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ABSTRACT - In recent years, an increasing number of research projects involved non-
scientist members of the community as ‘citizen scientists' in science research projects.
This study was done with the following objectives: 1) to identify individual marine turtles in
Boracay Island; 2) to identify specific areas around Boracay island where marine turtles were
sighted; and 3) to demonstrate the application of citizen science as a participatory approach
for studying the marine turtle population in a specified location. Invitations to participate
in the turtle identification project were sent to dive shops and disseminated through social
media. Divers contributed photos used for photo identification of individual marine turtles
using the unique pattern of scutes on the left side of the marine turtle's head. Through citizen
science, this study was able to identify ten resident marine turtles (nine live and one dead)
over a three-month period (February — April 2016). Eight turtles were encountered underwater
during dives and two were found stranded. In total, five green turtles (Chelonia mydas) and
five Hawksbill turtles (Eretmochelys imbricate) were identified. Most of the turtle encounters
were in Baling-Hai Reef, suggesting that this reef has an important role as a possible habitat
or feeding ground. Considering the recent move taken by the government to temporarily close
Boracay to tourists to allow rehabilitation and restoration of the island, the identification of
marine turtles in certain locations underscores the importance of restoring and protecting
not only the beaches but also the reefs and surrounding areas for the protection of the marine
turtle population. Through information provided by citizen science and evidence generated
through photo-identification of marine turtles, proof of existence of the marine turtles in
Boracay should spur the LGU and the community to initiate and sustain conservation efforts
such as the creation and implementation of Marine Protected Areas (MPA) in areas where
marine turtles abound.
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INTRODUCTION

Marine turtles are air-breathing reptiles that spend most of their lives in the ocean after
hatching, especially the males that stay underwater for the entirety of their lives. For marine
turtles, their long flippers are used for swimming, unlike freshwater turtles (terrapins) that use
legs or webbed claws. Population ecology research on sea turtles around the world primarily
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focuses on nesting beaches where female turtles lay eggs and on population growth. Other
researches focus on turtle's foraging grounds but rarely on their movement and behavior in
the open sea.

There are seven existing species of marine turtles in the world that have been identified,
with five of these species found in the Philippines. These include the green turtle (Chelonia
mydas), hawksbill turtle (Eretmochelys imbricata), olive ridley turtle (Lepidochelys olivacea),
leatherback turtle (Dermochelys coriacea), and loggerhead turtle (Caretta caretta) (MWWP,
2014). Among the five marine turtles, three species of turtles are widely distributed
throughout the archipelago namely green, hawksbill, and olive ridley turtles (MWWP, 2014).
The International Union of Conservation of Nature (IUCN) lists green turtles as endangered,
hawksbill turtles as critically endangered, and the loggerhead, leatherback and olive ridley
turtles as vulnerable (IUCN, 2016).

Marine turtle conservation in the Philippines is quite challenging given that marine turtles are
spread across the archipelago, divided by seas and different coastal areas and communities.
Effective ways for management and conservation of wildlife population, particularly marine
turtles, requires baseline data on the population demographics (Caughley, 1996). Ecological
and conservation research starts with the ability to identify individuals within the population
(Thompson et al., 2000). Mark-recapture techniques on sea turtles are done through tagging
to identify individuals. This entails cost and requires trained individuals to attach tags.
Moreover, tagging is an invasive method that may cause disturbance and discomfort in
turtles (Shanker et al. 2003).

Analternative technique for identifying individual marine turtles is through visual identification
or photo identification (photo ID). In contrast to tagging, the photo ID method used to visually
identify the individual turtles through scale patterns is non-invasive to the animals, minimizing
the chances of stressing the animals (Schofield et al. 2008). The method utilizes the facial
scute patterns of different species of sea turtles: hawksbill, green and loggerhead turtles
(Chassagneux et al., 2013; Feliz et al., 2013; Jean et al., 2010; Lloyd et al., 2012; Reisser et
al., 2008; Schofield et al., 2008). The primary assumptions underlying the photo ID are (i.)
the unique pattern characteristic of each individual is different and (ii.) the unique pattern
is stable over time (Chew et al., 2015). Compared to expensive and stress-inducing tagging
methods, photo identification method through citizen science reduces cost and are relatively
stress-free when done according to appropriate guidelines, as it only depends on the natural
markings on the head that are photographically captured to identify the individual and track
for future re-sightings (Reisser et al., 2008).

