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ABSTRACT 
 
Natural resource or environmental decisions are often made as a reaction to issues that have 
developed over time, but were not addressed until they became serious threats to biodiversity or 
created resource conflicts.  Such reactive approaches often wait to comment on prepared DRAFT 
impact statements or development plans for a specific project.  This approach can constrain 
opportunities to affect meaningful change.  A large petrochemical complex was proposed for 
development on reclaimed land off the west coast of Taiwan. A more anticipatory approach was 
applied to describe important risk factors, identify and assess potential mitigation, and clarify 
habitat preferences of a sentinel flagship species, Sousa chinensis. Early involvement of number 
of cetacean specialists and an effective coalition of well-organized NGOs and other stakeholders 
managed to seize the initiative and stop the proposed development of this major petrochemical 
facility. This is one of the few times that the government of Taiwan has actively called off a multi-
billion dollar investment project because of environmental and social concerns. 
 

INTRODUCTION 
 
How conflicts between environmental or natural resource protection and economic development 
are resolved is critical to promoting sustainable growth.  In many cases, project development plans 
are well established before serious consideration is given to ecological risks. This is true, especially 
when expedited or fast-track projects emerge.  Typical regulatory processes, such as environmental 
impact assessments (EIAs), remain important tools for preventing environmental damage or 
natural resource injuries. However, due to economic pressures that promote rapid development, 
earlier anticipatory or scoping efforts can provide valuable opportunities to focus necessary 
research on critical issues or to identify opportunities for integrating development with resource 
protection and enhancement to achieve more sustainable development. 
 
Anticipatory risk analysis is a proactive strategy to look into the future in order to reduce potential 
problems or seize opportunities that can provide strategic advantages. Anticipatory approaches 
intervene earlier in the planning process than an EIA or prospective ecological risk assessment in 
an attempt to influence the scope or focus of the assessment, mobilize concerned stakeholders, or 
identify opportunities to adapt or modify development plans to help preserve natural resources.  
Anticipatory risk analysis relies mainly on available information and expert advice. It serves to 
highlight probable key concerns, uncertainties, and opportunities so they can be addressed in 
studies to better inform decision makers. Anticipatory analysis is at the core of the precautionary 
approach to conserving biodiversity.  For example, the US Marine Mammal Commission was 
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recognized in 2010 by the Society for Conservation Biology for using innovative, anticipatory 
analysis of conservation problems. In general, replacing reaction with anticipation can provide a 
wider range of options to promote sustainable development. 
 
A case study illustrating how anticipatory analysis can aid in planning for the conservation of 
living marine resources is described. This case involved a proposal to build a major petrochemical 
plant on a man-made offshore island along Taiwan’s central west coast.  Although there were many 
issues of concern regarding the proposed petrochemical plant, including water and land use, land 
subsidence, air and water pollution, etc., the one that galvanized a great deal of public attention 
was the fate of the endangered Eastern Taiwan Strait (ETS) population of S. chinensis, the Chinese 
White Dolphin. Proactive efforts to stop this development were undertaken by coalition of NGOs 
and local groups aided by a number of national and international specialists with extensive 
experience with S. chinensis. These cetacean specialists participated in a series of workshops 
(Eastern Taiwan Strait Sousa Technical Advisory Working Group) and symposia and provided 
credible information and opinion that informed stakeholders interested in making a strong case for 
conserving this endangered population. 
 
To support of this effort, studies were conducted to anticipate likely impacts, evaluate potential 
mitigation options, and clarify why the dolphins occupied their restricted habitat, which was at the 
core of the main controversy. This information was intended to provide context for an objective 
detailed review of potential risks posed to the endangered ETS population of S. chinensis and to 
suggest appropriate studies and testing needed to address critical uncertainties.   
 

METHODS 
 

The anticipatory risk analysis process involved three phases: 
 

1. A scoping impact analysis examined future scenarios that considered how the facility 
and its construction or operation might impact the ETS population.  The review was 
based on similar past construction projects, S. chinensis workshop and symposia 
reports, and consultation with specialists on impact issues, site oceanography, facility 
design and construction, and the behavior ecology of S. chinensis (Sheehy 2009a). 

