesawaran District, 
Indonesia 

 

 

 

  
 

  
 

Figure 5. Mangrove forests condition at coastal villages of Teluk Pandan, Pesawaran District, Indonesia 
 

 

 

Discussion  
Before 2010, there had been a decrease in the area of 

mangrove forests in Teluk Pandan Sub-district. Coastal 

abrasion (Emiyati et al. 2014) and the logging of mangrove 
forests for the expansion of shrimp ponds (Irawan et al. 

2015; Firdaus et al. 2021; Hasani et al. 2022), settlement 

(Emiyati et al. 2014; Tresiana et al. 2022) and tourism 

(Nabilah et al. 2021) have resulted in a low area of 

mangroves in dense category. In 2015, some of the ponds 

were no longer in operation, therefore replanting or 

rehabilitation of mangroves was carried out on vacant land 

by the Maritime Affairs and Fisheries Agency of 

Pesawaran District, mangrove activists, volunteers and 

some local communities so that currently, there is an 

increase in the area of mangrove forests. This type of 

management program is also known as collaborative 
management (Jhaveri et al. 2018; Hamzah et al. 2020) or 

“co-management” (Muqorrobin et al. 2013; Hamzah et al. 

2020; Gnansounou et al. 2021; Gnansounou et al. 2022). 

This program has shown positive results, as indicated by a 

growth in the area of mangroves with an NDVI value of 

0.43-1.00 (dense category).  

Implementation of co-management between the 

government and coastal communities in the framework of 

2010 2020 
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mangrove rehabilitation and management at coastal 

villages of Teluk Pandan begins with the formation of 

community groups that monitor mangrove conservation. 

The group cooperates with the government through the 

Mangrove Labor-Intensive Program (PEN-PKPM), which 

is a program of the Ministry of Environment and Forestry 

of the Republic of Indonesia through Drainage-Area 

Management Agency (BPDASHL) of Way Seputih-Way 

Sekampung, Lampung Province. Such collaborative 

management between the government, state-owned 

enterprises (BUMN) and community has already taken 

place in several regions in Indonesia (Kusmana 2011; 
Arifanti et al. 2022), for instance, mangrove management 

in Tanjung Puting and Bali Barat National Parks (Kusmana 

2011); co-management of mangrove in the Pasarbanggi 

Village, Rembang District, Central Java (Muqorrobin et al. 

2013); mangrove management in Rimau Island, South 

Sumatera (Yuliana et al. 2019); co-management for 

rehabilitation of mangrove in Langkat District (Hamzah et 

al. 2020), etc.  

The increase of mangrove forests at Hurun and Hanura 

Villages was the result of a mangrove restoration program 

on abandoned pond areas. The program at Hurun Village 

was initiated by the Mangrove Management Group (KPM) 

Andana and KPM Sejahtera. Community-based mangrove 

rehabilitation and management program have proven 

successful in several management areas in Lampung, for 

example, Lampung Mangrove Center (LMC) in Margasari 

Village, East Lampung District (Kustanti et al. 2012; 

Qurniati et al. 2017); and Mangrove Forest Restoration by 
Fisheries Communities in Lampung Bay (Firdaus et al. 

2021). The mangroves at Hurun Village are extensive and 

in good condition, growing along the coastline from Hurun 

Village to Hanura Village. In 2015, the Coca-Cola Euro 

Pacific Partners Program (CECEP) and PT Pelindo 

(Indonesian Port Corporation) each donated 1,000 mangrove 

seedlings to mangrove management and rehabilitation 

activities at Sidodadi Village, while Sumatra Institute of 

Technology (ITERA) students contributed 200 mangrove 

seedlings to the village. In addition, the village authority 

and the community independently also held a reforestation 

program of 200 trees along the coast of the village. 

Currently, Sidodadi Village has become one of the 

destinations for mangrove ecotourism in Pesawaran District. 

The development of mangrove ecotourism by the community 

since 2021 has raised the community's awareness about the 

importance of maintaining and rehabilitating mangroves in 
order to change or restore damaged mangrove ecosystems. 

Mangrove management programs at Sidodadi Village have 

achieved excellent results, with the area of rare-density 

mangrove forests reduced from 8.55 ha in 2010 to only 

5.40 ha in 2020, as well as the area of moderate mangrove 

forests increased by 106.90%. According to ground check 

of mangrove species, it's found at least seven species 

growing in coastal areas at five research sites i.e. 

Rhizophora mucronata, Rhizophora stylosa, Rhizophora 

apiculata, Avicennia sp., Bruguiera parviflora and Ceriops 

sp. These species are the most common in the coastal areas 

of Lampung Province (Kustanti et al. 2012; Qurniati et al. 

2017; Firdaus et al. 2021; Tresiana et al. 2021). The study 

of land cover change use NDVI in the mangrove area of 

Teluk Pandan can be used to study other coastal areas at 

the local and regional levels (Waiyasusri 2021). This 

approach can determine the boundaries of mangrove forests 

and other types of land cover accurately, quickly and 

efficiently in the context of changes that are occurring with 

mangrove forests around the world (Waiyasusri and 

Chotpantarat 2022). 