In recent years, an increasing number of research projects have employed ordinary members
of the community as ‘citizen scientists'. In Maldives and Koh Tao in Thailand, a citizen
science project on marine turtles is active among the diving community using social media
- Facebook Group where they could upload their photos for photo ID. In the Philippines,
individual identification of marine turtles through photo ID has been initiated by a non-
government organization (NGO) called Large Marine Vertebrate (LAMAVE) Research Institute
Project in Oslob, Central Visayas through trained volunteers.

In this study, the diving community became citizen scientists. They become significantly
helpful and cost-effective monitoring agents for research (Ecocean, 2016). Any individual
can help the research by photographing and submitting to the researcher the photographs
of the turtle's head with the unique scale patterns useful for its identification.

In December 2015 within a span of just one week, nine dead marine turtles were reported
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at different sites in Boracay Island (Maiquila-Asis, 2015). On two separate instances, there
were two marine turtle strandings in which one of them was found dead and the other one
was weak and struggling. In April 2016, another dead marine turtle was found in a state of
decomposition with a broken carapace (Figure 1), suspected to have been caused by a water
vessel strike (MWWP, 2016). These reports of turtle mortality highlight the importance of
establishing a baseline on the marine turtle population in Boracay. It will also, in the long
run, help to conserve the turtles of Boracay by increasing the awareness of the stakeholders
(divers, tourists, government, academe, researcher, non-government organization, etc.) in
the conservation of marine turtles in the island. The research is also a chance for the diving
community on the island to get involved in the conservation of Boracay's marine resources.
Their involvement coupled with available technology and the power of social media can
be a start for sustainable citizen science initiatives in Boracay Island. Data from trained
volunteers or seasoned divers will be an important contribution to monitor the presence of
marine turtles in Boracay Island.
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Figure 1. Screen capture of Marine Wildlife Watch of the Philippines (2016) report on marine
turtle stranding with broken carapace.

The research study has the following objectives:
1. toidentify individual marine turtles in Boracay Island,;
2. toidentify specific areas in Boracay island where marine turtles were sighted,;
3. to demonstrate the application of citizen science as a participatory approach for
studying the marine turtle population.

METHODOLOGY
A. Study Site

Boracay is an island (Fig. 2) 315 km south of Manila (the capital of Philippines) situated in
the municipality of Malay, in the province of Aklan, Philippines. Its geographical coordinates
are N11056'- 120 00 North, E121054 — 121057' East (CLUP, 2008). With an area slightly more
than 1000 hectares and only 7 kilometers long, Boracay is a small island famous for the
powdery white sand of its Long Beach (also known as White Beach). Uplifted remnants of
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two ancient reef platforms covering the shallower areas of Sibuyan Sea explains the features
of Boracay's physical environment. Continental shelves were formed connecting the two
separate islets together from the uplifting and deposition of calcium carbonate thus forming
the shape of Boracay Island. Since the late 1980s, Boracay has become a popular destination
for local and international tourists. The rapid development of tourism, unrestrained building
construction and poor waste and sewage disposal, together with widespread construction
of boat moorings as well as illegal and unsustainable fishing methods to cater to the
increasing demand for seafood for tourists has contributed to the degradation of its coral
reefs (Rowan, 2011). While Boracay is known world-wide as a top island/beach destination
in the world (Senate of the Philippines, 2014), the national government finally recognized
the dire environmental situation in the island and undertook the drastic step of completely
closing the island to tourists for most of 2018.

Boracay Location Map

M
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Figure 2. Map of the Philippines showing the location of Boracay island.
B. Data Collection

Data gathering involved getting the help of the diving community in Boracay Island. An
extensive information campaign was done in different dive shops on the island to promote
the project and gain the participation of the diving community. Social media was also used
to promote the campaign. Archived photographs taken by the divers and social media photos
posted on divers' Facebook accounts were used in this research. Divers either sent the file
via Facebook messaging or sent directly to the primary investigator using an online link of
the photos. Data collection was conducted during the months of February to April 2016. As
the time stamp from photos downloaded from Facebook could not be retrieved, the time and
date records of each photo were excluded. However, for future submissions, time and date
information will be requested.
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Photos of the left side of the head of marine turtles were obtained from the diving community
and used for the study. Letters of request were personally sent to the dive shops, together
with the printed poster of the study guidelines. Photographs were collected from different
sources and transmitted to the researcher electronically. Two divers sent photos directly
using Facebook messenger, one posted on the Facebook group, and most of the other files
were gathered from the dive shops' Facebook pages or divers' Facebook pages.

