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EXECUTIVE SUMMARY 

 

Rote Ndao is a regency of Nusa Tenggara Timur Province, Indonesia between Savu Sea and Timor 
Sea. As a sparsely populated island, Rote Ndao Regency boasts relatively pristine coastal and 
marine environment and rich marine biodiversity. Owing to the clean and beautiful natural 
resources, several famous tourist attractions are present and the Regency hosts increasing 
number of tourists every year. However, the Regency is not exempted from the threats of 
pollution due to increasing economic development and activities at the coastal areas. Both land- 
and sea-based pollution sources are present and few have become concerns of residents such as 
marine debris and spilt oil from oil rig platforms. 

This report delved into identifying the sources of pollution and hotspots using DPSIR framework 
and interviews on pollution perception of the coastal residents of Rote Ndao Regency. While 
desktop research on the Regency produced meaningful information for pollution hotspot 
analysis, interviews conducted by the 20 Indonesian surveyors resulted in key findings on sources 
and residents’ perception on pollution. 

Chapter 1 explained the situational analysis of Rote Ndao Province relating to physical 
environment and socio-economic status. Although the Regency is sparsely populated, it is 
steadily growing in population and economic scale. Despite the progresses in economy, the 
Regency is ranked among one of the poorest Regencies in Indonesia. Main industries include 
agriculture, fisheries, animal husbandry, plantation and tourism. 

Chapter 2 delved on pollution assessment through DPSIR framework analysis. Main pollution 
sources included sewerage and solid wastes from household, manures from animal husbandry 
farms, pesticides from plantations, derelict fishing gears from fishing vessels, oil from offshore oil 
rigs in Timor Sea, among others. Through the analysis, it was identified that the village of Batutua 
of Rote Barat Daya district is a pollution hotspot of the Regency facing the Timor Sea. 

Chapter 3 reported the results of interview surveys of the residents of southern coasts of Rote 
Ndao Regency. About 643 residents from 14 villages with varied occupations have responded the 
interviews. The coastal residents felt that oil spill from offshore oil rig platforms and marine 
debris (solid wastes) are the primary pollution sources of the Regency. They are more sensitive to 
sea-based pollution sources than land-based and fear that oil spill incident like Montara case 
might happen in the future. They possess high awareness on marine animals and its ecosystem 
functions as well as show willingness to release bycaught animals and support rescue efforts. 

Chapter 4 demonstrated the development of environmental sensitivity index (ESI) mapping for 
oil spill preparedness. Since the Rote Ndao Regency is under direct threats of oil spill from the 
offshore oil rig platforms, it is important to prepare impending oil spill incidents. The process and 
requirements for ESI map development at the southern coasts of the Regency were 
demonstrated. Using limited information available at the time of this research, the resulting ESI 
map was presented as a demonstration purpose. 
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Chapter 5 summarized the findings and recommendations of this report. Major findings include: i) 
the pollution hotspot of the Regency was identified as Batutua village in Rote Barat Daya district; 
ii) coastal residents are more concerned on sea-based pollution sources than land-based sources; 
iii) the Regency is under high risk of oil spill due to active oil rig platforms in Timor Sea; and iv) the 
coastal residents possess high level of awareness on marine animals. The recommendations 
include: i) establishing oil spill preparedness and response system and early warning system, ii) 
responding to marine debris issue; iii) improving animal husbandry practice. 
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RINGKASAN EKSEKUTIF 

 

Rote Ndao adalah salah satu kabupaten di Provinsi Nusa Tenggara Timur, Indonesia yang berada 
di antara Laut Sawu dan Laut Timor. Sebagai pulau yang kepadatan penduduknya masih rendah, 
Kabupaten Rote Ndao memiliki lingkungan pesisir dan laut yang relatif masih asli serta 
keanekaragaman hayati laut yang kaya. Karena sumber daya alam yang bersih dan indah, 
terdapat beberapa tempat wisata yang terkenal dan membuat Kabupaten ini menampung jumlah 
wisatawan yang terus meningkat setiap tahun. Namun demikian, kabupaten ini tidak luput dari 
ancaman pencemaran akibat meningkatnya pembangunan ekonomi dan kegiatan di wilayah 
pesisir. Pencemaran dari darat maupun laut teridentifikasi di Kabupaten Rote Ndao, sayangnya 
hanya sedikit yang menjadi perhatian masyarakat seperti sampah laut dan tumpahan minyak dari 
anjungan pengeboran minyak. 

Laporan ini mengkaji hingga melakukan identifikasi sumber pencemaran dan daerah rawan atau 
hotspot dengan menggunakan kerangka DPSIR dan wawancara mengenai persepsi masyarakat 
terkait pencemaran wilayah pesisir Kabupaten Rote Ndao. Sementara itu, kajian literatur dengan 
ruang lingkup kabupaten juga telah menghasilkan informasi yang berarti untuk analisis terkait 
daerah rawan atau hotspot pencemaran tersebut, wawancara juga dilakukan oleh 20 orang 
surveyor dari Indonesia yang menghasilkan temuan utama tentang sumber dan persepsi 
masyarakat tentang pencemaran. 

Bab 1 menjelaskan tentang analisis situasi Kabupaten Rote Ndao yang berkaitan dengan 
lingkungan fisik dan status sosial ekonomi. Meskipun kabupaten ini memiliki kepadatan 
penduduk yang rendah, namun jumlah penduduk serta skala ekonominya terus berkembang. 
Meskipun mengalami kemajuan ekonomi, kabupaten ini termasuk salah satu kabupaten termiskin 
di Indonesia. Industri utamanya meliputi bidang pertanian, perikanan, peternakan, perkebunan 
dan pariwisata. 

Bab 2 membahas hasil analisis tingkat pencemaran dengan menggunakan kerangka DPSIR. 
Sumber utama pencemaran antara lain adalah air limbah dan limbah padat dari rumah tangga, 
pupuk kandang dari peternakan, pestisida dari perkebunan, alat tangkap yang terlantar dari kapal 
penangkap ikan, tumpahan minyak dari anjungan minyak lepas pantai di Laut Timor, dan lain-lain. 
Melalui analisis tersebut, teridentifikasi bahwa Desa Batutua di Kecamatan Rote Barat Daya 
merupakan daerah rawan atau hotspot pencemaran di Kabupaten yang menghadap Laut Timor 
tersebut. 

Bab 3 melaporkan hasil survei wawancara dengan masyarakat pesisir bagian selatan Kabupaten 
Rote Ndao. Sekitar 643 warga dari 14 desa dengan pekerjaan yang beragam berpartisipasi dalam 
wawancara tersebut. Masyarakat pesisir merasa bahwa tumpahan minyak dari anjungan 
pengeboran minyak lepas pantai dan sampah laut (limbah padat) merupakan sumber 
pencemaran utama di kabupaten ini. Mereka lebih sensitif terhadap sumber pencemaran dari laut 
daripada dari darat dan takut jika kejadian tumpahan minyak seperti kasus Montara akan terulang 
lagi di masa depan. Mereka memiliki tingkat kesadaran yang tinggi terkait hewan laut dan fungsi 
ekosistemnya serta menunjukkan kesediaan untuk melepaskan hewan tangkapan sampingan 
yang tidal diinginkan namun tertangkap dan mendukung upaya penyelamatan. 
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Bab 4 menunjukkan pengembangan pemetaan indeks sensitivitas lingkungan (ESI) untuk 
kesiapsiagaan tumpahan minyak. Karena Kabupaten Rote Ndao berada di bawah ancaman 
langsung kejadian tumpahan minyak dari anjungan pengeboran minyak lepas pantai, penting 
untuk mengantisipasi kejadian tumpahan minyak yang akan datang. Proses dan persyaratan 
untuk pengembangan peta ESI di pantai selatan kabupaten telah didemonstrasikan. 
Menggunakan informasi terbatas yang tersedia pada saat penelitian ini, peta ESI yang dihasilkan 
hanya disajikan sebagai tujuan demonstrasi. 

Bab 5 merangkum hasil temuan dan rekomendasi dari laporan ini. Beberapa temuan utama 
meliputi: i) daerah rawan atau hotspot di Kabupaten ini diidentifikasi terdapat di desa Batutua 
Kabupaten Rote Barat Daya; ii) masyarakat pesisir lebih peduli pada sumber pencemaran berbasis 
laut daripada darat; iii) Kabupaten ini memiliki risiko yang tinggi terdampak dari tumpahan 
minyak karena terdapat anjungan pengeboran minyak yang aktif di Laut Timor; dan iv) 
masyarakat pesisir memiliki kesadaran yang tinggi terhadap satwa laut. Beberapa rekomendasi 
meliputi: i) membangun sistem kesiapsiagaan dan respon terhadap kejadian tumpahan minyak 
dan sistem peringatan dini, ii) menangani masalah sampah laut; iii) meningkatkan praktik 
peternakan. 
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SUMÁRIU EZEKUTIVU 

 

Rote Ndao nu’udár rejénsia ida hosi Provínsia Nusa Tenggara Timur, Indonézia entre Tasi Savu no 
Tasi Timor. Hanesan illa ida ho populasaun kiik, Rejénsia Rote Ndao iha ambiénte kosteira no 
marina ne’ebé relativamente sei tomak hela no riku biodiversidade marina. Nakonu ho rekursu 
naturál ne’ebé moos no furak, atrasaun turístiku famozu balun hetan iha fatin ne’e no rejénsia 
ne’e simu turísta ho númeru ne’ebé aumenta kada tinan. Maske nune’e, Rejénsia ne’e la sees hosi 
ameasa sira ba poluisaun mai hosi dezenvolvimentu ekonómiku ho atividade ne’ebé aumenta iha 
área kosteira sira. Iha nafatin fonte poluisaun mai hosi rai no tasi no balun sai ona prekupasaun ba 
rezidente sira hanesan resídiu marina no mina nakfakar hosi plataforma ekipamentu mina nian.  

Relatóriu ida ne’e ezamina kle’an hodi identifika fonte poluisaun no fatin sira uza enkuadramentu 
DPSIR no intervista kona-ba persepsaun poluisaun ba rezidente kosteira sira iha Rejénsia Rote 
Ndao. Mezmu estudu literatura kona-ba Rejénsia hamosu informasaun signifikante kona-ba 
análize fatin poluisaun nian, intervista sira ne’ebé hala’o hosi péritu na’in 20 hosi Indonézia 
rezulta deskobrimentu xave sira kona-ba fonte sira no persepsaun rezidente sira nian kona-ba 
poluisaun. 

Kapítulu 1 esplika análize situasionál hosi Provínsia Rote Ndao nian relasiona ho ambiénte fíziku 
no estatutu sósiu-ekonómiku. Bi’ár Rejénsia ne’e nia populasaun kiik, nia kresimentu iha 
populasaun no eskala ekonómiku konstantemente kontinua sa’e. Mezmu progresu iha ekonomia, 
Rejénsia ne’e klasifika hanesan Rejénsia ida ki’akliu entre siraseluk iha Indonézia. Indústira 
prinsipál sira inklui agrikultura, peska, kriasaun animál, plantasaun no turízmu.  

Kapítulu 2 ezamina kle’an kona-ba avaliasaun poluisaun liuhosi enkuadramentu análize DPSIR 
nian. Fonte poluisaun prinsipál inklui sistema esgotu no resídiu sólidu hosi uma-ka’in, adubu sira 
hosi fatin kriasaun animál, pestisida hosi plantasaun, ekipamentu peska naksoe hosi ró peska sira, 
mina hosi ekipamentu mina tasi-klaran iha Tasi Timor, entre siraseluk. Liuhosi análize ne’e 
identifika katak suku Batutua iha distritu Sudéste Rote nu’udár fatin poluisaun iha Rejénsia ne’e 
hasoru Tasi Timor.  

Kapítulu 3 relata kona-ba rezultadu estudu intervista ba rezidente sira iha kostasúl Rejénsia Rote 
Ndao nian. Kuáze rezidente 643 hosi suku 14 ho okupasaun oioin maka hatan ona intervista. 
Rezidente kosteira sira sente katak mina nakfakar hosi plataforma ekipamentu mina iha tasi-
klaran no resídiu marina (resídiu sólidu) maka sai fonte poluisaun primáriu iha Rejénsia ne’e. Sira 
ne’e sensitivu liu ba fonte poluisaun hosi tasi kompara ho mai hosi rai no hamtauk karik insidente 
mina nakfakar hanesan kazu Montara nian bele mosu iha futuru. Sira iha konsiénsia aas kona-ba 
animál tasi sira no nia funsaun ekosistema sira nomós hatudu sira nia vontade hodi husik híkas 
animál sira ne’ebé sira ka’er no tulun esforsu ba salvasaun nian. 