2. The identification and initial evaluation of potential mitigation options for key impact 
concerns.  This was based on experience with past projects, technology performance 
assessments, and consultations.  It also identified the need for test and evaluation to 
judge the potential utility of mitigation identified for this project (Sheehy 2009b). 

3. A review of factors influencing the habitat preferences of the ETS population to 
determine why it is restricted to its current habitat and how these factors may be 
influenced by the construction of the proposed facility (Sheehy 2010).   

 
Proposed Facility 
 
Figure 1a shows the location of the proposed Kuokuang Petrochemical facility, several other 
reclaimed land areas in the vicinity (Figure 1b), and the sediment discharge from the Choshui 
River.   The proposed 2800 ha island, to be created to house the proposed facility, was to be 
constructed on existing coastal mudflats using dredged materials.  The Changhua mudflats are one 
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of the very few undeveloped coastal mudflat sections along the west coast and are known for their 
productive oyster farming.  This proposed construction would create a multi-billion dollar facility 
that, including a harbor and access channel, would directly impact about 4000 ha.     
 

 
Figure 1. (a) Location of the proposed Kuokuang Petrochemical Facility along the west coast,        
(b) Changhua mudflat area near the Choshui River and nearby reclaimed land areas. 
 
The petrochemical facility development plan (Figure 2a) illustrates that the proposed facility built 
on reclaimed land would extend across the normal depth range of S. chinensis.  A channel was 
planned between the reclaimed island and the existing shore; however it was far too narrow and 
shallow to allow dolphin passage. Construction, estimated to take 3-5 years, would include 
extensive dredge and fill, pile driving, soil compaction, etc.  Plant operation would entail 
considerable vessel traffic transporting raw materials in and products out of the harbor.   
 
The completed Kuokuang Petrochemical facility would be similar in form to the Formosa Plastic 
facility (Figure 2b) located just south of the Choshui River.  Such facilities have a large number of 
separate production operations, which produce significant air emissions and are vulnerable to 
accidents and spills.  In one year (2010-2011), there were seven fires at this facility. 
 
The environment along this coast has changed dramatically during the past decades of high 
economic growth in Taiwan. The disappearance of shallow mudflat areas due to land reclamation 
projects, contamination due to pollution from industrial, agricultural, and household sources, and 
overfishing have led to a decline in marine resources and the deterioration of the ecosystem.  
Species, such as the Asian horseshoe crab, Tachypleus tridentatus, that were once abundant along 
this coast, have all but disappeared (Hsieh and Chen 2009).  River and coastal pollution is so bad 
in some coastal areas that the oysters have turned green due to copper contamination. 

a 

b 
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Figure 2.  (a) Proposed Kuokuang facility plan. (b) Satellite photo of a similar plant, the Formosa 
Petrochemical’s 6th Naphtha Cracker Plant located just south in Yulin County 
 
ETS Population of Sousa chinensis 
 
The ETS population of S. chinensis is quite small, estimated at between 60-90 individuals.    This 
population was listed by the International Union for Conservation of Nature in 2008 as Critically 
Endangered, the highest level of threat to a species or population.   S. chinensis is a sentinel species 
for this coastal region and can be used to gain early warnings about negative ecological trends and 
impacts.  The dolphins are coastal residents (to 25 m), long lived (30-40 yrs.), feed at a high trophic 
level (fish), and have fat stores that sequester some anthropogenic toxins.  They are also 
charismatic mega fauna that elicit strong human emotions. The Chinese white dolphin is also 
known as Matsu’s fish and has special cultural and religious importance. Matsu is a Chinese 
goddess of the sea, an important deity in Taiwan, who is said to protect fishermen and sailors. Such 
charismatic mega fauna with cultural importance make very good flagship species and can serve 
to bring focus on the broader environmental issues at stake. 
 
Aggressive efforts to raise public awareness and influence government decision makers were 
spearheaded by The Matsu's Fish Conservation Union, a coalition of environmental, legal and 
conservation NGOs. The members of the union included the Taiwan Academy of Ecology; Taiwan 
Sustainability Union; Taiwan Environmental Protection Union; Wild at Heart Legal Defense 
Association; Wild Bird Society of Yunlin; and the Changhua Coast Conservation Action. The 
union was aided by information provided by cetacean and conservation specialists. 
 