Turtle photos were taken during the dive using an underwater camera or a regular camera
fitted with underwater housing. The ideal photos used for the photo ID were those taken on
the left side of the marine turtles' body that allowed adequate visualization of the scutes on
the side of the turtle's head.

The guidelines for photo submissions specified that ideally, photos of the left and right sides
of the head of the marine turtles in turtle encounters will be collected and used for the study.
However, due to the incomplete photos of both left and right sides of the turtles that were
eventually obtained, a decision was made during the analysis that only the photos of the left
side of the head will be used to standardize the photo ID of the individual turtles.

C. Individual Photo Identification

Each turtle photo was compared manually to see if there were matches (i.e. duplicate images
of the same turtle). The matching of the individuals was standardized using only the left side
of a turtle's head to avoid duplication in the database. The position, shape and markings
of the scutes were used to match the individuals (Figure 3, turtle 1 is matched to turtle 3).
Unmatched photos were assigned as a new individual in the photo identification database.
To establish the photo ID of each individual marine turtle, the shape and arrangement of
facial scutes were compared (Reisser, 2008). The results were then verified by a team of
scientists from the Large Marine Vertebrate Research Institute Philippines. These photos
could then be used in the future where additional citizen science photos can be matched to
the existing database

a. Turtle 1 b. Turtle 2 c. Turtle 3

Figure 3. Photos of marine turtles matched using the shape and arrangement of the scutes.
D. Species Identification
A marine turtle species identification key was used (National Oceanic and Atmospheric

Administration, 2014) to identify the species of a submitted marine turtle photo. The turtle's
head was also used for photo ID of individual marine turtles.
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RESULTS
A. Identification of Individual Marine Turtles

Through the participation of the diving community, photos posted on diver's social media
pages or submissions received via Facebook from divers were accessed. In total, 18
photographs of individual turtles' heads were gathered, 7 photographs of the right side and
11 photographs of the left side. For this study only 11 left side photos were considered for
consistency. The same individual turtle was sighted and documented twice (Table 1).

B. Submitted & Collected Photos

A total of eighteen marine turtle photographs from social media (Facebook page) of the
divers or dive shops were submitted/collected. In the compiled photographs of the turtles,
there were differences in the angles or profiles in the way the turtles' heads were visible for
identification. Given this challenge, the investigator decided to use only the photographs that
clearly showed the left side of the turtles' heads, of which there were a total of 11 photographs.
The distinct shape and arrangement of facial scutes enabled the identification of 10 unique
turtles using the method described by Reisser (2008). Table 2 shows the sources and tally
of the turtles included in the analysis. This included one turtle found stranded and dead
by a non-diver while the remaining nine turtles were photographed underwater The dead
turtle was identified and included in the database for reference of future submissions from
previous diving encounters. A photo of a marine turtle was submitted by a non-diver who
was present at a stranding in Boat Station 3 (Table 2). In total, the study was able to identify
ten turtles (nine live and one dead) based on the photographs.

Table 1. Tally of marine turtles (Chelonia mydas & Eretmochelys imbricata) sightings used
for individual photo ID and species identification.

Assigned ID No. Species ID Source of Photo Location

BMT 01 Chelonia mydas Dive Shop's Face- (Not provided)
book Page

BMT 02 Eretmochelys imbricata | Dive Shop's Face- (Not provided)
book Page

BMT 03 Eretmochelys imbricata | Diver Baling-Hai Reef

BMT 04 Chelonia mydas Diver Baling-Hai Reef

BMT 05 Eretmochelys imbricata | Dive Shop's Face- (Not provided)
book Page

BMT 06 Chelonia mydas Researcher (Strand- | Bulabog Beach
ing on beach, dead)

BMT 07 Chelonia mydas Non-diver (Stranding | Boat Station 3
on beach, alive)

BMT 05 Eretmochelys imbricata | Diver (Not provided)

BMT 08 Eretmochelys imbricata | Diver (Not provided)

BMT 09 Chelonia mydas Diver Baling-Hai Reef

BMT 10 Eretmochelys imbricata | Diver Baling-Hai Reef

Total C. mydas = 5,

E. imbricata=5
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Table 2. Tally of marine turtle photo submission, ID and source with tally of source (D=Diver,
R=Researcher and ND=Non-diver).

