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Ghost gear has become a significant environmental and economic challenge affecting oceans worldwide. Pre-
venting and eliminating ghost gear is essential for achieving sustainable development goals (SDGs), and part-
nerships between universities and multi-stakeholders are considered feasible solutions. This case study
illuminates the implementation of the Partnerships for Ghost Gear Cleanups & Education Project (PGGCEP)
conducted by the National Kaohsiung University of Science and Technology (NKUST) in the Penghu Islands of
Taiwan, which involves engagement with local stakeholders to prevent and remediate ghost gear in Penghu seas,
providing insights into coastal partnerships building to promote ocean sustainability. The conceptual schemes of
PGGCEP include education projects, marine citizenship practices, and awareness campaigns. The outcomes of
PGGCEP were analyzed under the framework of SDGs. The results showed that PGGCEP not only successfully
supported SDG 14 life below water through the achievement of SDG17 partnerships for the goals, and it also
contributed to other SDGs, including SDG 4 quality education, SDG 5 gender equality, SDG 8 decent work and
economic growth, and SDG 10 reduced inequalities. Future directions for PGGCEP were subsequently provided to
refine the project. Based on the findings, this study proposed a framework of university-driven coastal part-
nerships to address ghost gear pollution. This 4-phase framework highlights the pivotal role played by univer-
sities as facilitators of collaborative efforts that involve a broad spectrum of stakeholders for enhancing ocean
sustainability.

1. Introduction

Ghost gear, known as derelict fishing gear or abandoned, lost, or
discarded fishing gear (ALDFG), has emerged as a consequential envi-
ronmental and economic predicament plaguing the global oceans. Ghost
gear can harm marine life through entanglement, ingestion, and chem-
ical contamination, impacting the marine ecosystem [50]. Furthermore,
the harmful effects of ghost gear on vulnerable marine ecosystems,
including but not limited to coral reefs and seagrass meadows, which
serve as critical habitats for numerous marine species, must not be
overlooked [27]. The repercussions resulting from ghost gear extend
beyond ecological impacts and have also been shown to have substantial
economic consequences, jeopardizing the livelihoods of fishermen and
the whole fishing industry [36,53]. According to Richardson et al. [46],
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it is estimated that over 640,000 metric tons of ghost gear have been
deposited into the ocean annually for more than a decade.

Initiatives to tackle the issue of ghost gear have been taken on a
global and regional scale, and the commonly adopted measures to pre-
vent the occurrence and alleviate the destructive effects of ALDFG can be
classified into three categories: prevention, mitigation, and remediation
(Global Ghost Gears Initiative, [26]). The Sustainable Development Goal
14 - life below water, established by the United Nations, seeks to
minimize marine debris, including ghost gear, and many organizations
are actively pursuing this aim [55]. According to the State of World
Fisheries and Aquaculture (SOFIA) report published by the Food and
Agriculture Organization of the United Nations (FAO), reducing pollu-
tion caused by discarded fishing gear and microplastics in marine en-
vironments is critical for fulfilling SDG 14 [19].
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Collaboration among various stakeholders is crucial to achieving
Sustainable Development Goals (SDGs). To this end, all segments of
society must collaborate and actively contribute to the SDGs. Among the
key partners in the SDG discourse, Higher Education Institutions (HEISs)
are frequently highlighted [39,64]. Recent research has demonstrated
the importance of collaborations between HEIs and multiple stake-
holders, including the community, industry, and government, to suc-
cessfully manage and protect the marine and coastal environment (e.g.,
[24,32,34]). The collaborative network can be known as a coastal
partnership, an established mechanism for facilitating stakeholder
participation and encouraging knowledge exchange between sectors
[21,22]. It is an effective way to facilitate stakeholder engagement [5].
This partnership is formed voluntarily, and its members are united by a
shared sense of place and common interests related to the preservation
and sustainable management of the coastal and marine ecosystem [21].
This is also a well-established mechanism that facilitates the active
involvement of stakeholders and encourages the exchange of knowledge
between various sectors [22]. Coastal partnerships are essential for
improving collaboration and contributing to greater participatory de-
mocracy in coastal governance [51]. Even though there is a growing
demand for universities to actively and extensively engage in coastal
resource management to improve developmental issues and enhance
community welfare [17], few studies have discussed university-driven
partnerships in tackling ghost gear pollution in coastal areas, which
motivates this investigation.

Another important motivation to conduct university-driven part-
nerships is that universities worldwide are increasingly adopting the
trend of training students and involving them in local development [59,
63]. The role of a university extends beyond promoting academic studies
to enhancing culture, serving the local community, and facilitating na-
tional and regional development [35]. The role of a university extends
beyond promoting academic studies to enhancing culture, serving the
local community, and facilitating national and regional development.
Article 1 of Taiwan’s University Act states that “Universities shall have
as their objectives conducting academic research, training and
educating highly skilled people, enhancing culture, serving society, and
boosting national development. Universities shall be guaranteed aca-
demic freedom and shall enjoy autonomy within the scope of laws and
regulations.”[37]. This Act and emerging trends provide a solid foun-
dation for our initiative to address ghost gear issues in the fishing
community.

