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Abstract 

The majority of the coral reefs are located in the tropical oceans between the Tropics 

of Cancer and Capricorn, with a particularly high concentration near the equator. The 

Tropic of Cancer runs through the center of Taiwan, dividing the island into tropical 

and subtropical climate zones in the South and North, respectively, and creating an ideal 

habitat for the coral reef ecosystem. Yet, there is an insufficient amount of scientific 

research and data regarding the status of and threats to Taiwan’s coral reefs, especially 

in English-language publications. There furthermore exists a lack of awareness of the 

need to protect the reefs and coastal resources, with the widespread mentality that 

‘Taiwan is a seafood country, not an ocean country’ hindering conservation efforts. 

Strife at the political level, in part a result of Taiwan’s unique historical events, translate 

into legislative and economic priority given elsewhere.  

This paper thus aims to realign this information asymmetry through intensive literature 

reviews and interviews with key stakeholders, including governmental institutions, 

scholars, and members of indigenous communities. Results show that deep mistrust and 

miscommunication between governmental institutions and the indigenous communities 

complicate marine conservation efforts. Satisfying short-term dominant interests 

frequently comes at the expense of environmental progress, a phenomenon that does 

not seem to substantially change with the election cycles. Nevertheless, progress has 

been made through such measures as the implementation of the Integrated Coastal Zone 

Management Plan. However, persistent issues such as improper enforcement of laws, 

prioritization of immediate economic gains over long-term ecological concerns, 

opposition from interest groups, and a lack of incentives and awareness at all levels to 

protect coastal regions continue to impede effective coral reef and coastal management. 

Overall, despite the monumental challenges set before marine conservation, the 

solution lies within a unified collaboration of all the stakeholders determined to protect 

and cultivate the many benefits of a sustainably managed coast and healthy coral reefs. 

Keywords: Taiwan, coral reefs, coastal management, indigenous communities, collaborative 

governance  



 

ii 

摘要 

 

珊瑚礁位處熱帶海洋的赤道附近。台灣島被北回歸線分為南與北，為理想的珊

瑚礁棲息地。然而，台灣珊瑚礁的保育地位和現代威脅，特別缺乏國際出版的

科學研究和數據；加上社會缺乏保護珊瑚礁和沿海資源的必要認識，讓「台灣是

海鮮國家，而不是海洋國家」的錯誤認知持續阻礙了保育工作。因此，本文通過

文獻回顧和訪問利益相關者，來理解包括政府機構，學者和在地社區成員間的

珊瑚礁論述。結果發現，政府機構和在地社區之間的深度不信任使得海洋保護

工作複雜化，加上滿足短期利益往往犧牲環境整體資源。然而，通過實施沿海

綜合管理計劃(ICZMP)可能為解決方案，在所有利益攸關的共議合作中，確保保

育海岸和健康珊瑚礁的諸多可持續利益。 

 

關鍵字 ：臺灣、珊瑚礁、海岸管理、在地社群、共同治理 
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1. Introduction 

1.1 Research topic 

Challenges to reverse the once commonly held premise that oceans are an infinite 

resource, compounded with debates on jurisdiction, ownership, and subsequent 

responsibility and funding have complicated the process of decision-making vis-à-vis 

coastal-marine management. International collaboration to provide strong protections 

for marine environments is still in its formative phase, with just five percent of the 

world’s oceans secured in marine protected areas as of 2016.1 Although there is a 

growing awareness of the need to establish more protected areas and marine reserves, 

the cumulative impact of local and global threats remains a consistent source of pressure 

on the vast panorama of underwater life.  

Coral reefs, known as the ‘rainforests of the sea’, are one of the most valuable 

and diverse ecosystems in the world. They occupy less than one quarter of one percent 

of the marine environment, yet are home to more than 25 percent of all known marine 

fish species.2 The reef ecosystem is a critical habitat for a variety of animal and plant 

species, and dependence on reef-derived resources for livelihoods and subsistence is a 

prevailing trend across the world. Yet, due to natural and anthropogenic disturbances, 

corals are rapidly deteriorating on a global scale. Although there is widespread 

recognition that coral reefs are severely threated, research and information regarding 

particular threats to particular reefs is limited, which inhibits effective reef management.  

Research and recognition are closely connected, and the study of coral reefs and 

the dissemination of scientific knowledge to both governmental bodies and the general 

populace is a key step in preserving these diverse ecosystems. For instance, the Great 

Barrier Reef (GBR), the largest reef in the world both according to area and length 

(348,000 km2 and 2,500 km, respectively), 3  has been and continues to be an 

international hub of academic focus. With over a century of intense investigations, the 

                                                           
1 UN Environment Wing. Accessed 8 March 2017. 

http://www.un.org/sustainabledevelopment/blog/2016/12/more-than-5-per-cent-of-worlds-oceans-now-

protected-with-more-commitments-underway-un-environment-wing/  
2 WWF, ‘Coral facts.’ Accessed 28 December 2016. 

http://wwf.panda.org/about_our_earth/blue_planet/coasts/coral_reefs/coral_facts/ 
3 Amanda Briney, 2017, ‘The World’s Largest Coral Reefs,’ ThoughtCo. Accessed 5 March 2017. 

https://www.thoughtco.com/the-worlds-largest-coral-reefs-1435124 
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GBR is currently “the best-studied tropical marine ecosystem in the world”4 and has set 

the foundation for coral reef science. Policy support followed education and 

communication, aiding decision-makers and planners in creating long-term frameworks 

that will affect the survival of coral reefs. However, given the vast dispersal of coral 

reefs throughout the world, the amount of research dedicated to specific regions remains 

unbalanced. What is more, the general consensus that research in marine environments 

is more expensive than on land also hinders the acquisition of data necessary for 

effective coastal-marine management. Nevertheless, initiatives to inform communities, 

government agencies, and the general public about the existing threats to reefs and why 

action is needed to protect and rehabilitate them is a crucial step in reef management 

and conservation.  

As Figure 1 illustrates, most coral reefs are located in the tropical oceans 

between the Tropics of Cancer and Capricorn, with a particularly high concentration 

near the equator. The Tropic of Cancer runs through the center of Taiwan, dividing the 

island into tropical and subtropical climate zones in the South and North, respectively.  

 

 

 

 

 

 

 

 

 

Figure 1: Major coral reef concentrations across the globe, provided by the World Resources Institute, 

2011.5 

 

Taiwan, also referred to as the Republic of China, is an East Asian island 

approximately 180 km off the southeastern coast of mainland China. Taiwan has a 

coastline of circa 1,566 km and total coral reef area of 940 km2,6 with a high density of 

coral reefs on the southern tip and on nearby smaller islands in the west (Penghu Island) 

                                                           
4 ‘Managing the Reef,’ GBRMPA. Accessed 8 March 2017. http://www.gbrmpa.gov.au/managing-the-

reef/how-the-reefs-managed/Managing-multiple-uses/scientific-research 
5 World Resources Institute, 2011. ‘Major Coral Reef regions of the World.’ Accessed 8 March 2017. 

http://www.wri.org/resource/major-coral-reef-regions-world 
6 Summary Report for MPAs in Taiwan. Accessed 6 March 2017. 

http://www.reefbase.org/key_topics/pdf/Taiwan%20mpa.pdf 
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and southeast (Green Island, Orchid Island) and with sporadic occurrences on the 

eastern and northern coastline. The current status of the reefs shows a wide range of 

variation depending on the region, yet there is a general trend of reef deterioration that 

goes in line with global trajectories.7 For this reason, seeking appropriate sustainability 

and protection strategies of the coral reefs should be a key objective. As such, this thesis 

intends to draw awareness to the situation of Taiwan’s coral reefs and aims to propose 

a possible framework to manage, protect, and rehabilitate them. 

1.2. Research aims and questions 

The World Resources Institute called the coral reefs “harbingers of change”, for their 

degradation offers a clear sign that humankind’s overreliance on fossil fuels is already 

changing Earth’s climate.8 A general consensus expanded upon later in this paper is 

that mitigating local threats may help ‘buy time’ for reefs until such global threats can 

be curbed. Thus, the significance of raising awareness of the value of coral reefs at the 

local scale should not be underestimated, and conservation efforts should be 

implemented for reefs of various proportions. As such, the main aim of this thesis is to 

draw awareness to the situation of Taiwan’s coral reefs and the people that rely on their 

resources, and subsequently to propose a possible framework to manage, protect, and 

rehabilitate these ecosystems. 

As previously mentioned, information pertaining to particular threats to 

particular reefs is limited, marine reserve objectives are not evenly distributed across 

all cases, and threats do not target all reefs to the same degree. Research on a local scale 

is paramount to effective reef management. Yet, Taiwan’s coral reefs remain under-

researched: (i) Taiwan’s reefs are not mentioned in large publications such as Reefs at 

Risk, which offers an analysis of threats to the world’s coral reefs. The main discussion 

is focused on larger reef coverages such as the Palawan Barrier Reef in the Philippines, 

or on the substantial import levels of live reef food fish into Hong Kong and mainland 

China. Of course, for brevity purposes, such assessments must provide a general 

overview of the situation at hand, but this creates an information gap that needs to be 

filled. (ii) The political status of Taiwan may be a reason behind an unwillingness to 

                                                           
7 Chang-Feng Dai, ‘The Proposed Coral Reef Marine Protected Area Network in Taiwan.’ Accessed 6 

March 2017. http://www.globalislands.net/userfiles/Taiwan_2.pdf 
8 Lauretta Burke et al., 2012, Reefs at Risk Revisited: Summary for Decision Makers, Washington: 

World Resources Institute, p.v.  
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conduct international research and collaboration schemes in the area. Furthermore, a 

lack of English-language publications pertaining to the topic may be another reason 

why the island’s reefs remain in relative academic obscurity. (iii) Comparatively 

speaking, reef-derived economic incentives are not as significant a driver in Taiwan’s 

policy-making as in other nations whose populations heavily depend on reefs for 

sustenance and employment. Moreover, despite attempts by the Taiwanese government 

to implement environmental protection laws that include safeguarding coral reefs, 

evidence of institutional mismanagement implies that there is a strong gap between 

political will and state capacity, which in turn lags any attempt at proper reef 

conservation. In summary, accurate research is the foundation on which effective 

management can be built. 

This paper proposes that coral reefs, sustainably managed, can be an important 

source of natural resources for Taiwan and generate economic value from tourism. 

Based on this, the main research questions can be formulated as follows: what is the 

current development of coral reef protection in Taiwan? What are the economic and 

social challenges to implementing effective coral reefs management policies? And 

finally, drawing on international case studies such as that of Australia’s Great Barrier 

Reef, what sort of framework may be applied to Taiwan? 

1.3. Structure for this study  

The thesis is composed of two sections. The first part provides an overview of the global 

current situation of coral reefs based on literature review. This includes such core 

information as the geographic location and size of the reefs, as well as a more qualitative 

enquiry into the importance of and need for continued coral reef survival. Then, an 

assessment of the current local and global threats as a result of anthropogenic activities 

is undertaken. Finally, existing management tools and frameworks to protect and 

sustain the coral reef ecosystems are provided. The first section thus provides a strong 

theoretical basis and a general overview of the status of coral reefs and global attitudes 

and solutions to their management, laying the foundation for section two.  

Section two is the crux of the thesis, dealing specifically with the case of Taiwan. 

First, the threats and challenges to Taiwan’s coral reefs are investigated to gain a more 

current awareness of the issue at hand. Then, a theoretical discussion on the concept of 

the environment as a common-pool resource is provided. Common-pool resources such 

as coral reefs have a high level of subtractability of use and difficulty of exclusion, 
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making it a very difficult resource to manage, especially given the pluralistic incentives 

at play. Indeed, when analyzing complex ecologies like coral reef ecosystems, the 

human role is inevitably intertwined in and affecting the environment. As such, a 

historical overview of the development of the Taiwanese environmental consciousness 

is elucidated; this is especially important given the 20th century political 

transformations, final democratization and subsequent emergence of environmental 

institutions. The case study of Australia’s Great Barrier Reef is put forth as an example 

of multi-level, cross-sector collaboration of marine management. Taiwan’s own 

indigenous communities are analyzed in section six, including the Dawu’s extensive 

traditional ecological knowledge and marine heritage. Finally, coastal management and 

collaborative governance is considered for the case of Taiwan, including stakeholder 

incentives and proposed solutions and management frameworks for the island’s coral 

reefs. Through the paper, various interviews with governmental agencies, academics, 

and indigenous peoples are added to contribute to a more holistic insight into the subject 

matter.    

1.4. Methodology and timeframe  

Literature review underpins this paper’s data collection framework, and primary 

research methods in the form of interviews are used to cross reference information. 

Interviews may supplement practical information that has been omitted by academic 

publications, enhancing the paper’s accuracy and adding a ‘human dimension’ to the 

proffered framework.  

The author has interviewed three groups: (1) governmental agencies, including 

members of the Planning and Construction Agency and the Council of Indigenous 

Peoples in Taipei City; (2) scholars; and (3) indigenous peoples. More information is 

provided in Appendix 3. The reasoning behind this selection is threefold; firstly, it is 

important to examine what the policy-making and funding mechanisms are for the 

institutions and how they interact within the whole governmental body. Simply put, it 

is necessary to see how autonomous the agencies are in decision-making and goal-

prioritization. From this, institutional strengths and weaknesses may be drawn, which 

will aid the study in finding a suitable and manageable framework for the protection of 

coral reefs in Taiwan. Moreover, interviewing the Council of Indigenous Peoples serves 

as a key link between the rhetoric of the government and the local peoples. It is 



 

6 

beneficial to gauge the main issues the Council and by extension the indigenes concern 

themselves with, and to assert the priority of environmental issues vis-à-vis other aims. 

Secondly, it is crucial to investigate how policies reach down to the people. The 

Tao have been chosen as a representative of a local group due to their traditional 

reliance on natural resources, specifically, the flying fish which depend on the coral 

reef ecosystem for sustenance. By interviewing the Tao, the paper gains a more realistic 

overview of the situation from the grassroots level. It also serves as an opportunity to 

see whether the government’s and local peoples’ needs and interests align, and what 

the overall feedback loop is. From this, deductions concerning local awareness and 

engagement of coral reef management and protection may be drawn, as well as potential 

solutions to enhance this cooperation.  

Finally, interviewing academics is important to see what has already been 

researched and how past papers have influenced policy-making and public governance, 

if at all. In conclusion, the paper conjectures that conducting interviews with these three 

groups, firstly, adds more insight to the data gained from literature review, and secondly, 

identifies the key issues at the government and local levels that will help form future 

policies regarding coral reef management and protection.  
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2. Overview of coral reefs in the world 

The ‘rainforests of the sea’ are both a physical structure and a diverse ecosystem that 

plays a crucial role for a variety of organisms. Biologically speaking, corals belong to 

the animal kingdom, built by colonies of tiny animals- clusters of polyps- embedded in 

calcium carbonate shells. Polyps belong to Cnidaria group and Anthozoa class, related 

to such marine animals as sea anemones and jellyfish. 9  Succinctly explained by 

National Geographic, reefs begin when a polyp attaches itself to a rock on the sea floor, 

then buds into thousands of clones. As it grows and connects, it creates a colony that 

acts as a single organism. The joining and clustering of colonies over centuries and 

millennia creates reefs.10 

Coral reefs have two primary feeding modes: (1) the catching of tiny floating 

animals called zooplankton and (2) the receipt of translocated photosynthetic products 

from a type of single-celled dinoflagellate symbiotic algae called zooxanthellae,11 

which live in the coral’s tissues. Zooxanthellae are autotrophs, meaning that they are 

capable of synthesizing their own nutritional organic substances from inorganic 

substances, and as a result they “require only inorganic nutrients, carbon dioxide, and 

light for photosynthetic carbon fixation”.12 The first part, inorganic nutrients, they may 

obtain directly from seawater or from the corals themselves, which retain animal waste 

metabolites derived from holozoic feeding.13 The corals also dissolve carbon dioxide 

from the water, supplying it and other compounds such as ammonia and phosphate to 

the algae; in return, zooxanthellae provide the corals with products of photosynthesis 

such as sugars, carbohydrates, peptides, and amino acids, which consists of up to 90 

percent of the corals’ energy requirements. 14 This tight recycling of nutrients between 

the two is all the more vital given the fact that coral reefs grow in nutrient-poor waters. 

Furthermore, this low-nutrient tropical marine environment of the coral reefs means 

that there is a minimal amount of suspended material in the water, translating into the 

                                                           
9 ‘Coral.’ National Geographic. Accessed 29 December 2016. 

http://animals.nationalgeographic.com/animals/invertebrates/coral/ 
10 Ibid. 
11 Charles Birkeland, 1997. Life and Death of Coral Reefs, New York: Chapman & Hall, p. 100. 
12 Ibid.  
13 Ibid.  
14 ‘The Decline of Reefs: Effects of Increased Carbon Emissions on Coral Ecosystems,’ Dartmouth 

Undergraduate Journal of Science, Winter 2012. Accessed 7 March 2017. 

http://dujs.dartmouth.edu/2012/03/the-decline-of-reefs-effects-of-increased-carbon-emissions-on-coral-

ecosystems/#.WNS20fmGM2w  
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ideal conditions for light to reach the algae. Finally, the photosynthetic pigments found 

in zooxanthellae give the corals most of their colouration.15 Thus, coral bleaching is the 

break-down of this mutualistic relationship, resulting in the corals losing their colour; 

this point will be returned to in later sections of the paper. In conclusion, the coral-algal 

symbiosis constitutes a highly dependent relationship within the coral reef ecosystem.  

This intricate relationship between the corals and zooxanthellae provides the 

basis for the plethora of plant and animal species that live in and around it, and together 

they form the coral reef ecosystem. The importance of this diverse ecosystem is 

highlighted in the following section.    

2.1. The importance of coral reefs 

Coral reefs occupy less than one quarter of 1 percent of the marine environment, yet 

are home to more than 25 percent of all known marine fish species.16 In fact, these 

ecosystems support more species per unit area than any other marine environment, with 

estimated 1-8 million species of organisms still left undiscovered.17 This section will 

highlight the importance of supporting the coral reefs in the following order: the coral 

reefs as (i) a critical habitat for numerous animal and plant species; (ii) a source of food 

and revenue; (iii) a tourist attraction; (iv) a barrier for coastal protection; (v) a source 

of cultural value and future opportunity.   

Coral reefs are a critical habitat for a variety of animal and plant species, with 

circa 4,000 coral reef-associated fish species described to date. 18  They provide 

protection and shelter for numerous marine animals and play a key role in supporting a 

stable equilibrium ecosystem. As previously illustrated with the mutualistic relationship 

between coral reefs and zooxanthellae, the productivity and efficacy of the panorama 

of underwater life in large part stems from the symbiotic relationship between various 

organisms. For instance, the langouste, also known as the spiny lobsters (Panulirus 

interruptus), depend on coral reefs for protection, especially during their vulnerable 

molting process. Simultaneously, their main prey consists of sea urchins, which feed 

on kelp forests. Unconstrained, the sea urchins would graze the entirety of kelp forests, 

                                                           
15 Paul Marshall and Heidi Schuttenberg, 2006, A Reef Manager’s Guide to Coral Bleaching. Australia: 

Great Barrier Reef Marine Park Authority, p. 98. 
16 WWF, ‘Coral facts.’ Accessed 28 December 2016.  
17 National Oceanic and Atmospheric Administration, ‘Corals: The Importance of Coral Reefs.’ 

Accessed 10 March 2017. http://oceanservice.noaa.gov/education/kits/corals/coral07_importance.html 
18 Lauretta Burke et al., 2011, Reefs at Risk Revisited, Washington: World Resources Institute, p. 11. 
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devastating the habitat of a host of invertebrates, fish, and marine mammals.19 Another 

example of the importance of reefs in maintaining stability across food webs is the 

hawksbill sea turtle (Eretmochelys imbricate). Hawksbills primarily feed around coral 

reefs, foraging on a variety of marine sponges. Sponges compete with coral reefs for 

space, and by curbing their population, hawksbills change their distribution in reef 

ecosystems, impacting the overall diversity of coral reef communities.20 Beyond their 

impact on the reefs, sea turtles play a key role in the nutrient recycling as biological 

transporters from marine to terrestrial ecosystems. Thus, the ‘rainforests of the sea’ are 

a critical habitat for numerous species, help with nutrient recycling, and are the source 

of essential nutrients for marine food chains. Removing just one group of organisms 

from the reef food web would have cascading effects across the ecosystem, proving that 

coral reefs act as an important stabilizer for the aquatic equilibrium.21,22          

Dynamic and highly productive, the importance of coral reefs is visible beyond 

serving as a vital shelter for a variety of marine organisms. In fact, approximately one 

billion people have some dependence on coral reefs for food and revenue.23 A 2007 

report from the World Resources Institute estimated that in the Southeast Asian region 

alone, more than 450 million people live within 100 km of a reef, and almost 150 

million people live very close to a reef (less than 10 km from the coast and within 30 

km of reefs) – that makes Southeast Asia account for 53 percent of the most reef-

dependent people:  

  

 

 

 

                                                           
19 ‘Kelp Forests,’ National Marine Sanctuaries. Accessed 10 March 2017. 

http://sanctuaries.noaa.gov/about/ecosystems/kelpdesc.html 
20 E.G. Wilson et al., ‘Why Healthy Oceans Need Sea Turtles: The Importance of Sea Turtles to Marine 

Ecosystems,’ July 2010, p.7. Accessed 10 March 2017. 

http://oceana.org/sites/default/files/reports/Why_Healthy_Oceans_Need_Sea_Turtles.pdf 
21 Burke 2011:26. 
22 ‘Human impact on the Reef,’ Queensland Museum. Accessed 15 March 2017. 

http://www.qm.qld.gov.au/microsites/biodiscovery/05human-impact/importance-of-coral-reefs.html 
23 NOAA Coral reef conservation Program. Accessed 28 December 2016. 

http://coralreef.noaa.gov/aboutcorals/values/fisheries/ 
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Figure 2:  Number of people living near coral reefs in 2007, World Resources Institute.24 

 

One of the most explicit forms of human dependency on reefs are fisheries, 

which provide employment, income, and food. The coral reef habitat contains species 

of fish and other seafood that is commercially targeted for fishing, and exports of these 

species are an important source of revenue for tropical economies.25 For instance, reef-

derived fish are one of the most valued fish in the trade, with imports of live reef food 

fish into Hong Kong estimated at 15-20,000 tonnes and valued at app. US$486 million 

in 2002.26 Due to the depleted reefs near Hong Kong after the 1990s, these imports have 

extended into the Indo-Pacific region, with the main exporting countries including 

Indonesia, the Philippines, Taiwan, Australia, Thailand, and Malaysia, amongst others: 
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25 Burke 2011:69.  
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Philippines: Asia Development Bank, p. xi. 
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Figure 3: Live reef fish trade routes in the Southeast Asian region. The majority of life reef food fish 

are imported into Hong Kong, China.27 
 

Significantly, reefs play a frequently overlooked role in poverty alleviation. As 

most fisheries are open access systems and have relatively low entry costs, reef fishing 

acts as a ‘social safety-net’ for the unemployed and the mobile labour force.28 Generally 

speaking, main fishing gear used include spears and nets, and the activity of gleaning – 

that is to say, harvesting by hand, is practiced predominantly by women and children 

in and around shallow inshore reef areas.29,30 Reef gleaning and fishing is a prevailing 

source of subsistence income for poor households, especially visible in many coastal 

communities. Research concludes that there is a strong dependency on reef fishing as a 

source of protein for coastal dwellers’ diets, particularly those living below the national 

poverty line. One example of this are the people on the archipelago of Lakshadweep 

off the southwestern coast of India, who depend on fishing as a source of 90 percent of 

their protein intake.31 

Furthermore, supplying coral reef fish species and invertebrates for aquariums 

constitutes yet another source of income for those regions and households that export 

them. Coral reefs shelter numerous species of fish, and depending on their rarity and 
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California: Print Runner, p. 23. 
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uniqueness, the price for some specimen may range from US$1,000 to US$400,000.32 

Various sets of data have been gathered by researchers to evaluate the global shipping 

pathways of the marine aquarium trade, with the below map specifically illustrating 

Taiwan’s exports: 

 

 

 

 

 

Figure 4: Taiwan in the global marine aquarium trade, with exports primarily to the United States.33 

 

Dependence on reef-derived resources for livelihoods and subsistence is a 

prevailing trend across the world. If properly managed, it is estimated that reefs can 

yield circa 15 tonnes of marine food per square kilometre annually.34  

Revenues generated by tourism are significant both for the government and 

local communities. According to the World Resources Institute, reef tourism benefits 

at least 96 countries and territories, and in 23 countries and territories, reef tourism 

accounts for more than 15 percent of GDP.35 In Australia, for example, tourism has 

grown to become the principal industry in the GBR area, with the total value of reef 

tourism increasing in response to rapid worldwide rise in interest in recreational travel; 

currently, the economic contribution of the GBR to Australia was calculated at over 

US$1 billion annually.36 The value of tourism is also visible in smaller-scale areas. 