Total Submissions Analyzed 11

Diver 9

Source Researcher 1
Non-diver 1

The visual comparison of the left side of the head photo showed that the turtles’ database
(Table 3) have unique and specific facial scute patterns of both shape and arrangement,
which allowed reliable and easy recognition of individuals. The unique scute patterns on
each of the turtles that were photographed provided the information that at least ten marine
turtles inhabit the study site.

Table 3. Photos gathered through citizen science were used to create databases.

BMT 01 BMT 02 - BMT 03

Chelonia mydas Eretmochelys imbricata Eretmochelys imbricata
Retrieved from Scotty's Dive | Retrieved from Calypso Dive | Submitted by Eric Estrada
Facebook Facebook Location Baling-Hai Reef
Location (not provided) Location (not provided)

BMT 04 BMT 05 (sighting 1) BMT 06
Chelonia mydas Eretmochelys imbricata Chelonia mydas
Submitted by Eric Estrada | Retrieved from Calypso Dive Photo by researcher
Location Baling-Hai Reef Facebook Bulabog (Stranding)
Location (not provided)
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Table 3. Photos gathered through citizen science were used to create databases(cont'd...)

BMT 07
Chelonia mydas
Submitted by Guinting
(Non-Diver)
Station 3 (Stranding)
Location (not provided)

BMT 05 (sighting 2)
Eretmochelys imbricata
Submitted by Raswan Sock-
ol
Location (not provided)

BMT 08
Eretmochelys imbricata
Submitted by Raswan Sock-
ol
Location (not provided)

BMT 09
Chelonia mydas
Submitted by Domingo
Villete
Location Baling-Hai

BMT 10

Eretmochelys imbricata
Submitted by Junell Duapa
Date April 22, 2016
Location Baling-Hai
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C. Matched Individual Turtles
Two submitted photos matched and were determined to be from the same individual (Table

4).

Table 4. Two submitted photos of the same individual marine turtle.

. T
BMT 05 (sighting 1) BMT 05 (sighting 2)
Eretmochelys imbricata Eretmochelys imbricata
Retrieved from Calypso Dive Facebook Submitted by Raswan Sockol
Location (not provided) Location (not provided)

D. Identified Species

Guided by a marine turtle species identification key, five individuals were identified

as C. mydas and five individuals were identified as E. imbricata from all the 10 photo
submissions analyzed. From the divers' submissions, three were identified as C. mydas
and six were E. imbricata. Two other individuals were identified as C. mydas (Table 4). Two
photos of E. imbricata were found to be from the same individual. Thus, the study found a
total of five E. imbricata and five C. mydas in Boracay Island.

Table 4. Tally of marine turtle photo submission according to species identification and
tally of source (D=Diver, R=Researcher and ND=Non-diver).

Species ID Chelonia mydas Eretmochelys imbricata
Diver 3 5
Researcher 1 0
Source -
Non-Diver 1 0
Total Species ID 5 5

E. Location of Identified Individual Turtles
Through citizen science, the study determined six different turtle locations, while five

submissions had no locations provided. Turtles were spotted in the Baling-Hai Reef Wall
while the other two were strandings on Bulabog Beach and Boat Station 3.
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DISCUSSION
A. Significance of Citizen Science in Biodiversity Conservation

Global threats to biodiversity have underscored the importance of the need to generate
historical and current data on as many species as possible — whether plant or animal; marine,
freshwater or terrestrial. Information on the status and distribution of species diversity are
essential for assessing changes, designing and monitoring environmental management and
conservation efforts, and evaluating overall progress in biodiversity conservation (Boakes et
al, 2010). Clearly, the task of collecting and managing such a massive database of information
is fraught with numerous technical and operational challenges. The cost and technical skills
required; the sources, availability and timeliness of information, and data quality are just a
few important considerations in building such a database. The sheer magnitude of this effort
dictates that government agencies, non-government organizations, academic and research
institutions, and local communities work together and utilize all possible sources of data
and information. This includes tapping into citizen science, described as the participation
of volunteers in “some or all aspects of environmental assessments” (Chandler et al, 2017).