The ETS population of S. chinensis is confined to a narrow band of nearshore habitat along the 
central west coast, about 170 km in length extending seaward to about 20-25m depth.  The 
distribution is not uniform within this range and field observations indicate several areas with 
higher observed density (Chou et al. 2009). Much of the coastal zone is already heavily developed 
with other industrial facilities, harbors, and land reclamation for agriculture and science parks. It 
was the consensus of dolphin specialists that habitat destruction and degradation is the greatest 
threat to this species throughout its range. A Hong Kong population of S. chinensis is currently 
threatened with extinction due to the proposed land reclamation for airport expansion. 
 

b 

a 
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RESULTS 
 

Potential Impacts 
 
The scoping impact analysis identified five main categories of adverse impacts to the ETS 
population from the proposed Kuokuang Petrochemical facility.   These are shown as diagonal 
lines in a cause and effect or Ishikawa diagram, Figure 3, along with contributory subordinate 
factors (Sheehy 2009a). 
 

 
Figure 3. Cause and Effect (Ishikawa) diagram illustrating five risk or impact categories and 
specific risks in each category that may contribute to the reduced viability of the ETS population. 
 

1. Prey habitat loss through direct burial, disturbance (turbidity) from dredging and vessel 
traffic, and changes in circulation that will alter prey habitat. 

2. Habitat fragmentation and perhaps genetic isolation due to the establishment of a de 
facto barrier across normal movement path of the dolphins.  

3. Vessel strikes resulting from increased traffic leading to increased injury or mortality, 
a common occurrence in the Hong Kong population of S. chinensis.  

4. Contamination released from construction equipment, completed petrochemical plant 
operations, associated industrial facilities, and vessels supplying crude oil and 
transporting products. This includes releases during construction, normal operation, 
and accidents. 

5. Hydroacoustic disturbances from construction, operation, and vessel traffic are of 
particular importance for dolphins that use sound for locating prey and social 
communication. Dolphin reactions to anthropogenic sounds can result in decreased 
foraging efficiency, higher energetic demands, reduced group cohesion, higher 
predation, and decreased reproduction.  
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These individual impact issues need to be considered in context. The Venn diagram (Figure 4) 
illustrates that several impact factors that may interact synergistically to create an effective barrier 
to prevent dolphin movement past the facility, which transects the current ETS population range. 
The physical barrier effect of the island may be enhanced by increased hydro-acoustic disturbances 
and changes in food resources. Hydroacoustic disturbance includes masking of prey and 
conspecific sounds, avoidance reactions, shifts in thresholds and even direct injury. Prey 
availability may be reduced due to lost habitat, disturbance during routine maintenance dredging, 
and increased turbidity that reduces foraging efficiency of prey fish. Such a barrier would pose a 
serious risk because fragmented populations are more vulnerable to local extinction. 
 

 
 

Figure 4.  Venn diagram illustrating the potential synergistic interactions among three impact 
categories that may combine to create an effective barrier to prevent dolphin movement past the 
facility.   
 
To fully evaluate the impacts of the proposed development, it is also essential to consider the 
cumulative impacts on this small population (Figure 5). Cumulative impact results from the 
incremental impact of the proposed development when added to other past, present, and potential 
future impacts - regardless of the source of the impacts. Over the last 30 years, the coastal corridor 
habitat has been subjected to multiple impacts, including extensive land reclamation, overfishing, 
and pollution. These impacts have significantly degraded the feeding, reproductive, and nursery 
habitat used by S. chinensis and the intertidal, wetland or mangrove areas that support its prey fish. 
Potential future impacts include the expansion of existing coastal facilities, other proposed 
facilities, and marine wind farms slated for this coast, as well as climate change that may result in 
sea level rise and an increase the severity and/or frequency of storms. 
 