Bonaire, part of the ABC islands in the Caribbean Sea off the northern coast of 

Venezuela, is surrounded by a 6,7000 acre national marine park. Despite its relatively 

small size of less than 300 km2 and app. 19,000 inhabitants, the island’s economic 

activities associated with the reefs earn about US$23 million annually, with the cost of 

                                                           
32 Jean Ferraiuolo, 2014, ‘10 of the Most Expensive Tropic Fish,’ The Richest. Accessed 15 March 
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33 New England Aquarium, ‘Marine Biodiversity and Trade Flow.’ Accessed 19 March 2017. 
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34 WWF, ‘Coral reefs.’ Accessed 28 December 2016. 
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35 Burke 2011:70. 
36 WWF, ‘Coral reefs.’ Accessed 28 December 2016.  



 

13 

managing the park under US$1 million.37 Placing dive shops numbers in relation to 

their potential economic importance, Bonaire is ranked as having the strongest 

dependence on dive tourism.38  Overall, drawn by the coral reefs, tourist spending 

support a range of local businesses, from hotels, gastronomy, dive shops, transportation, 

to directly contributing to the management costs of the marine parks through admission 

fees and donations.    

Another importance of coral reefs is their role in coastal protection. Healthy 

coral reefs are effective barriers from the physical impacts of waves and storms by 

reducing the energy of waves,39 hence protecting human settlements, infrastructure, as 

well as coastal ecosystems in the form of seagrass meadows and mangrove forests. 

Naturally, the extent of this protection varies according to different factors (such as 

geology, depth of coral reefs, degree of slope, distance from shore, et cetera), but 

nevertheless, coral reefs typically reduce shoreline damages, coastal erosion, and wave-

induced flooding.40 They are also natural coastal protectors against tropical storms, 

landslides and hurricanes. The World Resources Institute estimates that more than 

150,000 km of shoreline in 106 countries and territories receive some degree of coastal 

protection owing to reefs.41 Appropriate protection and maintenance of reefs would act 

as a preventative measure against natural hazards, reducing governmental costs spent 

on coastal defences and insurance and reconstructions expenditure when the former 

fails.42  

Finally, the intangible value and the potential value of the reefs must be 

acknowledged. Cultural traditions are interlocked with the existence of coral reefs. As 

in the case of the Taiwan and the GBR, for many societies indigenous heritage and 

traditional use of marine resources are intricately woven. For instance, for the Tao 

(Yami), the native population of Orchid Island (Lanyu) situated off the southeastern 

coast of Taiwan, a crucial component of their maritime tradition centers upon the 

building of fishing boats and the capture of flying fish, the latter which is regarded as a 

                                                           
37 Coral Reef Alliance, ‘Tourism.’ Accessed 18 March 2017. http://coral.org/coral-reefs-101/why-care-
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38 Burke 2011:70. 
39 Robert W. Brander et al., 2004, ‘Spatial and temporal variations in wave characteristics across a reef 

platform, Warraber Island, Torres Strait, Australia,’ Marine Geology 207, p.169.    
40 Burke 2011:70. 
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42 WWF, ‘Coral reefs.’ Accessed 28 December 2016.  



 

14 

sacred gift from the heavens.43,44 Coral reef surrounds the island, providing shelter for 

over a thousand kinds of fish and a source of food for green turtles. Together, the 

traditions of the Tao are tightly interwoven with their environment, and the destruction 

of one would translate into the loss of the other. Lastly, the full extent of the potential 

value of the reef is still undefined, especially as a source of medical advancement. 

Various reef-dwelling species have “developed complex chemical compounds, such as 

venoms and chemical defenses, to aid their survival in these highly competitive 

habitats.”45 According to one coral reef ecologist, humankind is 300-400 times more 

likely to find new treatments for disease in the oceans than on land. It is estimated that 

less than ten percent of coral reef biodiversity is known and only a small fraction has 

been explored as a source of biomedical compounds, thus the potential for new 

medically valuable discoveries is vast.46,47 As can be observed, the intangible and future 

values of the coral reefs are key components of why expanded efforts to protect these 

ecosystems are urgently needed.  

In summary, this section reviewed the importance of coral reefs both as a critical 

habitat for numerous species, as well as an ecosystem upon which millions of people 

depend on worldwide for food, livelihood, and tourism. Beyond their biological value, 

coral reefs dissipate wave energy, acting as a barrier for coastal protection. Furthermore, 

coral reefs hold intrinsic value and serve as a cultural and spiritual connection for 

indigenous societies. Finally, as only a small sample of reef life has been researched, 

the potential of the coral reefs as a source of medical advancement is vast. Overall, 

coral reefs are of immense value to humankind, and the WWF report estimates that they 

provide approximately US$30 billion each year in goods and services.48 Despite the 

fact that appropriate sustainability and protection strategies for the coral reefs are in the 

best interests of many stakeholders, their degradation continues to be a rising problem 
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throughout the world. The next section will thus highlight the current situation of coral 

reefs, pinpointing the most significant local and global threats.   

2.2. Threats to coral reefs  

Coral reefs are extremely valuable, yet critically vulnerable due to threats on multiple 

fronts. Drawing on the report compiled by Burke et al., this paper categorizes the threats 

as either ‘local’ or ‘global’ in origin. Local threats refer to direct human pressures on 

coral reef, including overfishing and destructive fishing practices, land-based pollution 

and coastal development, as well as marine-based pollution and damage. Global threats 

affect reefs through indirect human activities, such as global climate and ocean 

chemistry.49 Each threat will be individually addressed in the two sections below.  

2.2.1. Local threats  

(i) Overfishing and destructive fishing practices  

One of the most explicit forms of human pressure on reefs are fisheries, which provide 

employment, income, and food. When well-managed, fisheries can act as a sustainable 

resource, yet current estimates show that 55 percent of the world’s reefs are endangered 

by overfishing and/or destructive fishing.50 Overfishing occurs when the capture of fish 

is done with a sufficiently high intensity to deplete the breeding stock levels to such an 

extent that the fish cannot sustain their population.51 The reasons for overfishing are 

multifold: population growth; a response to the increased demand for fish and seafood 

products; the continual improvement of fishing methods to make them more efficient; 

poor management and/or insufficient enforcement practices; a lack of alternative 

employment opportunities; as well as simply an immediate monetary incentive that is 

based on the perceived high value of certain target species, such as sharks and lobsters.  

The main issue with overfishing is the ecosystem-wide consequences 

engendered by reducing just one group of fish from the reef food web. As the previous 

sections illustrated, the reefs depend on mutualistic relationships that keep the stability 

of the ecosystem in check. The overfishing of one species will have cascading effects 
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across the entire coral reef system. Moreover, while “large predators are often the 

preferred target species, as their numbers decline, fishers move to smaller, often 

herbivorous fish” in a process called ‘fishing down the food chain’.52 Consequently, 

areas of reef that experience heavy fishing may be prone to algal overgrowth, which in 

turn may lead to an increase of unwanted pathogens, aquatic hypoxia (oxygen 

deficiency),53 and zooxanthellae expulsion, making the reefs more vulnerable to disease, 

preventing nutrient absorption, and delaying growth and recovery.   

Furthermore, some fishing techniques in themselves are detrimental to the reefs. 

Destructive fishing practices include:  

 Bottom trawling – dragging a large fishing net called a ‘trawl’ along the sea 

floor, indiscriminately gathering everything in its path. The main consequences 

of bottom trawling are, firstly, its bycatch (collateral damage), which can 

amount to 90 percent of its total catch and may include engendered fish, juvenile 

species, vulnerable deep-sea corals, and other organisms that were not targeted 

for capture; and secondly, as the net is equipped with heavy weights to 

submerge it to the seafloor, its weight and width can destroy large coral reef 

areas, destroying the marine ecosystem.54   

 Cyanide/poison fishing – using cyanide to stun and capture fish live. This is 

mainly done for the live reef food fish market or as aquarium stock. Again, two 

main issues arise here: firstly, attempts to collect the fish often result in the 

damaging of corals, and secondly, poison causes coral bleaching and the 

annihilation of polyps.55   

 Dynamite fishing – using dynamites or other explosives to kill fish, completely 

destroying the underwater environment in the process. Despite it being illegal 

in many countries, dynamite fishing nevertheless remains a popular fishing 
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method in Southeast Asia, contributing to the massive destruction of coral reefs 

in the past two decades.56  

 Ghost fishing – this occurs when discarded or lost nets/traps continue to ensnare 

prey for months/years after their original use. These nets may also become 

snagged on the seabed, smothering corals and causing damage to the seafloor.57   

(ii) Land-based pollution and coastal development 

Human activities both far inland and in the coastal zone are adding increased pressure 

to nearshore ecosystems. As Figure 2 illustrates, approximately 850 million people live 

within 100 km of a reef.58 Development is altering the landscape, increasing terrestrial 

runoff of sediment, pollution, and nutrients into adjacent waters, thus lowering coastal 

water quality and marine ecosystem health.  

Sedimentation, both in low and high amounts, can weaken the health and 

resilience of coral reefs and other organisms. The contribution of sediment to 

watersheds stems from anthropogenic activities such as deforestation, road construction, 

storm water runoff, and chemical spills. Notably, high fertilizer and pesticide usages 

accompany the intensifying demand for agricultural products. Estimates conducted by 

the Food and Agriculture Organization of the United Nations state that the global 

fertilizer consumption will grow 1.8 percent annually, with the highest rates in South 

Asia and Africa.59 Problems with agricultural runoffs are compounded with factory 

farming, livestock waste, and erosion of natural vegetation by invasive species. 

Furthermore, the destruction of native plants for coastal development or fish farming 

purposes facilitates sediment runoff to the coast. Mangrove forests are a prime example 

of natural buffers that help shelter coastal coral reefs by trapping sediments, dissolving 

nutrients from the water, and removing a fraction of the riverine inflow of mud.60 

Overall, such anthropogenic activities create a more competitive environment for the 

reefs, making them more vulnerable to disease outbreaks or climate impacts. 
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Sedimentation has two major dimensions: physical and chemical. In large 

quantities, the physical accumulation of sediments can smother, weaken, and kill corals 

and other benthic organisms.61 High turbidity levels affect the transparency of water 

and limit the penetration of sunlight, which can inhibit the ability of aquatic plants and 

algae to photosynthesize. Sedimentation, even in low levels, may thus slow down or 

fully disrupt the process of photosynthesis by zooxanthellae, which in turn would 

impact coral growth.62 Chemical pollution refers to contaminants such as nitrogen and 

phosphorus that are transported by sediment into the aquatic system.63 Eutrophication, 

that is to say, excessive levels of nutrients in bodies of water, encourages the growth of 

phytoplankton and algae, which in turn reduces the clarity of coastal waters and impacts 

the fragile environment that the zooxanthellae and corals depend on. Additionally, this 

chemical invasion may strengthen one group of organisms over another, destabilizing 

the ecosystem as a whole. Indeed, a burst of certain algae or seaweeds on the seafloor 

may outcompete corals for resources, leading to reef degradation. 64  Finally, a 

significant threat of nutrient enrichment is hypoxia – the depletion of oxygen levels 

which creates ‘dead zones’ in biotic environments, leading to their collapse.65  

Direct development on the reef in the form of dredging or land filling is also 

detrimental to coral reef health.66 Unsustainable coastal development and reclamation 

activities generally cause irreversible and widespread damage to the biodiversity and 

ecological balance of coral reefs, as epitomized by People’s Republic of China building 

of artificial islands in the South China Sea. 67  China’s direct physical damage to 

thousands of acres of reef has been labeled as the quickest permanent loss of coral reefs 

in human history.68 Reefs are extremely susceptible to a number of factors, and the 
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cumulative impact of land-based pollution and perpetual coastal development may soon 

result in a colossal and rapid destruction of the entire ecosystem. 

(iii) Marine-based pollution and damage 

Threats to coral reefs from marine-based sources occur on multiple fronts. The 

movement of commercial, recreational, and passenger vessels takes place on a 

quotidian basis and in vast numbers all around the world [Figure 5]. Firstly, vessel 

spillages and waste, such as contaminated bilge water, oil spills and fuel leakages, as 

well as raw sewage and solid waste discharge directly undermine the health of coral 

reefs. For brevity purposes, the example of oil spillages will be expanded upon below. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5: The data points show the movements of the world's commercial shipping fleet on 17 May 

2012. The red dots represent huge tankers, the blue dots show dry bulk ships that move cargo like ores, 

and the yellow dots show ships that carry manufactured products. Green shows gas bulk and purple 

shows ships carrying vehicles.69 

 

The impact of oil spills on corals varies in severity depending on oil toxicity, 

coral species, time and length of exposure, et cetera. The toxicity of oil is similarly 

difficult to determine, as “each spill presents a unique set of physical, chemical, and 

biological conditions.”70  Nevertheless, literature shows that oil swiftly and readily 

bioaccumulates in coral tissues, reduces coral fertility, and damages two fundamental 

bioenergetic components for the entire ecosystem, namely the “primary production by 
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the zooxanthellae symbionts in coral, and energy transfer via coral mucus.”71 Oil also 

has an adverse effect on species of fish, invertebrates, plants, as well as turtles, marine 

mammals, and other seasonal reef-dwellers that are to a varying degree sensitive to 

direct oil exposure. Despite technical advancements and other efforts to avoid oil 

spillages, global demand for oil is on the rise and will continue to do so for the 

foreseeable future. 

Secondly, direct contact with ships/vessels may lead to extreme damage or 

permanent killing of coral reefs. This physical destruction occurs as a result of perching 

or grounding of ships on coral reefs, contact with ship hulls, anchors, propellers, as well 

as damage caused by fallen debris.72 The grounding and anchoring of cruise ships in 

particular has aggravated the marine habitat, as most cruise ships have the capability to 

enter shallow, sensitive areas. By doing so, their anchors and anchor chains inflict 

severe destruction on coral reefs and the seabed. Figure 6 succinctly depicts marine-

based pollution of ships as a result of oil spills, ballast water discharge, and direct 

damage to the reefs.       

 

 

 

 

 

 

 

 

Figure 6: Vessels are a major source of marine-based pollution and damage. Inadequate waste 

management at port and marinas, uncontrolled ballast discharge, and a lack of strictly managed safe 

shipping lanes and boating areas are just a few of the causes behind this.73 

 

Lastly, it is crucial to acknowledge invasive species as a marine-originated 

threat to coral reefs. A 1999 report estimated that vessels may carry in their ballast 

water anywhere between 3,000 and 10,000 species of marine organisms globally in any 

given 24-hour period.74 This ‘modern invasion’ is also a result of aquarium releases, 
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and the effects are detrimental to both coral reefs and native species. The lionfish 

(Pterois volitans, Pterois miles) is a well-documented example of an invasive species 

whose population has swelled most likely as a result of aquarium releases, then has 

become established to varying degrees across the entire Caribbean region via larval 

dispersal in ocean currents.75 Originally native to the Indo-Pacific, lionfish have driven 

the Atlantic coral reef fish into decline and have caused a major disruption of the 

ecosystem. Overall, the invasion of marine predators has detrimental impacts on natural 

communities and is a serious threat to the well-being of coral reefs and the native 

species that rely on them.  

In summary, the major local threats discussed include overfishing and 

destructive fishing practices, land-based pollution and coastal development, as well as 

marine-based pollution and damage.  

2.2.2. Global threats  

The rapid transformations spurred by human activity in all areas of life have drawn 

scientists to conclude that the Holocene Epoch, commenced approximately 11,700 

years before present, is over; instead, based on global evidence that atmospheric, 

geologic, hydrologic, biospheric, and other earth system processes are now altered by 

humans, the Anthropocene Epoch has begun.76,77 Indeed, this change is visible on a 

mass scale, such as in the growth of ‘dead zones’ in coastal areas, increases in carbon 

dioxide emissions, higher air and oceanic temperatures, ocean acidification, and 

widespread biodiversity loss. This thesis will discuss two of the most evident global 

threats that affect reefs through indirect anthropogenic activities: a changing climate 

and acidifying bodies of water.  

Changes as a result of global warming are affecting marine organisms and their 

habitats. A temperature analysis conducted by the Goddard Institute for Space Studies 

at NASA estimates that the average global temperature on Earth has increased by about 

0.8° Celsius since 1880.78 Corals in particular are highly sensitive to alterations in their 
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environment, and changes in water temperature elicit a stress response known as 

bleaching. Beyond providing corals with essential nutrients, zooxanthellae cells are also 

responsible for coral coloration, ranging from a golden-yellow to brown depending on 

factors such as light intensity. The expulsion of zooxanthellae due to stress renders the 

coral tissue largely transparent; the unpigmented tissue and the visibility of the calcium 

carbonate skeleton make the coral appear bright white or ‘bleached’. 79  The term 

‘bleaching’ thus describes the loss of coral colour as a result of the loss of zooxanthellae. 

This phenomenon breaks down the mutualistic relationship between the two, causing 

the corals to either die or survive, although the latter would still involve reduced coral 

growth and reproduction, as well as increased vulnerability to diseases and other 

threats.80 

Local stressors like those discussed in the previous section may cause corals to 

bleach. Increased sea temperatures primarily drive massive coral bleaching.81 More 

intense and widespread bleaching events are projected to increase in frequency until 

they become so regular that corals will simply not have time to recover.82,83 The added 

challenge of rising carbon dioxide (CO2) levels in the atmosphere further affects the 

resilience and integrity of coral reefs and marine biota as a whole.   

Oceans act as one of the major carbon reservoirs, absorbing circa 30 percent of 

global anthropogenic C02 (although this absorption is not evenly distributed throughout 

the oceans).84 The absorption of C02 changes the chemistry of the ocean as it reacts 

with water to form carbonic acid, increasing concentrations of hydrogen ion [H*] and 

decreasing the ocean pH level in a process called ocean acidification. 85  Ocean 

acidification leads to a decrease in carbonate ion, which in turn decreases the saturation 

state of calcium carbonate minerals, “making it more difficult for calcifying marine 
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organisms to form their shells and skeletons.”86 This means that ocean acidification not 

only hinders coral skeleton formation, slowing growth and weakening their organic 

structure, but also applies to other organisms that depend on the absorption of calcium 

carbonate to build their shells, such as snails, clams, and urchins. 87  Continued 

acidification may eventually stop all coral growth and commence a dissolution of 

carbon structures, causing the entire coral reef ecosystem to fall apart. Figure 7 

exemplifies the direct and rapid impact of an increase in acidity on the calcareous shell 

of a sea butterfly.  

  

 

 

 

 

Figure 7: The calcareous shell of a sea butterfly was placed in seawater with increased acidity. The 

timeframe between the first and last image is 45 days.88 

 

In summary, a warming climate and changing ocean chemistry are among the 

two most significant secondary consequences of human activities affecting coral reef 

ecosystems. In order to curtail the cumulative impact of local and global threats, a 

parallel approach needs to be implemented to protect the future of coral reefs. The next 

section will thus identify the existing theories and measures in place to safeguard coral 

reefs.  

2.3. Existing efforts to protect coral reefs 

There exists a broad range of reef protection approaches aimed at supporting reef health 

and resilience. Despite the challengers enumerated above, it is possible for live 

sustainably alongside coral reefs and to derive substantial benefits from them. This 

section illustrates existing reef management approaches, commencing from the 
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establishment of marine protected areas (MPAs) and locally managed marine areas 

(LMMAs). Then, attention will be drawn to international collaboration efforts to protect 

coral reefs. 

The need for a global representative system or network to manage marine areas 

was recognised as early as 1988, at the 17th IUCN general Assembly in San José, Costa 

Rica, and then again at the Fourth World Parks Congress in Caracas, Venezuela in 

1992. 89  In 2002, the World Summit on Sustainable Development called for the 

“establishment of marine protected areas consistent with international law and based 

on scientific information, including representative networks by 2012.” According to the 

International Union for Conservation of Nature, MPAs are defined as an area of land 

and/or sea especially dedicated to the protection of biological diversity, and of natural 

and associated cultural resources, and managed through legal or other effective means 

(IUCN, 1994). In order for an area to be regarded as an MPA, it must aim to achieve 

specific conservation objectives, although it may have additional targets such as 

promoting education or research or be associated with sustaining cultural values.90 At 

the most fundamental level, MPAs can be classified into three types: (i) those that are 

entirely marine, containing subtidal and intertidal but no terrestrial habitat; (ii) those 

that contain terrestrial, intertidal and subtidal components; and (iii) those that contain 

terrestrial and intertidal ecosystems only, with no subtidal waters.91 In order to facilitate 

the comprehension of these classifications, Figure 8 presented below offers a 

visualization of the tidal zones. Moreover, as MPAs have come to cover a diverse range 

of tools and management frameworks, the World Bank has put forward a typology of 

marine management [Table 1]. The allocation of each MPA to a certain category that 

best distinguishes its primary function then facilitates inventory of coastal and marine 

management alternatives, making it possible to conduct an assessment of MPAs on a 

global scale. Categorization also helps identify differences and similarities within the 

overall system, including an estimate of MPA effectiveness.   
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Marine protected areas encompass about 27 percent of the world’s reefs.92 This 

coverage includes both MPAs and locally managed marine areas, as well as sites where 

management is tasked to control a single or more types of threat.93 In general, MPAs 

have come to cover a diverse repertoire of uses and purposes, ranging from biodiversity 

conservation goals, fishery goals, to social goals such as food supply, economic vitality, 

aesthetics, and religious/spiritual fulfilment.94 The effectiveness of an MPA, too, differs 

in scale and intensity. On the one hand, it includes areas with comprehensive 

management and protection strategies targeting multiple activities and threats, such as 

fishing, pollution, and coastal development; on the other hand, it extends to sites with 

just a few restrictions on harmful activities without a strict legal framework.95 Indeed, 

the effectiveness of MPAs are not distributed evenly across the globe. Nevertheless, 

these sites serve as a significant step into coral reef preservation, on the basis of which 

a future, more effective framework may be built.   

Table 1: Typology of marine management areas, World Bank96 

Category  Title Description 

1 MPAs as Tools Designed 

Primarily for Biodiversity 

Conservation and Habitat 

Protection 

Restricted access or activity; 

Protection of coastal/marine ecosystem 

and resources is essential to maintain 

functionality and productivity   

2 Multiuse Marine Management 

Tools 

Balance between conservation and 

limited economic activities; 

Access to sea space and resources is 

carefully controlled and limited 

3 Sustainable Extractive Use 

Marine Resource Management 

Tools 

Single or multiple sustainable extractive 

activities focused on specific resources; 

Protection of diversity is not the main 

focus 

4 Culture-Ecological/Social 

Protection Reserves 

Cultural heritage preservation focus 
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Figure 8: Tidal zones. One way in which MPAs are generally classified is according to the tidal zones, 

i.e. the inclusion of terrestrial, intertidal and subtidal components.97 

 

There are numerous benefits and limitations of MPAs. As coral reefs worldwide 

are deteriorating on a mass scale in large part due to overfishing, protected areas 

endeavour to reduce this pressure and contribute to ecosystem-based management of 

fisheries. For instance, assigning no-take zones (where no extractive activity is allowed) 

to key areas, such as spawning, nursery, feeding, or sheltering habitats, gives fish 

species the opportunity to rebound. What is more, studies have shown that organisms 

within MPAs tend to grow larger and live longer than in adjacent unprotected areas, 

which in turn affects their reproduction – larger and older fish tend to produce 

significantly more eggs and larvae than their smaller counterparts, and these larvae tend 

to grow faster and have a higher survival rate than larvae from younger females.98 This 

results not only in an increase in population inside the reserve itself, but also a spill-

over of juvenile and adult species to nearby areas and an export of eggs and larvae.99 

Despite these benefits, the costs of creating a no-take zone may be high for certain 

coastal communities which depend on the area for sustenance and/or employment. 

Furthermore, the displacement of fisheries may have negative consequences on another 

marine area unprotected by a reserve, thus simply moving the problem rather than 

curbing it. On the other hand, fisheries may stand to benefit from MPAs provided that 

the numbers of fish transported outside the no-take zone from spill-over and export of 
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eggs and larvae are greater than before the area’s closure.100 Overall, MPAs which 

implement and monitor fishing regulations such as safe catch limits or prevent 

destructive fishing practices are valuable in sustaining the coral reef ecosystem and 

seafloor.   