Prior studies have suggested that education, law enforcement, and
the implementation of surveillance systems are primary strategies to
combat ghost gear pollution [25,65]. Additionally, the direct removal of
abandoned or lost fishing equipment has been identified as an essential
remediation method (e.g., [12,18]). Drawing on previous research, the
authors’ team has organized the Partnerships for Ghost Gear Cleanups &
Education Project (PGGCEP) in the Penghu Islands of Taiwan, intending
to collaborate with the local stakeholders to eradicate ghost gear in the
ocean. This endeavor leverages the team’s marine expertise, research
capabilities, and the cooperative efforts of local Non-Governmental
Organizations (NGOs). PGGCEP also targets the achievement of the
SDGs by integrating ghost gear removal training and practice, ocean
education, artworks, and sustainable management mechanisms.

As we embark on the "Decade of Action" [56], one of the primary
political objectives in numerous developed nations revolves around
addressing the challenges of implementing SDGs at the local level to
bolster efforts to effect change where it has the most significant impact —
in the lives of people, communities, and local organizations dedicated to
this commitment [20].

The primary focus of this study is to elucidate how the imple-
mentation of PGGCEP can provide valuable insights to university-driven
coastal partnerships seeking to promote ocean sustainability. Mean-
while, the study explores how these partnerships can contribute effec-
tively to the achievement of the SDGs at the local level in the process of
achieving SDG14.
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2. Sustainable ocean and coastal partnerships: the role of the
university

Ocean sustainability has emerged as an essential topic of research
and policy interest in recent years due to the growing concern over the
impact of human activities on marine ecosystems. The concept of sus-
tainable ocean has been recognized in policy and governance frame-
works. For instance, The United Nations has announced SDG 14, which
aims to "conserve and sustainably use the oceans, seas, and marine re-
sources for sustainable development" [57].

One of the critical factors contributing to sustainable oceans is the
preservation of marine biodiversity, so it is necessary to reduce overf-
ishing and habitat destruction [14]. While overfishing can be managed
and controlled by laws and regulations, habitat destruction cannot be
alleviated without reducing pollution and other environmental degra-
dation. As numerous studies have indicated, marine pollution, including
plastics, derelict fishing gear, and other debris, is a significant threat to
ocean sustainability because it causes marine species entanglement and
ingestion, along with habitat destruction (e.g., [2,15,49]). The State of
World Fisheries and Aquaculture (SOFIA) issued by the Food and Agri-
culture Organization of the United Nations (FAO) indicates that the
pollution of abandoned fishing gear and marine microplastics should be
decreased to achieve SDG 14 [19]. Because the issues related to ocean
sustainability are quite complicated, coastal partnerships have been
seen as a practical approach to bringing multi-stakeholders together to
advocate sustainable ocean management [21,51].

Coastal Partnerships are various arrangements that bring together
public, private, and voluntary stakeholders to advocate for sustainable
coastal management or to address coastal issues ( [52,51]). Coastal
partnerships can be an effective means for facilitating stakeholder
engagement, while stakeholder representatives can be effective conduits
for their host organizations’ values (Buchan & Yate, 2019). Moreover,
building multi-stakeholder partnerships is crucial to meet the UN 2030
Agenda and reducing the likelihood of potential conflicts arising [16,
29]. One important partner often discussed in SDGs is the university [39,
64]. Studies have indicated that the partnerships between universities
and multi-stakeholders (i.e., community, industry, and government) are
imperative to effectively manage and protect the marine and coastal
environment (e.g., [24,32,34]). Notably, a complete representation of
the full range of coastal stakeholders will improve the ability of coastal
partnerships to facilitate comprehensive knowledge exchange and ulti-
mately contribute to more integrated management (Buchan & Yate,
2019).

Examples of universities engaging in partnerships are found mainly
at the project and regional levels. For instance, a community-university
partnership project for water education in Manglaralto, Ecuador, has
been successful [7]. The primary objective of this project was to impart
education and enhance awareness amongst the community on the sig-
nificance of water as a finite resource. In addition, the project sought to
establish an effective linkage process between the university and the
community. As a result of the successful community-university part-
nership has generated pertinent information (e.g., water reserves,
extraction processes, aquifer recharge, and care of the resource). This
study highlights the importance of creating partnerships between uni-
versities and communities to address complex environmental issues, and
Carrion-Mero et al. [7] suggest that such partnerships can lead to the
co-creation of knowledge and promote sustainable development.