Kapítulu 4 hatudu kona-ba dezenvolvimentu ba mapamentu índise sensibilidade ambientál (ISA) 
ba prontidaun mina nakfakar nian. Dezde Rote Ndao iha ameasa direta ba mina nakfakar hosi 
plataforma ekipamentu mina iha tasi-klaran, ida ne’e importante atu prepara bainhira insidente 
boot mina nakfakar nian mosu. Prosesu no rekezitu sira kona-ba dezenvolvimentu mapamentu 
ISA iha kostasúl nian hatudu tiha ona. Utiliza informasaun limitadu ne’ebé iha durante períodu 
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peskiza ida ne’e, rezultadu mapamentu ISA nian aprezenta tiha ona hanesan objetivu ba 
demonstrasaun.  

Kapítulu 5 halo sumáriu ba deskobrimentu no rekomendasaun sira iha relatóriu ida ne’e. 
deskobrimentu boot sira inklui: i) fatin poluisaun Rejénsia ne’e nian identifika tiha ona hanesan 
suku Batutua iha distritu Sudéste Rote; ii) rezidente kosteira sira preukupa liu ba fonte poluisaun 
mai hosi tasi kompara ho fonte sira mai hosi rai; iii) Rejénsia ne’e iha rísku assliu ba mina nakfakar 
mai hosi plataforma ekipamentu mina ne’ebé ativu iha Tasi Timor; no iv) rezidente kosteira sira 
iha nível konsiénsia assliu kona-ba animál tasi nian. Rekomendasaun sira inklui: i) estabelese 
sistema prontidaun no resposta no sistema alerta sedu ba mina nakfakar nian, ii) hatan ba 
kestaun resídiu marina sira; iii) hadi’ak prátika kriasaun animál nian. 
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CHAPTER 1. ROTE NDAO REGENCY 

 

1.1 ENVIRONMENT 

Location 

Rote Ndao Regency is the southernmost district in the Republic of Indonesia and is an expansion 
of Kupang Regency, East Nusa Tenggara Province (formed based on the Law Number 9 of 2002). 
Coordinates are between 10o25'-11o15' South and 121o49' - 123o26' East with boundaries of Savu 
Sea at north, Indian Ocean at south, Pukuafu Strait at east and Savu Sea at west (Figure 1). 

The Regency has an area of 1,280.10 km2 with the territorial sea is about 2,376 km² and a coastline 
of 330 km. According to the National Survey and Mapping Coordinating Board, Rote Ndao is an 
archipelago consisting of 107 islands, 8 islands that are inhabited and 99 islands uninhabited with 
a topography varying from flat 35% (45,250 ha), hills 25% (32,625 ha), others 40% (50,135 ha), an 
average slope of 45º and an altitude of 0 - 1,500 m above sea level. 

 

 
Figure 1. Satellite image of Rote Ndao Regency 

(Source: Google hybrid map EPSG:3857) 

Climate 

The Rote Ndao region has a dry climate which is affected by the monsoons. Two distinctive 
seasons exist: dry season and wet season. The dry season period is about 7 months (May to 
November) whereas the rainy season is about 5 months (December to April). Average air 
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temperature is 27oC with average maximum temperature of 29oC and average minimum 
temperature is 26.1oC. Average rainfall is 114.1 mm with average air humidity of 84.4%, average 
windspeed of 9.2 knots and average air pressure of 1,008.5 millibars (Source: Rote Ndao 
Regency)1. 

 

Table 1. Area of Rote Ndao Sub-districts 

No. District Area (Km2) Percentage (%) 

01. Rote Barat Daya 114.57 8.95 

02. Rote Barat Laut 172.40 13.47 

03. Lobalain 145.70 11.38 

04. Rote Tengah 162.50 12.69 

05. Rote Selatan 73.38 5.73 

06. Pantai Baru 176.18 13.76 

07. Rote Timur 110.84 8.66 

08. Landu Leko 194.06 15.16 

09. Rote Barat 100.48 9.08 

10 Ndao Nuse 14.19 1.11 

Total 1,280.10 100.00 

(Source: Rote Ndao Regency 2018) 

 

Topography 

Land surface of Rote Ndao Regency is generally consisting of hilly and mountainous areas (32,625 
ha) and partly lowlands (45,250 ha) with an average slope of up to 45%. The topography of the 
Regency varies from 0 – 500 meters above sea level with 2 - 15% plains (92,497.5 Ha), 15 - 25% hills 
(13,229.7 Ha), 25% mountains (697, 5 Ha) and 40% others (557.5 Ha) with an average slope of 45°. 

Land use in Rote Ndao Regency is dominated by forests, rice fields, plantations and tegal / 
garden. There are still many lands that have not been cultivated which are potential and can still 
be developed. Dominant type of rice field is rain-fed paddy, covering 62% of cultivated rice fields, 
followed by simple irrigated paddy. Rote Tengah has the largest rice paddy fields. Among the 
27,161 ha of existing plantations, 20,711 ha of them are lontar plantations. Rote Ndao Regency is 
known for its palm trees. 

 
1 Rote Ndao Regency. http://www.rotendaokab.go.id 
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Figure 2. Topographic contour line of Rote Ndao Regency  

(Source: GIS map constructed with the data obtained from Indonesia GIS office) 
 

1.2 SOCIO-ECONOMIC STATUS 

Population 

Rote Ndao Regency has a population of 165,807, consisting of 84,283 males and 81,524 females. 
Among the 10 districts, Lobalain has the highest population of 34,276. Average population 
density is 112 people/km2 which is comparable to that of Thailand (30th in the world). Average 
population density of Indonesia is 142/km2. Thus, Rote Ndao Regency can be classified as a 
sparsely populated Regency. 

Table 2. Total Population by District in 2018 

District 
Number of people 

2010 2017 2018 

1 Rote Barat Daya 19 737 26 273 27 293 

2 Rote Barat Laut 22 608 30 094 31 264 

3 Lobalain 24 789 32 998 34 276 

4 Rote Tengah 8 058 10 726 11 143 

5 Rote Selatan 5 173 6 886 7 153 

6 Pantai Baru 12 397 16 502 17 141 

7 Rote Timur 12 093 16 097 16 721 

8 Landu Leko 4 540 6 043 6 278 

9 Rote Barat 7 426 9 885 10 268 

10 Ndao Nuse 3 087 4 109 4 270 

 119,908 159 614 165 807 
(Source: Rote Ndao Regency 2020) 
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Regarding the population density, Ndao Nuse has the highest population density of 301 
persons/km2 followed by Rote Barat Daya of 238 persons/km2, Lobalain of 235 persons/km2, Rote 
Barat Laut of 181 persons/km2, Rote Timur of 151 persons/km2, Rote Selatan of 97 persons/km2, 
Pantai Baru of 97 persons/km2, Rote Barat of 88 persons/km2, Rote Tengah of 69 persons/km2, 
and Landu Leko with the lowest population density of 32 persons/km2. 

The population growth rate of Rote Ndao Regency is moderate. During the period of December 
2017 to December 2018, the population growth of Rote Ndao Regency reached 3.88 percent. The 
highest population growth is found in Ndao Nuse and the lowest in Lobalain followed by Pantai 
Baru and Rote Barat. 

 

 
Figure 3. Population distribution map of Rote Ndao Regency 

(Population source: Rote Ndao Regency) 

GDP and Economy 

Gross Domestic Product (GDP) of Rote Ndao Regency is steadily growing over the past years as 
shown in Figure 4. In 2013, GDP reached to 810,000M IDR. Poverty is about 28.5% and about 
39,100 people of the population is categorized as poor (Poverty data 2014). Major industries of 
Rote Ndao Regency include: agriculture, fisheries, forestry, plantation and animal husbandry. 
About 70% of the people are involved in agriculture, forestry and fishery. In fisheries sector, 
poverty and other hardships are recurring every year (Paulus et al., 2018). Fisheries subsector 
contribution to GDP of Rote Ndao Regency is still lower than the sub-sectors of food crops and 
livestock (BPS Rote Ndao, 2017)2. Important economic activities of the Rote Ndao Regency 
include: forestry including palm tree and kutulak/seedlak production, fisheries including seaweed 
production, agriculture including food crops, and animal husbandry including cows, pigs and 
goats. Figure 4 shows the steadily growing trend of employment in Rote Ndao. 

 
2 Badan Pusat Statistik Kabupaten Rote Ndao. http://www.Rotendaokab.bps.go.id 
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Figure 4. GDP changes over time (above) and employment trend (below) 

(Source: knoema.com) 
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Forestry 

Forest cover in Rote Ndao Regency in 2018 recorded an area of 17,019.84 which consists of 
7,657.17 ha of protected forest and 9,362.67 ha of production forest. There are 2,262 ha of 
conservation forest for wildlife reserve, 1,418.67 ha of Taman Buru Forest, 6,549 ha of community 
forest and 1,899.17 ha of mangrove forest.  

Forest products are mixed wood and teak. Wood products are in the form of logs or firewood. 
The production of round teak wood in several grades in Rote Ndao Regency in 2015 was 112.72 m3. 
This result was mostly produced by the Rote Barat Laut district. The production of non-teak 
wood (mixed) is 119 m3. In sum, Rote Ndao Regency has forest coverage area of 17,019.84 ha 
consisting of: 

• Protection forest 7,657.17 ha 
• Production forest 9,362.67 ha 
• Mangrove Forest 1,899.17 ha 

Fishery 

Both capture fisheries and aquaculture in Rote Ndao Regency have huge potential to be 
developed to encourage fisheries industry development. Commercially important fisheries 
resources include types of pelagic and demersal fish such as mackerel (Rastrelling sp.), anchovy 
(Stelophorus sp.), sardine (Sardinella sp.), grouper (Epinephelus sp.), emperor (Lethrinus sp.), 
snapper (Lutjanus sp.), among others. Seaweeds such as gusô (Euchema cottonii) and red algae 
(hallymenia sp.) are also widely grown. Processed fishery products such as salted fish and 
seaweed dodol are produced in the Regency. Sustainably managed fisheries resources are 
estimated to be about 17,875 tons/year. The Regency considers that only about 30-40% of the 
potential fisheries resources are utilized. The marine ecosystem of the Regency consists of 
various aquatic community including coral reef systems, seagrass meadows and mangrove 
forests which are still maintained in good conditions. There are several rivers / small rivers which 
form fertile estuaries provide nutrients for seaweed cultivation. Important factor for supporting 
the potential of fisheries industry development in the Regency is that the level of industrial and 
household pollution is still low and the use of fishing gear is still simple and traditional. 

Fishery production is continuously increased by optimizing the use of marine resources through 
activities and programs in coastal areas which provide important economic commodities. For this 
reason, the fisheries development strategy focuses on fishing gear, modern fishing aids as well as 
seaweed cultivation facilities and infrastructure in order to optimize fishery resources. Problems 
in managing the potential of fisheries resources are lack of fishing gear and equipment both in 
quantity and quality resulting in low fishing efficiency, fleet structure still dominated by 
traditional fleets, lack of cultivation facilities and infrastructure, low technical knowledge (fishing, 
cultivation and marketing) at the level of fishermen and farmers, fishermen and cultivation 
organizations still weak in structure and low management effectiveness, limited financial 
resources to support the marine and fisheries sector, lack of supporting data for coastal area 
management, lack of technical apparatus/personnel in providing guidance and counselling, 
among others. 
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Table 3. Fish and Non-fish Production (2010-2016) in Rote Ndao Regency 

Type Commodity 
Products (Tons) 

2010 2011 2012 2013 2014 2015 2016 

Fish 

Pelagic Fish 594 811 747 1.430 1.521 1.789 1.942 

Demersal fish 396 706 814 1.225 1.225 1.470 1.368 

total 990 1.517 1.559 2.632 2.746 3.259 3.310 

Non-
fish 

Seaweed 1.512,50 946 903 2.179 2.179 18.230 16.074 

Pearl (gram) 4.777,90 – – – – – – 

Squid 8,96 – 20,48 49.13 – 109 112 

Sea cucumber 32 77 66 34 5 35 39 

(Source: Rote Ndao Regency) 

 

 
Figure 5. Community fishing grounds and aquaculture areas of Rote Ndao Regency 

(Source: Author generated using GIS data from NTT Province) 
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Agriculture 

Rote Ndao Regency has huge and diverse agricultural potential despite the fact that its utilization 
is still low and not yet optimal. The total area of utilized wetland agricultural area is 12,968 ha for 
lowland rice and 10,668 ha for dryland rice. Meanwhile, dry land area of 4,531 ha has been used 
for the cultivation of agribusiness commodities. Commodities of commercial importance include 
rice, corn, sorghum, shallots, chilies, watermelon and peanuts. 