As anticipated (Sheehy 2009a), wind farm activity has recently begun and initial turbine towers 
are planned for placement along this coastal region in 2016. National projections suggest there will 
be extensive development of offshore wind power along the central west coast with up to 600 
offshore wind turbines planned for installation by 2030.  The potential impacts of initial 
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development are currently being investigated, but many of the first turbine towers will be installed 
within the shallow ETS population habitat and intra-array or export cables will certainly transect 
it.   

 
Figure 5.  Cumulative ETS population impacts from past, proposed, and potential future impacts 
 
Potential Mitigation 
 
The scoping risk analysis strongly suggested that the construction of the proposed facility would 
pose a serious risk to the endangered ETS population and possibly lead to its extinction.  This 
suggestion was consistent with most expert opinion.  Although such obvious risks provided 
sufficient cause to delay or stop this project pending additional research, past experience in Taiwan 
indicated that economic development often proceeds despite clearly predictable adverse health and 
ecological impacts. Therefore, as a contingency, potential mitigation measures were identified and 
briefly reviewed in case the decision was made to proceed with construction.  The objective was 
to examine existing or conceptual technology, estimate its potential effectiveness using available 
data and expert opinion, and suggest needed testing and evaluation. Some mitigation methods 
identified included (Sheehy 2009b): 
 

1. Promoting dolphin movement around the reclaimed island (behavior modification using 
integrated acoustical systems [consisting of acoustic monitoring, attraction, harassment, 
and deterrent devices] and fish attractors for prey, silt curtains to reduce turbidity) 

2. Reducing and controlling adverse underwater sound propagation (pile driving using 
vibrating hammers to replace percussive pile drivers, air bubble curtains to reduce sound 
transmission, and quieter soil compaction methods)   

3. Increasing prey fish abundance and/or availability (habitat and/or stock enhancement) 
4. Preventing, minimizing, or effectively containing contamination releases with state-of-the-

art treatment technology and the preparation of enhanced and reliable spill contingency 
plans 
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5. Reducing vessel collisions (strikes) using mandated observers, reduced vessel speeds, and   
schedule changes. 

 
Potential mitigation measures were identified for each key impact issue, however a literature 
review and technical consultations suggested that performance was often uncertain and likely 
insufficient to assure survival of this endangered population of dolphins (Table 1).  To be more 
than just nominal mitigation, habitat enhancement, forage fish stocking, and dolphin behavior 
modification, would require extensive test and evaluation (T&E) to determine their efficacy prior 
to use. Several conceptual approaches, such as an integrated system of acoustic detectors, 
harassment devices, and attractors were intriguing, but also untested.  All these measures would 
be expensive and cause significant delays in project completion due either to T&E requirements 
or required changes in the construction or operation procedures or schedules.   
 

Table 1.  Predicted Mitigation Performance 
 

Mitigation 
Approach 

State-of-the-Art Predicted 
Effectiveness 

Required 
Assessment 

Potential 
Adequacy 

 
Prey habitat 
enhancement 

Established Limited for 
target prey 

Test & 
evaluation 

Uncertain 

Forage fish 
stocking 

Limited for most 
target prey 

Unknown for 
target prey 

Test & 
evaluation 

Unknown 

Behavior 
modification 

Fair for some 
marine mammals 

Beyond past 
applications 

Test & 
evaluation 

Uncertain 

Noise reduction Established Limited Monitoring Poor 
Contamination 

reduction 
Established Limited Monitoring and 

Regular exercises 
Fair 
(expensive) 

Strike reduction Established Fair Monitoring Fair 
(expensive) 

 
Habitat Preference 
 
One of the information gaps identified in the scoping impact analysis was a clear understanding 
why the ETS population was limited to its current narrow coastal habitat range and why 
observations appeared more concentrated in some areas.  This issue was important in order to 
predict whether or not the dolphins would bypass the created barrier and what mitigation might be 
effective. Kuokuang Petrochemical Technology Company as well as Taiwan’s Ministry of 
Economic Affairs stated their opinion that these highly intelligent dolphins would readily adapt 
and move around the manmade island and avoid the barrier altogether. However, a number of 
science advisors had serious doubts.  Because there were observations that other S. chinensis 
populations were found in other habitat types, this habitat preference issue was examined. 
  