  MPAs also play a major role in educating local communities and visitors about 

the importance of coral reefs. Spreading public awareness and stimulating discussion 

of reef issues is crucial to encourage key decision-makers and stakeholders to take steps 

to protect them. MPAs are also a prime location to conduct scientific research and field 

surveys, especially as the marine biota within protected zones is not disturbed by human 

activities to the same extent as beyond them. The opportunity to study in such 

surroundings also serves as a chance to improve the current protected areas through a 

more informed outlook on marine environments and resources, thus contributing to 

efficient reef management in the long run.101  

  Finally, type ii and iii MPAs (that contain terrestrial, intertidal and subtidal 

components or that contain terrestrial and intertidal ecosystems only, with no subtidal 

waters)102 that extend into terrestrial areas may provide additional benefits, including 

limiting coastal development or land-based pollution. Including MPAs in integrated 

coastal management may also result in greater coordination for the dual protection of 

coastal and reef resources. This may, however, prove to be difficult due to, inter alia, a 

limited allocation of funds, inadequate administration, ineffective implementation or 

lack of proper regulations, and insufficient participation by the local community due to 

a lack of information or incentives.  

  Unsustainable funding is not just a local problem, but a global challenge. A 

survey evaluating the running costs of a global MPA network that meets the target of 

conserving 20-30 percent of the world’s seas are estimated at US$5-19 billion 

annually.103 What is more, there is no guarantee that such MPAs would be managed 

effectively. Currently, MPAs in Southeast Asia barely cover 11,650 km2 out of 69,640 
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km2 of the total reef area, and 69 percent of the coverage is labelled as ‘ineffective’.104 

In comparison, Australia’s MPAs cover 31,650 km2 out of 42,310 km2 of the total reef 

area, with only four percent regarded as ‘ineffective’.105 Thus, the implementation of 

MPA is meaningless if not properly controlled and monitored, with proper training of 

staff. Also, certain regulations, even if fully and effectively implemented, may not be 

sufficient to address the existing threats. For instance, a site that forbids trapping a 

certain species but does not prohibit its capture through other means will have little to 

no impact on its preservation. Moreover, MPAs are often placed in remote areas, rather 

than in locations where threats to reefs are the greatest. Such zones may serve as 

potential regional strongholds, refuges, and seeding grounds for recovery, but otherwise 

do little to reduce the current threats facing the coral reef ecosystems.106 

  In general, MPAs were established to limit anthropogenic pressures at particular 

locations. They are commonly managed by all levels of government, which may be one 

source of their widespread management failure. In response to these top-down, 

centralised operations of MPAs, and facilitated by an increasing trend towards 

ownership of marine resources at local levels, locally managed marine areas (LMMAs) 

were coined. 107  Simply put, LMMAs are marine areas that are largely or wholly 

managed by individuals or groups at the local level for the purpose of sustainable use, 

rather than with conservation in mind.108 This latter point in particular raised questions 

whether LMMAs may be qualified as protected areas and thereby count towards 

international biodiversity targets, as such areas must aim to achieve specific 

conservation objectives.109 Nevertheless, due to their similarities with MPAs, such as 

creating no-take zones or wider areas of restricted use, LMMAs are usually integrated 

under the MPA designation. What is more, a network or LMMAs across multiple 

locations and communities yields multiple benefits not only comparable to, but going 

beyond MPAs. For instance, the local nature of the reserves permits a rapid 

transmission of ideas between neighbouring communities and facilitates the decision-
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making process. What is more, as local communities which are based nearby are the 

primary decision-makers, this may result in more accurate location markers of protect 

areas and objectives that are realistically attainable. Overall, local communities that are 

increasingly assuming responsibility for marine resources and establishing LMMAs 

may be one step away from scaling-up towards a network that is lasting, effective, and 

representative, and one that goes in line with centralised systematic conservation 

efforts.110  

  Beyond marine managed areas, there exist other reef protection approaches and 

management measures. For instance, mangrove rehabilitation initiatives play a critical 

role in improving coastal protection and reef conservation. Mangrove forests act as a 

natural buffer and help shelter coastal coral reefs by trapping sediments, dissolving 

nutrients from the water, and removing a fraction of the riverine inflow of mud.111 Due 

to anthropogenic and natural occurrences, such as deforestation to make way for shrimp 

farms and tropical storms, respectively, mangrove forests are a threated global 

ecosystem. In Asia alone, 36 percent of mangrove area has been deforested.112 Thus, 

mangrove restoration projects are a crucial extension of sustaining the coral reef 

ecosystem and securing its biodiversity. Restoring riparian vegetation is one of many 

current measures to improve reef protection; measures from other fronts are equally 

important. This includes, inter alia, controls on ballast discharge from ships, 

designating safe shipping lanes and boating areas, improving agriculture, livestock, and 

mining practices, and developing tourism in sustainable ways. 113  Significantly, 

mitigating local threats may help ‘buy time’ for reefs until global threats can be curbed. 

Indeed, collaboration at a global scale is paramount to reducing pressures on 

reefs. Currently, international agreements such as the UN Convention on the Law of 

the Sea and the International Convention on the Prevention of Pollution from Ships 

(MARPOL) are examples of transboundary collaboration to reduce pollution and 

regulate fishing. Similarly, major wild-life treaties have activities and/or programmes 

dedicated to the reefs. For instance, the Convention on International Trade in 

Endangered Species (CITES) protects many corals and species that live in the reefs; the 
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Convention on Migratory Species protects various reef-dependent species; and the 

Ramsar Convention on Wetlands promulgates the protection of valuable wetlands, 

including coral reef ecosystems.114 In addition, international recognition and national 

pride are also key incentives in protecting ecosystems. The inclusion of Great Barrier 

Reef on the World Heritage List is a case in point: obtaining the World Heritage Site 

status in 1981 as “the most impressive marine area in the world”115 produced many 

benefits for Australia and the local communities. This includes increased tourism from 

overseas and within Australia due to promotional features and media attention, which 

translates into increased employment opportunities and income for local communities. 

Economically speaking, the GBR’s environment helps bring billions of dollars to the 

country’s economy each year and supports almost 70,000 jobs.116  Furthermore, an 

increased sense of local and national pride in the area- as well as financial 

developments- all promote the mutual interest and responsibility to protect the GBR. 

International cooperation is thus crucial in gaining support and creating incentives on 

all scales to protect and manage coral reef ecosystems.  

In conclusion, although threats to coral reefs are growing, efforts to reduce some 

pressures are also on the rise. MPA coverage is growing, with plans to include more 

reef zones and habitats. Local control is also gaining traction through LMMAs, 

ecosystem-based management is spreading amongst fisheries and other stakeholders, 

and lastly, international agreements and policies provide further tools for protecting 

coral reefs. Yet, the combined pressure of local and global threats remains an 

intensifying threat, already having impacted the majority of reefs in most regions. Local 

threats in particular can and must be tackled head-on with direct management 

interventions, the success of which will increase reef resilience and integrity against the 

more challenging global threats.  
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3. Summary  

Coral reefs are one of the most productive and biologically unique marine ecosystems. 

These ‘rainforests of the sea are both a physical structure and a diverse ecosystem that 

plays a crucial role by providing protection and shelter for numerous species. Reefs 

also act as an important stabilizer for the aquatic equilibrium. Furthermore, they provide 

essential ecosystem services, with an estimated one billion people having some 

dependence on coral reefs for food and revenue. The economic benefits derived from 

reef tourism are significant for the government and local communities. The intangible 

value of the reef ecosystems is also explicit through cultural traditions, as for many 

societies, indigenous heritage and traditional use of marine resources are intricately 

woven. Appropriate sustainability and protection strategies of the reefs are in the best 

interests of many stakeholders, yet an assessment of their current global status 

demonstrates that they are undergoing a collapse as a result of unprecedented threats 

throughout most of their range.  

Categorically speaking, the anthropogenic pressures on coral reefs are either 

local or global in origin. Local threats include overfishing and destructive fishing 

practices, land-based pollution and coastal development, as well as marine-based 

pollution and damage. Global threats affect reefs through indirect human activities, 

such as global climate and ocean chemistry. National and global efforts to mitigate 

these threats are successful to varying degrees. The most common reef protection 

approach is the establishment of marine protected areas, with the aim of limiting 

anthropogenic stresses at particular locations. Transboundary collaboration and 

international agreements are also key drivers in gaining support and creating incentives 

on all scales to protect and manage coral reef ecosystems. 

Yet, coastal-marine management in many parts of the world is still in its 

developmental phase, and much more action on numerous fronts is desperately needed 

to offer adequate reef protection frameworks. Significantly, local analyses of threats to 

particular reefs are key in effective management. Thus, the focus will now shift from 

the global situation of coral reefs to the more specific case of Taiwan.  
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4. Politicized reefs  

Coral reef and coastal protection inevitably require coordination from various 

stakeholders across multiple sectors. This coordination is best achieved if the right 

incentives and values for each stakeholder are aligned in mutually supportive and 

beneficial ways. 117  Overall, the management of coral reefs is the management of 

conflicts: political incentives, dominant group interests, local community and 

indigenous rights, inter alia. Political institutions in particular affect the resilience of 

the environment through the policies they espouse. In order to understand the conditions 

under which Taiwan’s modern environmental institutions operate, such as the 

Construction and Planning Administration (CPA) which is currently the lead agency in 

coastal zone management, it is necessary to bring into context the unique historical 

trajectory of Taiwan’s democratization and growth of the environmental consciousness. 

Throughout it, the establishment of key institutions will be brought to light, as well as 

the challenges set before the environmental movement and other previously repressed 

groups with the advent of democracy. Finally, recent developments to implement reef 

and coastal protection will be examined within the institutional framework.  

Prior to delving into the political aspect, a brief overview will be provided of 

the coral reefs’ situation in the coastal waters of Taiwan. Local threats and challenges 

will be discussed in hopes to reflect the broader, systematic problem that environmental 

issues face within all strata of society. As previously mentioned, mitigating local threats 

may help ‘buy time’ for reefs until such global threats can be curbed. For this reason, 

effective management of incentive dynamics is paramount in order to preserve what is 

left of Taiwan’s coral reefs.  
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4.1. Coral reefs in Taiwan: threats and challenges 

Taiwan has a coastline of circa 1,566 km and total coral reef area of 940 km2,118 with 

a high density of coral reefs on the southern tip and on nearby smaller islands in the 

west (Penghu Island) and southeast (Green Island, Orchid Island) and with sporadic 

occurrences on the eastern and northern coastline. Coral reef larvae enter Taiwan’s 

coastal areas from the warm Kuroshio Current that flows northward to Tokyo Bay.119 

Taiwan has a reported 300 species of coral reefs, 120 yet their degradation is in line with 

global trajectories. The 32 sites regularly monitored by the Taiwanese Coral Reef 

Society show a wide variation in hard coral cover: whereas two areas have 64 percent 

and 68 percent of coral cover, respectively, 18 sites have a coral cover lower that 30 

percent.121 This section will delineate the main local threats and challenges that the 

coral reefs of Taiwan are faced with.  

The general trend of decline amongst Taiwanese coral reefs is the result of 

multiple threats and challenges. These include land-based pollution, inadequate 

wastewater treatment and sewage discharge, expulsion of chemical and thermal 

discharge from nuclear power plants (NPP), overfishing and destructive fishing 

practices, unsustainable tourism and damage by recreational divers, as well as natural 

disturbances.   

Firstly, anthropogenic pressure in the form of land-based pollution is a 

widespread problem affecting the coastal waters around Taiwan. Terrestrial runoff of 

sediment, pollution, and nutrients into nearshore watersheds is lowering coastal water 

quality and marine ecosystem health. Coastal development spurred by growing 

populations and economic incentives, including aquaculture, agriculture, and resort 

building has led to high soil erosion, leading to frequent landslides and sediment flows, 

with monsoon and typhoon seasons exacerbating the process.122 Moreover, this rapid 

economic development has not been accompanied by investments of similar degree in 

areas of environmental protection. Beyond significantly undermining coral reef health, 
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this negligence to develop the environmental infrastructure also creates a bottleneck for 

future growth, a systematic and institutional issue that will be discussed further in the 

paper.      

A prime example of industrial development threatening Taiwan’s coral reef is 

the case of Toayuan in northwestern Taiwan. In the coastal waters off the Taoyuan coast, 

a unique coral species (Polycyathus chaishanensis) that is only found in Taiwan has 

been discovered. These algae reefs are listed as a first-category endangered species by 

the Council of Agriculture. Yet, CPC Corporation, a Taiwanese state-owned petroleum, 

natural gas, and gasoline company, plans to build a natural gas terminal in Taoyuan’s 

Datan Borough (台灣), which would put significant pressure on the already-sparse and 

endangered corals. According to Local Union director-general Pan Chong-Cheng (潘忠

政), these reefs should be cherished and protected as much as the GBR in Australia.123 

Despite a proposal previously submitted to list the zone as a conservation area, the 

council and the Taoyuan City Government have not taken further action. On the 

government’s side, investing more in the natural gas project is part of the nation’s 

strategy to lessen reliance on nuclear power, for it would replace the existing four 

electric generators at the Tatan Power Plant.124 This case illustrates the problem of 

managing incentive dynamics and indicates a lack of cohesion in institutional strength, 

as economic incentives can easily overpower existing protocols of other governmental 

departments. Thus, without strong and integrative institutional planning, authority, and 

transparency, the stakeholders and the local communities involved cannot and will not 

have the opportunity to evaluate the best course of action. 

Moreover, present-day Taiwan is persistently battling with sewage pollution as 

a result of improper wastewater treatment and a lack of water recycling. Generally 

speaking, major cities are connected to sewage treatment plants, such as the Bali 

Wastewater Treatment Plant that treats an average of 1.2 million tons of wastewater 

daily from the 6.4 million residents of Keelung, Taipei, and New Taipei City. 125 

However, the percentage of residents covered differs drastically across the island. The 
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main problem lies in the peripheries of the capital and beyond, where development has 

not been as heavily concentrated. The 2017 Ministry of Interior statistics show that, 

whereas 81 percent of the population of Taipei City is served by wastewater treatment 

plants, the coverage for Taoyuan City stands at 51 percent, Taichung City 41 percent, 

Hualien County 36 percent, and Taitung County 11 percent, with the national average 

barely crossing the halfway threshold at 54 percent.126 As can be observed, sewage 

pollution is a serious and prevalent contaminant to Taiwan’s waters. This point is 

further elucidated by the Long-Term Ecological Research program, which monitored 

anthropogenic impacts on the coral reefs of Kenting National Park in southern Taiwan. 

The results illustrated that the embayment was polluted by sewage discharge, which, 

coupled with high nutrient and suspended sediment levels, had led to algal growth and 

the smothering of shallow water corals. 127  Overall, sediment runoff and sewage 

discharge are major issues affecting the health of the coral reef ecosystem.  

Secondly, thermal discharge from nuclear power plants (NPP) is affecting coral 

reefs in a direct and rapid way. Nuclear power makes up 19 percent of the total power 

generation in Taiwan, the third largest source after coal (28 percent) and gas (24 

percent); renewable energy, in contrast, makes up only two percent (2014).128 There are 

currently three NPPs in operation, two in northern Taiwan and one in Kenting National 

Park in the south. Construction of the fourth NPP was delayed numerous times due to 

safety concerns, 129  internal conflicts, 130  political conflicts and calls for local and 

national referendums,131 the discovery of aboriginal artifacts at the construction site,132 
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anti-nuclear protests at the wake of the Fukushima Daiichi nuclear disaster in Japan,133 

amongst others. In 2014, the fourth NPP was finally put on hold as the issue of nuclear 

waste and nuclear safety versus putting heavier focus on developing renewable energy 

is still up to debate. Meanwhile, maintenance costs for the sealed NPP is costing the 

nation approximately US$30.64 million annually.134 At the same time, nuclear waste 

dump sites continue to pose a problem, creating disputes between various stakeholders 

and undermining marine heath.   

Thirdly, the low abundance or complete absence of commercially important fish 

species at all sites indicate severe over-fishing. Three decades ago, Taiwan’s shipment 

of fish was 340,000 tons, a number that declined by half to just 170,000 in 2014.135 

Similarly, the past thirty years witnessed a significant decrease in the number of coastal 

fish species, from 120 to circa 30 in northern Taiwan alone.136 Indeed, the overall lack 

of large fish species and the low densities of certain fish species (such as the butterfly 

fish) all suggest a strong demand from seafood markets and the aquarium trade.137 At 

the same time, the low level of herbivores acts as another factor responsible for the 

increasing growth of algae, destabilizing the reef environment.  

Furthermore, destructive fishing practices pose another threat to marine 

environments. In October 2015, the European Union issued a yellow card to Taiwan 

for not taking sufficient measures to combat illegal, unreported, and unregulated (IUU) 

fishing. 138  The report adds that Taiwan also fails to systematically comply with 

Regional Fisheries Management Organization (RFMO) obligations. 139  These 

shortcomings include, inter alia, persistent shark finning, illegal tuna fishing, 

destructive fishing practices such as excessive bottom trawling, as well as insufficient 
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monitoring and enforcement. Since then, the Taiwanese government has begun to take 

measures to ramify their fishing laws to align with EU requirements and the viewpoint 

of international sustainability of fishery resources. Although the nation may have 

avoided the issuing of a red card by the EU and a consequent ban on Taiwanese seafood 

exports, the passing of new laws and amendments is still in the making.140 

Taken from a different perspective, the issue of overfishing is in part further 

exacerbated by the traditional mentality that Taiwan has a seafood culture, but not an 

ocean one. 141  As a result, little has been done to enforce existing environmental 

protection laws or recover fish stocks despite the relatively large dependence on 

seafood produce. Although this is not an uncommon occurrence in sea-dependent 

nations, it nevertheless should act as a strong incentive on both the governmental and 

local level to commit more resources towards enforcing sustainable fishing.  

Furthermore, unsustainable tourism and marine recreation is adding more stress 

to reefs. Taiwan has snorkeling destinations all around the coast as well as on 

neighboring islands. The diverse coral reefs at Kenting, Green Island, and Orchid Island 

make the spots in particular popular for snorkeling and scuba diving. However, direct 

contact with reefs by recreational divers may severely deplete a reef. Such threats can 

be caused by stepping or standing on corals, breaking and damaging them (such as the 

so-called ‘coral graffiti,’ which involves divers scratching their names in living 

corals),142 treading in shallow water and stirring up large clouds of sediments, leaving 

garbage, as well as anchoring diving boats within a coral reef, thus oftentimes 

destroying them beyond repair. A lack of an official sewage system and improper 

disposal of waste into the waters from nearby hotels exacerbates the problem of 

unsustainable tourism. ‘Rampant’ tourism is clearly evident on Xiaoliuqiu Island, a 

coral island located at the southwest coast of Taiwan. Despite its relatively small size 

of 6.8 km2, there was a record 400,000 visitors to Xiaoliuqiu in 2014 alone, posing a 

large strain on the already-overexploited shores.  
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Additionally, coral collection for souvenir purposes is another damaging 

activity. It can take up to 10,000 years for a coral reef to form from a group of larvae, 

and even ten times longer for barrier reefs and atolls to fully form.143 Thus, harvesting 

coral reefs to sell as decorative items is highly destructive as the replacement of a 

collected coral by a new one is a process that can take several decades, if suitable 

conditions permit. Overall, irresponsible tourism is one of the most pressing threats to 

coral reefs in Taiwan. The density of tourists along the southern coast is also in part due 

to Taiwan’s geography: as the Tropic of Cancer runs through the center, the island is 

divided into tropical and subtropical climate zones in the south and north, respectively. 

As such, whilst winters in the north are cool and rainy, the south experiences a warm 

climate all year-round, making it a popular holiday destination. Thus, proper 

management of tourism is an important issue underlying marine conservation.    

Moreover, occurrences such as diseases and natural disasters are additional 

factors behind coral reef degradation. For example, the underwater ecosystem of Green 

Island was covered with a black-colored sponge Terpios hoshinota, also known as the 

‘black disease’ known for smothering and killing corals and other sessile organisms.144 

The sponge is an efficient competitor of corals for space and it is known to thrive in 

polluted and stressed coral reef ecosystems.145 Thus, local threats such as untreated 

sewage and garbage in the coastal waters of Green Island may be one factor behind the 

diseased coral. Furthermore, natural phenomena such as typhoons can cause damage to 

coral reefs. This is especially true for Taiwan, whose shorelines are frequently battered 

by typhoons from May to October, leaving corals broken or covered with sediment.146  

Evidence of the afore-mentioned threats to coral reefs in Taiwan are visible in 

the 2012 analysis of the coral community composition at Wanlitung (萬里桐) Reef. 

Located in the south of Taiwan along the west coast of the Hengchun Peninsula, 

Wanlitung Reef reportedly contains 280 species of corals. However, the structure of 

this benthic community has changed considerably as a result of various disturbances, 
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including typhoons, bleaching, overfishing, pollution, and coastal development. 

Consequently, the coral reefs have become less ecologically diverse.147 The results of 

the 2012 analysis depict a drastic drop in hard coral cover, from 47.5 percent in 1985 

to 17.7 percent in 2010, with corals from the genera Acropora and Montipora affected 

the most. Whereas the coverage of Montipora dropped from 15 percent in 1985 to 1.28 

percent in 2010, the once-abundant Acropora has by 2010 been virtually completely 

extirpated (in comparison, the 1985 the cover of Acropora was at 23 percent).148 

Simultaneously, the macro-algal cover has increased from 11.3 percent in 2003 to 28.5 

percent in 2010, whilst the number of some corals such as from the Faviidae family and 

Heliopora coerulea are comparable to their 1985 status. Other types, such as the 

Poritidae coral family, have experienced slight increases in abundance [Figure 9]. This 

“shift towards a depauperate coral assemblage dominated by macroalgae”149 shows that 

the Wanlitung Reef has become less ecologically diverse, and as a consequence is less 

resilient to ecological and anthropogenic disturbances. 

 

 

 

 

 

 

 

Figure 9: Distribution of coral species150 

 

Finally, one key aspect that needs to be acknowledged is the South China Sea 

dispute. The South China Sea is a marginal sea in the western Pacific Ocean. Eight 

countries have their borders on the sea, including the People’s Republic of China (PRC), 

Taiwan, the Philippines, Malaysia, Brunei, Indonesia, Singapore, and Vietnam. The 

area’s strategic location and vast potential of natural resources, as well as the estimated 

$5.3 trillion annual trade passing through it, have resulted in a serious territorial dispute 
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with claimants contesting their rights for control in the region. 151  One island in 

particular, Taiping Island, is claimed by Taiwan152 as well as the PRC, the Philippines, 

and Vietnam. The contested island is rich in coral reef coverage, yet due to the 

multinational strife, any form of monitoring, managing, or protection activities are 

impossible without collaboration and stable governance, and may be escalate into 

further conflict between the nations as monetary incentives will overshadow coastal 

management benefits.  

In summary, coral reefs are extremely susceptible to a number of factors, and 

the cumulative impact of multiple local threats is undermining the health of Taiwan’s 

coral reefs. Stressors stemming from land-based pollution are a widespread problem on 

numerous fronts: firstly, sedimentation is lowering coastal water quality, weakening the 

resilience of coral reefs. The contribution of sediment to watersheds stems from 

anthropogenic activities such as deforestation, road construction, storm water runoff, 

chemical spills, as well as high fertilizer and pesticide usages. Sediments can physically 

smother and kill corals and other benthic organisms.  

Moreover, chemical contaminants may lead to excessive levels of nutrients in 

bodies of water. These chemical invasions may strengthen one group of organisms over 

another, destabilizing the fragile balance necessary for coral growth. Indeed, a burst of 

certain algae or seaweeds on the seafloor may outcompete corals for resources, leading 

to reef degradation.  

In addition, pollution in the form of sewage waste and thermal discharge are 

affecting marine ecosystems in a direct and rapid manner. Improper wastewater 

treatment is a prevalent, yet unresolved issue underlying the infrastructure of Taiwan. 

Inadequate waste dump sites is another factor undermining coral reef health. 

Deteriorating marine conditions are further exacerbated by rising water temperatures as 

a result of thermal discharge from nuclear power plants.   
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Direct damage to coral reefs due to unsustainable coastal development and 

reclamation activities is yet another conundrum. Direct construction on top of coral reef 

areas, the cutting down of natural barriers that protect coral reefs (such as mangrove 

forests), as well as high soil erosion and subsequent landslides and terrestrial runoff are 

examples of widespread damage to the biodiversity and ecological balance of coral 

reefs in Taiwan.  