Collaboration between universities and governments is also essen-
tial. Paunovi¢ et al. [42] conducted a case study of the partnership be-
tween a German university of applied sciences and the local government
in a rural area. They found that the partnership facilitated the devel-
opment of a sustainable entrepreneurial culture in the region by
providing resources and support for local businesses and fostering an
entrepreneurial mindset among students and community members. The
researchers highlight the importance of the SDGs as a framework for the
partnership, which provided a shared language and vision for
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sustainable development, as well as a means of measuring progress.
Another example is the International Waste Platform, which is an
innovative and structured approach to encourage collaboration across
government, business, philanthropy, universities, nonprofit organiza-
tions, and citizens to reduce the impact of plastic debris and enhance
public awareness of the issue [31]. In addition, according to Vieira
Nunhes et al. [60], the synergy of collaborative endeavors amongst
universities, governments, and organizations can facilitate sustainable
development through innovative strategies and the exchange of
knowledge. Furthermore, incorporating civil society and local commu-
nities in collaborative initiatives is needed. Moreover, the partnerships
should be based on a shared commitment to sustainability and the
willingness for open dialogue and exchanging ideas.

Overall, universities have a crucial and pivotal role in advancing
sustainable development by forming strategic partnerships with gov-
ernments, organizations, and communities. Moreover, universities are
critical in contributing to the SDGs by conducting research, imple-
menting educational programs, developing policies, and initiating
innovation [48]. As the increasing demand for universities to expand
their horizons and assume more significant roles in collaborating with
the community and other external stakeholders to implement social
responsibility [34], university-driven coastal partnerships are worth
exploring more in addressing ghost gear.

3. Materials and methods
3.1. Context

Penghu is an archipelago located west of Taiwan Island, comprising
90 islands and reefs of varying sizes. According to the Penghu Country
Government [43], the islands display typical square mountain terrain
resulting from the eruption of basaltic lava from underwater volcanoes.
This terrain has undergone multiple slow movements on the sea floor
and has been shaped by the erosive effects of several sea-level fluctua-
tions over time, resulting in a relatively flat underwater landscape.
Penghu has the longest coastline in Taiwan, spanning 448.97 kilometers
[43]. The water depth generally increases as one moves away from the
coast, and the shallow areas receive sufficient sunlight throughout the
year, making it an ideal location for marine-related activities. However,
the ocean around Penghu County is plagued with ghost gear. Therefore,
since 2000, the Penghu County government has employed contracted
underwater personnel specifically to retrieve abandoned fishing nets
from the seabed, thereby causing the removal of obstructions in the reef
and artificial fishing net regions situated in the surrounding waters of
Penghu. Although the county government has persistently carried out
clearing operations for several years, human resources and expertise
constraints have hindered the underwater verification process. Conse-
quently, the efficacy of the operation can only be evaluated by relying on
the corroborating evidence furnished by the contractor and the number
of nets cleared.

The role of the university in serving society has been highlighted in
Taiwan. In 2017, the Ministry of Education launched the "University
Social Responsibility Practice Program" (USR program), which aims to
serve as a significant catalyst in bridging the gap between universities
and society. By promoting local identity and development, the USR
program seeks to align with the global community and realize its vision
[8]. Despite PGGCEP not being a project of the USR program, the au-
thors’ team adhered to the principles of USR in their efforts to serve
society. Therefore, the Center of Marine Affairs Studies of the National
Kaohsiung University of Science and Technology (NKUST) has collabo-
rated with and been commissioned by the Penghu County Government
to develop and implement PGGCEP. The project will not only enhance
the ecological environment of the Penghu marine ecosystem, but it will
also benefit the local fishing industry. Hopefully, this effort will serve as
a model for the sustainable management of Taiwan’s marine resources
and contribute to achieving global marine conservation and SDGs.
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The composition of the authors’ team comprises academics such as
professors, researchers, and assistants from NKUST. In addition, the
team includes professionals and professors from National Penghu Uni-
versity of Science and Technology, Feng Chia University, and the Na-
tional Museum of Marine Science & Technology as con-investigators or
consultants. We thoroughly investigated the various stakeholders
involved in the ghost gear issue at the project site. These stakeholders
include local government officials, fishers, diving store owners,
kindergarten and primary school teachers and students, tourism and
renewable energy business owners, environmental NGOs leaders and
members, and community opinion leaders. By including these diverse
stakeholders, the team ensured a comprehensive analysis of the issue
from multiple viewpoints. After identifying the relevant stakeholders,
our research team conducted individual and focus group interviews on
exploring potential collaboration opportunities for participation in the
PGGCEP. If the stakeholders were willing to collaborate with us, further
discussions were conducted to determine the specific methods and
extent of collaboration. This approach enabled the stakeholders to
become partners in the project. For example, following a meeting with
the principal of Fenggui Elementary School in Penghu County, she
agreed with the concepts and objectives of the PGGCEP. Consequently,
she arranged for students to attend our events, such as picture book
readings and toy theater boxes. Additionally, she assigned teachers to
assist in developing and implementing our instructional materials. As a
result, the teachers and students of Fenggui Elementary School transi-
tioned from being mere stakeholders to active partners in the project.