The current ETS distribution was generally very consistent with the extent of the wide mudflats 
(3-8 km) found along the west coast (Figure 6).  Although this close association might suggest a 
habitat preference for shallow mud or sand bottom, this relationship did not hold when other 
populations of S. chinensis were considered.  Water depth and substrate type alone did not fully 



Recent Advances in Marine Science and Technology 2014 Vol.1 - PACON International 
 

9 
 

explain the ETS population distribution, especially the apparent concentration of dolphin 
observations in certain areas.   

 
Figure 6.   Comparison between areal extent of west coast mud/sand flats with the observed ETS 
population range.  Distinctive mud flats extend 3-8 km seaward.  Low tide exposes at least several 
km of mud in most areas. 
 
A review of literature on the behavior-ecology of S. chinensis throughout its range indicates that 
S. chinensis distribution was generally limited to areas less than 20-25 m deep (Parsons 2004, 
Karczmarski et al. 1997).  Where observed farther from shore or away from riverine influence, S. 
chinensis was often associated with shallow protected areas. However, there was no universal 
preference for sand/mud bottom habitat per se.  Studies in South Africa, China, India, or 
Australia indicate that habitat preferences exhibited by other S. chinensis populations are quite 
diverse and include a wide variety of shallow near-shore habitats such as natural or constructed 
reefs, bays, and mangroves/estuaries, rocky areas. Thus, S. chinensis does not appear directly 
dependent on sand/mud substrate for reproduction, feeding, or growth to maturity.  
 
To clarify why the ETS subpopulation appeared restricted to this narrow west coast corridor, 
factors that might contribute to its distribution were examined.  Using basic location analytics, the 
coastal geography and ecology was reviewed and a series map comparison was developed to help 
examine factors that may influence the current habitat use. This basic examination was conducted 
to consider whether or not a simple dolphin range expansion was a likely means to avoid the barrier 
that the project would be created across existing habitat (Sheehy 2010).  
   
Based on literature information, riverine inputs were considered as a potential influencing factor.  
An examination of river discharge levels indicated a possible relationship between observed 
abundance of dolphins and river discharge levels.  In particular, those areas with the highest river 
water discharge appeared to be where a higher density of S. chinensis observations were 
consistently made (Figure 7).  A similar pattern was noted with at river sediment discharge Figure 
8).  The areas with a high number of observed dolphins were those with the greatest sediment load. 
Thus core areas for the ETS population appear located close to the river mouths.  
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Figure 7.   River discharge compared to areas where S. chinensis is relatively more abundant.  
Within its range, relative abundance is greater near rivers with high discharges. 
 

 
Figure 8.   Sediment discharge compared to areas where S. chinensis is relatively more abundant.  
Within its general range, relative abundance is greater near rivers with high sediment discharge. 
 
These observations suggested that river-borne nutrients may play a key role in explaining the 
observed distribution. Since habitat productivity is reported as a key factor influencing site fidelity 
in small cetaceans, the riverine enhanced productivity in these coastal areas may support a food 
web for key items in the ETS population diet. This suggested the important role of the rivers in 
linking the terrestrial watershed to the trophic structure of marine benthic ecosystem. Thus, what 
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happens on the adjacent terrestrial watersheds may significantly influence the food web supporting 
the endangered ETS population.   
 
Since marine mammals have high energy requirements, the general primary productivity of the 
ETS population habitat was examined.  The distribution of chlorophyll-a (Figure 9) suggest that 
river-borne nutrients provided a base for a high level of primary production. Similar distributions 
were noted for Non-algal particles (SA/GA approach) and colored dissolved organic matter (ag 
433), both of which are additional indicators of riverine contributions (Tang et al 2002). Due to 
turbidity, phytoplankton production is limited in depth, but primary production also includes 
microphytobenthos on the very broad intertidal mudflats. Although micro-phytobenthic primary 
production on the mud/sand flats was high, biomass levels appeared low due to the effects of 
invertebrate grazing and resuspension. Invertebrate diversity was low due to the lack of oxygen in 
the substrate, large tidal range and the fluctuations of salinity.  However, most invertebrate species 
have large population sizes and many water birds feed on the flats at low tide.  
 