Finally, overfishing and destructive fishing practices pose another threat to the 

sustainability of marine ecosystems. What is more, negligence and inefficient 

monitoring and enforcement of existing environmental and fishing laws aggravates 

coral degradation and resource depletion.    

The above stressors lead to the creation of a more competitive, nutrient-rich 

marine environment, which makes the reefs more vulnerable to disease outbreaks and 

less likely to recover from natural disasters. Significantly, the cumulative impact of 

local threats makes corals especially vulnerable to global threats, the latter which is less 

easily manageable. Hence, a major concern in coral reef protection and management is 

limiting these threats as much as possible. 

Yet, as can be observed, the local threats and challenges involve a variety of 

actors and stakeholders whose interests are often conflicted. The degradation of coral 

reefs reflects a broader, systematic problem that environmental protection faces at every 

level of Taiwanese society: local, regional, national, and international. As such, it is 

necessary to address the conflicts between stakeholders and the means through which 

they emerged before being able to formulate a course of action. Consequently, the 

following sections will examine the government and its political institutions as an 

important stakeholder vis-à-vis environmental and, by extension, coral reef protection 

and management.    
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4.2. The environment as a common-pool resource 

Continuous research across multiple sectors and disciplines inevitably leads to the 

development of new theories to explain phenomena that do not fit within dichotomous 

paradigms. The categorization of goods is a case in point. In 1954, Paul Samuelson 

divided ‘goods’ into two types: private and public.153 Public goods have two defining 

aspects: (1) nonexcludability, that is to say, non-payers cannot be excluded from the 

benefits of the good and/or service; and (2) nonrivalrous consumption, which means 

that one person benefitting from the good does not diminish the ability of other people 

to do the same.154,155 In contrast, private goods are both excludable and rivalrous. Then, 

in 1965, James Buchanan added what he perceived as a missing link to the conceptual 

distinction: ‘a theory of clubs.’ Accordingly, individuals who belonged to clubs – that 

is to say, co-operative private associations – would have access to nonrivalrous but 

small-scale goods that non-members are excluded from.156 Simply put, it refers to a 

membership arrangement from which exclusion is possible. Finally, a fourth type of 

good was put forth by Elinor Ostrom and Vincent Ostrom in 1977: ‘common-pool 

resources.’ Common-pool resources are natural or human-made resources which may 

benefit a group of people, but one actor’s use or development of the resource subtracts 

from the overall yield.157 It thus shares the attribute of subtractability with private goods 

and difficulty of exclusion with public goods.158 Table N provides an overview of these 

four types of goods and some common examples to which they are attributed.  
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Table 2: Four types of goods.159 

Note: Ostrom (2005) changed the name from a ‘club good’ to a ‘toll good’, as small-scale public 

associations may provide similar goods to private associations. 160   

 

As can be observed, the stakeholders and their incentives vis-à-vis the various 

types of goods are categorically different, and devising institutions or means through 

which to manage them are likewise pluralistic. This is especially palpable for common-

pool resources, for which the level of subtractability of use and difficulty of exclusion 

are both high. Access to the sea and its resources is a prime example of a CPR. The 

difficulty of coral reef management and protection whilst balancing incentive dynamics 

is epitomized through the above discourse, proving that “simple solutions do not exist 

for managing complex ecologies.”161 Nevertheless, efforts to move beyond this social 

dilemma and to develop a suitable framework for all actors involved are key to 

protecting important resources.  

Incentives toward excessive resource exploitation have engendered the ‘tragedy 

of the commons,’ a term that is frequently cited in environmental policy publications. 

This term was first introduced by Garrett Hardin in 1968 and has been the topic of much 

debate ever since. Hardin was a major proponent of state-established institutional 

arrangements (centralized government and private property) in sustaining CPRs over 

the long term. Hardin uses the example of a pasture “open to all” on which each 

herdsman “will try to keep as many cattle as possible (…) to maximize his gain” despite 

being locked into a system that is limited.162 “Therein is the tragedy,” Hardin writes, 
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for “ruin is the destination toward which all men rush, each pursuing his own best 

interest in a society that believes in the freedom of the commons.”163 In essence, the 

tragedy of the commons is an economic theory that postulates that individuals try to 

reap the greatest benefit from a CPR, exploiting it to such an extent that demand 

overwhelms supply and the resource is depleted or destroyed. Another problem that 

arises with the management of CPRs is the free rider problem. From an economic 

perspective, the free-rider problem is a market failure as individuals can obtain the 

benefits of a good and/or service without contributing to the cost.164  

To offset these challenges, governmental intervention is often used as a 

coordinating mechanism. A hierarchical government that induces compliance through 

such means as rules and taxes has been promulgated as the solution to ‘self-interested 

individuals’ who only pursue self-seeking activities. 165  As mentioned above, two 

conventional solutions promulgated by Hardin for managing resources are relegating 

the control of all CPRs to centralized agencies or the development of private property 

rights. However, one drawback of Hardin’s theory is that he failed to include the 

possibility of users extracting themselves from this system of overuse by developing 

and maintaining self-governing institutions. Local self-governance involves delegating 

authority for environmental protection to the local level and permitting the local 

communities to “determine access and harvesting rules without external authorities 

countermanding them.”166 What is more, empirical research has put forth evidence that 

widespread central control of common-pool resources has in fact accelerated resource 

deterioration due to various factors, including weak institutions, corruption, 

inefficiency, inter alia. Additionally, the nationalization of CPRs undermines their 

traditional management by local communities. Oftentimes, these ‘outsiders’ and their 

activities, although considered legal by the larger political regime, neglect the 

traditional access and harvesting rules and worsen the sustainability of a given resource. 

A relevant example of this happening is the depletion of flying fish and the destruction 
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of coral reefs, two resources that are intricately linked to the traditional lifestyle of the 

Tao on Orchid Island (discussed in section 6.1.)  

Overall, developing institutions that are suitable to the environmental situation 

and ecological systems being used is not an easy task for any governing body. 

Satisfying stakeholder incentives whilst ensuring the long-term survivability of a CPR 

is especially challenging given the latter’s high levels of subtractability of use and 

difficulty of exclusion. Creating national policies that can unambiguously be applied to 

all environmental management scenarios is not possible. Even amongst academics there 

does not exist a single well-developed theory that may explain all the diverse outcomes 

obtained in microsettings; whereas some purport that centralized control is necessary, 

more and more scholars endorse a polycentric approach, where key management 

decisions should be made as close to the scene of events and the actors involved as 

possible. 167 , 168   Indeed, 21st century academic discourse is visibly developing the 

argument that there is an overreliance on stick-figure models and the ‘one-size-fits-all’ 

methodology and instead, an experimental, adaptive approach to environmental 

governance should be developed.169  

Significantly, efforts to move beyond this social dilemma and to develop a 

suitable framework for all actors involved are key to protecting coral reefs and 

managing coastal conservation. It is thus necessary to first delineate who these actors 

are, pinpoint the incentive dynamics, and finally attempt to propose what governance 

approach may fit best in this given scenario.  

Regardless, the government is an important stakeholder in environmental 

disputes and developments. It is thus necessary to examine the role of the government 

vis-à-vis environmental and, by extension, coral reef protection and management. The 

potential ways to ameliorate the operations of governmental institutions to regulate the 

use of common-pool resources will be expanded upon later in this paper; for now, 

however, it is beneficial to examine how Taiwan developed its environmental 

awareness on a national level, and what kind of governmental institutions emerged.  
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4.3. The growth of the environmental consciousness 

In this section, the paper will analyse the development of the Taiwanese awareness of 

the environment on the backdrop of political transformations. The Taiwanese 

government has historically been a laggard in formulating environmental policies due 

to conflicting interests between economic growth and environmental protection. Thus, 

much of the island’s environmental protection progress has been instigated at the 

grassroots level. As this paper will show, the national government’s efforts in 

environmental protection were a direct response to the management of potential future 

conflicts instigated by the activities of the 1980s. However, much effort is needed in 

automating protection practices and making the process more efficient through its 

institutions. 

The process of political liberalization and democratization in Taiwan is still a 

relatively new development. In 1949, Chiang Kai-shek retreated with the KMT party 

to Taiwan, an event that would alter the political structure of the island henceforth. The 

political realm was transformed into a corporatist state patterned after the Leninist 

communist system, with the party, government, and military in close alliance and 

penetrating systematically into every stratum of society.170 However, the KMT’s initial 

approach of seeing Taiwan as a stepping stone before returning to control the mainland 

was challenged by the PRC’s own consolidation of power. The 1960s thus saw the 

ruling elite re-examine its tactic, with economic development regarded both as a new 

domestic approach for long-term survivability as well as a political game plan 

strategically implemented to integrate the PRC into their political orbit. This way, the 

KMT could continue supporting military build-up whilst at the same time enhancing 

their legitimacy in the eyes of the citizens.  

However, extensive environmental degradation due to rapid industrialization 

coupled with political suppression under the martial law period (1949 – 1987) has 

garnered grass root discontent. The imposition of the ‘three controls’ – martial law, 

single party system, and suppression of the media 171  – had supressed channels to 

express dissatisfaction and the national government’s ability to identify social 

outbreaks. Environmental awareness and subsequent protest movements did not garner 
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much attention until the 1980s, when (i) the visibility and scale of environmental 

degradation had become difficult to ignore and (ii) more opportunities to travel abroad 

arose for leisure and study purposes.172 This combination of various factors led to the 

development of an environmental consciousness first among a certain elite of experts 

and scholars and then the general populace. Demonstrations at the local level emerged 

against polluting industries such as petrochemical factories and garbage dumps. 

However, as under martial law such public displays of discontent were technically 

illegal, protesters were thus involved in small scale activities that rarely targeted the 

central government directly.173 Another characteristic of these protests was that they fit 

under the ‘not in my backyard’ (NIMBY) category, with the majority of grievances 

resolved through payment of compensation to be distributed by local politicians.174 

Overall, while the KMT was occupied with directing the national economy 

around growth-oriented policies, environmental regulations were severely lacking. The 

picture of the 1980s was thus of a nation both hailed as an economic miracle as well as 

one that is being driven towards an environmental crisis: negligence of environmental 

considerations, a growing population, already restricted natural resources and physical 

space, increasing consumer consumption and demand, deteriorating water and air 

quality, acid rain, improper solid waste treatment, deforestation, soil erosion, noise 

pollution, destruction of wildlife and vegetation, as well as nuclear power plant 

discharge and waste. 175  Therefore, whilst some enjoyed the benefits of rapid 

industrialization, others would organize sporadic protests against polluters. One case 

that stands out prominently is the Lukang anti-Dupont movement of 1986, marking a 

watershed moment in Taiwan’s history of environmental conflict.  

Lukang, originally a seaport in the 18th century, is a commercial city in 

northwestern Changhua County. In March 1986, local residents organized to oppose 

DuPont’s plan to set up a titanium dioxide plant in their community176 in spite of the 

project being supported by the central government. Lukang residents’ fear over toxic 
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hazards spurred them to stage a series of protest both locally and in the capital – an 

unprecedented move considering the prohibition of mass gatherings under martial law. 

The demonstrations ended without the use of force as DuPont voluntarily withdrew its 

construction plan, delaying it for two years before settling in northern Taiwan 

instead.177,178 This incident, coupled with the lifting of martial law a year later, is 

generally regarded amongst scholars as a turning point of social activism and 

commencement of Taiwan’s environmentalism. Since then, environmental protests 

surged in both scope and scale as confidence in mass mobilization rose.  

The 1980s did not just witness environmental protection activism, but social 

movements that called for women, aboriginal, and labour rights appeared as well. This 

decade is called a historical turning point and a time of transformative justice.179 The 

emergence of a plethora of new actors “challenged the long-standing authoritarian rule 

of the government and facilitated the creation of a public sphere;”180 this, coupled with 

the policy of indigenization and subsequent shift in ethnic balance were among some 

of the factors that slowly eroded the monopolistic traditional command of the KMT. 

Furthermore, political changes such as the establishment of the Democratic Progressive 

Party (DPP), the emergence of political entrepreneurs, and the newly liberalized media 

all helped to fuel environmental interests in their respective ways.181  

Significantly, the anti-DuPont incident served as a ‘wake-up call’ to the KMT 

government that there is a lack of proper institutional channels through which conflict 

may be resolved, especially when the interests of the local communities and the 

government collide.182 In response to the protest and to deescalate future conflict, the 

Environmental Protection Administration (EPA) was formed in August 1987 and given 

cabinet-level status. At the time, some environmental activists perceived the EPA as a 

distraction and a public relations front that had no real agency. Indeed, although 

scholars were commissioned to write environmental impact assessments, there is 

evidence of reports being buried, such as the 1999 Meinung Dam survey report that was 
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ignored despite discovering fault lines on the proposed site.183 Nevertheless, the EPA 

remains a significant executive agency responsible for environmental protection and 

conservation, and each city and county government contains an Environmental 

Protection Bureau to enhance departmental work and outreach.184     

The prioritization of economic growth has for decades been on the national 

agenda of the Taiwanese government. Another case of this is visible in the KMT’s 

dependence on nuclear power to sustain industrialization with a large amount of cheap 

energy. Nuclear power generation was not only regarded as an indispensable source 

that fuelled high economic growth, but was also viewed as a matter of national 

sovereignty.185 Such measures to achieve self-sustainability were not extended to the 

environmental sphere. Decision making at the time of martial law under the 

authoritarian KMT rule was made by elite government officials at the expense of public 

opinion and technocratic knowledge. Consequently, such a regime facilitated the 

construction of nuclear power plants without prior discussion or attempt to search for 

consent among citizens.186 By 1985, the state-owned electric utility Taipower Company 

had already finished building three NPPs.  

Nevertheless, it was the academics that pioneered and first raised concerns 

about the social and environmental costs vis-à-vis the use of nuclear power. The year 

1979 marks the first nuclear debate in Taiwan between a university professor, Edgar 

Lin, and a nuclear engineer of Taipower Company over concerns for ecology, safety, 

and the problem of nuclear waste disposal.187 The years 1979-1986 show a proliferation 

of debate on nuclear energy, with an estimated 197 articles with anti-nuclear themes 

published by scholars and experts alike. However, due to domestic censorship, these 

writings were carefully framed as professional in nature and tended to avoid political 

innuendos or criticism. Instead, the political aspect of anti-nuclear writings were raised 

by the tangwai, the ‘nonpartisans,’ who made up the main opposition bloc against the 
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KMT before they formed they formed the DPP in 1986.188 Finally, despite the sensitive 

political situation, a few KMT politicians were likewise sceptical about nuclear energy 

and raised their opposition against the construction of the fourth NPP.189 Then, the 

lifting of martial law created numerous previously-repressed outlets to vent discontent, 

simultaneously elevating public awareness on environmental issues. 

There are two key elements that can be drawn from the growth of Taiwan’s 

environmental consciousness. Firstly, although the link between political and 

environmental issues is not unusual and often overlaps, Taiwan’s case shows that there 

exists a so-called ‘legacy of the one-party state’ within the current political structure 

that penetrates various strata of society. 190 , 191  This is visible in the controversy 

concerning the fourth NPP, which is an apt example of “the degree of continuity 

characterizing numerous issues in the environmental sphere, in spite of changes taking 

place at the political level.”192 Since its inception, the fourth NPP has been nearly 

cancelled twice; scandals due to legal violations arose as people involved in its 

construction had been accused of corruption, document forgery, and fraud, and sent to 

prison (including death sentences for some);193 a long list of structural and operational 

problems have been discovered, including worries about seismic activities, as well as 

the plant’s location in close proximity of over 50 schools and within radius of 

approximately 70 underwater volcanoes, with 11 still active. 194  Finally, chaos 

surrounding attempts to hold a national referendum that could at last settle the plant’s 

fate further damaged the parties’ political credibility (KMT, DPP) and deepened the 

social-political chasm. The unrelenting controversy over this NPP illustrates how old 

vested interests and traditional power structures continue to drive strategic decisions, 

even at the expense of social trust and environmental deterioration. The link between 
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politics and environmental issues is especially apparent when the latter interacts and 

interferes with the former. 

From this emerges the second point, that is, the management of environmental 

issues is the management of conflicts. Efforts in environmental conservation inevitably 

require coordination from various stakeholders across multiple sectors. This 

coordination is best achieved if the right incentives and values for each stakeholder are 

aligned in mutually supportive and beneficial ways.195 Tang and Tang’s study on the 

Twin Lake conservation case is a prime example of managing incentive dynamics and 

creating synergy between public, private, and non-profit actors for the purpose of 

ecological collaboration. Twin Lake is a small lake located in the mountainous region 

of north-eastern Taiwan. The ecosystem is of unique ecological value: (i) it serves as a 

relay station for migrating birds; (ii) it acts as a habitat for many rare species of aquatic 

plants and endangered animals; and (iii) it contains a distinctive floating island that is 

regarded as an uncommon ecological feature due to its formation from the clustering of 

plants and human materials.196  

Despite its value, the lake’s existence was threatened by conflicting interests 

among private land owners, farmers, the government, and environmentalists. Briefly 

explained, the government and environmentalists sought to ensure the owner respected 

environmental laws and to preserve natural species, respectively, whilst the owner 

argued against the two actors’ interference in privately owned land. The farmers were 

likewise apprehensive of the possibility of having their lands taken away through 

eminent domain and with just minimal compensation, and opposed the government’s 

intrusion into their livelihoods. The environmentalists’ push to establish a wildlife 

refuge was deemed too financially and politically challenging, so the government 

proposed to turn the territory into a ‘protected area’ as an alternative. This in turn drew 

disapproval from the farmers, who believed such a system would severely limit their 

right to use the land, subsequently siding with the lake owner – a result which backfired 

for the government, who had hoped to isolate the latter from negotiations. The 

government then altered its policy and excluded private lands from the protected area, 

while environmentalists engaged with the farmers and helped them develop cash crops 

(such as cultivating the aquatic plant Brasenia), thus deepening their involvement in 
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protecting the indigenous ecosystem. Finally, the lake and the surrounding wetlands 

were purchased by the government, the lake owner monetarily compensated, and the 

environmentalists involved in local ecological projects.197 In the end, collaborative 

governance was successfully achieved only after the employment of different 

incentives and adjustment of policies.  

The Twin Lake case proves that collaborative governance requires intricate 

partnership; satisfying stakeholders’ interests, finding a compromise between short- 

and long-term gains, and limiting the free-rider problem involve extensive 

experimentation and flexibility on the part of certain actors. In fact, part of the Twin 

Lake’s success was the ability of the government to revise its policies and shift its 

approach. This ability and timing of governmental authorities to redraw or amend 

existing regulations or to introduce new ones are not widespread and conventional, and 

are subject to such factors as the trend of populist sentiment, local election cycles, 

material costs, scale of policy revision, and so on.198 Moreover, changes within public 

policy may backfire, damaging the government’s credibility among stakeholders and 

creating disincentives for future policy adjustments. Overall, a keen understanding of 

incentive dynamics is crucial if integrated management and cross-sectoral collaboration 

are to be accomplished.   

In conclusion, the role of the Taiwanese government in environmental politics 

is a relatively new one. Traditionally, the economy-oriented KMT tended to side with 

business stakeholders in environmental disputes. Widespread dissatisfaction with the 

environment began to emerge in the early 1980s when martial law was still in effect. 

As such, the movement was localized and did not directly target the ruling KMT 

government. The anti-DuPont demonstration in 1986 and the lifting of martial law the 

following year engendered a platform for the populace to more freely vocalize concerns 

over environmental issues. Simultaneously, this transition required the implementation 

of proper institution channels through which to legally resolve environmental disputes. 

To this end, the newly-elevated EPA was granted additional resources and authority 

and commenced the drafting of more detailed environmental regulations and ordinances. 

Beyond localized efforts, nationwide, membership-based environmental organizations 
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further played key roles in fuelling protests and garnering the attention of the liberalized 

mass media to issues such as wildlife conservation and anti-nuclear power 

demonstrations.  

Nevertheless, cases such as the Twin Lake scenario illustrate how difficult it is 

to attain a win-win solution for all contending parties. The case demonstrates the need 

for the government to properly assess the incentive dynamics in place and be able to 

adapt to given situations, for there rarely exists a one-for-all conflict resolution. 

Protection of the environment and common-pool resources brings about its own set of 

challenges, as short-term economic motives clash with long-term conservation 

incentives. To avoid Hardin’s tragedy of the commons, governmental intervention in 

and management of public goods has been a common trend among nations worldwide. 

However, the implementation of new laws and policies does not translate into their 

success or proper enforcement. The political will of the government is most effective 

when there are institutional capacities to oversee and automate processes such as 

environmental protection. However, the authoritarian regime of the KMT still casts a 

shadow over the nation’s civil society and institutions, a challenge to the 

democratization process that will be expanded upon in the following section. Overall, 

the government remains an important stakeholder in environmental disputes and its 

efficiency is heavily aligned with strong institutions.  

4.4. Democratization and the environment  

Democratization in Taiwan engendered both opportunities and challenges for 

environmental development. To gain a better understanding of the extensive paradigm 

shift that occurred within the Taiwanese society after martial law was lifted, a brief 

overview of three pre-1987 interest groups will be covered: workers, students, and 

farmers. Then, the effects of democratization on the environment will be examined, 

including the emergence of interest groups and a dominant sector at the expense of 

more marginalized groups. Finally, a briefly overview of the influence of political 

parties in Taiwan on environmental development will be provided in order to gain a 

better holistic view of the present-day state of environmental affairs and the options 

available for institutions and stakeholders alike. This analysis of the context of 

democratization will facilitate the following section on coastal protection. 

The KMT’s authoritarian grip extensively penetrated associational life. Puppet 

interest groups at the workplace, within the educational realm, and within farmer 
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associations exemplify this control. The formation of trade unions at the workplace was 

encouraged in state-owned enterprises and large private firms.199 Labour strikes and the 

establishment of independent unions were outlawed. Instead, these ‘vehicles of KMT 

control’ were concentrated at two levels:  

At the workplace, individual labor unions were closely monitored and manipulated 

by Kuomintang (KMT) party branches. The latter made sure that only KMT 

loyalists were elected as union officers so that the state and management could 

effectively control the unions. At the national level, the KMT pre-emptively 

recognized one federation of trade unions as the only legitimate representative of 

Taiwan’s labor. The Chinese Federation of Labor (CFL, quanguo zonggonghui) 

was patronized, finance and staffed by the KMT, and as a result, labor unions 

became mere extensions of state rule.200 

Moreover, the KMT intensified their authority in a twofold way: by ensuring 

the position of a union officer was lucrative (and thus competitive, with promotion 

dependent on one’s loyalty to the party) whilst at the same time granting the unions 

power to control the distribution of workers’ welfare benefits.201  

A similar power play was visible in the education system. Every campus had a 

KMT branch office and the China Youth Corps, a quasi-political organization with 

close ties to the party that brought a range of benefits to its members. Furthermore, as 

most universities were state-owned, courses such as in Sun Yat-sen Thought were 

commonplace under the heavily politicized curriculum, campus democracy was non-

existent, with approval for posters and campus publications was required from KMT 

dominated committees, and class spies worked alongside military officers in keeping 

an eye out on student behaviours and beliefs.202   

Finally, famers’ associations were yet another medium through which the ruling 

regime exerted influence. As a key constituent of the traditional patron-client 

relationship, farmer associations served an important purpose during elections as the 

KMT’s primary support base. Indeed, as KMT representatives were found at all levels 

of the farmers associations, the “overriding function” of this interest group “was to draw 
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millions into KMT controlled networks,”203 boosting the party’s legitimacy to rule even 

well into the democratic era. 

As can be observed, the KMT’s rigid control over and penetration into 

associational life was intensive in scale and scope. The rapid rise of social movements 

after the lifting of martial law transformed the face of civil society, accelerating and 

enriching Taiwan’s democracy. Yet, with the change in regime came new challenges 

before the bourgeoning environmental movement.      

As previously mentioned, the 1980s was a turning point in Taiwan’s modern 

history: international pressure for Taiwan to liberalize politically increased 

significantly, especially from Washington; social movements became more prominent; 

the nation experienced its first multi-party elections the same year the DPP was 

[technically illegally] founded in 1986; finally, the KMT’s transition away from 

authoritarianism with the lifting of martial law in 1987 and the death of President 

Chiang Ching-kuo a year later rapidly hastened the pace of democratization.  