 

Table 4. Food Crops Production 2015-2016 

Type 
Planted Area (ha) Harvested Area (ha) Production (ton) 

2015 2016 2015 2016 2015 2016 

Rice Paddy 12,968 7,504 12,432 7,504 47,206 37038 

Gora rice - 10,668 - 3,837 - 18,752 

Field rice 1,020 - 999 - 4,300 - 

Corn 3,687 3,263 2,262 3,034 5,881 8,851 

Peanuts 434 456 423 426 1,134 1,002 

Green beans 150 187 142 187 114 114 

Cassava 312 272 116 272 870 3,102 

Sweet potato 137 140 120 140 504 1,209 

Sorghum 332 212 315 212 32 40 

Total 19,040 22,702 16,809 15,612 60,040 70,132 

(Source: Rote Ndao Regency) 

 

Table 5. Livestock Population in Rote Ndao Regency (2013-2015) 

Livestock 
Year 

2013 2014 2015 

Cow 43,556 48,020 61,682 

Buffalo 12,345 13,097 15,293 

Horse 5,142 5,350 7,060 

Pig 38,994 4,054 43,454 

Goat 37,125 44,921 45,955 

Sheep 17,345 18,037 19,874 

Chicken 13,646 91,097 87,326 

Total 168,151 214,576 280,644 

(Source: Rote Ndao Regency) 
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Tourism 

Tourism is one of the priority areas of Rote Ndao Regency as highlighted in the mission and vision 
on sustainable tourism development for growth and quality improvement. Due to its pristine 
natural environment, the Regency boasts several tourism attractions located around the Regency 
such as Oesosole beach and Dead Sea Lake as shown in Figure 6. Using these tourism attractions, 
the Regency is hoping to draw more tourists from around the world in the near future. Notable 
tourism attractions include Oeseli Beach, Nirvana Lake, Nembrala Beach, Bo'a Beach, Thousand 
Mouth Beach Maze, Laviti Coast Natural Fortress, Dead Sea Lake, Tolanamon Beach, Oesosole 
Beach, Mando'o Hill, Flagpole from the Dutch Period and Termanu stone, to name a few. 
 

 
Figure 6. Oesosole beach (left) and Dead Sea Lake (right) 

(Source: Rote Ndao Regency) 
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CHAPTER 2. POLLUTION ASSESSMENT OF ROTE 
NDAO REGENCY 

 

2.1 POLLUTION SOURCES OF ROTE NDAO REGENCY 

Land-based Pollution Sources 

The Rote Ndao Regency is facing two seas: Savu Sea and Timor Sea. Since this report is focusing 
on the pollution assessment of the Arafura and Timor Seas, only southern coasts of the Regency 
facing the Timor Sea is considered in the Assessment. The northern coasts facing the Savu Sea is 
not considered. 

As a sparsely populated Island with agriculture, fisheries and forestry as its main industries, land-
based sources of pollution in Rote Ndao Regency are limited. In this reason, the Regency 
maintains its pristine natural and marine environment. However, pollution sources can be 
identified as human population, animal husbandry as well as solid wastes from communities. 
Among the animal husbandry, pig and cow manures cause significant pollution since these 
animals produce twice or triple times more nutrients than human population. Therefore, it is 
important to factor-in these pollution sources. Figure 7 (a) depicts the population distribution 
among districts (data from Table 2), (b) pig head among districts, and (c) cow head among 
districts (data from Table 6).  

Lobalain district has the most population whereas Rote Barat Daya has the most pig head count 
and Lobalain has the most cow head count. All things considered, Lobalain district can be 
classified as potentially the most polluted district. This is because the capital of the Regency, Ba’a 
is located in Lobalain which has the highest population in the Regency and is facing the Savu Sea. 
However, the coastal areas of Lobalain facing the Timor Sea consists of steep rocky shore and 
population is sparse. Therefore, the coastal areas of Lobalain are not considered as hotspots. 

Table 6. Animal population in Rote Ndao Regency (2017) 

District Cow buffalo Horse Pig Goat Sheep 

Rote Timur 7,977 1,180 702 3,393 5,203 3,689 

Landu Leko 3,162 148 89 1,259 2,412 999 

Pantai Baru 7,833 986 318 6,380 7,535 3,023 

Rote Tengah 9,496 1,840 662 2,211 3,490 328 

Rote Selatan 4,598 578 742 3,010 2,195 294 

Lobalain 10,929 2,124 827 4,362 3,330 1,804 

Rote Barat Laut 7,746 4,209 2,544 8,102 8,215 3,218 

Rote Barat Daya 5,575 4,098 889 11,697 9,934 5,937 

Rote Barat 4,711 464 331 3,681 4,256 798 

Ndao Nuse 653 - - 707 703 21 

Total 62,680 15,627 7,104 44,802 47,273 20,111 
(Source: Rote Ndao Regency) 
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(a) Human population 

 
(b) Pig head 

 
(c) Cow head 

 
Figure 7. Distribution of three land-based pollution sources in Rote Ndao Regency 

(Source: Author created maps using population data from Rote Ndao Regency) 
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Overlaying the three maps result in the pollution hotspot as shown in Figure 8. The coastal area 
of Rote Barat Daya is the second highest polluted area followed by Lobalain. In particular, the 
village of Batutua shows considerable population and economic activities including animal 
husbandry and fisheries. Therefore, Batutua is selected as pollution hotspot of Rote Ndao 
Regency (red circle in Figure 8). 

 
Figure 8. Pollution hotspot of Rote Ndao Regency facing Timor Sea  

(Red circle: coastal area of Batutua, Rote Barat Daya District) 

Vulnerability 

The five-class vulnerability map for the Rote Ndao Regency is available from the vulnerability 
index data information system (2018)3. Among the five classes, it was shown that only draught in 
two towns (Sonimanu village in Pantai Baru and Lalukoen village in Rote Barat Daya) was 
identified as vulnerable in the Regency (Figure 9). The draught vulnerability level in both villages 
is five. 

 
Figure 9. Five-class vulnerability map of Rote Ndao Regency 

(Source: Vulnerability Index Data Information System 2018)4 

 
3 http://sidik.menlhk.go.id/ 
4 http://sidik.menlhk.go.id/ http://182.253.238.238/ 
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2.2 DPSIR FRAMEWORK ANALYSIS 

In ATSEA Transboundary Diagnostic Analysis (2012), the priority transboundary issues identified 
were listed in Table 7 below. This table illustrated the environmental issues across the ATS region 
as of 2012 including Rote Ndao Regency. Based on the TDA results, the SAP was developed in 
order to respond the key environmental issues. As shown in Table 7, priority environmental issues 
identified in terms of marine and land-based pollution included nutrients, sediments, toxicants, 
spilt oil and marine debris. However, these issues may not all applied to Rote Ndao Regency due 
to the differences in the environmental and developmental status.  

In Table 8, ATSEA identified priority response actions as: i) hotspot identified; ii) early warning 
system at national level; iii) coordinated oil spill response arrangements; iv) reduction of marine 
debris; and v) reduction in derelict fishing gears (DFG). These actions are to be implemented 
throughout the course of ATSEA II project duration and beyond. 

In the previous section, it was identified that primary pollution sources of Rote Ndao Regency as 
human population, agricultural activities, fisheries activities, animal husbandry and spilt oil from 
off shore platforms, among others. In this regard, the following environmental drivers may be 
identified as potential sources of pollution in Rote Ndao Regency: 

• Fisheries 
• Oil spill 
• Animal Husbandry 
• Plantation 

In order to identify the impacts of the environmental drivers, these potential sources can be 
assessed through Driver, Pressure, State, Impact, Response (DPSIR) analysis tool. The ultimate 
goal of the DPSIR analysis is to identify the response measures by the government.  

Table 7. Priority Transboundary Issues in the ATSEA  

Priority Environmental Concerns Key Causal Factors 

1. Unsustainable fisheries & decline & loss of 
living coastal & marine resources 

Illegal, unreported and unregulated fishing; 
overexploitation; unsustainable practices; 
fisheries by-catch 

2. Modification, degradation & loss of coastal 
& marine habitats 

Coastal development, bottom trawling, fuel wood 
(mangroves), dynamite fishing, pollution 
(sediments) 

3. Marine & land-based pollution (e.g., marine 
debris, sediments, oil spills) 

Coastal development (nutrients, sediments), 
mining (sediments, toxicants), land degradation 
(sediments), oil spills, marine debris 

4. Decline & loss of biodiversity & key marine 
species 

Illegal harvesting, traditional indigenous harvest, 
fisheries by-catch (ghost nets, trawling, long-
lines), habitat loss 

5. Impacts of climate change including ocean 
warming and ocean acidification 

Fossil fuel-based global energy consumption, land 
use, land use change and forestry 

(Source: ATSEA TDA 2012) 
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Table 8. Objective 3 of ATSEA SAP 2012 
Objective 3.1: To prevent and reduce inputs of pollutants from coastal point land sources (wastewater, 

sewage and industrial) and diffuse sources (land-use) 

Target 3.1: Reduction of the ecologically harmful impacts of nutrients in coastal waters from base year 

Priority Actions Key national activities 
Supporting regional 

activities 
Indicator(s) 

Enhanced coordination of 
policies across sectors and 
different levels of 
government 

Improvement (where 
required) of existing 
policies and legislation and 
filling of gaps, including 
through:  
- Gap analysis of 

regulations to control 
land-based sources of 
marine pollution  

- Harmonise standard 
procedures to control 
land-based pollution  

- Strengthening of 
intersectoral 
coordination 
mechanism 

- Improve coordination 
between different 
levels (district 
provincial, national) 

Identify pollution hotspots 
and associated impacts as 
an input to ICM 
 
Sharing and supporting 
experiences and 
approaches, including 
regional training and 
exchanges  

Number of laws and 
policies strengthened 
 
Intersectoral coordination 
mechanisms in place in 
each country 
 
Hotspots identified across 
the ATS 
 
Training and exchanges 
completed 

Objective 3.2: To prevent and reduce pollution from marine sources (ports and shipping) 

Target 3.2: Reduction in the incidence and impacts of marine-based pollution from base year 

Priority Actions Key national activities Supporting regional 
activities 

Indicator(s) 

Enhance oil spill 
prevention and response 
arrangements 

Development of early 
warning and response 
measures at national level, 
such as oil spills 
contingency plan 
 
Introduce good practices  

Development of regional 
oil spill response co-
ordination arrangements, 
including communication 
protocols 
 
Sharing of good practices, 
including evaluation of 
environmental risks and 
sensitivities, and 
environmental impact 
assessment and approval 
practices.  

Early warning systems in 
place at national level  
 
Coordinated oil spill 
response arrangements in 
place across the ATS 
region 
 
Number of good practices 
adopted 

Reduce marine debris Improve monitoring and 
strengthen awareness 
 
Awareness raising at 
national and local levels of 
environmental impacts of 
marine debris, through 
means such as beach 
clean-up campaigns  

Strengthen regional 
collaboration on marine 
debris (including DFG) to 
identify key sources and 
impacts, and develop and 
implement cost-effective 
solutions 

Reduction of marine 
debris compared to 
baseline 
 
Reduction in amount of 
derelict fishing gear (DFG) 
in the ATS 
 
Implementation of actions 
to reduce marine debris, 
such as port reception 
facilities, gear locators etc.  

(Source: ATSEA SAP 2012)  

 



15     |     MARINE AND LAND-BASED POLLUTION ASSESSMENT ON THE SOUTHERN COAST OF ROTE NDAO REGENCY, INDONESIA        
  

 

 

 

 

 

U
si

ng
 D

PS
IR

 fr
am

ew
or

k,
 th

e 
dr

iv
er

s 
of

 R
ot

e 
N

da
o 

Re
ge

nc
y 

w
er

e 
an

al
ys

ed
 fo

r t
he

ir 
im

pa
ct

s.
 T

ab
le

 9
 s

ho
w

s 
th

e 
re

su
lti

ng
 im

pa
ct

s 
an

d 
re

sp
on

se
s 

of
 th

e 
co

rr
es

po
nd

in
g 

dr
iv

er
s.

   

Ta
bl

e 
9.