Ghost gear often exists below the sea surface, making it difficult for
ordinary people to observe. Underwater net removal requires special-
ized underwater operation expertise and is associated with significant
risks. The PGGCEP plays a vital role in the issue of underwater net
removal, transforming the conventional approach by integrating marine
education, professional underwater training, exhibition, and ghost gear
removal. This operational model is innovative and has set a leading
example in Taiwan.

3.2. Vision, objectives, and conceptual scheme of PGGCEP

The vision of PGGCEP is to establish a world where our oceans are
free from the detrimental effects of ghost gear and marine life can
flourish in a healthy and sustainable environment. This vision encom-
passes all stakeholders working collaboratively towards protecting and
conserving our marine ecosystems for future generations, ultimately
contributing to the achievement of SDG 14.

Accordingly, the primary objectives of PGGCEP are as follows: (1)
establish partnerships involving various stakeholders in the marine
environment. (2) raise awareness about the issue of ghost gear through
diverse educational activities targeted towards society at large. (3)
develop a volunteer team capable of cleaning up ghost gear, ensuring
future self-operation and sustainability in addressing this problem.

Based on the vision and objectives, the conceptual scheme of
PGGCEP comprises education projects, marine citizenship practices, and
awareness campaigns (Fig. 1).

3.2.1. Education projects

The education projects involve three subprojects: editing a Guide for
Ghost Gear Cleanup at Penghu Seas, forming a Ghost Gear Cleanup A-
Team, and implementing educational programs for local primary school
and kindergarten students in Penghu County.

The Guide for Ghost Gear Cleanup at Penghu Seas provides the
knowledge and skill foundations for ghost gear cleanup personnel.
Divers with sufficient capabilities may use this guidebook to understand
the issue of ghost gear in the Penghu Seas and the resulting hazards.

The formation of the Ghost Gear Cleanup A-Team aims to establish a
sustainable mechanism for ghost gear clearance operations in Penghu by
implementing various initiatives. The main focus is to establish a system
for recruiting, training, and incentivizing personnel for ghost gear
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Fig. 1. The conceptual scheme of PGGCEP.

clearance operations in the Penghu seas, to educate and train diving
professionals on the importance of ghost gear clearance and ensure their
safe participation in these operations.

The educational programs for local primary school and kindergarten
students utilize different pedagogical materials and methods, such as
ghost gear drama plays and podcasts, to encourage the younger gener-
ation to adopt pro-environmental attitudes and behaviors toward the
marine environment.

3.2.2. Marine citizenship practices

The marine citizenship practices consist of ghost gear cleanups,
shoreline debris cleanups, and CoralWatch workshops. The activities of
ghost gear cleanups align with the policies of the Penghu County Gov-
ernment and the central government. PGGCEP is committed to pro-
tecting fish habitats and ensuring the sustainability of coral reefs in the
Penghu seas by actively engaging in the removal of ghost nets. Through
the process of clearing ghost gear, the data of location, type, and
quantity of ghost gear will be analyzed and used for policy-making and
future actions.

Secondly, shoreline debris cleanup focuses on encouraging civic
groups in Penghu to participate in the volunteer team for debris removal
to conserve the coastal environment. As marine debris is a widespread
and preventable issue that affects the health and functioning of the
world’s aquatic ecosystems, education, and outreach programs are
considered essential solutions [49]. Therefore, during the cleanup ac-
tivities, PGGCEP intends to educate people on reducing the production
of marine waste, thereby improving the marine environment.

Lastly, CoralWatch training workshops have been held. CoralWatch
is a citizen science initiative that empowers individuals to monitor the
health of coral reefs; the program involves using a simple coral color
chart to record and report changes in coral color, which can indicate
stress or bleaching [13]. We have hosted workshops to encourage the
citizens of Penghu who are passionate about diving to monitor the
health of coral reefs. Participants in these workshops can better

understand the importance of coral reef conservation and the impact
their actions can have on the environment. Through these workshops,
we hope to empower the citizens of Penghu to become active stewards of
their local coral reefs. Moreover, we also launched philanthropic jour-
neys to advance this initiative, allowing tourists visiting Penghu to
promote coral reef health with us.

3.2.3. Awareness campaigns

Access to insightful and well-presented information is vital to raising
and maintaining environmental awareness [54]. The development of
activities in the specific environmental issue, which encourages a
confrontation with reality, contributes to a critical reflection among the
participants, fostering greater environmental awareness of biodiversity
and nature preservation. This effort, in turn, creates new and more
responsible attitudes and behaviors toward this theme [58]. Therefore,
during the implementation of the project, campaigns and activities were
developed for the general public and local fishermen to consolidate
participants’ knowledge of coastal and marine ecosystem biodiversity
and to raise awareness of the main threats, problems, and risks associ-
ated with ghost gear.