The environmental momentum surged in post-martial law Taiwan. New 

institutional channels were established that permitted environmental concerns to be 

presented within the political system. This included the formation of the EPA as well 

as a system for routinizing environmental impact assessments. Furthermore, the 

National Council for Sustainable Development, initially set up to meet global 

environmental regulations, had become the top advisory organ of environmental policy 

and another access point for environmentalists, with members proportionately selected 

from among government agencies, scholars, and civil groups.204 Activists also attained 

progress in the legislative field, with hundreds of laws and regulations related to 

environmental protection successfully pushed through; this ‘green triumph’ 

undermined the traditional supremacy of economic bureaucrats as new interest groups 

were included in the process of policy negotiation. From this perspective, the 

democratic forces swept the nation empowered environmentalists “by restructuring the 
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relationship between state and civil society in the latter’s favor.”205 Accordingly, the 

democratic transition created many political opportunities for environmental lobbying. 

For example, environmentalists urged the government to both limit its support (i.e. 

protection and subsidies) of polluting industries and to have more state intervention to 

prevent pollution (i.e. regulatory systems, penalty implementation). 206  Moreover, 

public awareness of disputes and controversies concerning environmental issues further 

materialized with the liberalization of the mass media, while the freedom of association 

unlocked opportunities for people to mobilize along shared goals and establish non-

governmental organizations and membership-based societies. A large degree of success 

has been visible in such projects as the clean-up of Kaohsiung’s Love River, mandatory 

recycling, curbing air pollution, and the ban on free plastic bags being supplied by 

retailers. Furthermore, decades of social activism have made it difficult to ignore 

environmental issues on the political level, prompting politicians from all parties to 

espouse green rhetoric in one way or another. Finally, scholars purport that one positive 

outcome of the controversy regarding the fourth nuclear power plant is that the 

establishment of a fifth NPP seems inconceivable.207 Overall, there have been positive 

strides in environmental progress at the wake of democratization. 

As mentioned before, environmental advocacy in the 1980s was beginning to 

gain more attention in the governmental sphere, such as the political criticism targeted 

at the KMT by the tangwai against the construction of the fourth NPP as well as the 

anti-DuPont grassroots campaign. Both protests received support from politicians of 

the later-established DPP, a party which would henceforth be regarded as the 

environmental movement’s traditional ally. This historical alliance would also 

stimulate the umbrella terms ‘Green’ and ‘Blue,’ led by the DPP and KMT, respectively, 

that still divide the main axis of political conflict in Taiwan. 208  In general, 

democratization and intense structural politicization contributed their own sets of 

challenges for the environmental movement. 
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Democratization paved the way for the development of interest groups. The 

consequences of the strengthening of interests groups had a twofold effect: firstly, it 

weakened the state’s autonomy, making it more vulnerable to the vested interests of 

dominant actors. Secondly, the inherent paradox of liberal associability in democratic 

regimes becomes apparent, as:  

…those groups in civil society that are in greatest need of collective action, i.e. 

those with numerous, dispersed and relatively impoverished individuals as 

potential members, are the least likely to be successful in attracting these members 

on a rational and voluntary basis. The small, concentrated and privileged groups 

should have less difficulty in generating resources under democratic conditions. 

Not only do they need them less (since their members may have adequate 

resources to act individually), but they were usually the privileged interlocutors 

and beneficiaries of the previous autocracy. Left to its own devices, then, the new 

»liberal« associability could produce a systematically skewed over-representation 

of dominant class, sectoral and professional interests. Subordinate groups have, of 

course, the new resource of voting between competing parties to pursue their 

general interests, but they may have to rely on the state recognition, licensing and 

subsidization characteristic of the ancien régime to participate effectively in the 

democratic game when it comes to advancing their more particular interests.209 

These consequences come to the forefront when examining the elevated 

importance of the economy and state relations. Running campaigns and winning 

elections are reliant on vote-mobilization and financial resources, which creates 

opportunities for businesses to step in and gain more political influence and favour.210 

The KMT had had already penetrated associational life through extensive alliances with 

enterprises and unions, and as previously illustrated, their regime had characteristically 

prioritized economic growth. They thus perpetuated the organizational advantages they 

enjoyed under the previous era. Owing to the fact that liberal associability favored those 

with power resources, the economic actors became a dominant class that was inserted 

into the policy process. In contrast, the underprivileged would find it difficult to pursue 

their general interests and to compete with the entrenched goals of the dominant class. 
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As a result, the advent of democratization opened up the over-representation of 

dominant interests, leading to an inevitable class bias in the pluralist pressure politics.211   

From this, another paradox emerges. On the one hand, the previously repressed 

groups had now the chance to organize and voice concerns through the newly 

established institutional channels. Consequently, the new era of democratic 

consolidation gave environmentalists new ways to participate and gain access to policy 

decision-making. On the other hand, however, their actual power was severely 

circumscribed due to the afore-mentioned class bias. For Ming-Sho Ho, this form of 

procedural participation without actual policy impact is a result of the weakened state 

capacity. “Weak states,” Ho writes, “are more easily influenced by the movement 

claims, but they also lack the institutional power to meet opposition from vested 

interests.”212 The reliance of the state on dominant groups weakened its autonomy, 

making it more vulnerable to being captured by particular interests.213 This problem, 

coupled with the system’s ease of voicing opposition and mobilizing counter-

movements, challenged environmental reform and governance. Indeed, although the 

advent of democratization permitted the environmental movement to become accepted 

and to even receive sympathy from the public, it did not guarantee its success.214  

Moreover, the strength of environmental movements and the extent of citizen 

participation may experience a decline because individuals are encouraged to “pursue 

more ‘private-regarding’ interests and to ‘free-ride’ on the efforts of others.”215 This 

argument is reinforced by the emergence of the afore-mentioned counter-movements – 

in this case, opponents to environmental movements. One example of this is the 

collective action of pig farmers to offset the stricter river preservation and wastewater 

regulations. At the time, wastewater from swine production was the third largest source 

of pollution in Taiwan (after sewage and industrial wastewater).216 In response to public 

demands to improve water quality, the government declared five major water resource 
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preservation areas as “not suitable for the pig-raising industry” and encouraged pig farm 

reallocation through financial compensation,217 a plan that was met with protests as 

farmers sought to preserve their status quo and private interests. Nevertheless, a 

consensus was finally found.  

Lastly, it is beneficial to briefly examine the influence of political parties in 

Taiwan on environmental development. This will provide context of the present-day 

state of environmental affairs and the options available for institutions and stakeholders 

alike.  

Political parties are crucial institutions of democracy and a vehicle through 

which citizens are given a choice in governance.218 As previously mentioned, the main 

divide along the axis of power in Taiwan are between the KMT (Blue) and DPP (Green) 

parties. The presidential election in 2000 marked the first power transfer in Taiwan as 

the DPP became the ruling party. With the DPP’s political ascension, new expectations 

concerning the state’s commitment to the environment were raised. Yet, the period was 

one of continued setbacks and disappointments for the environmentalists. Firstly, from 

the onset the DPP was unable to win a legislative majority, and without support in the 

parliament, the limits to what they could achieve were restricted. In this antagonistic 

political climate, the DPP faced a number of challenges, ranging from securing project 

budgets, a majority vote for policy proposals, as well as strong ideological conflicts 

under the ‘new government, old bureaucrats’ phenomenon.219 Environmental issues 

also became politicized, and many attempts to implement pro-environment measures 

were defeated while simultaneously ways to undermine environmental institutions were 

initiated. For instance, the EPA’s budget for 2001 was severely cut, and the Director’s 

inability to respond demonstrates the weakness of the DPP government vis-à-vis the 

opposition.220  

Moreover, the DPP backtracked on its commitment to halt the fourth NPP, 

ordering the construction to continue on the backdrop of threats espoused by the KMT 

and Blue Coalition.221 The promise to hold a national referendum on the fate of the 
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fourth NPP was likewise dropped. Furthermore, as the DPP was also reliant on financial 

contributions, warding off business influences for environmental causes was not an 

image they sought to embrace. At the same time, the DPP “lacked an efficient 

coordination mechanism to work with business without budging too much,” 222 

revealing the structural problem of skewed sectoral interests. Then, the unprecedented 

recession in 2001 restricted the party’s policy ambitions, compelling the economic issue 

to be the nation’s top priority. With the return of KMT as the ruling party in 2008 for 

two consecutive terms and their prevailing economic growth philosophy, 

environmental affairs took a step back.   

To summarize, democratization engendered its own unique set of opportunities 

and threats for the environmental movement. While institutions such as EPA were 

established and new regulations for environmental protection and conservation gained 

legal force, the practical temptations of economic incentives and a pro-business stand 

severely marginalized the former’s impact. Satisfying dominant interests would 

frequently come at the expense of environmental progress, a phenomenon that did not 

seem to substantially change with the election cycles.  

Whilst this section analysed the developments in the political and environmental 

realms under the democratic process in Taiwan, the next part will narrow the scope and 

focus on coastal protection at the institutional level.  

 

  

                                                           
222 Ho 2005:343 



 

61 

4.5. Institutions and coastal protection  

It is well-acknowledged that political institutions “affect the resilience of the 

environment.”223 For instance, one study has shown that authoritarian regimes are more 

inclined to enact less stringent environmental standards than their democratic 

counterparts.224 Moreover, the debate over the effectiveness of institutions in managing 

protected areas, as well as the need for governmental intervention and supervision over 

the environment and common-pool resources, all have various case studies that can 

prove its successfulness or lack of thereof. Currently, academic discourse is widely 

arguing that there is an overreliance on stick-figure models and the ‘one-size-fits-all’ 

methodology and instead, an experimental, adaptive approach to environmental 

governance should be developed. 225  After all, “simple solutions do not exist for 

managing complex ecologies;”226 no panaceas exist. Environmental institutions are 

thus much more than just champions of pro-environment movements; they are key 

authoritative bodies involved in superior planning to distribute resources such as 

manpower and funding for long-term, generations-ahead sustainability whilst at the 

same time attempting to the best of their abilities to meet these goals irrelevant of which 

party is ruling. Inevitably, the effectiveness of their operations faces obstacles from 

numerous fronts.    

In Taiwan, there exists a mindset that the nation is a seafood country, not an 

ocean country, 227  and subsequently, marine affairs have rarely been the focus of 

political or public concern.228 It is not until 2001 that the Executive Yuan published the 

first ‘Oceans White Paper’ to introduce the national guidelines for maritime 

management and policy-making. It stated that Taiwan is an ocean nation that relies on 

the seas for its existence and development.229 The second White Paper was promulgated 

five years later and was broadened to include such themes as international rights, the 
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environment and resources, and cultures and scientific research.230  In 2008, President 

Ma Ying-jeou of the KMT proposed to create ‘a blue revolution’ and to seek ‘prosperity 

from the ocean’ whilst moving away from the nation’s ‘land power mentality.’231 

Another key element of President Ma’s policy was to create a unifying authority over 

maritime affairs that would safeguard national interest; this call to establish a 

specialized agency that would be responsible for ocean activities had been promulgated 

since 2000, and was similarly visible in academic publications.232 In the end, however, 

the proposed ‘Ministry of Marine Affairs’ was followed by the setup of the ‘Ocean 

Affairs Council’ (OAC). Instead, the Construction and Planning Administration took 

on an active role in coastal protection and management.   

Within the Republic of China government, the Construction and Planning 

Administration (CPA) was established under the Ministry of the Interior in 1981 and is 

currently the lead agency in coastal zone management. The CPA was designated to 

design the Coastal Zone Management Act, which came into force February 2017. The 

coastal zone planning and management principles are as follows:  

1. Prioritize the conservation of natural coasts and maintain the coasts’ natural 

dynamic balance.  

2. Protect natural and cultural heritage in coastal zones, maintain coastal 

landscape and field of vision, and plan functionally harmonized land use.  

3. Conserve coral reefs, algal reefs, sea grass beds, estuaries, lagoons, sand bars, 

sand dunes, sand beaches, mud beaches, cliffed coasts, capes, mangroves, 

coastal forests, and other sensitive areas to preserve the integrity of their habitat 

and environment, and regulate human activity to achieve ecological 

conservation and coastal landform preservation.  

4. Disaster prone coastal zones shall adopt indented buildings or adjust its land 

use in response to climate change and the risk of coastal disaster. 

5. Avoid building new waste landfills in coastal zones. Existing sites should be 

reviewed as part of integrated coastal zone management plan. When necessary, 
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a budget should be prepared to sequentially remove existing sites or adopt other 

improvement measures, so as to maintain public security and the 

environmental quality of coastal zones. 

6. Coastal zones shall preserve public access and public use rights, avoid 

exclusive use, and protect existing rights.  

7. Development of coastal zones shall give consideration to the impact on and 

development of surrounding areas, so as to reduce the damage to coastal zones. 

8. Preserve the traditional wisdom of indigenous peoples, protect traditional 

settlements, cultural heritage, and space used for celebrations and rituals in 

shore land area, so that resource use will be sustainable and cultural heritage 

may be preserved. 

9. Establish a public participation system for decisions concerning coastal 

planning to improve coastal protection and management performance.233 

This newly enacted act will also implement integrated coastal zone management 

(ICZM). Although the term lacks a strict definition, the central idea is that it is a 

resource management system that employs an “integrative, holistic approach and an 

interactive planning process in addressing the complex management issues in the 

coastal area.”234 The European Commission adds:  

Integrated coastal management covers the full cycle of information collection, 

planning, decision-making, management and monitoring of implementation. It is 

important to involve all stakeholders across the different sectors to ensure broad 

support for the implementation of management strategies.235 

In general, the ICZM encourages collaborative governance among various 

stakeholders. The Ministry of Interior is to announce the ICZM plan within two years 

after the Coastal Zone Management Act had come into effect, so until 2019.236     

Despite the novelty of the act, its creation is the result of cumulative, substantial 

effort on the backdrop of political change. As previously mentioned, the ruling party 
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has direct influence over the orientation of political institutions. As the heads of 

ministries are representatives of the government, election results often bring about 

changes in the administration. Such transitions pose a threat to policy or project 

continuity, as ministry heads may change the priorities of their respective organizations. 

To counter this, the CPA passed the Coastal Zone Management Act through the 

Executive Yuan, making the act less susceptible to the reshuffling of cabinet members 

and whims of party leaders.237   

Furthermore, the Fisheries Agency (FA) is an important stakeholder in inter-

governmental relations. The FA was formed under the Council of Agriculture in 1998 

and is responsible for a wide range of divisions, including fisheries regulations, deep-

sea fishing, aquaculture, and research and development.238 The agency also plays a role 

in drafting policies on marine protected areas (MPAs), a key example of institutional 

progress vis-à-vis ocean governance. In 2014, FA estimated that the total coverage of 

MPAs in Taiwan was 30,916 km2, including: (1) prohibited entry or impact zones (591 

km2); (2) zones where harvesting is prohibited (2,952 km2); and (3) multi-functional 

use zones (27,374 km2).239  Overall, conservation efforts within MPAs had grown 

steadily over the years, with a few achievements enumerated below: 

1. In 2007, Taiwan’s first national park that focused on coral reef conservation 

was formally announced by the Ministry of Interior and named the Dongsha 

Atoll National Park.240 The area possesses the largest seagrass bed in Taiwan, 

with a coverage of over 1,185 hectares, serving as a prime shelter for juvenile 

nurseries. In 2011, 679 fish species have been documented in Dongsha Atoll, 

including the discovery of the smallest reef fish in the world, the Trimmatom- 

nanus. Indeed, it is a rich habitat for a number of fish species and coral, as well 

as a source of food for the Green Turtle nestling on Dongsha Island. 241  
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2. The Kenting National Park, Taiwan’s oldest national park, covers around 152 

km2 of sea and contains more than 200 species of coral and 1,382 species of 

fish. Importantly, local projects such as sea cleaning and the dismantling of fish 

nets and other illegal fishing gear went a long way towards limiting the threat 

to coral reefs from direct damage.242 

3. The Ludao Fisheries Resources Conservation Area in Taitung County is part of 

the prohibited harvesting area. 119 species of fish have been documented 

alongside various species of lobsters, echinoderms, crinoids, mollusks, and 

algae.  In 2007, the Coast Guard Administration under the Executive Yuan 

established the Ludao Conservation Squad. The Squad’s purpose was to protect 

the marine environment and resources, crack down on illegal coral collection, 

and ensure the proper upholding of the Fisheries Act and other ordinances.243   

4. As with the above, the Liuqiu Fisheries Resources Conservation Area in 

Pingtung County prohibits any form of harvesting, with management and 

surveillance carried out by the Coast Guard Administration. The area has rich 

coral reef biodiversity. 

5. The Taiping Island Sea Turtles Nesting Refuge is an important conservation 

zone with limited anthropogenic disturbances. The island serves as an 

important nesting ground for green turtles and other endangered species, and 

the surrounding coastal waters contain circa 300 species of coral and 515 

species of fish. Moreover, research conducted during field studies on the island 

have contributed to international studies on the natural resources of the South 

China Sea.244    

Despite many achievements, numerous challenges remain within coastal 

protection. Firstly, one of the most obvious issues is the free-rider problem, with certain 

stakeholders interested in protecting and maintaining an area and others reaping the 

benefits. That is to say, while all the stakeholders may share the benefits of an area, the 

incentives at work to enforce effective protection is distributed unevenly. Secondly, 

another problem that is prevalent in Taiwan is that the mere passing of a law does not 
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mean its practical implementation. Lax management and weak enforcement coupled 

with low fines that do not hinder violators are often cited as one of the biggest obstacles 

towards proper coastal protection. What is more, job promotions often depend on a 

point-based accumulation system, and preventing illegal fishing practices does not 

deliver the same benefits as, for instance, catching drug smugglers.245,246 There is thus 

no incentive system in place for Taiwan’s coast guards to properly enforce fishing laws. 

Significantly, there is a clash of stakeholder interests between the government, 

fisheries, and environmentalists. The government represents the interests of the 

fishermen at the expense of sustainability. 247  Firstly, local fisheries use industrial 

gillnets to prioritize yield, with governmental subsidies financially supporting the 

industry. On the one hand, this is done to maximize profits, especially as it is harder to 

make substantial catches in overfished seas. Once again, the livelihoods of entire 

families depend on sea resources. On the other hand, however, as these resources are 

over-exploited, the fish species are becoming smaller and their quantity decreases 

annually. Ironically, the fish caught through use of industrial gillnets are sold at a lower 

price, as they will have incurred significant damage. Another worrying occurrence is 

the all-too-frequent bycatch that ‘was not meant to’ be taken in by the fishing boats. 

This includes fish species such as the sunfish, which is categorized as a vulnerable 

species. Various sharks are similarly caught, with their fins sold at the highest price. In 

2012, the annual catch of sharks in Taiwan ranged between 30-50 thousand tons, which 

is estimated to be about seven percent of the global catch.248 Overall, the dominant 

interests of fisheries hold a strong sway at the national level, with fishing boat subsidies 

and favorable regulations oriented around the industry at the expense of long-term 

sustainability goals.  

Finally, there are numerous instances of the Taiwanese government seeking to 

advocate international standards despite not being a member of international 

organizations. For instance, the Convention on International Trade in Endangered 

Species of Wild Fauna and Flora, or CITES, is an international agreement between 

governments aimed at protecting wildlife against usually illegal and mostly over-
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exploited international trade in specimens of wild animals and plants.249  Although 

Taiwan is not a legal member of this agreement due to its political status, the 

government nevertheless takes steps to implement CITES in practice within its 

borders.250 However, problems with CITES for coral reef conservation exist, especially 

due to Taiwan’s inability to participate in the treaty and become a contracting party 

with access to resources and other benefits. Limitations exist with the enforcement of 

the regulations and punishment for breaking the law, particularly in situations where 

foreign nationals attempt illegal imports.251   

In conclusion, the environmental movement has seen renewed vigor in the 

institutional stages. New regulations to protect the coral reefs have been implemented, 

though their outcome is yet to be seen. On the national side, the matter of environmental 

protection as a national problem has become ‘politically correct’ and gained a degree 

of consensus among both parties despite political differences.252 However, issues of 

enforcement and opposition from interest groups continue to challenge proper coral reef 

and coastal management. There also exists a lack of incentives to protect coastal regions, 

especially when short-term economic gains interfere. Overall, Taiwan’s environmental 

protection effort is an on-going process. Although significant advances have been made 

via new policies, there still exist great political hurdles for the two major parties to 

institutionalize marine protection despite their political agendas.  

The next section will be a case study on the Great Barrier Reef (GBR) located 

in the coastal waters of Australia. A joint effort of the Australian and Queensland 

governments have set a very thorough, elaborate system in place which monitors the 

protection and management of the GBR. Annually, various publications are issued to 

show what has been done towards protecting and managing the environment, 

biodiversity, and heritage values of the GBR Region, from financial reports to 

sustainability programs setting goals and objectives decades into the future. The 

benefits of being an active member of the international community will be highlighted, 

a situation that is not accessible to Taiwan to the same extent. This case study will also 
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give insight into the social aspect of engaging local communities and indigenous 

peoples into coastal zone management plans, giving a potential blueprint for the case 

of Taiwan.  
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5. Case study: Australia’s Great Barrier Reef 

Australia’s coastlines are one of the longest and most diverse in the world. They are 

shaped by a wide range of climates, currents, and complex geomorphologies, creating 

a wide variety of unique habitats and ecosystems. Although the nation exhibits a high 

degree of endemism, this biodiversity is under pressure from a numerous threats. 

Locally, anthropogenic activities stemming from urbanisation, industry, tourism, and 

recreation are adding pressure to the coast. Climate change in particular has engendered 

an urgent need for tactical responses from coastal management to minimize adverse 

impacts on coastal environments and its resources. In recognition of the value of these 

resources and the need to preserve them, coastal governance systems have been 

developed over time. Importantly, these systems: 

were introduced to an island continent that consisted of several hundred diverse 

Australian Aboriginal and Torres Strait Island nations, each with its own linguistic, 

legal, political and cultural traditions exercising rights and responsibilities over 

coastal estates for tens of thousands of years.253 

Australia’s coastal management thus serves as a unique case study into how the 

collaboration of various stakeholders may be achieved in order to protect the coastal 

environment and, most significantly, the Great Barrier Reef (GBR).   

The GBR has a long-standing iconic reputation. Captain James Cook described 

the chain of reefs off the Queensland coast as an ‘insane labyrinth’ after his ship, The 

Endeavor, ran into the GBR and was stuck for an entire day in 1770.254 Following 

British settlement from 1788 onwards, the GBR was an economically significant 

navigational hazard to shipping between eastern Australia and the supply and trading 

centres of the Indian Ocean and Indo-Malay seas. As a result, the 19th century witnessed 

a movement to research and identify safe navigational channels through the reefs; major 

effort and investments resulted in numerous expedition reports, charts, collections, and 

illustrations of ‘strange and colourful marine creatures,’ augmenting the GBR’s 

international reputation as a unique habitat full of natural resources.255 In 1922, Henry 
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Richards highlighted the need for scientific research into the GBR in an address to the 

Queensland branch of the Royal Geographical Society of Australia; subsequently, the 

Great Barrier Reef Committee of Investigation was established and funded through a 

collaboration between the Queensland Government and Universities of Sydney and 

Queensland. It would continue to play a leading role in marine research, including 

fostering a research station at Heron Island in 1951.256 The importance of the GBR was 

similarly expanded within the public sphere, as heightened awareness vis-à-vis the 

potential impacts of the GBR penetrated various sectors and industries, including 

mining, agriculture, fishing, tourism, inter alia. Concern over the Reef further deepened 

after an unprecedented outbreak of the crown of thorns starfish (Acanthaster planci), 

which killed more than 95 percent of coral on many reefs of the central GBR.257   

Overall, the GBR has been and continues to be an international hub of academic 

focus. With over a century of intense investigations, the GBR is currently “the best-

studied tropical marine ecosystem in the world”258 and has set the foundation for coral 

reef science. Policy support followed education and communication, aiding decision-

makers and planners in creating long-term frameworks that will affect the survival of 

coral reefs. In modern times, the GBR often acts as a model of collaborative governance 

amongst various stakeholders, across national, regional, and local strata, within an 

adaptive, integrated operational framework of coastal management.    

The next sections first examine the management and legislature relating to the 

conservation of the GBR, before turning to address the role of local indigenous 

communities to manage, protect, and sustain traditional activities on their sea country.  
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5.1. Management and legislature  

The GBR is the largest reef in the world both according to area and length (348,000 

km2 and 2,500 km, respectively).259 In recognition of the value of its resources and the 

need to preserve them, the Australian government implemented a wide range of plans, 

policies, regulations and legislation intended to sustain, protect and manage the Reef.   