 D
PS

IR
 a

na
ly

si
s 

re
su

lt 
fo

r p
ol

lu
tio

n 
dr

iv
er

s 
of

 R
ot

e 
N

da
o 

Re
ge

nc
y 

D
riv

er
 

Pr
es

su
re

 
St

at
e 

Im
pa

ct
s 

Re
sp

on
se

 

Lo
ca

l e
co

no
m

ic
 g

ro
w

th
 

th
ro

ug
h 

fis
he

rie
s 

•
Ex

te
ns

iv
e 

se
aw

ee
d 

cu
ltu

re
 

•
In

cr
ea

se
d 

ca
pt

ur
e 

fis
he

rie
s 

•
Ex

te
ns

iv
e 

us
e 

of
 fi

sh
in

g 
ge

ar
s 

•
D

er
el

ic
t f

is
hi

ng
 g

ea
rs

 
•

O
ve

rf
is

hi
ng

 
•

IU
U

 fi
sh

in
g 

•
Li

tt
er

s 
fr

om
 fi

sh
in

g 
bo

at
s 

•
O

il 
sp

ill
ag

e 
fr

om
 fi

sh
in

g 
bo

at
s 

•
G

ho
st

 fi
sh

in
g 

by
 d

er
el

ic
t 

fis
hi

ng
 g

ea
rs

 
•

M
ar

in
e 

ec
os

ys
te

m
 

de
gr

ad
at

io
n 

by
 

po
llu

ta
nt

s 
•

Re
du

ce
d 

in
co

m
e 

of
 

fis
he

rs
 

•
A

w
ar

en
es

s 
bu

ild
in

g 
fo

r 
fis

he
rs

 o
n 

m
ar

in
e 

ec
os

ys
te

m
 im

pa
ct

s 
of

 
de

re
lic

t f
is

hi
ng

 g
ea

rs
 

•
A

qu
ac

ul
tu

re
 

de
ve

lo
pm

en
t f

or
 

su
st

ai
na

bl
e 

fis
he

rie
s 

O
il 

ex
tr

ac
tio

n 
at

 th
e 

pl
at

fo
rm

s 
in

 th
e 

A
TS

EA
 re

gi
on

 
•

O
ff

-s
ho

re
 o

il 
ex

tr
ac

tio
n 

•
H

ig
h-

ve
ss

el
 tr

af
fic

 fo
r o

il 
tr

an
sp

or
t 

•
Pi

pe
 c

on
ne

ct
io

n 
fo

r o
il 

tr
an

sp
or

t f
ro

m
 th

e 
pl

at
fo

rm
 

•
Co

as
ta

l a
re

as
 in

cl
ud

in
g 

ha
bi

ta
ts

 a
nd

 s
pe

ci
es

 
un

de
r c

on
st

an
t t

hr
ea

ts
 

of
 o

il 
sp

ill
 

•
H

ig
h 

st
re

ss
 fo

r c
oa

st
al

 
dw

el
le

rs
 

•
Co

as
ta

l h
ab

ita
ts

 
de

gr
ad

at
io

n 
•

Re
du

ce
d 

co
as

ta
l 

ec
on

om
ic

 a
ct

iv
iti

es
 

(f
is

he
rie

s)
 

•
M

as
s 

m
or

ta
lit

y 
of

 c
oa

st
al

 
sp

ec
ie

s 

•
O

il 
sp

ill
 e

ar
ly

 w
ar

ni
ng

 
sy

st
em

 
•

O
il 

sp
ill

 c
on

tin
ge

nc
y 

pl
an

ni
ng

 
•

ES
I M

ap
pi

ng
 

•
Re

sp
on

se
 a

nd
 

pr
ep

ar
ed

ne
ss

 

Ec
on

om
ic

 g
ro

w
th

 th
ro

ug
h 

an
im

al
 h

us
ba

nd
ry

 
•

In
cr

ea
se

d 
an

im
al

 h
ea

ds
 

•
Ex

pa
ns

io
n 

of
 a

re
as

 fo
r 

an
im

al
 h

us
ba

nd
ry

  

•
Cl

ea
rin

g 
of

 fo
re

st
s 

fo
r 

an
im

al
 g

ra
zi

ng
 

•
In

cr
ea

se
d 

m
an

ur
es

 fr
om

 
an

im
al

s 
•

D
is

ch
ar

ge
 o

f m
an

ur
es

 to
 

th
e 

co
as

ta
l w

at
er

s 

•
Co

as
ta

l w
at

er
 q

ua
lit

y 
de

gr
ad

at
io

n 
•

M
ar

in
e 

ec
os

ys
te

m
 

de
gr

ad
at

io
n 

•
Re

du
ce

d 
fis

he
rie

s 
re

so
ur

ce
s 

•
Re

gu
la

te
d 

an
im

al
 h

ea
d 

co
un

ts
 

•
Co

ns
tr

uc
tio

n 
of

 m
an

ur
e 

tr
ea

tm
en

t f
ac

ili
tie

s 

Ec
on

om
ic

 g
ro

w
th

 th
ro

ug
h 

pl
an

ta
tio

n 
•

Ex
pa

ns
io

n 
of

 p
al

m
 tr

ee
 

pl
an

ta
tio

n 
•

Ex
te

ns
iv

e 
us

e 
of

 
ch

em
ic

al
s 

fo
r p

es
t 

co
nt

ro
l 

•
Pe

st
ic

id
es

 p
ol

lu
tin

g 
pl

an
ta

tio
n 

ar
ea

 
•

Fr
eq

ue
nt

 o
ut

br
ea

k 
of

 
di

se
as

es
 o

f t
re

es
 

•
Te

rr
es

tr
ia

l e
co

sy
st

em
 

de
gr

ad
at

io
n 

•
Re

du
ce

d 
in

co
m

e 
of

 
fa

rm
er

s 
du

e 
to

 d
is

ea
se

 
ou

tb
re

ak
 

•
Su

st
ai

na
bl

e 
de

ve
lo

pm
en

t 
of

 p
la

nt
at

io
n 

•
M

ix
ed

 c
ul

tu
re

 o
f t

re
es

 

 



MARINE AND LAND-BASED POLLUTION ASSESSMENT ON THE SOUTHERN COAST OF ROTE NDAO REGENCY, INDONESIA     |     16 

The impacts presented in Table 9 have been assessed through data collection and interviews at 
the coastal villages of the Regency during 2021 by local surveyors. The questionnaires for the 
interviews were developed in order to systematically assess the degree and location of the 
perceived impacts by local residents. The process of identifying the impacts and analysis is shown 
in Figure 10. The results and analysis of the survey are shown in Chapter 3. 

 

 
Figure 10. Assessment process of the DPSIR Framework 

 

2.3 MARINE SPATIAL PLANNING OF ROTE NDAO REGENCY 

As a part of Nusa Tenggara Timur (NTT) Province, Rote Ndao Regency was included in the Marine 
Spatial Planning study of NTT Province in 2017. The study resulted in the allocation of functional 
zones along the waters of Rote Ndao Regency. The functional zones include: i) aquaculture zone, 
ii) capture fisheries zone, iii) core zone, iv) mining zone, v) port zone, vi) sea lanes, vii) shipping 
line, viii) sustainable fisheries zone, ix) tourism zone, x) utilization zone, xi) other zones (Figure 
11).  

These zones are useful in preparing for the utilization plan and other development plans in the 
future. The coastal areas of Batutua are designated as one of the sustainable fisheries zones. 
Also, off coasts of Batutua, the waters are designated as capture fisheries zone and aquaculture 
zone. Rich coastal and marine resources exist along the coastal areas of Bututua. Therefore, it is 
recommended that the ICM program of ATSEA II at Rote Ndao Regency may be focused in 
Batutua village. 
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Figure 11. Marine Spatial Zones of Rote Ndao Regency 
(Source: Author constructed map using MSP GIS shapefiles from NTT Province) 
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CHAPTER 3. SURVEY OF STAKEHOLDER 
PERCEPTION ON POLLUTION 

 

3.1 INTRODUCTION 

Survey Questionnaire Development 

In order to identify the perception of the residents of Rote Ndao on pollution sources, the survey 
was conducted at the coastal areas of Rote Ndao Regency. For this purpose, a survey 
questionnaire was developed which contains 40 questions on marine and land-based pollution at 
the coastal areas of Rote Ndao Regency. The survey guidelines were developed using the CMS 
Dugong MOU Standardised Catch and Bycatch Questionnaire (Pilcher et. al., 2017) as attached in 
Annex 1. 

Survey questionnaire incorporated the DPSIR analysis on pollution hotspot in Rote Ndao 
Regency. The questionnaire comprises 6 components, namely:  

• Interviewer and Interviewee information 
• Overall perception of pollution 
• Land-based pollution 
• Sea-based pollution 
• Oil spill from off-shore oil rig platforms 
• Marine ecosystem and species 

The survey was conducted for the southern coasts of Rote Ndao Regency facing the Timor Sea. 
There are seven coastal districts, namely: Rote Brat, Rote Brat Daya, Lobalain, Rote Selatan, 
Pantai Baru, Rote Timur and Landu Leko. Table 10 shows the number of respondents at each 
District and village. A total of 643 respondents were interviewed. 

Table 10. Number of Respondents at Each Village 

District Village Number of Respondents 

Landu Leko 
Daiama 58 
Tena Lai 36 

Rote Timur 
Faifua 39 
Papela 61 

Pantai Baru 
Nusakdale 35 
Sonimanu 67 

Rote Selatan Dodaek 86 

Rote Barat Daya 

Fuafuni 1 
Oebou 12 
Oetefu 28 
Landu 28 

Batutua 33 
Rote Barat Bo’a 85 

Lobalain Kuli 74 

7 Districts 14 villages Total 643 
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Survey Procedure 

Survey guidelines were developed before the conduct of interview of the residents. Survey 
guidelines laid out details of the following: 

• Attitude of interviewer 
• Use of sampling aids 
• Sampling techniques 
• Data collection 
• Conducting interviews 

The survey was conducted by 20 Indonesian surveyors during February-March 2021. Prior to the 
survey, the surveyors were trained using the Survey Guidelines for proper conduct of the survey. 
The group of 6 surveyors teamed up for visiting 7 districts of southern coasts of Rote Ndao 
Regency.  

Information of the Respondents 

Among the 643 respondents, there were 431 males and 212 females responded with their average 
age is 43 years old (Figure 12). Major occupations include public and private sectors, fisherman, 
farmer, teacher/student, housewife, village official and seaweed farmers. Among them, 
fisherman was the highest number with 159 persons followed by service sector with 109 and 
housewife with 104. 

 
Figure 12. Gender (left) and occupation (right) of the survey respondents 

 
 

3.2 SURVEY RESULTS 

Overall perception on pollution 

As shown in Figure 13, about 55% of the residents of southern coasts consider pollution is serious. 
About 36% answered that pollution is not serious and about 9% said they do not know about the 
pollution. Figure 14 shows the result of the multiple-choice question for identifying all the 
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perceived pollution sources in their villages. Among the pollution sources, marine litter was the 
most recognized pollution sources followed by animal manure and oil spill from wellhead 
platform. As one of the major industries of Rote Ndao Regency is animal husbandry, animal 
manure poses a threat to the coastal community. Also, since Rote Ndao Regency experienced 
Montara Oil Rig Incident in 2009 and is still suffering from the aftermath of the spill, it might be 
natural for the coastal residents to feel that oil spill from oil rigs is a big concern to them.  

 

Figure 13. Overall perception of pollution in the southern coastal areas of Rote Ndao Regency 

 

 

Figure 14. Perceived pollution sources of the villages (multiple choice) 
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When the residents were asked to select only one source of pollution, it turned out that oil spill 
from wellhead platform was the biggest concern to them as well as marine litter (Figure 15). 

  

Figure 15. The most serious source of pollution (single choice) 

 

Although the majority of coastal residents say yes to the question that pollution will be improved 
in the future, the confidence level is low as more than 45% of residents say they do not know or 
no (Figure 16). The government may need to take actions for the prevention of oil spill and 
control of animal manures. Also, the residents think that improving the laws and regulations on 
pollution will be the preferred solution for the pollution issues in their villages (Figure 17). 

 

Figure 16. Expectations of pollution situation in the future 

0 50 100 150 200 250

Animal manures

Derelict fishing gears

Marine litter (solid waste)

Oil discharge from ships

Others

Pesticides

Sewerage

Oil spill from wellhead platform

What is the most serious source of pollution?

0

50

100

150

200

250

300

350

400

I dont know No Yes

Do you think pollution will be improved in the 
future?



MARINE AND LAND-BASED POLLUTION ASSESSMENT ON THE SOUTHERN COAST OF ROTE NDAO REGENCY, INDONESIA     |     22 

 

Figure 17. Solution for the pollution issues 

 

Land-based Pollution 

The coastal residents do not seem to care more about the land-based pollution (Figure 18). More 
than 55% of respondents say land-based pollution is not serious whereas only 23% say serious and 
about 18% say they do not know. In Figure 19, it is clear that coastal residents are well aware of 
the seriousness of solid waste issue. About 190 respondents say there is no economic loss 
created by land-based sources of pollution. Among the pollution sources identified, solid waste is 
the most serious pollution source followed by animal manures and untreated sewage (Figure 20). 
Very few identified pesticides from plantation as a pollution source. 