The awareness campaigns encompass two distinct subprojects. The
first involves a specialized exhibition on ghost gear prevention and
cleanup, showcased at the Art & Literature Center of Penghu Airport and
targeting the general public. The second is to organize workshops for
local fishermen residing in the Penghu Islands, designed to increase their
knowledge and awareness of the detrimental impact of ghost gear on the
marine ecosystem.

3.3. Research method

The primary objective of this study is to understand the extent to
which a university-driven project that addresses ghost gear pollution to
achieve SDG 14 has contributed to the SDGs through coastal partner-
ships. Therefore, this study adapts the methodology from Ferreira et al.
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[20], which is a three-step process. The first step is to evaluate the 2030
Agenda for Sustainable Development Report [57], where all 17 SDGs
and their respective targets were cautiously reviewed and analyzed. The
second step is to analyze PGGCEP actions and outcomes. The informa-
tion gathered from the previous two steps is precisely and comprehen-
sively analyzed to ascertain the number of SDGs the PGGCEP research
project contributes to and the degree of apparent correlation. According
to Ferreira et al. [20], the analysis is based on three criteria: (1) no
connection: the actions and outcomes of the project do not address the
target of the SDGs indirect connection; (2) indirect connection: the ac-
tions and outcomes of the project address the target of the SDGs indi-
rectly; (3) direct connection: the actions and outcomes of the project
address the target of the SDGs directly. The indirect and direct
connection between the project actions and outcomes is the contribution
to the SDGs.

Moreover, the participant observation method was utilized while the
authors were observers. This study referred to the methodology rec-
ommended by Iacono et al. [30]. This approach involved selecting a
research site and obtaining access, building rapport with the partici-
pants, observing and taking detailed notes on their behaviors and in-
teractions, actively participating in the activities of the observed group,
and subsequently analyzing the collected data through observation and
reflection. Therefore, during the observation, the authors took notes on
insightful situations, occasions, or scenarios related to the research
question of what is happening around us, and the results of observations
were discussed in the weekly meeting of PGGCEP. This method reduces
the gap between the researchers and the subject, increases the possibility
of uncovering new and relevant aspects of the research problem, and the
researchers may obtain more profound insights into the research prob-
lem’s practical implications [6].

4. Results and discussion
4.1. Project outcomes of PGGCEP

4.1.1. Education projects

The education projects aim to enhance the capacity and expertise of
personnel engaged in ghost gear cleanup operations and educate pri-
mary school and kindergarten students about the impact of ghost gear
and ocean conservation.

The Guide for Ghost Gear Cleanup at Penghu Seas is tailored to the
characteristics of the Penghu Seas based on the Dive Against Debris®
survey guides of the international Project AWARE Foundation [45]. The
initial release of our publication took place in 2020 [1]; however, the
subsequent years of 2021 and 2022 were dedicated to carefully revising
and modifying its contents. The guide editors comprised members of our
research team, officials from the Penghu County Government, and
experienced professionals from NGOs and the diving industry. The ed-
itors worked collaboratively with one another to refine and finalize the
contents of the guide. The main contents of the current version include
(1) an introduction to ghost gear, (2) the mission and capabilities of
underwater intelligence and clearance personnel; (3) mission proced-
ures, diving safety regulations, and crisis management strategies, as well
as equipment and device; (4) Ghost gear identification, work log
completion, and reporting; (5) Emergency notification and rescue; (6)
coral reef monitoring; (7) underwater photography.

Based on The Guide for Ghost Gear Cleanup at Penghu Seas, the
Ghost Gear Cleanup A-Team participants were trained by the guide
editors, who served as instructors. The eligibility requirements of ap-
plicants must be at least 18 years old and hold a valid open-water diving
certification with a minimum of 50 dives logged using scuba tanks.
Alternatively, advanced divers with experience in boats and deep diving
may apply if they have logged at least 50 dives. The requirements are set
because it is essential to have extensive diving experience to ensure
safety while exploring open-water environments. From 2020-2022, we
trained 42 volunteers for the "Ghost Gear Cleanup A-Team" from the
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volunteer firemen brigade, marine national park, dive stores, tourism
industry operators, and coastal protection NGOs. The training program
garnered attention from society and was reported by the local press in
Taiwan [11].

As to the task of educational programs aims to promote ocean
environmental education targeting kindergartens and primary schools.
Specifically, the approach involves providing prior knowledge on the
influence of ghost gear on ocean environments and the prevention
through picture books, videos, and lectures before conducting the
theatrical performances, including drama play, toy theater box, and
podcasts, thereby deepening the students’ understanding. Afterward, a
prize-winning quiz is held to evaluate students’ learning outcomes.
From 2020-2022, ten activities have been implemented, and the num-
ber of participants was 442.