The mangroves at Gebang Village are currently in the 

form of seedlings, saplings and trees that are scattered 

across the mangrove ecotourism site. Replanting mangroves 

with the assistance of stakeholders have frequently been 
carried out. PT. Indofood Sukses Makmur supplied 4,000 

mangrove seedlings in 2014, the Deputy Governor of 

Lampung aided in planting 36,000 mangrove seedlings in 

2015, KPM Artala planted 500 mangrove seedlings in 

2018, and the PT. Perusahaan Listrik Negara (Indonesian 

State Electricity Company) Cares Program gave 3,500 

mangrove seedlings in 2019. The success rate of planting 

mangroves at the village is estimated at 80.00%. The 

voluntary formation of community groups conserving 

mangroves contributes to the program's effectiveness. 

Furthermore, Gebang Village has initiated the establishment 

of village-owned enterprises (BUMDes) involved in 

mangrove ecotourism management. In several countries, 

community-based management of mangrove forests has 

been quite successful, with management groups based on 

local wisdom, such as the establishment of a natural 

resource management committee (NRMC) for mangroves 

in Nhagau Mozambik (UNEP 2020); shore management 
unit (BMU) in Pangani Magharribi and Bweni Tanzania 

(Nyangoko et al. 2021); and community-based mangrove 

management (CBMM) for mangrove rehabilitation in Nga 

Son and Hau Loc District, Vietnam (Datta et al. 2012; 

Kongkeaw et al. 2019); co-management-based mangrove 

rehabilitation in Volta Estuary, Ghana (Aheto et al. 2016) 

and Terminos Lagon, Meksiko (Zaldívar-Jiménez 2017). 

This management strategy, which focuses on user decision-

making and distribution of mangrove resources, can assure 

local engagement (Kongkeaw et al. 2019; Nguyen et al. 

2020a).  

The area of mangrove forest in the dense category at 

Batu Menyan Village has decreased slightly by 0.25 ha (-

2,12%), while in the rare-density category has increased by 

28.05%. Land conversion into settlements, expansion of 

shrimp ponds, and abrasion appear to be responsible for 

such conditions (Hasani et al. 2012; Emiyati et al. 2014; 
Firdaus et al. 2021; Hasani et al. 2022). This situation has 

raised concerns among the community. Following this, the 

people, the government and the private sector have worked 

together to restore the ecological status of mangrove forests 

by replanting or rehabilitating them. Among the efforts that 

have been made are the planting of 600 mangrove 

seedlings by the University of Lampung's environmentalist 

student group in 2015 and the planting of 1,000 mangrove 

seedlings by Bandar Lampung University in collaboration 

with PT. Pertamina (Indonesian State Oil and Natural Gas 

mining Company) in 2016. The Government of Pesawaran 

District also took part in mangrove rehabilitation activities 

by donating 3,000 mangrove seedlings in 2018. These 
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efforts have succeeded in increasing the area of mangroves 

in moderate category by 3.90 ha or 93.62% compared to 

2010. In this case, Qurniati et al. (2017) and Firdaus et al. 

(2021) have reviewed the success of co-management and 

CBMM in Teluk Pandan Sub-district and Pesawaran 

District. This recent study also confirmed the success of 

CBMM and conservation efforts at five coastal villages in 

Teluk Pandan Sub-district, Pesawaran District, Lampung, 

Indonesia. However, an increase in tourism activity in the 

Teluk Pandan mangrove area deserves attention, because it 

can result in the expansion of villages and indigenous 

communities into dense communities to support tourism 
services (Waiyasusri 2021). For example, due to the 

development of tourism, the coastal area which was once a 

mangrove, agricultural and community area along the west 

coast of Koh Chang in Thailand has now mostly turned into 

hotels and resorts (Waiyasusri and Chotpantarat 2022). 

In conclusion, apart from being popular as a mangrove 

ecotourism center, the coastal area of Teluk Pandan is also 

an important aquaculture center in Lampung Province. 

Collaborative (co-management) and community-based 

management and rehabilitation of mangroves (CBMM) 

during 2010-2020 has proven to increase the area and 

quality of mangrove cover at five coastal villages in Teluk 

Pandan Sub-district, as shown in the analysis of satellite 

imagery. The area of mangroves in the dense and moderate 

categories has increased significantly, while in the rare 

density has drastically decreased. The accomplishment was 

the result of rehabilitation programs and mangrove 

conservation efforts carried out by the government, state-
owned enterprises (BUMN), non-governmental organizations 

(NGOs) and the private sector as well as the environmentalists 

during this period.  

A cross-sectoral and multi-stakeholder participatory 

approach to mangrove management has become a core 

strategy in Teluk Pandan Sub-district, as well as in many 

other countries. Brazil, Ghana, Mozambique, Tanzania, 

Vietnam, Mexico, and Indonesia are among the countries 

that have succeeded in developing collaborative management 

of mangrove forests. The successful rehabilitation and 

management of mangroves in Teluk Pandan, Lampung, is 

an example of co-management and optimizing local 

community participation. With this management approach, 

the area of mangrove forests in Teluk Pandan Sub-district 

not only increased, but it was also possible to reduce the 

mangrove area in rare density and increase the dense 

category. The success and/or failure of community-based 
mangrove management on the coast of Teluk Pandan can 

serve as an example and lesson for mangrove management 

and conservation efforts, not only in Lampung Province, 

also in Indonesia. Consistent and continuous management 

efforts by all stakeholders are required to create a 

sustainable and well-maintained mangrove ecosystem in 

the coastal area of Teluk Pandan Sub-district and provide 

maximum benefits for the community's welfare.  
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