 

Figure 18. Perception on land-based pollution 
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Figure 19. Economically significant land-based pollution sources 

 

 

Figure 20. Serious land-based pollution sources 

 

This is quite interesting to see that land-based pollution is not a significant concern for the 
majority of coastal residents. Since the coastal areas is maintaining relatively pristine condition, 
coastal residents seem to be not sensitive to land-based pollution sources. 

 

Sea-based Pollution 
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pollution. Among the pollution sources, spilt oil from wellhead platform is the most serious 
concern (39%) followed by untreated sewage (37%) as shown in Figure 22.  

 

Figure 21. Perception on sea-based pollution 

 

 

Figure 22. The most serious sea-based pollution source 
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Figure 23. The most significant sea-based pollution sources affecting residents economically 

 

Oil Spill from Oil Rigs 

To the coastal residents, oil spill from oil rig is obviously a serious concern. About 80% of 
respondents answered that off-shore oil rig is a threat to their community (Figure 24). Since there 
are several oil rigs currently under operation at Joint Petroleum Development Area (JPDA) in 
Timor Sea and a severe oil spill incident happened in 2009, it may be natural that residents of 
southern coasts of Rote Ndao Regency are sensitive to oil spill. However, they are not sure that 
oil spill like Montara incident may happen again. More than 80% of respondents said they don’t 
know or will not happen again whereas only 17% said it may happen again (Figure 25). 

 

Figure 24. Concern of oil spill from oil rig 
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Figure 25. Expectations on oil spill incident happening in the future 

 

Although majority of the residents do not expect a large-scale oil spill like Montara incident will 
happen again, oil spill remains the most significant concern of the coastal residents. The residents 
still expect the government should compensate the loss from Montara incident (Figure 26). Also, 
residents want early warning system and response and preparedness system be established in 
order to minimize the loss from possible oil spill incidents in the future. 

 

Figure 26. Requested government action for oil spill 
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sea turtles, whales, dolphins, and whale sharks. This implies that the coastal areas are 
pristine and rich in marine ecosystem teeming with endangered and charismatic species. 
Among the species, sea turtle is the most highly spotted species followed by whales and 
dolphins, whale sharks and dugongs. Interesting species such as crocodile and giant clam are 
mentioned by residents (Figure 28).  

 

Figure 27. Importance of marine animals to the residents 

 

 

Figure 28. Endangered marine animals witnessed in Rote Ndao Regency 
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Figure 29. The most interested marine animal in Rote Ndao Regency 

 

More than 80% of the residents answered that marine animals are important due to their 
ecosystem functions (Figure 30). This is the clear indication that the residents of Rote Ndao 
Regency understand the complex interactions and functions of marine animals within marine 
ecosystem.  

 

Figure 30. The reason for caring marine animals 
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Figure 31. Willingness to release if caught as by-catch 

 

Figure 32. Willingness to support for animal rescue 
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CHAPTER 4. ENVIRONMENTAL SENSITIVITY 
INDEX MAPPING 

 

4.1 BACKGROUND 

Since the Montara Oil Spill Incident in 2009, the residents of southern coasts of Rote Ndao 
Regency suffered a great deal due to the adverse impacts the spill has inflicted to the 
coastal and marine environment. After 12 years, the compensation has not been provided 
and lawsuits are still on-going. Although the life in Rote Ndao continues, the scars have not 
been completely healed. This demonstrates the far-reaching impacts of oil spill and the 
importance of preparedness and response for the worst-case scenarios. 

Oil spill preparedness and response can be costly. It requires heavy equipment and plenty 
of resources ready to be deployed in time of oil spill. An encouraging news is that Indonesia 
has already established the National Oil Spill Contingency Plan. Although the plan and 
equipment are focused on the national priority areas, the Rote Ndao Regency might receive 
immediate assistance in time of emergencies. When the oil spill happens, spilt oil will be 
spread throughout the entire coastal areas of the affected sea. Since response resources 
are always in short supply, it is important to know the priority area where the response 
resources should be first deployed. 

Identifying priority areas for response resource deployment can be done through 
developing the Environmental Sensitivity Index (ESI) mapping. ESI mapping is not costly 
and relatively easily done using site survey and information gathering. Also, many studies 
on ESI maps among Indonesian institutes are on-going and there are many ESI maps along 
the Indonesian coasts available. Therefore, it is recommended to initiate the ESI mapping at 
the coastal areas of Rote Ndao Regency. 

In this study, a demonstration on the development of ESI map in Rote Ndao Regency was 
attempted. The purpose of the demonstration is to show the methods and process of the 
ESI mapping, not for the real-life application. Due to the limited information available and 
restrictions on site visit, only available data gathered through interviews of the residents 
were utilized. It is recommended that the ESI mapping for Rote Ndao Regency should be 
conducted by experts through meticulous site survey after the COVID 19 restrictions have 
been lifted. 
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4.2 ENVIRONMENTAL SENSITIVITY 

Environmental sensitivity is the quality of the environment being sensitive to the outside 
stimuli such as oil which are usually abnormal or foreign nature. The sensitivities of the 
environments vary considerably depending on their constituents. Thus, the resultant 
reactions or response to the outside stimuli vary from site to site. This is the primary reason 
for classifying the degrees of environmental sensitivity of the environment to the outside 
stimuli such as oil and chemical pollutants. 

Environmental Sensitivity Index (ESI) 

In oil spill response, environmental sensitivity is applied only to spilt oil and chemical due to 
the nature of marine transport industry. Since oil and chemical spills most of the cases 
create disasters to the receiving environment, it is necessary to prepare for their impacts 
when arrived at the environment. The sensitivity is classified considering physical, 
biological and socio-economic status of the receiving environment. Classification of the 
sensitivity can be identified using an index system. This led to the development of the 
Environmental Sensitivity Index (ESI). 

Oil spill response sector considers the ESI as an oil spill response and planning tool. The ESI 
was developed by Research Planning Inc. (RPI) in 1976 through the support of the 
Hazardous Materials Response Branch of NOAA (Ramsey and Michel 1990). Early ESI was 
developed considering three primary components namely, the selection of the spill-
sensitive areas, the likelihood of oil impact, and the analysis of costs to protect those sites 
as well as through scientific investigation of several oil spills in history (Gundlach et al. 
1981). 

ESI Map 

Graphical presentation of the Environmental Sensitivity is important as the response 
measures will be conducted at the actual sites. In this reason, identified ESI was drawn in 
map. Before 1990, ESI maps were prepared by hand using traditional color cartographic 
methods as shown in Figure 33 (Source: NOAA)5. Since then, with the popularity of the 
Geographic Information System (GIS) techniques, all ESI maps were prepared in digital 
form using GIS maps. GIS techniques enabled to catalogue wide range of digital 
information relating to ESI.  

 
5 Environmental sensitivity index maps, Office of Response and Restoration, National Ocean and Atmospheric 
Administration (NOAA) 
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Figure 33. ESI Map of RPI in 1985 

(Source: NOAA) 

 

Mapping of sensitivity of the environment to accidental oil pollution is an essential step in oil 
pollution preparedness, response and cooperation efforts, and maps are a crucial tool to assist 
responders during an incident (IPECA 2012). According to NOAA, ESI maps provide a concise 
summary of coastal resources that are at risk if an oil spill occurs nearby. NOAA presented few 
examples of at-risk resources such as biological resources (such as birds and shellfish beds), 
sensitive shorelines (such as marshes and tidal flats), and human-use resources (such as public 
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beaches and parks). Therefore, ESI maps are considered as a compilation of information about 
coastal shoreline sensitivity, biological resources, and human resources (example shown in Figure 
34). NOAA stressed the importance of the ESI map that this information is used in planning to 
create clean-up strategies before an accident occurs so that authorities are prepared to take 
action in the event of such a spill.  

 
Figure 34. The symbols and color coding system of a ESI map 

(Source: NOAA) 

 

The sensitivity maps provide a comprehensive overview of the territory and the sensitive 
resources at risk in the event of an oil spill (IPIECA 2012). The shoreline resources can be ranked 
and color-coded based on their sensitivity to spilt oil. The data on biological and human resources 
also use standardized colors and symbols (see Figure 34). Response organizations can use the 
synthesized data to create efficient and effective clean-up strategies. 

 

4.3 IDENTIFYING OIL SPILL SENSITIVITY 

Identification of sensitivity is conducted in three steps: identify i) physical sensitivity; ii) biological 
sensitivity; and iii) socioeconomic sensitivity. The following describe the step-by-step process for 
sensitivity mapping. 

Physical Sensitivity 

For physical sensitivity, NOAA Guidelines (Petersen et al. 2019) compiled and classified shore 
types in accordance with their sensitivities to oil. As shown in Figure 35, the ESI can be 
determined based on the shore types, from 1 (low sensitivity) to 10 (very high sensitivity). NOAA 
considered the following characteristics of the shore types: 

• oil penetration and/or burial as well as movement at the shore; 
• influence of tidal energy (wave and wind) at the shore topography; 
• general biological productivity. 
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Figure 35. Classification of 10 levels of Physical Sensitivity 

(Source: NOAA) 

 

The shore types can be color coded in accordance with the sensitivity of their types. Table 11 
shows the colors of physical sensitivity which are utilized in NOAA Guidelines. Physical sensitivity 
from 1 to 10 in the order of sensitivity is guided with respective color coding. P10 is the most 
sensitive resources such as swamp, marshes, wetlands and mangroves. 

Physical sensitivity can be identified using various sources including topographic or thematic 
maps, remote sensing data, aerial photos as well as satellite images. After the initial classification 
from the sources, it is recommended to conduct a ground truthing at the site in order to validate 
correctness and up to the date information. Missing information can be added to the study. 
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Table 11. Physical Sensitivity Ranking, Color and ESI Code  

Color ESI Code Physical description CMYK Color 

 P1 Exposed rocky shores, banks, man-made structures 100/98/44/2 

 P2 Shelving bedrock, steep slopes 85/58/0/0 

 P3 Grained sand beaches, eroding scarps, banks 48/40/0/0 

 P4 Sand beaches, bars, gently sloping banks 82/15/100/0 

 P5 Mixed sand and gravel beaches, gravel bars, banks 47/0/100/0 

 P6 Gravel beaches, bars and banks 62/0/100/0 

 P7 Exposed tidal plat 27/11/100/0 

 P8 Sheltered man-made structures, rocky rubble shores 0/51/98/0 

 P9 Sheltered tidal flats, sand and mud flats 0/84/60/0 

 P10 Swamps, marshes, wetlands, mangroves 2/100/100/0 

(Source: NOAA) 

Biological Sensitivity 

Biological resources are vulnerable to oil spill. It is important to identify as many and detailed 
species as possible in order to protect them from oil spill. Some areas are designated as 
protected areas for wild life as well as endangered species. NOAA puts considerable efforts to 
identify sensitive biological resources in the coastal areas and presented most comprehensive 
symbols and data register system. The symbols of NOAA Guidelines on sensitive biological 
resources are shown in Table 12. 

The list of sensitive biological resources includes: 

• birds (seabird, shorebird, wading bird, migratory species, etc.); 
• marine mammals (whale, dolphin, dugong, etc.); 
• terrestrial mammals (which may be affected by contact with beached oil or by 

feeding on contaminated water species, e.g., beaver, mink, bear, wolf); 
• fish (nursery areas, coastal species, commercial pelagic species, etc.); 
• invertebrates (crustaceans, lobster, shrimp, endangered insects, etc.); 
• reptile/amphibians associated to water (turtle, crocodile, frog, etc.). 