Education plays a crucial role in enhancing public comprehension of
the ocean and the significance of its sustainability and achieving SDGs
[33]. Meanwhile, linking scientific knowledge and increasing
ocean-related educational resources available to school curriculums are
essential areas for improving ocean education practices. Freitas et al.,
($year$) [23]. As such, the results suggest that both the Ghost Gear
Cleanup A-Team and educational programs have made notable progress
in raising awareness, engaging volunteers, and educating the younger
generation about the issue of ghost gear in the Penghu Seas.

4.1.2. Marine citizenship practices

This category of PGGCEP encompasses three distinct activities: ghost
gear cleanups, shoreline debris cleanups, and CoralWatch workshops.

As for ghost gear cleanups, from 2020 to 2022, the volunteers trained
in Ghost Gear Cleanup A-Team" had cleaned over 400,000 m, approxi-
mately 100,000 kg of ghost gear in the ocean. This effort has been
recognized by the Penghu Country Government officials and County
Magistrate [44]. The results also align with the notion that directly
removing ALDFG is an essential remediation method (e.g., [12,18]).

Secondly, we invited enterprises such as KY Solar Co., NGOs like the
Chinese Taipei Underwater Federation, and local NGOs in Penghu,
including the Penghu International Diving Center, to participate in a
shoreline debris cleanup initiative. In 2022, the programs produced
favorable results, removing 130 kg of debris, comprising ghost gears,
from the shoreline [38].

For CoralWatch workshops, we have worked with the experts of the
National Museum of Marine Science & Technology in Taiwan to orga-
nize CoralWatch workshops. The main contents of the workshop
included basic coral ecology and coral bleaching, along with the
methods and practices for coral reef monitoring. In 2019, 35 persons
participated the workshop, and the participants included college stu-
dents, divers, journalists, and NGO members. In 2022, we recruited 30
diving store owners as voluntary prospective teachers to monitor the
health status of the Penghu reef area. After the training, we organized
philanthropic journeys while the previous CoralWatch prospective
teachers served as the instructors, and a total of 100 residents and
tourists joined the journeys to monitor and report the health status of
coral reef in 2019 and 2022. The outcome of this event has two impli-
cations: (1) empowering tourists to become citizen scientists can pro-
mote responsible tourism, which is a type of tourism that aims to
improve the destination experience for both tourists and local commu-
nities while minimizing any negative impacts on the environment,
economy, and society [9]; (2) through the CoralWatch, Penghu can
synchronize its reef health index with the rest of the world, and share its
findings with the global scientific community.

4.1.3. Awareness campaigns

The awareness campaigns in PGGCEP include a specialized exhibi-
tion and local fishermen workshop, which aim to improve knowledge
and awareness of the general public and local fishermen about the
threats of ghost gear to the marine environment.

The specialized exhibition, “Marine Revitalization Achievement
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Exhibition,” was about the significant outcome of PGGCEP, including
the education projects and marine citizenship practices which were
described in previous sections, with the media of posters, panels, videos,
and podcasts. The exhibition period was September 20th to 26th, 2022.
The exhibition was estimated to reach over 3500 people [38]. Drawing
on the arguments made by Cherdymova et al. [10], who suggest that
environmental exhibitions can enhance environmental consciousness
and knowledge, it is likely that the "Marine Revitalization Achievement
Exhibition" played a pivotal role in showcasing the outcomes of PGGCEP
and informing the public about the significance of marine conservation
efforts. By presenting the progress in tackling ghost gear pollution and
promoting marine citizenship, the exhibition likely inspired and
encouraged visitors to act in their own lives toward protecting the ma-
rine environment.

Regarding the local fishermen workshop, we collaborated with of-
ficials from Penghu County Government to organize a workshop about
the measures to respond to the fishing gear loss on July 18th, 2022, with
25 fishermen participating in Penghu Islands [38]. In the workshop, we
emphasized that accidentally losing fishing gear will not result in pun-
ishment by the authorities, and the fishermen are encouraged to report
lost nets as soon as possible. This approach is hoped to significantly
reduce the environmental harm caused by lost gears in the ocean.

4.2. The contribution to SDGs

According to our analysis, PGGCEP has contributed to 6 SDGs and 9
indicators. The findings exhibit that PGGCEP has contributed to the
SDGs of quality education, gender equality, decent work and economic
growth, and reduced inequalities in achieving SDG14 life below water
through the university-driven coastal partnerships, which corresponds
with SDG17 partnerships for the goals.

4.2.1. Partnerships for the goals

The SDG17 partnerships for the goals, aims to revitalize the global
partnership for sustainable development [57]. The specific target ach-
ieved by PGGCEP is indicator 17.17, to encourage effective partnerships,
in which the goal is: encourage and promote effective public,
public-private and civil society partnerships by 2030. The PGGCEP has
involved various stakeholders related to ghost gear pollution and marine
environment in Penghu Islands to build coastal partnerships for ocean
sustainability. The partnerships are driven by the PGGCEP team from
NKUST through tight connections with local government, enterprises,
NGOs, community residents, fishermen, primary schools, and kinder-
gartens. The outcomes and success have been built upon this coastal
partnership.