The first legislation relating to the preservation of the GBR was officially 

enacted in 1975 under the Great Barrier Reef Marine Park Act (‘Act) resulting in the 

establishment of the Great Barrier Reef Marine Park Authority (‘Authority’) to act as 

the primary regulator of the Act’s objectives and mission. The dominant focus of the 

Act is to ensure long-term protection and conservation of the coastal area, calling for 

an ‘ecologically sustainable use of the GBR Region’ for such purposes like (i) public 

enjoyment and appreciation; (ii) public education about and understanding of the 

Region; (iii) recreational, economic and cultural activities; as well as (iv) research in 

relation to the natural, social, economic and cultural systems and value of the GBR 

Region.260 The Australian government’s long-term plan attempts to address the issue 

of balancing environmental protection with the realities of human activity from the 

onset. Subsequent management policies set forth by the Authority have henceforth 

sought to act in a way that is consistent with the objectives of the 1975 Act.  

The Act is Australian Commonwealth legislation and provides for a substantial 

engagement of the Queensland Government in its management. This intergovernmental 

agreement was initially formalized by the Emerald Agreement signed in 1979, and 

reaffirmed in the Great Barrier Reef Intergovernmental Agreement signed in 2009.261 

It is funded 50-50 by the Commonwealth and Queensland, with quotidian management 

conducted by agencies of the latter.262 Indeed, since its inception, a close working 

relationship has developed between the two, resulting in joint management and 

communications on various issues within the protected coastal areas. This show of 

initiative and collaboration on both a national and local scale went a long way towards 
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ensuring an accountable, responsible strategy for the long-term protection and 

conservation of the environment and biodiversity of the GBR ecosystem “in good 

condition to future generations.”263 

From the onset, the development of a credible, adaptive process of public 

engagement was a crucial component of the GBR marine park. Other stakeholders, 

including organizations, industry groups, community groups, schools, and individuals 

all directly contribute to the protection and management of the GBR. Beyond local 

input and participation, the Authority further obtains advice from 12 Local Marine 

Advisory Committees and issues-based Reef Advisory Committees, as well as from a 

range of consultation and engagement mechanisms such as fisheries Management 

Advisory Committees and the State-wide Tourism Industry Forum.264  

Indeed, in terms of implementation, the Authority shows that in order to meet 

the dynamic and complex nature of the GBR, as well as the pace of change in factors 

affecting it, it is crucial to practice an ongoing flexible and adaptive approach in its 

management. As such, a thorough monitoring and reporting program is in place in order 

to keep the Authority up to date on changing circumstances, permitting it to respond 

quickly and in an informed manner. The operational structure of the Authority has led 

to the emergence of various key areas of management focus (as of 2014, 14 broad 

management topics), each involving different social and regulatory governance 

contexts. There also currently exist a wide range of management tools employed to 

protect and manage the GBR, from legislation, permits and licenses, zoning plans, to 

site management, policy, research, partnerships, as well as education and community 

awareness.265 As can be observed, the implementation of the Act reflects an ongoing 

cycle of adaptive, collaborative management reviewed in the light of local, national, 

and international data, with a complex, thorough framework for assessing management 

effectiveness of protected areas conducted by independent assessors [Figure 10].  
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Figure 10: Framework for assessing management effectiveness of protected areas: management cycle in 

which management is continuously evaluated and refined.  

 

The Authority continues to be a prominent example of the development of an 

adaptive system of science-based coastal management. Publications such as the five-

yearly GBR Outlook Report and consistent, comprehensive strategic assessments for 

the GBR have amalgamated knowledge relevant to the Region and made it more widely 

available (i.e. public access online). Relevant data make it possible to address 

deficiencies in management approaches and set the basis for re-evaluation. What is 

more, continuous scientific research, consistent monitoring, and adaptive learning have 

permitted the identification of key knowledge gaps, stimulating programs and projects 

to fill them. Finally, the development of an integrated monitoring framework, such as 

the Eye on the Reef program, consolidates monitoring and reporting by various 

stakeholders (managing authorities, Reef users, local communities), adding to the large 

set of data across a wide geographic area and facilitating communication between these 

actors. 266  Reporting and evaluation also impacts funding schemes and plans; the 

Authority is funded primarily through government appropriations, determined through 

annual budgeting and forward estimates cycle. 267  The Reef 2050 Long-Term 

Sustainability Plan will see the Australian and Queensland governments invest more 

than two billion Australian dollars over the coming decade; this includes circa $250 

million for water quality improvement. 268  Engagement with a wide range of 

                                                           
266 Ibid, p. 215.  
267 Ibid. 
268 ‘What is Australia doing to manage the Great Barrier Reef.’ June 2015. Accessed 27 December 

2016. www.environment.gov.au/gbr 



 

74 

stakeholders also opens up the possibility for other financial sources, including funds 

from the operation of the Reef HQ Aquarium, research programs, and donations from 

private sources and philanthropic investment.  

The GBR and its resources have and continue to be used for a variety of 

purposes. In order to provide protection and enforce sustainable usage, the Region has 

been managed as a multiple-use marine protected area (MPA). The MPAs cover 31,650 

km2 out of 42,310 km2 of the total reef area;269 its management takes into consideration 

the environmental, economic, and social aspects of the Region in order to achieve the 

best outcomes for all stakeholders involved. Continuous connections and 

communication efforts with local communities are also crucial managerial strategies to 

ensuring the interests of all stakeholders align. Through numerous agreements between 

the government and local groups, the local indigenous communities are key actors in 

the day-to-day as well as future commitments to the GBR. 

5.2. Local communities  

Indigenous heritage and traditional use of marine resources are a key element when 

analyzing the protection of the GBR. Aboriginal and Torres Strait Island peoples, two 

Indigenous groups of Australia, have a long-standing relationship with the GBR Region 

and the marine environment as a whole. The Aboriginal people are regarded as the first 

Australians and are widely recognized as the oldest civilization in the world, with 

archeological evidence of their presence dating thousands of years before the European 

colonization of the continent in 1788.270 The Torres Strait Islander people are sea-faring 

people related to the Melanesians of the south-west Pacific. They have a strong reliance 

on the sea to sustain their livelihoods, ceremonies and celebrations, and diet; their 

seafood consumption per person is amongst the highest in the world. 271  Many 

Aboriginal and Torres Strait Island peoples continue to depend on traditional uses of 

marine resource activities to “provide food, practice their living maritime culture, and 

to educate younger generations about traditional and cultural rules and protocols.”272 

These activities are monitored and managed under both Federal and Queensland 

legislation and policies, including Traditional Use of Marine Resource Agreements 
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(TUMRAs) and Indigenous Land Use Agreements (ILUAs). In terms of area usage, 

these currently cover approximately 30 percent of the GBR inshore area.273 Traditional 

Owners consist of approximately 70 clan groups whose sea country connections go 

back over 60,000 years.274  

Approximately 80 percent of the GBR Traditional Owner groups are partnered 

with the Australian and Queensland governments to manage, protect, and sustain 

traditional activities in the coastal waters.275 This includes agreements under which they 

supervise and monitor the condition of plants and animals, attend training programs 

aimed at providing the participants with a greater understanding of science and coastal 

management, how to deal with illegal activities, as well as a variety of TEK projects.276 

Moreover, such a partnership goes both ways in terms of information-sharing; the 

enhanced communication between local communities, authoritative bodies and other 

reef stakeholders is paramount in understanding the perspectives of Traditional Owner 

groups. Bridging cultural gaps and misunderstandings through continuous 

communication and collaboration facilitates effective governance of the GBR.   

A project that is currently underway is the Land and Sea Country Indigenous 

Partnerships Program (‘Program’). It is a component of the Australian Government’s 

Reef Program (1 July 2013 to 30 June 2018) and thus far has made ‘positive 

progress.’277 The Program  

provides unique opportunities for Traditional Owners to plan and implement Sea 

Country Partnership arrangements that protect the Reef’s marine resources and 

cultural diversity through the development and implementation of TUMRAs.278 

These Traditional Use of Marine Resources Agreements, or TUMRAs, are formal 

agreements developed by Traditional Owner groups and accredited by the Authority 

and the Department of National Parks, Recreation, Sport and Racing. Their function 

varies and may stipulate the role of the Traditional Owner groups in monitoring certain 
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plant or animal species, the ways in which they wish to manage their access to natural 

resources, and even prohibitions of external interference in common-pool resource 

extraction. The Gunggandji Agreement is a prime example of the latter, dictating that 

no hunting of turtle or dugong is allowed in the areas specified under the TUMRA.279 

The Program aims to deliver effective on-ground coastal management at the local level 

and encourages the development and implementation of TUMRAs. It further supports 

Indigenous Community Compliance Programs and engages Traditional Owners to 

collaborate and enhance their knowledge base in sea country management.280 This 

development of partnerships is regarded as ‘one of the strongest aspects of management’ 

of the GBR Region and an ‘example of a successful stewardship approach.’281 Such 

programs and engagement activities that include consultation arrangements with key 

sectors and regions are a key component of effective collaborative governance.    

Overall, such initiatives like the Program prove that there need not be a conflict 

of interests, especially political, when dealing with environmental conservation. 

Fostering local community engagement through membership to Advisory Committees 

or the Indigenous Reef Advisory Committee, providing education of the importance of 

sustainable usage of the GBR natural resources (such as managing traditional hunting 

protocols), scientific exchanges and grants, trainings, employment, and ranger 

programs are all examples of Australia’s initiatives to intertwine the preservation of 

traditional heritage and economic development for local groups with proper and 

sustainable marine management. In general, the example of Traditional Owners shows 

that it is entirely possible for the government to work together with local groups to 

protect cultural and heritage values while simultaneously conserving the biodiversity 

and resilience of the GBR ecosystem. Australia’s approach illustrates that it is possible 

to overcome historical and political differences and build trust to collaborate on a multi-

sectoral, multi-level undertaking to conserve, manage, and protect common-pool 

resources in an adaptive and inclusive way.    
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5.3. World Heritage Site 

The GBR has obtained the World Heritage Site status in 1981 as “the most impressive 

marine area in the world.”282 In accordance with the global strategy for the admittance 

of sites to the World Heritage List, the GBR has met four out of ten criteria, surpassing 

the minimum requirement fourfold. The full criteria that the GBR has met in order to 

obtain the title has been comprehensively written in Appendix 1. 

5.3.1. Implications  

The inclusion of the GBR on the World Heritage List has produced many benefits for 

Australia and the local communities.  

1. Recognition 

Although the GBR has had an iconic reputation for centuries, its new status and identity 

is now cemented and officially recognized on a global scale. Furthermore, an increased 

sense of local and national pride in the area all promote the mutual interest and 

responsibility to protect the GBR. This is especially true given that the World Heritage 

listing does not affect ownership rights; as such, the GBR is not Commonwealth, 

international nor foreign power property, hence not affecting property rights such as the 

Aboriginal reserve. 283  Future efforts to conserve its prestigious status also ensure 

continued attention to the site. That is to say, the government has “an international 

obligation to protect and conserve World Heritage properties,” providing not only 

financial backing, but also managerial support and improving interpretation and visitor 

facilities.284 Moreover, increased media attention provide channels for opposition and 

association. For instance, conservation groups as well as threats to the GBR are more 

visible on virtual outlets and obtain more media coverage, such as the social campaign 

“FightfortheReef” hashtag which has brought in a tide of international attention to GBR 

dredging.285  
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 2. Tourism 

Once listed, a site gains international attention and interest, visible especially within the 

tourism industry. Increased tourism from overseas and within Australia due to 

promotional features and media attention is a significant boost to the nation’s economy. 

Tourism has grown to become the principal industry in the GBR area, with the total 

value of reef tourism increasing in response to rapid worldwide rise in interest in 

recreational travel; currently, the economic contribution of the GBR to Australia was 

calculated at over US$1 billion annually.286 Economic benefits are visible at the local 

level, with the presence of the GBR translating into the support of almost 70,000 jobs.287 

Moreover, an increased significance of the GBR has had a cascading effect on the 

surrounding area: strengthened resources management, improved infrastructure and 

visitor facilities, increased effort to conserve nearby ecosystems, and a general boost to 

other industries’ prosperity. 

 3. Funding  

International organizations often give priority to World Heritage Sites in making 

financial grants and providing technical assistance. Other benefits include access to 

global project management resources and scientific data and technologies. The GBR 

also gets funds from the national government. As the 2050 Reef plan states, “Australia 

is determined the Great Barrier Reef World Heritage Area remains internationally 

recognized for its Outstanding Universal Value… [and] continues to be among the best 

managed and protected marine ecosystems in the world.”288 Active investment and 

support of the government is imperative when addressing environmental issues. The 

implementation and maintenance of high environmental standards through legislation 

is much easier with the government ‘on your side’. 

5.4. Conclusion  

In summary, a key characteristic of the Australian government’s approach to protecting 

the Great Barrier Reef is institutionalization, with highly efficient and complex 

management networks firmly established. The GBR Traditional Owner groups are 

partnered with the Australian and Queensland governments to manage, protect, and 
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sustain traditional activities on their sea country. Australia also has a long history of 

research and partnership programs, as well as cooperation agreements between various 

stakeholders and strong participation of NGOs, local indigenous communities, and 

local governments. Plans concerning the sustainable development of the GBR take into 

account traditional Aboriginal and Torres Strait Islander perspectives of the coast, 

building trust multi-level trust and collaborative governance. International recognition, 

funding, and tourism on account of the GBR’s World Heritage Status have translated 

into an economic boost at all levels, as well as increased attention towards conservation 

issues. Overall, the GBR is sustained and managed in an adaptive and inclusive way by 

a number of stakeholders, and supported both within the political sphere as well as the 

amongst local communities – all of which are key components that are severely lacking 

in Taiwan’s case. 
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6. Indigenous communities  

As of 2014, the Taiwanese government has officially recognized 16 Austronesian-

speaking indigenous cultures: Amis, Atayal, Bunun, Hla’aulua, Kanakanavu, Kavalan, 

Paiwan, Puyuma, Rukai, Saisiat, Sakizaya, Seediq, Thao, Truku, Tsou and Tao (Yami). 

Except for the Tao of Orchid Island, the remaining groups reside on the main island of 

Taiwan. 289  The indigenes, regarded as Taiwan’s ‘first residents’ 290  or ‘primordial 

inhabitants,’291 constitute approximately 2.3 percent of the island’s total population. 

They are generally classified into pingpu or plain indigenes and gaoshan or mountain 

indigenes, depending on the areas of habitation. Although each group has distinct 

cultures and practice mutually unintelligible languages, some common, historical 

characteristics are distinguished, including head hunting and tattooing (except for the 

Tao on Orchid Island).   

In 1991, the indigenes’ official names was changed from shanbao, ‘mountain 

comrades,’ to Yuanzhumin, ‘indigenous peoples.’ This change was a monumental 

moment that marked the Taiwanese government’s acceptance of the Austronesians’ 

status as the original inhabitants of the island.292 The term ‘Austronesia’ is presently  

based on linguistics and archaeology supporting the origins and existence of the 

Austronesian Language Family spread across the Pacific on modern Taiwan, 

Indonesia, East Timor, Malaysia, Philippines, Singapore, Brunei, Micronesia, 

Polynesia, the non-Papuan languages of Melanesia, the Cham areas of Vietnam, 

Cambodia, Hainan, Myanmar islands, and some Indian Ocean islands including 

Madagascar.293 
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The Austronesians are regarded as the most widely dispersed ethnolinguistic 

population in the pre-Columbian world,294 ,295  linked by lines of common ancestry 

spanning the past 6000 years.296 The principal hypothesis concerning the origin of the 

Austronesian language family is that Proto-Austronesian, the common ancestral 

language, was spoken in Taiwan, where it later diverged and dispersed. This ‘express 

train to Polynesia’ model, also referred to as the ‘out of Taiwan’ model, currently 

dominates academic discourse on the origins of the Austronesian languages. 297 

Archaeological evidence pinpoints Taiwan as the initiating region of the Austronesian 

dispersal across the Pacific, with the earliest cultures sites and settlements of 

Austronesian speakers found at the Pa-chia-tsun site (4300 B.C.) near Tainan, southern 

Taiwan.298 ,299  Consequently, Taiwan is generally regarded as an incubator for the 

Austronesian Language Family 300  as well as a language ‘stepping stone’ into the 

Pacific.301 It is further presumed that Taiwan is the genesis point of a continuum of 

ocean-going linkages and, through navigation, the languages codified on the island 

spread as a lingua franca in the early trade system.302  

These early island-hoppers were skilled at navigation and sea science, using 

knowledge of the waves, stars, and birds for guidance across the ocean. The mental 

memorization of the ‘star compass’ – passed down orally from generation to generation 

to men – is a unique characteristic of the Austronesian navigators, permitting them to 
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cross far distances by altering the direction of the voyage in accordance to the rising 

and setting of stars.303 They are keen observers of the changing environment, and on 

cloudy nights, navigators would steer their canoes by distinguishing underlying swells 

from conflicting surface waves. 304  They were also skilled boats craftsmen and 

fishermen, supplying their villages with fish and turtle from distant islands and reefs. 

Furthermore, fish bone data from Eluanbi in southern Taiwan and from the Batanes 

indicate that Austronesian fishing practices included the use of trolling lures from 

canoes to catch surface-dwelling common dolphinfish (Coryphaena hippurus, also 

known as Mahi-mahi) since at least 2000 BP.305  

Traits of this ancient navigational heritage are visible amongst the Tao people 

on Orchid Island (Lanyu), whose traditions are tightly interwoven with the marine 

environment. Boat-building and fishing are central to their culture, with different 

fishing methods observed to ensure the sustainable management of the marine 

ecosystem. However, contact with modernization and external authorities has affected 

their traditional lifestyles, with (1) immediate economic incentives of both local Tao 

and mainland Taiwanese peoples overriding conservation concerns; (2) the imposition 

of the national education system overshadowing traditional ecological knowledge; (3) 

the migration to mainland Taiwan further threatening the cultural continuum; (4) 

irresponsible and unmanageable tourism putting further stress on the local environment; 

and (5) distrust of the government hindering potential collaboration to improve coastal 

protection and management.306 These points will be further elucidated upon in section 

6.3.  

The indigenous peoples on Taiwan had had their traditions and cultures altered 

due to outside influences. Yet, whereas traditions such as head hunting will certainly 

remain a footnote in history, the reinvigoration and application of local ecological 

knowledge for conservation purposes should be encouraged. Permitting the indigenes 

to determine access and harvesting rules of common-pool resources without external 
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authorities countermanding them would serve a twofold purpose: it would re-assert the 

historically challenged autonomy of indigenous peoples in governing local resource 

extraction and use, and it would permit environment-related decision-making as close 

to the scene of events and the actors involved as possible, facilitating the chances of 

success. These issues will be examined below: first, a brief historical overview of the 

ways in which the indigenes’ traditional lifestyles have been overhauled by external 

presence will be provided; then, examples of how traditional ecological knowledge 

(TEK) has been used for conservation purposes will be put forward. 

6.1. Outside influence 

6.1.i.. The Qing Empire (1644 – 1912) 

Taiwan was initially incorporated into the Qing Empire by strategic concerns to 

eliminate threats along the peripheries, with the Kangxi Emperor (r. 1661 – 1722) 

adopting Jesuit cartographic knowledge and to-scale mapping to legitimize the 

Empire’s territorial shape and to “carve out the limits of their empire in a world whose 

dimensions had become finite.”307 Maintaining security on the island and ensuring rebel 

bases against the Qing government cannot be formed was a paramount principle that 

shaped policy-making vis-à-vis Taiwan. To that end, various edicts were issued to 

‘eradicate disturbance’ and ‘maintain peace,’ especially under the Qianlong Emperor’s 

reign (r. 1735 – 1796). These included regulations to prevent law development, to have 

land that was encroached upon returned to the indigenes, and to penalize settlers who 

purchased indigenous land.308,309 On the government level, all those who submitted to 

the Emperor’s rule were regarded as his ‘children,’ a principle that seemed to include 

both the indigenous people (tufan土番) as well as the subjects (renmin 人民) i.e. the 

settlers.310 There did, however, exist a categorization of indigenous people within two 
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broad distinctions, shufan 熟番  (‘cooked’ aborigines) and shengfan 生番  (‘raw’ 

aborigines):  

The ‘cooked’ aborigines were those who adopted and were acculturated to Han 

culture, submitted to the Qing Government, and paid taxes. In contrast, the so-

called ‘raw’ aborigines retained their traditional way of life and did not submit to 

the Qing Government. Later, some ‘raw’ aborigines submitted to the Qing 

Government, and were called guihua shengfan 归 化 生 番  (submitted ‘raw’ 

aborigines). (…) [In the late Kangxi reign] boundaries markers were erected to 

separate the ‘raw’ aboriginal territory from the Qing-controlled territory. The 

boundaries were reinforced during the Yongzheng and Qianlong reigns.311  

Although security concerns shaped the general national policy vis-à-vis Taiwan, 

with the maintenance of peace with the indigenes an extension of that principle, the 

realities portrayed a different picture. At the local level, Han settlers imposed much 

pressure on the indigenes, who little by little lost their traditional lands to the new 

settlers.312 The growth of the Han population and an increasingly depletion of the 

island’s natural resources inescapably forced changes in the culture of the indigenous 

peoples, whose lifestyles were intricately linked with the environment; deforestation to 

make way for arable land and unsustainable hunting of the deer population are a case 

in point.313  

Overall, exploitation of natural resources, land encroachment, sinicization and 

modernization projects, abuse of indigenes by government officials, as well as 

rebellions and military campaigns all challenged and displaced the indigenes as 

Taiwan’s dominant civilization and irrevocably brought about change to their 

traditional lifestyles and cultures.  

6.1.b. Japanese Regime (1895 – 1945) 

The traditional structures of indigenous life were further overhauled under Japanese 

colonization. Taiwan was ceded by the Qing Empire to Japan on April 17, 1897, under 

the Treaty of Shimonoseki as a result of the first Sino-Japanese War. With the aim to 
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transform Taiwan into a model colony, Japan dedicated substantial funds and 

manpower to its goal to industrialize the island.314 Road-building programs and other 

modernization projects took place on traditional indigenous peoples’ territory, 

engendering conflict and anti-Japanese uprisings (such as the Musha incident on 

October 27, 1930, which resulted in hundreds of deaths on both the Japanese and Seediq 

indigenous side, yet ended with the latter’s defeat) and subsequent ‘pacification’ 

missions.315 Beyond altering the face of Taiwan through development in infrastructure 

– which forced certain indigenes to resettle, especially as deforestation destroyed the 

natural resources they depended upon – colonial rule emphasized cultural assimilation. 

For instance, Japanese was imposed as the official language, further cemented through 

the national education system; indigenes were encouraged to adopt Japan’s state 

religion, Shinto, with shrines erected across the island; incorporating them into the 

Japanese army and compelling residents to be naturalized, including adopting Japanese 

names and surnames.316 Head hunting practices also gradually ceased on the backdrop 

of Japanese encroachment into traditional lands and deeper submission to colonial 

authority.317 Finally, the Japanese changed the previous Qing regime’s categorization 

of the indigenous peoples, adopting instead a classification of nine tribes whilst 

ignoring the so-called ‘raw’ aborigines who were not counted for government 

control.318 This categorization remained until recently.  

Although the colonisation period undermined local autonomy and incorporated 

the indigenes into the Japanese political orb, it also commenced a period of research 

into the indigenous cultures and languages. The name ‘Yami’ was in fact first ascribed 

to the inhabitants of Orchid Island by the Japanese enthologist Torii Ryūzō and used in 

various official documents and academic periodicals. 319  Today, ‘Yami’ is still 
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frequently used interchangeably with ‘Tao’, meaning ‘human’ or ‘we are the people,’ 

though ‘Yami’ should be regarded more in terms of officially designated language and 

culture rather than name. Orchid Island was declared a research area and outsiders were 

prohibited from entering or cultivating land there, thus permitting the Tao to conserve 

their way of life. Overall, academic research and archaeological findings during the 

Japanese occupation are regarded as the basis for post-1945 scholars into indigenous 

cultures and ethnicities.  

6.1.c. KMT rule before the lifting of martial law (1945-1987)  

Under the authoritarian rule of the KMT, the indigenous people were “under a control 

as strict as, if not worse, than that during the Japanese occupation. What had changed 

was only the rhetoric of suppression.”320 For instance, forced resettlement to urban 

areas under the guise of creating a ‘mountain peoples reserve district’ (under control of 

the Mountain Administration Unit) and nationalization of the forest destroyed the 

mountain-dwelling indigenes’ way of life and culture. The once-self-governing 

indigenous population had no access to their natural resources; 87 percent of the forest 

was declared state property and rapid, unmonitored deforestation took place by Han 

merchants under the protection of KMT officials.321  The mines underground were 

similarly controlled solely by the ruling regime and the traditional environment of the 

indigenous was exploited for capitalist interests. Even today, indigenes need to apply 

for a special permit to return to their traditional lands.     