 
 

Figure 9.  Range of ETS population compared to a sample of chlorophyll a density, one measure 
of primary production.  Relatively high productivity is suggested within ETS S. chinensis range. 
 
The high primary production within the intertidal mudflats and estuaries supported a high 
secondary production of invertebrates, which in turn supports a substantial fish community.  This 
community included many fishes that are prey for dolphins. Studies along the west coast confirmed 
that intertidal mudflats provided important nursery functions for juvenile fishes. These findings 
suggested that available prey density, caloric value, and size may determine whether or not 
dolphins can acquire enough food to meet their high energetic requirements. Prey availability may 
help explain why the dolphins occupy this restricted shallow habitat and are preferentially 
concentrated in areas near river mouths. 
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To predict what species might be prey for the ETS population, we examined the limited local diet 
data for the ETS population (from strandings, accidental catch, and vessel strikes), data from other 
populations, and west coast fish catch data (Chen 2009, Shao et al. 1993; Hung and Chiu 1991). S. 
chinensis is an opportunistic feeder and potential prey species varied based on location. Potential 
prey fish, primarily croaker, shad, anchovy, sprat, and mullet, are identified in Table 2.  Many of 
the likely forage species share the following common characteristics (Sheehy, 2010):   
 

1. Mostly occur inshore and coastal for at least part of their life, many use estuaries 
2. All either school, shoal, or otherwise aggregate; making them good targets 
3. Most are soniforous, through several mechanisms, making them easier to detect 
4. Median trophic level is 3.31 with a range from 2.41 to 4.08; as they feed primarily 

on benthic and planktonic invertebrates 
 

Table 2.  Prey Fish Characteristics 
 

Species (#) Habitat Aggregate Soniferous Main Diet 
Ilisha spp.(2) Inshore, estuaries school Y ZP, BC, fish 
Thryssa spp. (2) Inshore, marine school Probable PC,BI 
Encrasicholina 
heteroloba 

Inshore, estuaries school Probable PC, ZP. fish 

Nematalosa come Estuaries, lagoons school Y PP, PI, BI 
Spratelloides gracilis Marine, coastal school Y PI 
Pennahia spp.(2) Marine, coastal shoal Y BI, PC, fish 
Chrysochir aureus Shallow, coastal, bays shoal Y BI 
Johnius amblycephalus Shallow, coastal, 

estuaries 
shoal Y BI 

Arius maculatus 
 

Inshore, lagoons, 
estuaries 

occasionally 
school 

Y BI, fish 

Valamugil cunnesius Estuaries, backwaters spawning 
aggregations 

Y PP, ZP, 
detritus, OM 

Trichiurus lepturus  Mud bottoms, 
estuaries 

juveniles & 
YA school 

 Crustaceans, 
fish, squid 

Common Fish diet items:  ZP Zooplankton; PP Phytoplankton;  BC Benthic Crustaceans;  
PC Planktonic Crustaceans;  BI Benthic Invertebrates; PI Planktonic Invertebrates; YA Young 
Adults; OM Organic Matter 

 
Further investigations are needed to confirm the ETS S. chinensis diet. However this preliminary 
review suggests that the availability of fish prey, in addition to water depth, may be a primary 
factor influencing the distribution of the ETS population. If this is the case, any project impacts 
that reduce the abundance or availability of prey fish may adversely affect the ETS population and 
would require effective compensatory mitigation. And it follows that successful conservation of 
the ETS population must also address preserving the food webs that support the important prey 
species. A more ecosystem-based approach to marine resource management is required.  This 
could be implemented with the development of effective marine spatial planning, an integrated 
process for analyzing and allocating human activities in the coastal zone.  
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DISCUSSION 
 
A scoping impact analysis confirmed that construction of the Kuokuang Petrochemical Plant on a 
manmade island off Changhua County posed serious risk to the small endangered ETS S. chinensis 
population. Although mitigation methods were identified, their effectiveness appeared limited and 
performance uncertain without extensive test and evaluation. Construction, as planned, was not 
recommended.  In addition to water depth, the availability of forage species is likely a key factor 
influencing the distribution of the ETS population. Reviewing prey fish behavior-ecology suggests 
that a more holistic ecosystem approach, which includes preservation of lagoons, wetlands, 
estuaries, and rivers (Hsieh et al. 2004), is needed to support the productivity underlying the food 
web of the ETS population. Simply protecting the existing dolphin habitat will not adequately 
protect the ETS population.  
 