4.2.2. Life below water

The SDG14 life below water, promotes to conserve and sustainably
use the oceans, seas, and marine resources [57]. The major contributions
of PGGCEP to the SDGs fall into this goal. The targets achieved by
PGGCEP include indicator 14.1 reduce marine pollution, 14.2 protect
and restore ecosystems, 14.4 sustainable fishing, and 14. A increase
scientific knowledge, research and technology for ocean health. The
program of ghost gear cleanup personnel training and cleanup practices,
shoreline debris cleanup events, and CoralWatch workshops have
directly contributed to the indicators of 14.1, 14.2, and 14.A. The local
fishermen workshop has accomplished indicators 14.1, 14.2, and 14.4.
The educational activities for students have achieved the indicators of
14.1 and 14. A directly, while also contributed to 14.2 and 14.4 indi-
rectly. This is because, based on our experiences, it is shown that the kids
might ask their parents or grandparents of fishermen to pay attention to
the pollution of ghost gear. Moreover, the specialized exhibition has
achieved indicators 14.1 and 14. A because it has drawn on the impact of
ghost gears on the marine ecosystem to the general public.
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4.2.3. Quality education

The SDG4 quality education is to ensure inclusive and quality edu-
cation for all and promote lifelong learning [57]. The specific target
achieved by PGGCEP is indicator 4.7 - education on sustainable devel-
opment and global citizenship, in which the goal is: by 2030 ensure that
all learners acquire the knowledge and skills needed to promote sus-
tainable development. PGGCEP has solid educational value, which was
established in collaboration with local government, enterprises, and
community stakeholders, as well as primary schools and kindergartens.
Moreover, PGGCEP has incorporated education and skills-building to
foster active and responsible citizens throughout the education projects,
marine citizenship practice, and awareness campaigns related to ghost
gear cleanup and marine conservation; thus, it should be feasible to
accomplish this target.

4.2.4. Gender equality

The SDG5 - Gender equality, is to achieve gender equality and
empower all women and girls [57]. The specific target achieved by
PGGCEP is indicator 5.1 - to end discrimination against women and
girls, in which the goal is: by 2030 end all forms of discrimination
against all women and girls everywhere. The educational materials and
products developed by PGGCEP have been precisely crafted based on
gender equality. These materials were designed with equal consider-
ation for both male and female participants, with the explicit intention
of deconstructing the entrenched stereotype of fishing villages where
men are traditionally regarded as superior to women, despite most
fishermen being male. Furthermore, PGGCEP has focused on inclusive
participation in educational activities, community citizen practices, and
awareness campaigns to promote gender equality and to create an
environment that is welcoming to all, irrespective of gender. Conse-
quently, the participation of women and girls has been encouraged
without any form of prejudice.

4.2.5. Decent work and economic growth

The SDG8 decent work and economic growth, is to promote inclusive
and sustainable economic growth, employment, and decent work for all
[57]. The specific target achieved by PGGCEP is indicator 8.9 - promote
beneficial and sustainable tourism, in which the goal is: by 2030, devise
and implement policies to promote sustainable tourism that creates jobs
and promotes local culture and products. The PGGCEP has utilized the
CoralWatch workshops for training local diving shop owners as pro-
spective teachers, enabling them to lead diving tourists in coral health
monitoring and reporting, thereby promoting responsible tourism in
Penghu Islands. In addition, the media coverage on PGGCEP, like the
formation of Ghost Gear Cleanup A-Team, shoreline debris cleanup ac-
tivities, and the specialized exhibition, has also helped to achieve the
goal, as the total news coverage from the year 2020-2022 was 120 posts
on social media. Previous research has demonstrated that the media
plays a significant role in shaping government environmental policy and
increasing public awareness of environmental issues (e.g., [47,61]).
Therefore, PGGCEP should have raised the awareness of the government
and civil society on the issue of ghost gear, promoting local sustainable
tourism consequently.

4.2.6. Reduced inequalities

The SDG10 reduced inequalities, aims to reduce inequality within
and among countries [57]. The specific target achieved by PGGCEP is
indicator 10.2 - promote universal social, economic and political in-
clusion, in which the goal is: by 2030, empower and promote the social,
economic and political inclusion of all, irrespective of age, sex,
disability, race, ethnicity, origin, religion or economic or other status.
The programs of PGGCEP have been designed for different groups
regarding age, skill, and occupation. For instance, participants of the
ghost gear cleanups should be trained and join the Ghost Gear Cleanup
A-Team; educational activities like drama plays and toy theater box
performances are only for primary school and kindergarten students.
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Meanwhile, the special exhibition displayed in the Art & Literature of
Penghu Airport is open and accessible to the public regardless of age,
gender, disability, race, ethnicity, origin, religion, or economic
condition.