Another case portraying the authoritarian regime’s attitude towards the 

indigenous population is the nuclear waste controversy on Orchid Island. In 1982, while 

Taiwan was still under martial law, the government created a nuclear waste repository 

on the coast of Orchid Island under the banner of creating a fish cannery. The fish 

cannery was said to be built with its own port facilities and would create job 

opportunities for the islanders.322 Another source states that the pier – which turned out 

to be the landing site for nuclear waste disposal – was said to be a military harbor. What 

is more, none of the Tao were informed of the government’s real intentions, especially 
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as their “village chief [at that time] could not even understand Chinese.”323 Indeed, a 

campaigner at Greenpeace International in Asia said that this method of locating 

hazardous waste dumps “in far-off islands and isolated communities (…) where the 

local governments can be bought off” is not uncommon, with Japanese and South 

Korean sparsely populated communities in isolated regions saddled with the same sort 

of problem.324 Protests aimed at stopping this dumping next to their yam fields and 

burial grounds have been well-publicized by the liberalized media, but without change 

in governmental policy. Since its completion, the storage facility on the island received 

98,700 barrels of nuclear waste from the nation’s three operational NPPs,325 with the 

local community arguing that the waste material is radioactive and has poisoned the 

coastal fish and the people eating them. More than three decades and the lifting of 

martial law still have not settled this matter, deepening the mistrust between the Tao 

people and the Taiwanese government and hindering any chance at future collaboration.   

6.1.d. Democratization of Taiwan (1987 – present)  

As previously mentioned, the 1980s were a transformative decade, with environmental, 

indigenous, and women’s rights movements spearheading the societal uprising. 

However, a platform at the national level dedicated to helping indigenous peoples did 

not emerge until 1996 with the establishment of the Council of Aboriginal Affairs. In 

2002, it was renamed to the current Council of Indigenous Peoples (CIP) and it remains 

the primary mechanism through which indigenous peoples voice their concerns.    

The aim of the CIP is to help the indigenes reclaim their identity and recover 

their rights to the land and the sea. This land dispute is an on-going process in a twofold 

manner: firstly, the national land act divides the land into two categories: private and 

public. This causes concern for indigenous people who govern the land according to 

their traditional institutions and leaders, for state- and private-owned land are not 

concepts that are part of their culture. For instance, the Tao on Orchid Island are divided 

into six tribes, each with their own leader and land which is generally for common 
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usage. However, an influx of some mainland Taiwanese peoples onto the island and 

subsequent building of hotels and restaurants on the coast or creating private lands, 

although considered legal by the larger political regime, go against the indigenes’ 

traditional division and understanding of land. What is more, these ‘outsiders’ and their 

activities neglect the traditional access and harvesting rules and worsen the 

sustainability of a given resource. In this case, untreated discharge and waste from such 

establishments is a direct threat to the integrity of the coastal waters.326  

Secondly, in February this year, under the Indigenous Peoples Basic Law, the 

CIP issued the Regulations for Delimiting Indigenous and Tribal Range Land; 327 

academics, indigenous communities, and governmental officials are collaborating to 

delineate traditional indigenous lands. According to the CIP’s official press release, the 

regulation is “a milestone on the pathway of realizing indigenous land justice.”328 Yet, 

one problem that emerges is that the delineation of traditional lands will only apply to 

public lands, excluding private lands. Activists to include private lands in the regulation 

argue that they would still be under the ownership of the holder, just within traditional 

indigenous territories, thus returning sovereignty to the indigenes.329     

Overall, due to a long period of external influences, the indigenous “voices have 

been overwhelmed, their names have been stolen, co-opted under layers and layers of 

historical accounts in alien languages.”330 They have learned the national language and 

culture “at the expense of our own.”331 Yet, the CIP strives to reassert the environmental 

wisdom and TEK and put it back into the education system.332 The Amis people, for 

instance, are working to reclaim and retain their traditional knowledge of coastal 

landscapes and oceanic culture by creating model prototypes of the coastal scenery in 

Dulan and including the names of the rocks along the shore and reef, names which 

commemorate the dead, marine knowledge, and historical landscape.333    
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The indigenous people are vital stakeholders within environmental conservation 

and management. They are the ones with the longest and most intimate relations with 

the ecosystem of the island, both land- and sea-based, and have an ‘inherent right’ to 

maintain access to resources on traditional territories that were established before the 

formation of modern statehood. 334  Yet, conflicts with the government over land 

disputes and nuclear waste contamination continue to deepen the chasm of mistrust 

between the two. Other problems emerge that hinder collaboration, too, such as a lack 

of communication and prevalent misunderstandings on the backdrop of difficult legal 

terms and administrative language that is not fully comprehended or required at the 

local level.335 Although the CIP has been technically established as a mediator, it has 

been accused of inefficiency and lacking ‘real’ power at the national level. This 

situation is made all the more challenging given that, unlike in Palau, Fiji or Guam, the 

indigenous peoples are not the majority of the population, or even close – constituting 

just 2.3 percent of the total. Given all this, there needs to be a re-widening of 

perspectives, with land not just treated as a battle over ownership, but an institutional 

arrangement that can be accessed and shared.336       

As can be observed, the indigenous people of Taiwan have a rich and 

widespread ancestry in marine traditions, with a strong heritage linked to the sea and 

its resources. Although their cultural customs have faced challenges under colonialist 

and authoritarian regimes, a reinvigoration of traditional ecological knowledge, 

including navigation practices, would provide a strong foundation upon which local 

self-governance of resources may be built.  

The next section concentrates on the Tao on Orchid Island, the most prominent 

traditionally marine indigenous group of Taiwan. The Tao traditional marine lifestyle 

and cultural heritage will be explored, including the challenges and opportunities to 

create local self-governing institutions to manage coastal resources and protect the coral 

reef environment.  

6.2. Tao (Yami) Orchid Island marine traditions 

There is much debate within anthropological and ecological fields on the link between 

the environment and its resources vs. social institutions and belief systems. For instance, 
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specific food taboos within communities may be the result of the need to regulate the 

consumption of scarce resources or game resources,337,338 a religious requirement or 

prohibition,339 or dietary recommendations linked with health issues.340 For the Tao 

(Yami), the native population of Orchid Island, a crucial component of their maritime 

tradition centers upon the building of fishing boats and the capture of flying fish, the 

latter which is regarded as a sacred gift from the heavens.341,342 Observing the rituals 

connected to these traditions contributed to the maintenance of a sustainable fish stock 

in the surrounding coastal waters.   

Orchid Island, also known as Botel Tobago343 (expressing a trade item or shape 

of the island, that is, a tobacco bottle used by sailors)344 or Pongso no Tao (‘island of 

the people’), is situated off the southeastern coast of Taiwan. It is 45 km2 in size and 

about 80 km from mainland Taiwan. It is north of the Batanes archipelago, separated 

by the Bashi Channel. The Tao are not part of the Formosan Austronesian-speakers, 

rather, they claim ancestry to the Batanes, most likely migrating to Orchid Island circa 

700 years ago, with Yami belonging to the group of Ivatan languages.345 The island is 

divided into six villages: Ye You, Yu Jen, Hong Tou, Ye Yin, Dong Qin, and Lang Dao; 

each village is a representative of a village in the Batanes.  

The Tao speak Yami, and although dialect variations exist, it nevertheless is a 

mutually intelligible language.346 As previously mentioned, the island was isolated 

from the outside world and turned into an ethnological research area under the Japanese 
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occupation, a closed-door policy that continued under the KMT regime for security 

purposes (most small islands around Taiwan were reserved for military use)347 before 

finally ‘opening up’ in the 1970s. The island is divided into six native villages on the 

coast and there is no island-wide, uniting authority or chieftain. Since the influx of 

Christian missionaries from the 1950s, each village is currently led by a priest, with 

more than 60 percent of the population considered Presbyterian and the remainder 

Catholic.348 Instead of completely replacing indigenous values, the Christian belief 

system intertwined with the traditional cultural values, and many rituals such as the 

Flying Fish Festival and Boat Launching Ceremony are still in practice today. There 

are no settlements in the interior of the island: 

Orchid Island is mountainous and steep, with very few plains. There are rivers in 

the valleys, forming alluvial fans along mountain piedmonts and beaches at the 

mouths of rivers. These alluvial fans have ample water resources, and are close to 

arch bays and long reef coasts where harbors lie. Also, these low-rise fans are ideal 

for settlement, hence the close concentration of villages.349 

Close proximity to the coast positions seafood as an important part of their daily diet. 

Women are tasked with gathering food such as shells, seaweed, and small fish from 

holes in the coral on the shore, whilst fishing is performed by men. Coral reef surrounds 

the island, providing shelter for over a thousand kinds of fish and a source of food for 

green turtles.  

The sea and its resources are fundamental to the Tao culture. In the peoples’ 

traditional view of the cosmos, the sea is the center of the world and its resources are 

intimately linked with life-related rituals. During funeral rites, attendees catch crab and 

fish in remembrance of the deceased. In order to be deemed eligible for marriage, a Tao 

man must possess fishing skills and participate in a fishing team.350 The coral reefs 

surrounding the island serve as prime locations to expose one’s fishing skills; males 

have strong lung capacity and can hold their breathe for minutes at a time. They are 

experts at using traditional techniques such as spear fishing to catch fish. These spears 
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are released from thick rubber bands via a simple wooden mechanism; such spear ‘guns’ 

are called paltog and are regarded as a sustainable form of fishing. Moreover, taboo 

customs divide the fish into rahed, or bad fish, eaten only by males, and oyod, or real 

fish, eaten by both males and females. Other sea animals are also part of the Tao diet. 

The catching of octopi, for instance, requires special skills. Spotting an octopus – an 

expert at camouflage – is a challenge. If it sits on a coral, its skin will imitate the rough 

surface of its surrounding. Octopi frequently hide in the holes of the coral, and the Tao 

use a metal hook called sagit to yank them out, without harming the coral reefs.351 Coral 

reefs hold another significance for the Tao: when building a house, using dead corals 

to put up a fence is a show of respect to one’s ancestors. Furthermore, there are many 

additional rituals related to marine traditions, including: 

6.2.1. The Boat Launching Ceremony (BLC) 

Fishing boats play a crucial role in securing food, economic gains, as well as 

determining a person’s social status. What is more, the boat is regarded as an extension 

of a man’s body, thus its construction is deemed a sacred and solemn mission and its 

end result the “ultimate creation of beauty”.352 It is thus no wonder that the BLC is 

considered an important social event and is governed by specific rules and traditions 

that may take months to prepare. First, great emphasis is placed on construction: 

traditional tatala fishing boats are hand-carved from 27 interlocking pieces of wood. 

Then, the boat is decorated in the traditional colors: red, black, and white. No matter 

the size, the general shape and decorations remain consistent, with the characteristic 

waves and ‘eye’ painted at the hull of the boat. The ‘eye’ is made up of concentric 

circles edged with triangles and is supposed to represent the sun’s rays, a symbol to 

ward off evil spirits and prevent disaster at sea.353 Male members are expected to help 

out at every stage of construction, from sourcing materials to carving and decoration.  

Once the boat is complete, the builders need to gather sufficient numbers of pigs 

and goats as sacrifice for the launching ceremony. The women are tasked with gathering 

a sufficient amount of taro and, in expectation of the ceremony, they will wear agate 

bead necklaces and octagonal wooden hats to celebrate the upcoming event.354 On the 
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day of the BLC, people from all over the island gather to celebrate. The males will put 

on their traditional outfits, sit in the boat and chant to drive away evil spirits. Then, the 

men of the village circle the boat and simultaneously clench their teeth and shake their 

fists, which is also thought to ward off evil spirits. Afterwards, the males throw the boat 

into the air several times – the higher it throw, the more luck and prosperity is believed 

the come to the boat owner and his family. Finally, the boat is launched into the water 

for its maiden voyage. The ceremony is complete only the boat remains afloat and is 

sailed out to sea.355    

6.2.2. The Flying Fish Festival (FFF) 

Flying fish (Exocoetidae) are a key natural resource in the coastal waters of the island 

and their arrival marks the most important annual event for the Tao. The flying fish 

season occurs between February and October.  

The Tao have a traditional calendar that corresponds to the habitual behaviors 

of marine life and the movements of the ocean currents and divides the year into three 

separate fishing seasons: rayon, teyteyka, and amyan.356 The calendar is, in essence, an 

accumulation of the Tao’s rich marine knowledge; it includes restrictions and taboos 

regulating the fishing time, area, and specific fishing methods and should be seen as a 

valuable TEK for conservation purposes, seeing as how “[it] not only coordinates with 

marine life ecology, but seasonal limitation on eating flying fish also prevents human 

greed from excessive fishing.”357 The flying fish are regarded as a sacred gift from the 

heavens and should be reciprocated with restraint and respect, and during this season, 

all other means of fishing are taboo. These values are a prime example of an innate 

indigenous belief system that is in natural harmony with the ecological conservation of 

marine life.     

 Overall, the Tao’s close ties with the ocean and respect for its resources are 

clearly reflected in their ceremonies and rituals. Furthermore, to the south of Orchid 

Island is ‘Little Orchid Island’ (Little Lanyu), an uninhabited small island that is 

surrounded by coral reefs. It is regarded as an ancestral sacred site and access to it is 

strongly restricted by the local elders, whose permission is required before setting off 
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to fish. According to Dr. Jackson Hu, traditional taboos protect the site’s coral reefs by 

dictating the proper season, time, and fishing methods permitted at Little Orchid Island 

(personal communication, 12 June 2017). Generally speaking, the Tao traditions are 

not primarily sustainability-oriented; rather, through the observation and respect of 

their ancient knowledge and traditions, sustainable usage of marine resources is 

achieved as a by-product. Nevertheless, contact with modernization and external 

authorities and the degradation of the marine environment are all translating into a loss 

of the Tao cultural heritage.  

6.3. Challenges  

The Tao cultural heritage is faced with numerous challenges. Firstly, the immediate 

economic incentives of both local Tao and mainland Taiwanese peoples are overriding 

conservation concerns. The depletion of fish stocks in tandem with the sophistication 

of fishing technology is undermining the islanders’ traditional way of life. The amount 

of flying fish has dropped to such a level that there is a necessity to import them from 

other areas in order to hold a semblance of the FFF. Although there is a restriction in 

place that non-Tao fishing boats cannot operate within 3 nautical miles of Orchid 

Island,358 this may not be sufficient enough for local conservation. For instance, as 

flying fish are migrating species, their roe may be caught in other parts coastal waters 

of Taiwan, affecting the yield. Beyond fishing, other economic-oriented activities also 

have direct consequences on the integrity of the surrounding coral reefs and aquatic 

ecosystem, including coastal development, improper waste treatment from hotels or 

restaurants, and short-term competition with seasonal economic migrants at the expense 

of long-term sustainability. 

Secondly, the imposition of the national education system in schools without 

teachings on TEK or indigenous culture359 severely restricts awareness or reflection 

vis-à-vis the environment and traditional resource conservation methods. This is all the 

more visible when taking into account the general migration to mainland Taiwan for 

further education and employment opportunities, threatening the cultural continuum. 

However, recent renewed interest in indigenous heritage has resulted in people 
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returning to Orchid Island, 360  which gives hope that traditional heritage may be 

preserved. Such people, educated on the mainland yet having returned to their home 

island, may prove to be vital in facilitating communication with governmental officials 

and being key actors in collaborative governance of resources.  

Finally, irresponsible and unmanageable tourism is a large stressor on the 

environment as well as a nuisance for the local people whose lives are put on display 

for the flashing cameras of the unbashful onlookers. To this end, plans are being made 

on Orchid Island to, firstly, set up a website that could register the people coming in, 

giving the locals more control over the influx of tourists; and secondly, to establish a 

guide system led by designated locals, as currently most guides are non-Tao people 

who do not respect or are unaware of the boundaries set up by the locals. In general, 

there is a slow progression to launch a form of eco-tourism as well as a unitary council 

to facilitate island-wide decisions, though the details and specifics for both are still in 

the making.361   

In conclusion, the Tao have maintained coastal livelihood traditions for 

centuries, amassing rich marine knowledge and awareness. They are key actors that 

have both the incentives and TEK to conserve coastal resources for sustainable use. 

Their culture is tightly interwoven with their environment, and the destruction of one 

would translate into the loss of the other. The next section will offer recommendations 

on how to manage the incentive dynamics of these various stakeholders to best facilitate 

the operations of community-based conversation and management of coral reefs and 

coastal resources.  
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7. Sustainable coastal management and collaborative 

governance  

Coastal management is defined as the ‘management of human activities and sustainable 

use of [a country’s] coastal resources in order to minimize adverse impacts on coastal 

environments now and in the future.’ 362  Historically, coastal management may be 

characterized as ad hoc, fragmented, and sector-specific, functioning in a top-down 

manner that often overlooked local settings by applying a one-size-fits-all approach. 

However, the coastal systems, including the coral reef ecosystems, are remarkably 

diverse yet complex ecologies that cannot be managed via simple solutions. What is 

more, management largely depends on the people who use and have an impact on the 

coast, thus understanding people and their incentives – be it cultural, social, economic 

– is a vital component of any coastal management approach. This approach must 

consider traditional indigenous perspectives of the coast and its resources, for 

integrating a wider set of views promotes a holistic attempt at managing resources that 

goes beyond abstract utilitarian-economic notions of the coast as a commodity or 

property.363 Moreover, research and scientific data should underpin decision-making 

processes concerning coastal protection and management. Overall, the traditional 

approach to marine management and coastal governance needs to be reconceptualized 

and integrated to form a broader, more inclusive notion of collective action and 

coordination. Indeed, given the broad range of actors and structures involved in marine 

affairs, this new type of governance should be perceived as a form of ‘interaction’: 

“actors interact and are enabled and/or constrained by prevailing institutions and 

processes.” 364  Consideration needs to be given to the interactions between the 

governmental institutions, the market, and civil society, for none can effectively govern 

on their own ocean resources in a sustainable manner. For instance, only the 

government “can provide the requisite supporting legislation; the market provides the 

setting in which coastal livelihoods can flourish; and civil society enables the norms 

and relationships of trust and reciprocity that facilitate social engagement and 
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cooperation”365  and discourage free rider tendencies. Naturally, understanding and 

satisfying all the stakeholders’ incentives whilst at the same time devising institutions 

or means through which to manage common-pool resources is a large, on-going 

challenge. Nevertheless, efforts to overcome these problems need to be made to 

preserve the integrity and health of the coastal waters and coral reefs.  

 The sections below offer a recap on why coral reefs need protecting, what the 

general stakeholder problems are, before finally submerging into potential ways to 

approach coastal protection and coral reef conservation.   

7.1 Importance of coral reefs in Taiwan  

Coral reefs are incredibly diverse yet fragile ecosystems. They occupy less than one 

quarter of 1 percent of the marine environment, yet are home to more than 25 percent 

of all known marine fish species.366 These complex ecologies play a fundamental role 

in maintaining the health and integrity of more species per unit area than any other 

marine environment in the world.  

Beyond providing shelter, coral reefs play a key role in supporting a stable 

equilibrium ecosystem and providing essential nutrients for marine food chains. The 

green turtles in the coastal waters of Taiwan, for instance, primarily feed around coral 

reefs, foraging on a variety of marine sponges. Sponges compete with coral reefs for 

space, and by curbing their population, these turtles change their distribution in reef 

ecosystems, impacting the overall diversity of coral reef communities. Removing just 

one group of organisms from the reef food web would have cascading effects not just 

across the aquatic ecosystem, but would reverberate into the human domain as well. 

 In fact, coral reefs are a crucial source of food and revenue for people all around 

the world. A 2007 report from the World Resources Institute estimated that in the 

Southeast Asian region alone, more than 450 million people live within 100 km of a 

reef, and almost 150 million people live very close to a reef (less than 10 km from the 

coast and within 30 km of reefs).367 Taiwan has close ties both geographically and 

culturally to the sea – it has a coastline of circa 1,566 km and total coral reef area of 
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940 km2,368 and the nation’s seafood culture and substantial fishing industry all signify 

a high dependence on sea resources to meet many of the livelihood needs. Yet, 

Taiwan’s case epitomizes the positioning of coral reefs as an example of the tragedy of 

the commons: open for all to exploit, with their significant role as a bastion of sea life 

frequently overlooked.  

 Despite its relatively small size, the value of coral reefs to Taiwan’s tourism is 

visible all across the island with scuba diving a popular water sport. Orchid Island in 

particular is famed for its ‘unspoiled’ coral reefs and sea snakes, making it a popular 

diving destination. If properly managed, the economic activities associated with the 

reefs may benefit a range of stakeholders, including both the local communities and the 

government alike.  

 Another importance of coral reefs is their role in coastal protection. Healthy 

coral reefs are effective barriers from the physical impacts of waves and storms by 

reducing the energy of waves,369 hence protecting human settlements, infrastructure, as 

well as coastal ecosystems in the form of seagrass meadows and mangrove forests. This 

is incredibly relevant to Taiwan’s case, whose preventative measures against natural 

hazards are severely lacking. Coral reefs are natural coastal protectors against tropical 

storms, typhoons, landslides, and wave-induced flooding – disasters which appear on 

an annual basis. Investing in protecting coral reefs may thus reduce governmental costs 

spent on coastal defences and insurance and reconstructions expenditure when the 

former fails. Fortunately, progress has been made in mangrove rehabilitation,370 with 

fertile mangrove forests transforming the coastal landscape.  

 Moreover, coral reefs constitute a fundamental part of Taiwan’s shared heritage. 

This point is twofold: firstly, coral reef ecosystems – alongside coasts and oceans – are 

traditionally considered the quintessential environmental public goods, the protection 

of which is every government’s duty for its citizens. Secondly, Taiwan’s indigenous 

cultural traditions are interlocked with the existence of coral reefs, as illustrated 

previously with the Tao traditions. The loss of one would translate into the destruction 

of the other, ultimately affecting Taiwan’s shared heritage as a whole.  
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 Finally, the full extent of the potential value of the reef is still undefined, 

especially as a source of medical advancement. This is especially true for Taiwan, 

whose coral reefs have not been given sufficient analysis and interest. Yet, accurate 

research is the foundation on which effective management can be built. Research and 

recognition are closely connected, and the study of coral reefs and the dissemination of 

scientific knowledge to both governmental bodies and the general populace is a key 

step in preserving these diverse ecosystems. 

 Overall, coral reefs are of immense value to humankind and the ecological 

world, yet their degradation continues to be a rising problem in the coastal waters of 

Taiwan. This paper purports that it is in the best interest of a multifold of stakeholders 

to collaborate and find appropriate sustainability and protection strategies for Taiwan’s 

coral reefs. Mitigating local pressures is of crucial importance if these diverse marine 

ecosystems are to have any chance at withstanding the impact of global threats.   

7.2. Stakeholder incentives and challenges 

In Taiwan, coastal management is characterized by a lack of integration, coordination, 

and enforcement amongst national, regional, and local levels. This section summarizes 

the various stakeholders and their incentives vis-à-vis the coast and, by extension, coral 

reefs.  

At the national level, the CPA is currently the lead agency in coastal zone 

management. However, ocean management and resource conservation are not its 

primary focus – the department also includes divisions such as National Parks, Public 

Works, Road Engineering, and so on. There were plans to establish a specialized agency 

that would be responsible for ocean activities, but the proposed Ministry of Marine 

Affairs was followed by the setup of the Ocean Affairs Council instead. Nevertheless, 

the CPA incorporated integrated coastal zone management (ICZM) into the Coastal 

Zone Management Act, which came into force February 2017. Fortunately, the CPA 

passed the ICZM through the Executive Yuan, making the act less susceptible to the 

reshuffling of cabinet members and whims of party leaders.  

Yet, national institutions have been criticized for being ineffective due to 

improper enforcement of laws and regulations at the expense of the environment. This 

may be a relic of authoritarian times when pro-environmental measures were not given 

serious thought and economic incentives were prioritized; conversely, it may be the 
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regional and local actors who are not fulfilling their responsibility. It may also be a trait 

that is prevalent in institutions, i.e. lack of adaptive management, slow response rate, 

or an imposing red tape that cannot catch up to the needs and dynamics of ecosystem 

resources.  