Symbols for sensitive biological resources can be regularly updated if new species of concern are 
discovered. Protected species and protected areas should be marked with red square (Table 12). 
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Table 12. Symbols for Sensitive Biological Resources 

Birds  Benthic  Habitats  

 
Hach pattern: 135o 
CMYK: 7/0/100/0  

Hatch pattern: 0o 
CMYK: 18/79/0/0  

Hatch pattern: 90 o 

CMYK: 18/79/0/0 

 
Alcid/Pelagic 

 

Coral/Hardbottom Reef 
 

Upland/Wetland 
Plant 

 
Diving 

 

Submerged Aquatic 
Vegetation 

 

Floating Aquatic 
Vegetation 

 
Landfowl     

 
Gull/Tern Reptiles & Amphibians Fish  

 
Passerine 

 
Hatch pattern: 45o 
CMYK: 27/100/100/1  

Hatch pattern: 45o 
CMYK: 74/44/3/0 

 
Raptor 

 
Crocodile 

 

Fish 

 
Shorebird 

 

Other reptiles and 
amphibians 

 

Nursery 

 
Wader 

 
Turtle   

 
Waterfowl    

      
Marine Mammals Terrestrial Mammals Invertebrates 

 
Hatch pattern: 0 o 
CMYK: 6/71/100/0  

Hatch pattern: 90 o 
CMYK: 6/71/100/0  

Hach pattern: 135o 
CMYK: 6/71/100/0 

 
Dolphin 

 
Bat 

 

Bivalve and 
chordate 

 
Dugong 

 

Monkey 
 

Cephalopod 

 

Pinniped 
 

Canine, Feline, Small 
mammal 

 

Crab and 
Invertebrate 

 
Sea Otter 

 
Ungulate 

 

Gastropod 

 
Whale   

 

Lobster and 
Crayfish 

    

 

Shrimp 

Protected Species Protected Area   

 
CMYK: 6/71/100/0 

 
CMYK: 6/71/100/0   

(Source: NOAA) 
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Socio-Economic Sensitivity 

Human settlements and economic activities at the coastal areas are immensely important as the 
coastal areas have become the center of human development. These sensitive socio-economic 
resources should be protected in times of oil spill. The following features should be surveyed and 
mapped for socio-economic sensitivity index (IPIECA 2012):  

• subsistence, artisanal and commercial fishing, and fishing villages; 
• aquaculture; 
• water intakes (salt marsh plant, desalinization plant, aquaculture and salt 

production, industrial use); 
• tourism and recreation areas (hotels, restaurants, marinas, beaches, recreational 

fishing, diving, etc.); 
• port (including the activities and infrastructures); 
• industrial activities (relying on maritime transport); 
• infrastructures related to oil exploration, production and transport activities; and 
• cultural sites (archaeological, historical, religious, etc.). 

Figure 36 shows the symbols for mapping the sensitive socio-economic resources at the coastal 
areas. These symbols are developed and utilized by both NOAA and IPIECA and comprehensive 
and well presented. Figure 37 presents the symbols for logistics and operations resources for 
tactical and operational sensitivity maps. 

 

 
Figure 36. Symbols for the mapping of sensitive human use and activities 

(Source: IPIECA 2012) 
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Figure 37. Symbol for the mapping of logistics and operational resources 

(Source: IPIECA 2012) 

 

4.4 ESI MAP OF ROTE NDAO REGENCY 

Grid setting for the southern coasts of Rote Ndao Regency 

Southern coasts of the Regency can be divided into 4 segments using a 1:25,000 scale map as 
shown in Figure 38. This scale is amply large enough to construct tactical ESI maps. In this study, 
the hotspot area, the village of Batutua and other adjacent villages of Rote Barat Daya will be 
mapped as a demonstration of ESI mapping. 

 

 
Figure 38. Grid setting for Rote Ndao Regency southern coastlines facing Timor Sea 
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Satellite image study was conducted to identify the physical vulnerability of the coastal areas. 
The coasts are covered with mangroves and sandy beaches which are considered as highly 
vulnerable and vulnerable. The resulting physical vulnerability index map of coastal areas of Rote 
Barat Daya is shown in Figure 39. It should be note that ground-truthing of the site should be 
conducted to confirm the accuracy of the assessment.  

 

 
Figure 39. Physical sensitivity Index of Rote Barat Daya of Rote Ndao Regency 

 

For the biological vulnerability identification, meticulous survey of the site is very important. 
However, due to limited accessibility of the site and availability of the biological resources data at 
the current situation of COVID19, limited data were laid out in the ESI map as shown in Figure 40. 
The data were drawn from the interviews of the coastal residents as well as the GIS data on 
fishing grounds and aquaculture areas. Figure 40 is a demonstration of the ESI map which 
requires site survey and ground truthing for accuracy and only viewed as a sample of ESI map. In 
the succeeding years, ESI experts should be employed to assess a comprehensive ESI map of 
Rote Ndao Regency. 
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Figure 40. Demonstration of a Strategic Oil Spill Vulnerability Map of the coastal areas of Rote Barat Daya 
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CHAPTER 5. CONCLUSIONS AND RECOMMENDATIONS 

 

5.1 CONCLUSIONS 

As a sparsely populated island, Rote Ndao Regency boasts relatively pristine coastal and marine 
environment and rich marine biodiversity. Owing to the clean and beautiful natural resources, 
several famous tourist attractions are present and the Regency hosts increasing number of 
tourists every year. However, the Regency is not exempted from the threats of pollution due to 
increasing economic development and activities at the coastal areas. Both land- and sea-based 
pollution sources are present and few have become concerns of residents such as marine debris 
and spilt oil from oil rig platforms. 

Among the pollution sources, spilt oil from oil rigs off the coasts of Rote Ndao Regency is 
considered as an alien source of pollution since the oil fields belong to both Australia and Timor-
Leste. Once oil is spilt from the rigs, the extent of spread of oil and impacts of devastation are 
usually overwhelming. While the pollution sources may be foreign origin, Rote Ndao Regency 
should be ready to respond to the potential accident at the seas. 

Pollution Hotspot in the Southern Coasts of the Regency 

Among the southern coasts of Rote Island facing Timor Sea, Batutua village in Rote Barat Daya 
was identified as a pollution hotspot of the Regency whereas the coastal areas of Ba’a, the 
capital of the Regency, would be the pollution hotspot of the northern coasts. Considering the 
population and animal densities as well as facilities for economic activities such as fishing and 
seaweed farming, Batutua village is under the threats of pollution such as marine debris and spilt 
oil from ships and oil rig platforms. 

The coastal waters of Batutua are designated as a sustainable fishing zone and a capture fisheries 
zone. The waters are busy with fishing, aquaculture and seaweed culture. Therefore, it is 
necessary to implement an Integrated Coastal Management (ICM) program for sustainable 
development at Rote Barat Daya. One of the components of ICM program would be land- and 
sea-based pollution reduction such as marine litter and spilt oil. 

Higher Concern on Sea-based Pollution Sources 

Major industries of the Rote Ndao Regency are agriculture, fisheries and animal husbandry. 
Pollutions sources include sewages and solid wastes from households, manures from animal 
husbandry, pesticides from plantations, derelict fishing gears from fishing vessels among others. 
Among the sources of pollution, the residents of southern coasts of Rote Ndao Regency felt that 
sea-based pollution such as oil spill, marine litter and derelict fishing gears are more serious than 
land-based pollution such as sewages, pesticides, manures, etc. 

The biggest concerns of the residents are oil spill from oil rigs operating in the JPDA in Timor Sea 
and marine debris (solid wastes). Among the land-based sources, the residents concern about 
the manures from animal husbandry. These pollution from sea- and land-based sources should be 
addressed to maintain pristine conditions of the coastal areas. 



MARINE AND LAND-BASED POLLUTION ASSESSMENT ON THE SOUTHERN COAST OF ROTE NDAO REGENCY, INDONESIA     |     42 

High Risk of Oil Spill 

The Regency is in the vicinity of active oil rigs located in the JPDA in Timor Sea. Several oil rigs are 
currently under operation and few more soon to be operated (e. g., Barossa Project). Since 
economic gain through oil and gas development brings tremendous amount of cash to the 
countries, the trend of oil and gas development will be aggressively increasing in the future. 

The residents of southern coasts of Rote Ndao Regency have already suffered devastating 
consequences of oil spill in 2009. The incident left many residents jobless and inflicted economic 
losses although no compensations were granted so far. The legal filings have been submitted to 
Australian court since 2010 and the 1st court ruling in favour of the Indonesian farmers has been 
released in March 2021. However, it would take more time for final settlement. The coastal 
residents are concerned about the oil spill incidents happening again. 

High Awareness on Endangered Species  

The residents of southern coasts of Rote Ndao Regency possess high level of awareness on 
marine species such as marine turtle, whale, dolphin, whale shark and dugong, among others. 
They consider marine animals as precious due to their important functions in the marine 
ecosystem. They have expressed their willingness to protect the marine animals and release if 
they caught as by-catch. Also, they showed their willingness to provide their support to marine 
animal rescue efforts. This is a promising signal of the residents as rare and endangered marine 
animals can be well protected by the fishers and residents of Rote Ndao Regency. 

 

5.2 RECOMMENDATIONS 

Establish Oil Spill Preparedness and Response System 

As a hotspot of oil spill risk, the Rote Ndao Regency needs to establish an oil spill preparedness 
and response system comprising, for example: i) local oil spill contingency plan, ii) ESI Atlas, iii) 
response stock warehouse; and iv) early warning system. The system requires significant 
resources and efforts of the national and regional governments. Therefore, a step-by-step 
process for establishing the system would be considered. 

Among the system requirements, the easiest task might be the development of a comprehensive 
ESI Atlas of Rote Ndao Regency. This study demonstrated the development process and 
requirements of ESI mapping with a sample ESI map of Rote Barat Daya coasts developed. A 
comprehensive study for ESI Atlas of Rote Ndao Regency should be initiated to identify 
vulnerable habitats, marine animals as well as socio-economic assets to be prioritized. ESI experts 
shall lead the study and comprehensive field survey should be conducted. 

The Regency needs to develop a Local Oil Spill Contingency (OSC) Plan in accordance with the 
National and Regional Oil Spill Contingency Plans. The Local OSC Plan will stipulate resource 
mobilization, response operation, chemical usage on spill sites, co-operation with other parties, 
among others. The Local OSC Plan will play a key role in oil spill preparedness, response and co-
operation during the time of oil spill incidents. The plan will bring a certain level of confidence on 
oil spill incident to the coastal residents. 
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The Regency also needs to establish a response stock warehouse or partner with organizations 
which possess facilities and resources as well as an early warning system. The warehouse will 
equip with response resources such as booms, skimmers, dispersants, absorbents, reservoirs etc. 
Local authorities need to enhance their capacity in responding to oil spill incidents by attending 
annual exercise for oil spill response organized by national and international response 
organizations. 

Respond to Marine Debris 

Marine debris has gaining attention as a serious global issue in recent years. Coastal residents of 
Rote Ndao Regency also consider marine debris as a concern. A study on marine debris in Rote 
Island suggested that localized debris is to be blamed (Purba et. al., 2018) since majority of 
marine debris at the shore are from local sources. The composition of marine debris mainly 
comprises plastics (more than 70% in number) and fishing gears as well as other disposables 
(bottles, wood products etc.). 

As the solutions for marine debris are manifold, the global community is seeking concerted 
efforts of all the stakeholders. In reality, efforts of private sector and individuals are highly 
encouraged by governments since the key to success of marine debris reduction is a behavioural 
change in our dealing with disposables and plastics.  

Response to marine debris in Rote Ndao Regency may be achieved in two folds: i) improved solid 
waste management practices, and ii) scientific monitoring of marine debris by local NGOs. 
Improving solid waste management practices requires effective design of collection and disposal 
of solid wastes as well as proactive participation of the residents. It is necessary that the ICM 
program of Rote Ndao Regency should include solid waste management as a key priority activity 
for achieving sustainable coastal environment. 

The other aspect of marine debris action is to monitor the occurrence of debris. The purposes of 
marine debris monitoring are to: i) track the changes in occurrence of marine debris; and ii) raise 
awareness on impacts of marine debris. For these purposes, a long-term monitoring of marine 
debris monitoring by local NGOs would be necessary. Therefore, the Regency may initiate a 
Regency-wide NGO-led marine debris monitoring program as a part of the ICM program. 

Improve Animal Husbandry Practice 

The residents of southern coasts of Rote Ndao Regency consider animal manures as a concern. 
Since Rote Ndao is promoting agriculture and fisheries including animal husbandry, animal 
manures might be produced excessively. However, animal manures create various issues 
including polluting steams and groundwater, public hygiene, the stench and others. A proper 
disposal practice should be set up in the Regency so that animal manures should not enter the 
streams.  

Regular monitoring of the animal farms and education of farmers will be required. One of the 
most important aspects of improving animal husbandry practice is building awareness of the 
operators and farmers on long-term environmental sustainability and responsible agri-business. A 
special education program for animal husbandry farmers may be necessary. 
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ANNEX 1. SURVEY GUIDELINES FOR MARINE AND LAND-BASED 
POLLUTION SOURCES 

 

FIELD SURVEY GUIDELINES6 
FOR INFORMATION GATHERING ON COASTAL AND MARINE POLLUTION SOURCES 

 
INTRODUCTION 
Marine and land-based sources of pollution are affecting the health of marine ecosystem at 
coastal areas. Economic activities such as fisheries, agricultural and plantation activities, animal 
husbandry are main causes of pollution. External sources of pollution such as oil spills by off-
shore drill rigs and vessel traffic also pose threats of coastal pollution. 
 