4.3. Future directions for PGGCEP

Based on the outcome analysis and operating practices, we offer the
following suggestions to enhance PGGCEP in the future.

First, continuous refinement of the ghost gear cleanup program
should be implemented. Considering the needs of participants for a
longer duration for the classes within the program, our future courses
will categorize our specialized courses as elective courses, such as Cor-
alWatch and underwater photography, to enable participants to be more
engaged in the core expertise of ghost gear cleanup knowledge and
skills. This approach allows customized training based on the interests
and expertise of the participants; meanwhile, it also enhances the rich-
ness and quality of the courses, thereby improving the program’s
quality.

Second, the web page for underwater ghost gear and ecology infor-
mation in Penghu Islands should be developed. The current data on
ghost gear cleanup is recorded in written work logs and requires manual
conversion into digital data for processing and analysis, resulting in a
lack of real-time information and making it difficult to preserve or
transfer data. Therefore, it will be necessary to develop an information
webpage for ghost gear clearance records and notifications, so that
during future implementation of ghost gear clearance or when fisher-
men encounter fishing gear loss at sea, they can record and report the
information as soon as possible. This approach might improve the ac-
curacy and timeliness of clearance information, thereby minimizing the
degree of ecological harm caused.

Third, the operation of marine ecological patrol can be enhanced.
The PGGCEP can utilize the present partnership network to form a better
marine ecological patrol team with ghost gear cleanup volunteers, dive-
store owners, and local fishermen with the assistance of the web page
previously mentioned.
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Last, the quantity and quality of local teachers for marine education
should be enhanced. The teaching materials on ghost net removal and
marine education for the local Penghu Islands are insufficient, resulting
in a shortage of professional teachers and a lack of quality educational
resources. Therefore, PGGCEP will focus more on developing diverse
instructional materials for school-based curricula and activities. This
approach is expected to cultivate a sense of coastal conservation in
students and nurture the seeds of marine sustainability for the future.

5. Concluding remarks: the framework of university-driven
coastal partnerships to address ghost gear pollution

According to the experience of PGGCEP, we propose an initial
framework of the university-driven coastal partnerships for addressing
ghost gear pollution, including 4 phases (Fig. 2). First, the university
should investigate the local issues and build a strong connection with
relevant stakeholders based on its expertise. Second, different concep-
tual schemes should be designed to engage stakeholders as much as
possible. When addressing ghost gear pollution, it is essential to consider
the various knowledge, attitudes, and skills different stakeholders can
bring. The success of such efforts will depend on the level of engagement
and contributions from various individuals and groups. This study sug-
gests that education projects, citizenship practices, and awareness
campaigns can be utilized. Third, the outcomes of the project should be
analyzed in light of SDGs. This analysis should consider the various
SDGs relevant to the project and evaluate the extent to which the project
has contributed to their achievement. Lastly, the outcome analysis can
serve as a basis for justifying any necessary modifications or future di-
rections of the project. During the four-phase operation, the university
should continue building mutual trust with the stakeholders, maintain a
neutral standpoint, and be problem-based and place-based to demon-
strate to stakeholders that it is worthy of being the platform for the
stakeholders related to ghost gear issues.

The proposed framework is inspired by Liu [34], who has indicated
that universities can act as facilitators to aid coastal communities in
various aspects, such as self-management, marine environment and
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Fig. 2. The framework of the university-driven coastal partnerships for addressing ghost gear pollution.
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resource management, local industry development, and ultimately
fostering sustainable community development. Compared with previous
studies in coastal partnerships (e.g., [21,28,40,62]), this framework
highlights the university-driven mechanism, which has the potential to
enable universities to serve as sustainable anchors and effectively drive
impactful change through conviction, intention, and guiding principles
centered on social justice, equity, and respect for the values of local
communities [4].

For future research, this framework can be enhanced and validated
by applying more rigorous scientific methods. For instance, the meth-
odology of critical realism can be utilized, which was developed by
Bhaskar [3] and aims to provide a framework that guides research in
explaining social phenomena [41]. By adopting the critical realism
approach, we can better understand the mechanisms underlying in-
teractions and relationships between stakeholders during project
implementation. Another possible method is to conduct surveys on
participants of events and activities such as ghost gear cleanup programs
and environmental education activities for local schools, utilizing a
statistically rigorous approach such as pre-post testing to analyze the
effectiveness of these programs on various environmental-related vari-
ables (i.e., ocean literacy, ecosystem services awareness, and awareness
of SDGs). Additionally, exploring the relationships between the tested
variables can be a potential research direction. In conclusion, the
framework of the university-driven coastal partnerships for addressing
ghost gear pollution can be seen as the very first attempt to address ghost
gear pollution through university-driven coastal partnerships, and this
framework may lead to future research and practices to achieve ocean
sustainability.
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