An unwillingness to work with national institutions is visible in the case of the 

Tao. In the past, the CPA sought to transform Orchid Island into a national park for 

environmental purposes. This was met with local resistance, who believed it was a guise 

to force them to resettle or surrender their right to the land. Issues such as the 4 NPP 

controversy and the recent land rights disputes form the backbone of the Tao distrust in 

the government and the existing institutions, hindering collective action vis-à-vis the 

environment. What is more, communication gaps and misunderstandings due to 

language or simply ‘culture clash’ have hindered national-local collaboration till this 

day.   

Indeed, ineffective communication is also seen between coastal scientists and 

end users. Despite substantial academic discourse on the benefits of sustaining coral 

reefs and coastal resources, access to that knowledge is not widespread. Furthermore, 

educational barriers exist between scholars and the general populace, the latter whose 

unawareness of the deteriorating waters may be minimized simply by adopting a 

different approach. Of course, there exist situations where knowledge of the 

consequences will not overcome the need to satisfy immediate gains. For instance, 

despite evidence showing that certain types of fish at specific times should not be 

caught in order to preserve the entire species, short-term economic incentives at both 

the individual and industrial scale trump long-term sustainability concerns.  

The fishing industry – and, significantly, the Fisheries Agency – is another 

important stakeholder. The agency plays a role in drafting policies on marine protected 

areas (MPAs) and concerns itself with local conservation efforts. Technically, as the 

livelihoods of entire families may depend on fishing and sea resources, measures should 

be taken to ensure that supply meets demand. Yet, as verbalized by Ostrom, common-

pool resources have high levels of subtractability of use and difficulty of exclusion, 

making the ocean a prime example of the tragedy of the commons. Moreover, 

governmental subsidies financially supporting the industry make it difficult to break 

the system of exploitation. This type of agreement is having damaging effects not only 

on the sea resources, but on the fishermen themselves: as these resources are over-
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exploited, the fish species are becoming smaller and their quantity decreases annually. 

Ironically, the fish caught through use of industrial gillnets are sold at a lower price, as 

they will have incurred significant damage. Thus, the government’s tendency to ‘look 

the other way’ vis-à-vis illegal fishing or by-catch of vulnerable species is only going 

to backfire on all stakeholders involved. International pressure may act as an incentive 

for the national government to put more effort into regulating the fishing industry; for 

instance, the 2015 yellow card from the EU for not doing enough to combat illegal, 

unreported, and unregulated fishing has propelled the Taiwanese government to take 

measures to ramify their fishing laws to align with (a) EU requirements and (b) the 

viewpoint of international sustainability of fishery resources. The outcome and legal 

ramifications, however, are yet to be seen.  

Finally, indigenous communities are key stakeholders that have both the 

incentives and intimate geographical and ecological knowledge to conserve coastal 

resources for sustainable use and observe cooperative restraint when necessary. These 

“institutional rules are supported not just by knowledge of the local environment, but 

also by deep-rooted social values and belief systems passed down through 

generations”371 that have contributed to maintaining an effective resource conservation 

regime. For instance, the Tao’s belief system is intricately tied with the ocean, and their 

traditional calendar is a compendium of marine knowledge aligned with the habitual 

behaviors of sea life. Involving the indigenes as partners in modern conservation efforts 

would certainly go a long way towards the preservation and rehabilitation of coral reef 

ecosystems and the coastal waters as a whole.  

As has been demonstrated previously, the conservation of coral reefs deserves 

priority from both the environmental and economic perspectives of coastal nations. Yet, 

challenges to reverse the once commonly held premise that oceans are an infinite 

resource, compounded with debates on jurisdiction, ownership, and subsequent 

responsibility and funding have complicated the process of decision-making vis-à-vis 

coastal-marine management. Establishing efficient collaborative governance is further 

restricted by miscommunication, distrust, past and present conflicts of interest, lack of 

legal support, and an inability to construct a common goal amongst the complex array 

of stakeholders involved. The next section thus discusses what can be done to facilitate 
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the establishment of a collaborative governance of common-pool resources, that is to 

say, coral reef ecosystems.  

7.3. Governance of coral reefs   

Traditional views portray governance as unitary, authoritarian, and instrumental, with 

the central government usually exerting sole authority over resources. Yet, this 

management style has proven to be ineffective and even damaging for managing 

complex ecologies. Empirical research has put forth evidence that widespread central 

control of common-pool resources has in fact accelerated resource deterioration due to 

such factors as weak institutions, corruption, inefficiency, competition to exploit a 

resource by other stakeholders and the subsequent ‘tragedy of the commons.’ 

Additionally, the nationalization of CPRs undermines their traditional management by 

local communities. Outsider activities, moreover, may neglect the traditional access and 

harvesting rules and worsen the sustainability of a given resource. Such actions may be 

deemed legal by the larger political regime, but can severely undermine both the 

integrity of the resource and the autonomy of the indigenous community. In response 

to these challenges, a new form of governance has been a major focus of research for 

the past two decades: collaborative governance.  

Collaborative governance brings public and private stakeholders together in 

collective forums with governmental agencies to engage in consensus-oriented 

decision-making. 372  In recent times, collaborative governance vis-à-vis the 

environment has gained traction within policy-making and public management. To that 

end, the introduction of the integrated coastal management zone (ICMZ) act by CPA is 

a good first step towards this direction. One of the principles outlined in the ICMZ act 

is to “establish a public participation system for decisions concerning coastal planning 

to improve coastal protection and management performance,”373 which is in line with 

the criteria required of collaborative governance put forth by Ansell and Gash (2007). 

The five other criteria set out by them are also present in the ICMZ, including: 

(1) The forum is initiated by public agencies or institutions;  

(2) Participants in the forum include nonstate actors; 
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(3) Participants engage directly in decision making and are not merely 

‘consulted’ by public agencies; 

(4) The forum aims to make decisions by consensus; 

(5) The focus of collaboration is on public policy or public management.374 

Sustaining coral reefs and other marine resources and managing their ecological 

resilience entails the ability to observe and interpret dynamic ecosystem processes and 

develop the social capability to respond and adapt to environmental changes.375 The 

difficulty of such decision-making processes is made all the more evident when taking 

into account the “complexity of coastal systems, the scientific uncertainty associated 

with predicting the magnitude, timing and direction of socio-ecological change,”376 and 

the high stakes that are involved when dealing with as vulnerable and fragile an 

ecosystem as the coral reefs. Thus, what can be done to improve the adaptability of 

collaborative governance? Dietz et al.377 propose the following five steps:  

1. Providing information  

Information and scientific data are crucial to making well-informed decisions vis-à-vis 

the environment. This also includes the human-environment interactions affecting the 

resources. With regard to the coral reefs, a constant monitoring of the types of corals, 

diseases, fish and other species, as well as the number of scuba divers or tourists would 

all be beneficial in gaining reliable, trustworthy data to support collective decision-

making. This information should not only pertain to the factual state of the resource and 

human actions, but also data postulating the nature and types of uncertainty as well as 

the limitations and extent of scientific ignorance or disagreement.  

2. Dealing with conflict 

Managing diverse incentive dynamics, especially given the sharp differences in power 

and in values across stakeholders, is a key aspect of environmental governance. 

Managed effectively, the input of the interest parties – including varying perspectives, 

philosophies, approaches – may contribute to more democratic decision-making 
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processes and lead to a ‘self-educating community’ that learns from nature and from 

each other,378 sparking learning and change. This is especially significant when conflict 

of beliefs or cultural values comes into play.  

3. Inducing rule compliance  

In order for governance to be effective, the rules of resource use and extraction need to 

be followed, with reasonable enforcement mechanisms for treating violations and 

offenders. Importantly, those who impose these mechanisms must be seen as legitimate 

and effective by the resource users, otherwise ways to exploit the resource will gain 

traction and overwhelm the commons governance strategy. If the necessary resources 

are not employed, no amount of changes in the legal sphere will influence behaviour 

dynamics or technological advancements. This issue is prevalent in Taiwan, where 

ineffective enforcement or direct violation of coastal laws remain untreated.        

4. Providing infrastructure  

This includes effective communication and transportation technologies, resource-

harvesting technologies, infrastructure in the form of roads, as well as institutional 

infrastructure including research, social capital, and multilevel rules to enhance 

cooperation between the national, regional, and local levels. This point, however, is 

two-faceted. On the one hand, implementing proper communications equipment can, 

for instance, alert others to illegal actions; the building of fences and gates can limit 

human intrusion into protected areas; investing in proper sewage treatment facilities 

can prevent future costs associated with water hygiene and coastal destruction. On the 

other hand, technological advancements in fishing practices are not matched by 

improvements in conservation efforts. New roads or coastal development may lead to 

sediment runoff, which in turn can engulf coral reefs and severely hinder their growth 

or destroy them completely.  

5. Be prepared for change 

Also called ‘adaptive learning,’ institutions must be designed to allow for improvement. 

As previously mentioned, uncertainty when dealing with complex ecologies such as 

coral reefs is a given, and room to shift and adapt when assumptions prove to be wrong 

or in need of change is essential for effective resource governance. After all, “fixed 
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rules are likely to fail because they place too much confidence in the current state of 

knowledge.”379 Of course, too much change will make the institutions seem undecided, 

the policies backfiring as was described in the Twin Lake case. Nevertheless, a system 

that is prepared for adaptation will prove to be more beneficial in the long run.   

The five steps for adaptive governance of environmental resources which 

Taiwan should adopt may be summarized in the following illustration: 

Table 3: Five principles for the governance of environmental resources and the governance 

requirements they help meet.380 

 

 

 Additionally, calls to integrate environmental statistics into national accounts 

(the so-called ‘green GDP’) would improve Taiwan’s ability to manage natural capital 

as economic assets. One researcher in particular is trying to put a price on Kenting’s 

coral reefs to then incorporate the data into policy recommendations. Nathaniel 

Maynard has looked at the ‘willingness to pay’ (WTP) measure using a visual survey, 

so the amount covers existence value or tourism value only (personal communication, 

23-24 May 2017). According to his calculations, the average WTP was NT$625 for a 

single site and NT$2,502 for the cumulative sites represented (four sites within the 

Kenting National Park area). That means that each person would have an average WTP 

of NT$2,502; divided by the amount of households (8,386,495), the existence value of 

the cumulative sites represented is equal to NT$ 5,241,559,375 per year (conservative 
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estimate). If coral reef degradation and biodiversity loss are not important enough to 

garner the attention of political actors and business sectors, perhaps these economic 

incentives may be advertised instead.  

 Finally, delegating autonomy for local self-governance of resources without 

undue interference by outside authorities is another approach in sustainable 

management of coral reefs and marine resources. Granting the Tao legal recognition of 

their traditional access and harvesting rules and even applying their rich marine 

knowledge to other coral reef sites may be beneficial for the natural environment. 

Significantly, the reinvigoration and application of local ecological knowledge for 

conservation purposes should be encouraged. Grassroots initiatives and cooperation in 

restoring and managing coral reefs are crucial. “The first step in coral reef conservation 

should be protection, the elimination or reduction of the stresses responsible for the 

damage. The second step is rehabilitation, an important issue to repair the damage of 

the past.”381 Without local and indigenous communities involved, other stakeholder 

efforts will not be effective or sustainable. Yet, without institutional support and 

economic sustainability, such solutions will lack momentum and ultimately fail. 

Collaborative, adaptive governance is the best method thus far in managing these 

elusive, complex ecologies.  

 In conclusion, sustainable coastal management and coral reef protection is 

possible, given the will to do so. Although academic and empirical data show that there 

is no one-size-fits-all model regarding coral reef conservation, various collaborative 

governance schemes are offered to aid policy making and public governance. This year, 

the CPA has put forth the ICZM act in order to achieve sustainable development 

through engagement and coordination among various stakeholders. The outcome of this 

act and simultaneously, the future of Taiwan’s coral reefs, will be visible soon. 

Nevertheless, there are many measures the government can take to ensure the best 

possible results, including: nurturing strong science within a strong participatory setting 

to better support decision-making; identifying and managing incentive dynamics for 

collaborative governance; facilitating local self-organization by providing indigenous 

communities with scientific data, a forum for conflict resolution, and granting legal 
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recognition to indigenous rule;382 and significantly, bridging co-existing knowledge 

systems through dialogue and ‘cheap talk’ opportunities. Overall, whereas the 

government should be the leader in law enforcement, adaptation, and support, there 

needs to be a will and incentive from the bottom to ensure the proper governance of 

coral reef ecosystems will achieve long-term maturity.    
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8. Conclusion  

In summary, the traditional management and legislation in Taiwan had not prioritized 

environmental protection. Under martial law, national prioritization of economic 

growth had been achieved at the expense of environmental degradation. Rapid 

industrialization and decades of coastal development and extensive infrastructure 

development on the backdrop of increasing urbanization had resulted in high soil 

erosion, which led to landslides and massive sediment flows into coastal water. 

Improper sewage treatment directly discharged into coastal waters has already 

engendered visible degradation of the coral reef ecosystem. 383 The rise of the 

environmental and social movements in the 1980s is regarded as a turning point in 

Taiwanese history, undermining the authoritarian regime and paving the way for 

democratic processes. Democratization, however, engendered its own unique set of 

opportunities and threats for the environmental movement. While institutions such as 

Environmental Protection Agency were established and new regulations for 

environmental protection and conservation gained legal force, the practical temptations 

of economic incentives and pro-business motives severely marginalized the former’s 

impact. Moreover, satisfying dominant interests would frequently come at the expense 

of environmental progress, a phenomenon that did not seem to substantially change 

with the election cycles. 

The absence of local community engagement, lack of local-regional-national 

partnerships, and unsuitable enforcement of the law all make sustainable management 

a challenge. The chasm between upholding traditional lifestyles and the incorporation 

of industrialization is similarly visible on the environmental spectrum, with sustainable 

fishing set aside for industrial replacements that offer higher yield with less skill 

necessary. Protecting the environment may not be as effective within a top-down 

framework if local resistance is high. Creating incentives at the local level to engage in 

pro-environment measures is an efficient way in long-term sustainability and can act 

more as a cost-efficient method than any other alternative. However, recovering trust 

between the local and national government is a key issue that needs to be overcome 

before collaboration can begin. For instance, relocating the nuclear waste site off of 

Orchid Island would be a crucial first step towards reconciliation between the Tao and 
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the government, creating a clean slate on which acts such as the integrated coastal 

management plan could be established. Furthermore, giving the local communities and 

indigenous peoples more autonomy for self-governance of natural resources would go 

a long way towards conserving coastal resources for sustainable use, as it is both in 

their interest and within their traditional heritage to do so. Overall, trust and 

communication are an integral part of cooperation, two elements that are currently 

missing between these two stakeholders.  

In terms of institutional progress, the existing challenges to protect the coastal 

environment are clearly outside the scope of the EPA and CPA. The Ministry of Interior 

should establish a new ministry that would be the primary agency in charge of 

managing and enacting marine-related legislature and planning. The current division 

between agencies and sectors in tandem with the unadaptable, overwhelming nature of 

the Taiwanese bureaucracy cannot compete with the decision-making processes 

required to manage the evolving, complex marine ecologies. If the ICZM act is to 

succeed, a better institutional channel at the top is needed to provide support for and 

respond swiftly to the dynamic ecosystem processes at the local level. In essence, 

adaptive learning institutions are needed to make way for improvement.  

Significantly, there needs to be a re-discovery of the importance of the sea and 

its resources within the consciousness of the Taiwanese peoples. Taiwan is frequently 

cited as a seafood nation, yet it is desensitized to the origins of its food. Although there 

seems to exist a superficial agreement at the political level that environmental 

protection is needed, this does not translate into substantial action such as funding 

initiatives. Given the context of modern society, the question of the value of the coast 

and its resources must be addressed; putting a monetary value on the coastal waters and 

the coral reefs will go a long way towards raising awareness of the need to conserve 

and rehabilitate them. Realizing the worth of the coral reefs and the economic 

opportunities linked with them may benefit every stratum of Taiwanese society, as has 

already been shown by nations such as Australia and Bonaire. Then, perhaps, protecting 

the island’s natural biodiversity may be regarded with more magnitude.          

Additionally, the diversity in climates should not be neglected during 

environmental planning and management. In contrast to the north, southern Taiwan 

needs to be protected like a tropical island. Its rich ecological biodiversity, vegetation, 

and marine ecosystems all require different, adaptive managing efforts that are not 
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equivalent to the capital’s subtropical climate zone. Scientific data and dissemination 

of knowledge would go a long way towards making informed decisions vis-à-vis 

specific ecological areas.  

Finally, pursuing technologies that promote sustainable energy should be a 

developmental goal of every nation. For instance, Taiwan’s Black Current (Kuroshio) 

flows along its eastern coast. Investing in a wheel or other form of technology that 

would permit the generation of power from this source could be of great benefit to the 

communities in its vicinity. Instead of perpetuating the already-decades long debate on 

the operations of the fourth nuclear power plant, Taiwan should take advantage of its 

rich natural environment and invest in renewable energy sources. Frankly, if Taiwan 

does not begin taking better care of its coastal waters, it will have severe problems in 

supporting its inhabitants on this finite-sized island.  

In summary, coral reefs are incredibly diverse yet fragile ecosystems. 

Sustainably managed, these rainforests of the sea can be an important source of natural 

resources for Taiwan and generate economic value from tourism. Significantly, 

protection efforts at the local scale can curtail global threats affecting coral reefs. 

However, specific knowledge of local coral reef ecosystems is necessary to adequately 

implement management and conservation measures; given the limited amount of 

research vis-à-vis Taiwan’s coral reefs, especially in the English language, this paper 

hopes to bridge that information gap, offer an insight into the complex incentive 

dynamics on the backdrop of past socio-political events, and encourage governmental 

agencies and the general public to become more aware of and take more initiatives in 

reef management and conservation. Overall, despite the monumental challenges set 

before marine conservation, the solution lies within a unified collaboration of all the 

stakeholders determined to protect and cultivate the many benefits of a sustainably-

managed coast and healthy coral reefs. In the end, long-term sustainability is crucial. 

But it cannot be achieved if we do not realize that protecting the environment today 

matters more.  
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10. Appendices  

Appendix 1.  

The GBR has been recognized as a World Heritage Site according to the following 

criteria: 

(vii) to contain superlative natural phenomena or areas of exceptional 

natural beauty and aesthetic importance; 

The GBR is one of the few living structures visible from outer space, “appearing as a 

complex string of reefal structures along Australia's northeast coast... an unparalleled 

aerial panorama of seascapes.”384 It is a vital site of breeding colonies of seabirds and 

marine animals, such as the green turtle. Moreover, other superlative natural 

phenomena include whale migration, the annual coral reef spawning, and site for the 

reproduction of various fish species.  

(viii) to be outstanding examples representing major stages of earth's 

history, including the record of life, significant on-going geological 

processes in the development of landforms, or significant geomorphic or 

physiographic features; 

The GBR today is the world’s largest coral reef ecosystem and a result of over a 

millennia of evolution. It is said that the 2,200 kilometres along Queensland’s coast 

have been exposed and flooded by at least four glacial and interglacial cycles, although 

the present-day GBR is considered young in geological terms, having formed during 

the last 10,000 years of the Holocene epoch (Daley 2014:1).  

In large part due to the impressive size of the GBR, it is possible to observe the stages 

of reef development, as well as identify the processes of geological and 

geomorphological evolution. The GBR clearly exemplifies a major stage of earth’s 

history.   

(ix) to be outstanding examples representing significant on-going 

ecological and biological processes in the evolution and development of 

terrestrial, fresh water, coastal and marine ecosystems and communities of 

plants and animals; 

Indeed, the GBR fulfils this criterion in its entirety. The wide-ranging assortment of 

reefs and island morphologies reflect ongoing geomorphic, oceanographic and 

environmental processes. An example of this continuing ecological and biologic 

processes in evolution is evidenced by the active calcification and accretion of green 

algae Halimeda.  

Furthermore, the GBR’s “complex cross-shelf, longshore and vertical connectivity”385 

exemplifies the critical linkages and balance between the underwater ecosystem and the 

communities of plants and animals, all dependent on one another for survival and 

                                                           
384 ‘The Great Barrier Reef.’ Accessed 27 December 2016. http://whc.unesco.org/en/list/154 
385 ‘The Great Barrier Reef.’ Accessed 27 December 2016.  
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reproduction (for instance, the importance of the Pied Imperial Pigeon in seed dispersal 

and preservation of various vegetation).   

(x) to contain the most important and significant natural habitats for in-situ 

conservation of biological diversity, including those containing threatened 

species of outstanding universal value from the point of view of science or 

conservation.386 

Finally, the GBR is unparalleled in size and scale, home to the richest and most complex 

natural ecosystems in the world, containing circa 400 species of corals in 60 genera. 

The protection and management of the GBR is crucial to maintain biodiversity and 

support “tens of thousands of marine and terrestrial species, many of which are of global 

conservation significance.”387 

  

                                                           
386 ‘The Criteria for Selection.’ Accessed 27 December 2016. http://whc.unesco.org/en/criteria/ 
387 ‘The Great Barrier Reef.’ Accessed 27 December 2016.  
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Appendix 2.   

Except for the Tao (Yami) on Orchid Island (marked forest green on the map below), 

the rest of the indigenous cultures reside on the main island of Taiwan.  

Picture taken by author on the 18th of May, 2017, at the National Museum of 

Prehistory in Taitung (國立臺灣史前文化博物館). 

 

 

Below: The Austronesian dispersal 

The National Museum of Prehistory in Taitung (國立臺灣史前文化博物館), 18.5.17.   
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Appendix 3.  

The author has conducted multiple interviews to gain a more holistic overview of the 

issue at hand.    

Interviews 

Area Name Key points discussed Date (2017) 

 

 

 

Governmental 

 

Dr. Wen-Hung Liao, 

Chief Comprehensive 

Planning Dept., 

Construction and 

Planning Agency, 

Ministry of Interior 

-institutional insight 

-recent projects and publications 

-decision-making processes, 

structure and politics 

-role in indigenous affairs and 

coastal protection 

-governmental and local 

collaboration 

 

 

8 May, 

2:30pm, 

CPA, Taipei 

City 

 

 

 

 

Governmental & 

Indigenous 

 

Dr. Ming-Huey Wang, 

Deputy Minister at the  

Council of Indigenous 

Peoples, Tsou 

-institutional insight 

-decision-making processes, 

structure and politics 

-role in indigenous affairs and 

coastal protection 

-governmental and local 

collaboration 

 

 

26 May, 2pm, 

New Taipei 

City 

 

 

Indigenous 

 

 

Hafay Nikar, 

Amis 

-indigenous insight 

-Amis marine knowledge 

-Amis & coastal protection and 

traditions 

-international and local 

collaboration 

 

 

13 May, 10am, 

NCCU, Taipei 

 

Academic 

 

Dr. Ching-Ping Tang, 

Professor at NCCU 

-follow-up on his publications 

and research 

-environmental insight 

-incentive dynamics insight  

 

12 May, 3pm, 

NCCU, Taipei 

 

 

 

 

Indigenous & 

Academic 

 

 

Dr. Syaman Lamuran, 

Tao 

-indigenous insight 

-Tao traditions and culture 

-challenges and opportunities for 

local self-governance 

-governmental and local 

collaboration 

 

 

18 May, 10pm, 

Taitung City 

Dr. Da-Wei Kuan, 

Professor at NCCU, 

Atayal 

-indigenous insight 

-indigenous projects for 

environmental conservation  

-socio-political insight 

 

25 May, 4pm, 

NCCU, Taipei 
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Appendix 4.1.  

Austronesian Language Map, Peter Bellwood 2000, ECAI Austronesia: Maps, 

accessed 13 June 2017. 

http://ecai.org/austronesiaweb/ECAIaustronesia/AustronesiaMaps.htm 

Also published in: Blundell, David, ed. 2009. Austronesian Taiwan: Linguistics, 

History, Ethnology, Prehistory. Revised Edition. Taipei: Shung Ye Museum, & 

Berkeley: Phoebe A. Hearst Museum, University of California. 
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Appendix 4.2. 

Historical map (1896) of Taiwan (Formosa) and Orchid Island, named then Botel 

Tobago. The Little Orchid Island is also visible to the south as Little Botel Tobago.  

From the Scottish Geographical Magazine. Published by the Royal Scottish 

Geographical Society and edited by James Geikie and W.A. Taylor. Volume XII, 

1896.  

Accessed via ECAI Austronesia, 13 June 2017. 

http://ecai.org/austronesiaweb/TaiwanMaps.htm 
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Appendix 5.  

Map of the Bashiic Area (‘Bashiic’ representing the collective name for all the 

languages spoken on the islands). Accessed from ECAI, 13 June 2017.  

 

 