Efforts to stop the Kuokuang Petrochemical Plant construction at Changhua proved successful and 
a final decision not to build at Changhua was announced on Earth Day in 2011.  Since then, the 
dynamic situation along the west coast has progressed. As a result of the momentum created over 
concern for the Chinese white dolphin, the Taiwan Council of Agriculture-Forestry Bureau 
designated 76,300 hectares of Exclusive Habitat Zone (2014) extending 172 km along the west 
coast to help conserve the ETS population of S. chinensis. This beneficial step will place some 
limited restrictions on coastal development and fishing operations. In 2013, Taiwan also passed its 
Wetland Conservation Act to promote wetland conservation and protection. If implemented and 
effectively enforced, these initiatives may also give additional protection to the intertidal zone and 
help nurture local fish stocks, benefitting dolphins and local fishermen.   
 
Despite the success in stopping the Kuokuang project, establishment of an exclusive habitat zone, 
and wetland conservation efforts, potential risks for the ETS population continue to emerge. 
Offshore wind farms are now being developed along this coast and impact assessment studies 
focused on potential risks to dolphins are currently underway.  Although some of the turbine towers 
may be located beyond 20m, construction noise and electromagnetic field emissions from high 
voltage power cables transecting the ETS population habitat may have adverse impacts on the 
dolphins directly or indirectly through prey fish behavior. Turbine towers located in shallow water 
may alter dolphin distribution by noise avoidance during construction and possible attraction 
during operation as the towers may concentrate forage species, serve as feeding sites for dolphins, 
or partially mask the sounds from soniferous prey fish. Due to favorable wind power density and 
a new emphasis on reducing the need for additional fossil fuel and nuclear power plants, there will 
be extensive development of wind power (up to 600 towers) along this coast in the next decades. 
The first application may be the Fuhai offshore wind farm that will be located in 16-30 m just 
north of the proposed Kuokuang plant site.   

 
 

CONCLUSIONS 
 
Threats in the future are often closer than they appear. A documented anticipatory risk analysis, by 
providing an early scoping level risk assessment of key issues, can help provide a better adaptive 
approach for fast-track development projects by providing the opportunity and time for a more 
strategic, rather than tactical, response to critical concerns. Although this case was related to 
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evaluating adverse impacts of a proposed project, the same anticipatory approach is also used to 
identify opportunities for reconciliation or modifying proposed development to create options for 
habitat enhancement. For example, we are currently exploring opportunities to adapt offshore wind 
farm projects to aid in fisheries enhancement (Sheehy and Vik 2009).   
 
One clear ‘lesson learned’ from the Kuokuang Petrochemical Facility case was that a strong, well-
advised coalition of diverse organizations and stakeholders with good communication, 
coordination, and effective publicity efforts can help preserve a critically endangered species and 
promote more sustainable development. Leveraging highly credible information provided by 
scientist and scholars, aggressive public and political engagement by NGOs and stakeholders 
succeeded in preventing the Kuokuang facility development along this coast. The issue became 
political, and the NGOs, stakeholders, and the concerned public finally began communicating with 
politicians using a language they understood – potential votes.  This is one of the few times that 
the government in Taiwan has ever actively called off a multi-billion dollar investment project 
because of environmental and social concerns. With considerable and persistent encouragement, 
the decision was made to forgo significant economic interests in favor of the sustainable 
development. The subsequent designation of the Exclusive Habitat Zone and the passage of the 
Wetland Conservation Act suggest Taiwan may be at a turning or tipping point for the 
environmental and conservation movements. While the fate of this very small dolphin 
subpopulation is still in question (S.L. Huang et. al. 2014), the decision to stop this particular 
construction project was a positive step toward more sustainable development. 
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