Regency like Rote Ndao may not produce significant sources of pollution due to sparsely 
populated and less active economic activities at coastal areas. However, poor management of 
environmental protection activities may accumulate hazardous conditions at the local areas. In 
this light, it is necessary to conduct site surveys for gathering data and information available at 
the local area either by literature or by conversation. 
 
COASTAL AND MARINE POLLUTION SOURCES 
In the literature, Rote Ndao has few pollution sources such as discharges from animal farms, 
derelict fishing gears, waste discharge from vessels and spilt oils. The following DPSIR analysis 
results specified that main sources of pollution include: 

a. Fishing activities 
b. Animal husbandry 
c. Oil spill 

 
DPSIR Analysis Result 

Driver Pressure State Impacts Response 
Local economic 
growth through 
fisheries 

• Extensive 
seaweed 
culture 

• Increased 
capture 
fisheries 

• Extensive use 
of fishing 
gears 

• Derelict 
fishing gears 

• Overfishing 
• IUU fishing 
• Litters from 

fishing boats 
• Oil spillage 

from fishing 
boats 

• Ghost fishing 
by derelict 
fishing gears 

• Marine 
ecosystem 
degradation 
by pollutants 

• Reduced 
income of 
fishers 

• Awareness 
building for 
fishers on 
marine 
ecosystem 
impacts of 
derelict 
fishing gears 

• Aquaculture 
development 
for 
sustainable 
fisheries 

 
6 This guideline was developed and modified based on the Standardized Catch and Bycatch Questionnaire of CMS 
Dugong MOU (Pilcher et. al., 2017. https://www.cms.int/en/project/cms-dugong-mou-standardised-catch-and-bycatch-
questionnaire) 
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Oil extraction at 
the platforms in 
the ATSEA 
region 

• Off-shore oil 
extraction 

• High-vessel 
traffic for oil 
transport 

• Pipe 
connection for 
oil transport 
from the 
platform 

• Coastal areas 
including 
habitats and 
species under 
constant 
threats of oil 
spill 

• High stress 
for coastal 
dwellers 

• Coastal 
habitats 
degradation 

• Reduced 
coastal 
economic 
activities 
(fisheries) 

• Mass 
mortality of 
coastal 
species 

• Oil spill early 
warning 
system 

• Oil spill 
contingency 
planning 

• ESI Mapping 
• Response 

and 
preparednes
s 

Economic 
growth through 
animal 
husbandry 

• Increased 
animal heads 

• Expansion of 
areas for 
animal 
husbandry  

• Clearing of 
forests for 
animal 
grazing 

• Increased 
manures from 
animals 

• Discharge of 
manures to 
the coastal 
waters 

• Coastal water 
quality 
degradation 

• Marine 
ecosystem 
degradation 

• Reduced 
fisheries 
resources 

• Regulated 
animal head 
counts 

• Construction 
of manure 
treatment 
facilities 

Economic 
growth through 
plantation 

• Expansion of 
palm tree 
plantation 

• Extensive use 
of chemicals 
for pest 
control 

• Pesticides 
polluting 
plantation 
area 

• Frequent 
outbreak of 
diseases of 
trees 

• Terrestrial 
ecosystem 
degradation 

• Reduced 
income of 
farmers due 
to disease 
outbreak 

• Sustainable 
development 
of plantation 

• Mixed 
culture of 
trees 

 
SURVEY AREA 
Literature analysis on human and animal population as well as economic activities revealed that 
the most sensitive areas are the coastal areas of Lobalain, Rote Barat Laut and Rote Barat Daya. 
Since ATS covers the southern coasts of Rote Ndao, the survey would be focused on the entire 
southern coasts of the Rote Ndao Regency. As shown in Figure 1, coastal area of Rote Barat Daya 
is the hotspot for potential pollution sources.  
 
Since the people’s perception on marine and land-based sources varies depending on the sites, it 
is important to conduct interview with various residents of the southern coasts of Rote Ndao 
Regency. 
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Figure 1. Coastal pollution hotspot of Rote Ndao Regency 

 
INTERVIEW METHODS AND TECHNIQUES 
Interviewing respondents is a challenging task. One of the most challenging aspects of this work 
is gaining the trust of the respondent in a very short period of time. We need to understand the 
challenges and limitations of interviews with people we have only just met. Some respondents 
are hesitant because they fear reprisals through their responses – for instance, if a fisher provides 
an indication that stocks are collapsing and in danger, government may decide to impose fishing 
restrictions which may not be in the fisher’s better interests. Similarly, if a fisher has caught a 
dugong and he / she knows it is illegal, they may fear fines or prosecution from enforcement 
authorities. It is the responsibility of the Interviewer (the person asking the questions) to set the 
Interviewee at ease, and allay any fears they may have from their participation. This is not an easy 
task, and less so given the relatively rapid nature of this sort of survey. This is the reason all 
interviews start with an Introductory Statement. It is important that all Interviewers read this 
statement carefully so that the Interviewee understands why they are being asked questions, 
and what the consequences of their involvement might be. It is also ethically appropriate to let 
the subject know what their responses will be used for. 
 
The Coastal Pollution Sources Survey Questionnaire is intended as a relatively rapid process of 
accumulating data for residents’ perception on pollution sources and identifying damages and 
losses caused by the pollution sources. The Survey is also intended to be implemented at low 
cost. It is intended that graduate students, research assistants and NGO staff conduct the 
interviews with some basic training and background information. The following tips are very 
general and apply differently to different situations. The Interviewer should use his / her 
judgment to decide when and how to use them: 
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Dressing Appropriately – Appearance will influence the way Interviewees respond. If the 
Interviewer appears too official it is possible respondents will not feel comfortable. Similarly, 
however, a very informal dress code might be equally inappropriate. Lastly, it is important for 
women who are conducting interviews to fit in with the customs and norms of the community in 
which they are conducting interviews, and for all interviewers to respect the customs and 
cultures of the people they are interviewing. 
  
Being Honest – Sometimes it is tempting to lie or omit important information when securing an 
interview. This is more than just unethical; it will undermine the Survey process in the long run. 
  
Staying Neutral – It is important to try not to demonstrate any bias. The Interviewer should not 
appear to be persuaded by the subject's opinions and not judge or directly criticise the subject. 
  
Interrupting – This can upset the Interviewee's train of thought.  
 
Over-Directing – The Interviewer should try not to give the subject too many instructions or be 
too specific about what they want them to say. In most cases it is better to let them speak freely. 
Over-directing also often results in leading questions (see this Section, a bit further down). 
 
Showing Understanding – The Survey often covers sensitive topics. The Interviewer should show 
some understanding for the subject without getting overly-linked to one side of an argument, 
and ask for permission before asking difficult questions, e.g. "Is it okay to talk about...?"  
 
Missed Questions – If the Interviewer missed a question from the interview, he / she might be 
able to revisit the subject and get the answer. But generally, we only get one chance at this — 
ask too many times and we will probably be out of luck.  
 
Respect the Interviewee – It is important that the Interviewee (the person being interviewed) 
feels that he / she is respected and that their information is valuable. There are times when the 
person who asks the questions may look at the surroundings and feel that a fisher is poor and 
may have limited knowledge and understanding, but this must be avoided at all costs. What a 
fisher understands about fishing and the ocean are generally far in excess of what any 
interviewer will know, and this knowledge, while different, needs to be respected. In most 
instances, with respect comes honesty. If an Interviewee is treated with respect, there is a much 
greater chance the responses will be truthful. 
  
Singular vs. Group Interviews – Interviews can be conducted in a group setting or with individual 
respondents. Sometimes people feel more relaxed and speak more freely when surrounded by 
their colleagues, but others feel it is easier to be frank when speaking in private. Private 
discussions work best for this type of interview, but responses from one individual can still be 
distilled from a group discussion. It is important when speaking to a group of people that the 
responses of one individual alone are captured, and not that of a number of respondents on a 
single survey form. As an example, one could return to the key person after each question has 
been deliberated by saying “And Chong (or Pete, or Abdu, etc.), what do you think about this?”  
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The Use of Voice Recorders – Recordings have been found useful in revisiting responses by 
individuals to make sure the data sheets are correctly completed. It is acceptable to record the 
interview with an electronic voice recorder, but always with permission. Some Interviewees may 
be disturbed by the presence of the recorder, and think that it could be evidence which could be 
used against them. Others may be shy. The Interviewer must always ask if the Interviewee is 
agreeable to having the session recorded, and sensitive to the fact many people will refuse. Some 
people find that covering the recorder with a piece of paper or cloth eventually allows the 
respondent to subconsciously ignore the fact it is there.  
 
Listening – A common mistake is to be thinking about the next question while the subject is 
answering the previous one, to the point that the interviewer misses some important 
information. This can lead to all sorts of embarrassing outcomes.  
 
Open-Ended Questions - An open-ended question is designed to encourage a full, meaningful 
answer using the subject's own knowledge and / or feelings. It is the opposite of a closed-ended 
question, which encourages a short or single-word answer. Open-ended questions also tend to 
be more objective and less leading than closed-ended questions. Many of the Survey form 
questions are closed, but there are several open-ended questions which require greater attention 
than closed questions. It is important (in the interests of respect and inclusion) to allow the 
respondent to answer these fully, but it is also important (in the interests of time) to keep the 
discussion on track and to be able to move on and complete the questionnaire.  
 
How to End the Interview– When the interview is finished, the Interviewer should put the Survey 
form away (and recorder if used) and have an informal chat. As well as being polite and leaving a 
good impression, one might be surprised at what additional information flows when the subject 
thinks it is all over and is more relaxed. 
 
SAMPLING TECHNIQUES  
Stratified Sampling - In statistics, stratified Sampling is a method of sampling from varying 
segments or categories of a population. When smaller components of a population (we can call 
them subpopulations) such as fishers from large fishing villagers compared to fishers from small 
fishing villages vary considerably, it is probably a good idea to sample each subpopulation 
independently – that is, sample some fishers from small villages and some fishers from large 
villages and treat them as different groupings. Stratification is the process of grouping members 
of the population into relatively similar subgroups before sampling. In our case we could 
categorise fishing communities by size, and by the amount of information we have on each of 
them. 
  
We might want to group all the ‘large’ fishing communities (maybe all those with more than 100 
boats), then we might group the medium-sized communities (possibly with 50 to 100 boats) and 
then smaller communities (maybe those with less than 50 boats). Of course, these are arbitrary 
selections, and each project will know better how to break down fishing communities or their 
relevant groupings. What is important is that each category should be mutually exclusive: that is, 
each element in the population (say, each fishing village) must be assigned to only one category. 
A fishing village with 50 boats can’t be placed into the 100-boat category also. And the categories 
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should also be collectively exhaustive: that is, no element can be excluded (all ports should fit 
into at least one of the categories). After this has been sorted out, random or systematic 
sampling is applied within each category by the data analysts. This often improves the 
representativeness of the sample by reducing sampling error, and it can produce a weighted 
(balanced where needed) mean that has less variability than the arithmetic means of a simple 
random sample of the overall population. In real language what this means is that the averages 
of each sub-population are likely to be more representative than if we took one overall average 
of the entire population.  
 
Stratification Based on Community Size – It is probably obvious that we can’t quite compare the 
fishing pressure and potential impacts of all communities equally – larger communities are likely 
to exert greater pressures than smaller ones. Imagine that we find out that a community’s fishing 
effort overlaps with important dugong habitats. This would be a concern if there were 50 boats, 
but probably not so much of a concern if there were only two boats. Stratified Sampling allows 
us to determine the relative weight, or ‘impact’ of each category.  
 
Random Sampling - Every time we specifically choose some things in a specific place or of a 
particular type or with a particular characteristic, we are introducing what is called bias. Bias 
occurs when sampling results are skewed in one direction or another because of a particular 
influence, and is something we want to avoid if we are to conduct truly random (and thus 
statistically-valid) sampling. There is no way we can interview everyone, so we need to choose a 
representative sample of people to interview. We need to choose a representative sample of 
ports to visit. This word, representative, is crucial to the outcomes of this project. If, for instance, 
we only chose to interview young members of a community we would never get any data on 
historic (past) trends. This is a biased survey. It is not representative of all people in the 
community. If we only interviewed elderly people in the village in the middle of the day, when 
most fishers were at sea, we would get biased results also. Neither would they be representative 
– these people may not be active fishers and may not have the best current information. Project 
managers need to select a cross-section of the fishing villages / community / fishers themselves to 
gather results which represent the widest range of possible responses.  
 
Eliminating bias from our surveys is crucial so that the information we collect is not skewed 
(leaning) in one direction or another. Just as we don’t want to collect information only from 
young, or old, or black-haired, or overtly-friendly fishers, we do want to make sure we get a little 
bit of everything and a bit more from those who truly count rather over those who may not know 
as much. That is, we need a Random sample of people who are relevant to the project objectives. 
Or said in another way, we need a random sample of fishers or ports or fishing methods once we 
have decided within each grouping of our stratified approach. We do want to interview active 
fishermen and relevant workers who know about the marine environment. That means that we 
will need to concentrate on those people who spend most of their time at sea, and you could 
argue this is a bias as of in itself.  
 
Random Sampling is not Unorganised Sampling – The survey design needs a random approach 
to selecting interviewees, to eliminate bias and to ensure the results are representative of the 
population being sampled. But random sampling is quite hard to get right. How does one 
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conduct a random sample? How do you select which fisher to interview and which one not? What 
we don’t want is for the Interviewer to just go out and ask anybody – this is unorganised 
sampling (aimless, unsystematic, very hit and miss). An unorganised survey might end up 
interviewing the bus driver, or a ship engine room mechanic, or a farmer. We want the 
Interviewer to approach relevant people, but in a random manner. In random sampling, each 
fisher or Interviewee in a population has an equal chance of being chosen at each selection. A 
sample is random if the method for obtaining the sample meets the criterion of randomness 
(each Interviewee having an equal chance at each draw). To eliminate the bias and get a 
representative random sample, we need to balance these interviews then with a few other 
members of the community – women, older retired people, youngsters, etc. – to get an overall 
picture of current status. 
 
Eliminating Bias at the Site level – Some of this has already been dealt with the Stratified 
Sampling, but what is important to note is that the bias in selecting sites more often than not 
occurs in the project design phase, rather than in the implementation phase. When the Survey 
Leaders sit down to decide which ports will get sampled, this is when bias can be introduced. For 
instance, imagine selecting only those sites which have good road access. Or only those sites with 
a hotel for survey staff to spend the night. Either of these two criteria suggests somewhere large 
and affluent, possibly somewhere where there is a Fishery Department office, where responses 
by Interviewees may be compromised. At the same time, there may not be that many of these 
types of sites, and therefore not all types of fishing communities will get sampled, and indeed 
only a small proportion of all fishing communities. It is important at the design phase to sample a 
good and representative cross-section of the entire coastal community. 
  
ROLE OF THE INTERVIEWRS 
The roles of interviewers are in twofold: i) data collection at the site and ii) interview with coastal 
residents on perception on marine and land-based sources of pollution. The following is the roles 
of interviewers. 
 
A. Data Collection 

Site survey team will collect the following data and information for the entire southern 
coasts of Rote Ndao Regency.  

 
1. Economic data 

a. Fishing ground for capture fisheries 
b. Seaweed farming areas 
c. Other important fishing areas 

 
2. Biological data 

a. Marine Protected Areas 
b. Seagrass meadows 
c. Sea turtle nesting areas 
d. Dugong visiting sites 
e. MPAs 
f. Other important habitats and protected areas 
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3. Environmental data 
a. Seawater quality monitoring 

 
B. Conducting Interviews with Coastal Residents 

Interviews will be conducted in entire coastal areas of Rote Ndao Regency. Since the coastal 
areas are active in fisheries, most interviewees would be fishers. However, as stated in 
Survey Technique section, unbiased and random sampling will be pursued in order to secure 
quality of the survey. 
 
Survey sample size should be sufficiently enough to deduce statistically meaningful results. It 
covers at least 5 to 10% of the villages visiting to survey. Using Survey Questionnaire attached 
in this Guidelines, interviewers will visit village by village to conduct interviews with local 
residents at coastal areas. 

 

*** 
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QUESTIONNAIRE FOR COASTAL AND MARINE POLLUTION SOURCES 
ROTE NDAO REGENCY 

 
 
INTERVIEWER INFORMATION 
 
Interviewer Name: _________________  Date: _____________ 

Data Sheet Serial Number: ____________________________________ 

Town: ___________________ Province: _______________________ 
 
INTRODUCTION STATEMENT  
(Note: Reading this statement to the interviewee is compulsory. It ensures all interviews are 
treated equally) 
 
My name is ______________. I work for a project run by the________________, which is an 
organization based in _________________ which is supporting research to identify coastal and 
marine pollution sources in protecting the ocean for fishers and marine ecosystem. The goal of 
this survey is to learn more about your perception on coastal and marine pollution sources which 
affect your life and marine environment the most. We would like to ask you some questions 
about your experience and thoughts about coastal and marine pollution sources at Rote Ndao 
coastal areas. The questions will take between 15 to 20 minutes to complete. Information from 
our research could be used to help reduce pollution from land and sea maybe through 
government intervention or possibly through more effective regulations and enforcement. Your 
participation in this survey is voluntary and confidential. We will not record your name or any 
personal information you share with us unless this is ok with you. Individual answers will be 
collated and reported on as a group to provide a general idea of current status, and we will 
absolutely not share your individual answers to anyone outside of the survey team. You do not 
have to answer questions you do not want to. THANK YOU FOR YOUR HELP! 

 
INTERVIEWEE INFORMATION 
 

1. Name: ________________ 
2. Age: ________________ 
3. Gender:  Male___ Female___ 
4. Town: ________________ 
5. Occupation: _____________  Full-time: ___ Part-time: ___ 
6. Years of Working: _______________ 
7. Alternative livelihood: ___________ 
8. Boat: Yes___ No___ Motor: Yes___ No___ Power:____ hp 
9. Note:__________________________________________ 
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OVERALL PERCEPTION OF POLLUTION SOURCES 
 
1. Do you feel that pollution is serious in your town? 

a. Yes b. No c. I don’t know 
2. What kind of pollution sources do you recognize in your town? (multiple choice) 

a. Marine litter 
(solid wastes) 

b. Sewerage c. Animal manures d. Oil discharge 
from ships 

e. Derelict fishing 
gears 

f. Pesticides g. Spilt oil from oil-
well platform 

 

h. Others (please specify) ______________________________ 
 
3. What do you think is the most serious pollutions source? (Choose one) 

a. Marine litter 
(solid wastes) 

b. Sewerage c. Animal manures d. Oil discharge 
from ships 

e. Derelict fishing 
gears 

f. Pesticides g. Spilt oil from oil-
well platform 

 

h. Others (please specify) ______________________________ 
 
4. Did you experience losses or damages from the pollution sources? (multiple choice) 

a. Marine litter 
(solid wastes) 

b. Sewerage c. Animal manures d. Oil discharge 
from ships 

e. Derelict fishing 
gears 

f. Pesticides g. Spilt oil from oil-
well platform 

 

h. Others (please specify) ______________________________ 
 
5. How much damage did you feel that you have experienced? (write in number) 

a. Financially: IDR ____________ 
b. Casualties: ________________ 

 
6. What do you think of the solutions for the pollution issues? (multiple choice) 

a. Enhancing laws 
and regulations 

b. Sewerage 
treatment 

c. Animal manure 
treatment 

d. Minimizing oil 
discharge from 
ships 

e. Minimizing 
derelict fishing 
gears 

f. Minimizing 
pesticide uses 

g. Reducing oil-well 
platform 

 

h. Others (please specify) ______________________________ 
 
7. Who is the most seriously affected victim of the pollution? (choose one) 

a. Local residents 
at coastal areas 

b. Marine mega 
fauna such as 
dugongs, turtles 
and whales 

c. Marine plants 
such as sea 
grasses and sea 
weeds 

 

 
8. Do you think that pollution issue will be improved in the future? 

a. Yes b. No c. I don’t know 
 
9. Additional information on marine and land-based pollution sources 

Write as you wish: 
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LAND-BASED POLLUTION 
 
10. Do you think land-based pollution is serious in Rote Ndao? 

a. Yes b. No c. I don’t know 
 
11. What kind of land-based pollution do you think is the most serious in your town? 

a. Untreated 
sewage 

b. Animal manure c. Solid waste d. Pesticides from 
Plantation 

e. Others (please specify) ______________________________ 
 
12. Did you experience economic losses by land-based pollution? 

a. Yes b. No Amount:________ 
 
13. What is the most significant source that affects you economically? 

a. Untreated 
sewage 

b. Animal manure c. Solid waste d. Pesticides from 
Plantation 

e. Others (please specify) ______________________________ 
 
14. What are the most negative impacts of the land-based pollution? (multiple choice) 

a. Coastal 
ecosystem 
degradation 

b. economic loss 
(low fish catch) 

c. Negative to 
scenic view 

d. Negative to 
tourism 

e. Others (please specify) ______________________________ 
 
15. Additional information on land-based pollution sources 

Write as you wish: 
 

 
SEA-BASED POLLUTION 
 
16. Do you think that sea-based pollution is serious in Rote Ndao? 

a. Yes b. No c. I don’t know 
 
17. What kind of marine pollution do you think is the most severe in your town? 

a. Untreated 
sewage 

b. Discarded / 
derelict fishing 
gear 

c. Solid waste from 
land-based sources 

d. Animal manure 

e. Oil from ships f. Spilt oil from oil-
well platform 

g. Others (please specify) 
______________________________ 

 
18. Did you experience economic loss from sea-based pollution? 

a. Yes b. No Amount:________ 
 
19. What is the most significant source that affects you economically? (multiple choice) 

a. Oil from ships b. Discarded / derelict 
fishing gears 

c. Solid waste from land-
based sources 

d. Animal 
manure 

e. pesticide f. Spilt oil from oil-
well platform 

g. Others (please specify) 
______________________________ 
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20. What are the most negative impacts of the sea-based pollution? (multiple choice) 
a. Marine 

ecosystem 
degradation 

b. economic loss 
(low fish catch) 

c. Negative to 
tourism 

d. Negative to 
marine animals 

e. Others (please specify) ______________________________ 
 
21. Do you think that marine ecosystem is degraded recently? 

a. Yes b. No c. I don’t know 
 
22. Do you think that marine ecosystem will be improved in the future? 

a. Yes b. No c. I don’t know 
 
23. What is the most urgent action to improve sea-based pollution 

a. Enhancing laws 
and regulations 

b. Fishers’ 
voluntary action 
to minimize 
pollution 

c. Coastal 
residents’ 
voluntary action 

d. NGO actions 

e. Support from Oil 
companies 

f. Farmer’s 
voluntary action 
to minimize 
pollution 

g. Spilt oil from oil-
well platform 

 

h. Others (please specify) ____________________________________ 
 
24. Additional information on sea-based pollution sources 

Write as you wish: 
 

 
OIL SPILL FROM OFF-SHORE OIL RIG PLATFORMS 
 
25. Do you think that oil spill from off-shore oil rigs in ATS is a threat? 

a. Yes b. No c. I don’t know 
 
26. Have you affected by 2009 Montara Oil Spill? 

a. Yes b. No Amount: ___________ 
 
27. Do you think that oil spill incidents like Montara Oil Spill will happen again? 

a. Yes b. No c. I don’t know 
 
28. Who should be responsible for the clean-up of the spilt oil from the oil rigs? 

a. Central government b. Local government c. Oil company 
d. Oil clean up company e. Affected community f. I don’t know 
g. Others (please specify) _______________________________ 

 
29. Are you willing to provide your resources for oil spill response when spill happen? 

a. Yes b. No c. I don’t know 
 
30. What do you think the Government should do to prepare for the oil spill? 
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a. Response and Preparedness b. Early warning System  c. Compensation 
d. Others (please specify): _______________________ 
 
31. Do you think Rote Ndao is already prepared for another oil spill incidents? 

a. Yes b. No c. I don’t know 
 
32. Additional information on oil spill from off-shore oil rig platforms 

Write as you wish: 
 

 
MARINE ECOSYSTEM AND SPECIES 
 
33. Have you seen any of the following marine animals? 

a. Dugong b. Marine turtle c. Whale / dolphin 
d. Whale shark Others (please specify) _________________ 

 
34. Which species are of your utmost interest? 

a. Dugong b. Marine turtle c. Whale / dolphin 
d. Whale shark Others (please specify) _________________ 

 
35. Do you think marine animals are important? 

a. Yes b. No c. I don’t know 
 
36. Why do you think marine animals are important? 

a. Importance in ecosystem 
function 

b. Cultural value c. Tourism resources 

d. Scenic value Others (please specify) __________________ 
 
37. Are you willing to conserve the marine animals? 

a. Yes b. No c. I don’t know 
 
38. Will you release the marine animals if caught as by-catch? 

a. Yes b. No c. I don’t know 
 
39. Will you provide your support in rescue efforts of the marine animals? 

a. Yes b. No c. I don’t know 
 
40. Additional information on marine ecosystem and species 

Write as you wish: 
 

 
Thank you for your time in completing the survey.  
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