In the Philippines, citizen science has contributed to building the information database
in biodiversity assessment and monitoring. Citizen science has been instrumental in
the identification of new plant and animal species, assessing ecosystem services, for
environmental education and generating greater involvement of local communities in natural
resource management (Barcelona et al, 2014; Ateneo de Manila University, 2018; Schroter et
a,l 2017; Danielsen et al, 2006). An impressive digital database of Philippine flora has been
established and is a testament to the contribution of noted Filipino botanists and the role
of citizen science in identifying and documenting plant biodiversity in the country (Pelser,
Barcelona & Nickrent, 2011). Similarly, citizen science has been applied in marine biology
studies. For example, data and information obtained from the application of citizen science
and photo-identification in whale sharks in Leyte and Cebu waters has fed into the global
database for this endangered species and the identification of global hotspots (Norman et
al, 2017).

B. Citizen Science and Marine Turtles

Photo-identification of marine turtles (Chelonia mydas) at a site in Oslob, Cebu, Philippines
has been previously done by Araujo and colleagues (2016). The authors found that photo-
identification of facial scutes in individual turtles is a valid minimally invasive technique for
identification and analysis in C. mydas species. The data generated by their study also made
it possible to identify the site as an important developmental habitat — information that is
clearly crucial for protection and conservation efforts.

This marine turtle citizen science project in Boracay relied on the contributions of the diving
community since they had the unique skills and equipment that enable them to have direct
access to the diving sites where individual marine turtles had been sighted in the past. Prior
to the study, marine turtle encounters were common in Baling-Hai Reef. This was confirmed
in this study, since four marine turtle encounters at Baling-Hai Reef were reported during
the study period. Based on past studies (Ledn, 2002; Blumenthal et al, 2009), it is possible
that the turtles encountered in Baling-Hai reef could be residential turtles or foraging due
to the availability of food sources in the reef. In the long run, divers can be encouraged to
share more turtle photos, together with information on the location or dive site, as well as
information on the depth and time of the marine turtle sighting. In the future, software photo
identification or laser photogrammetry (Araujo et al, 2016) could also be used to enhance the

Journal of Management and Development Studies 8 10



Population Survey of Marine Turtles in Boracay Island, Philippines Using a Citizen Science Approach

accuracy of the findings.

Starting up this project in collaboration with the diving community was initially a challenge
since the divers have other work commitments. Poster guidelines on how to get the proper
photos for photo ID were developed, posted online and printed for posting in the dive shops
for wider information dissemination about the project and to generate support from volunteer
divers. The information poster also invited divers to send previous photos taken before the
study period as long as they met the criteria for photo ID.

C. Utilizing Marine Turtle Data and Information Derived from Citizen Science

This was a small study that sought to generate preliminary data on marine turtles in Boracay
island. The findings were able to validate the existence of a small turtle populationin this highly
popular tourist attraction. The number of turtle encounters proximate to Baling-Hai reef also
suggest the important ecological importance of the reef for the marine turtles. Information
derived from citizen science initiatives such as this study can be used to create a sense of
ownership and stewardship not only among divers but also with the local government and
the wider community. These initial findings can be built upon and updated over time, with
the possibility of attracting more citizen scientists to become actively involved, not only as
collectors or documenters of marine turtle photographs and information, but as community
conservation advocates as well. In Boracay's local communities, information about the
existence of marine turtles and their habitats as well as environmental threats can be
disseminated to enhance knowledge and understanding about the importance of protecting
and supporting the marine turtle population among fisherfolk, children and adult residents,
as well as tourists in the island.

Two marine turtle species were identified in this study: the green turtle (Chelonia mydas) is
listed as endangered and the hawksbill turtle (Eretmochelys imbricata) is critically endangered
(IUCN, 2018). Marine turtles are distributed across the globe and are increasingly under
threat from a variety of environmental factors that include climate change, overdevelopment,
pollution, and uncontrolled utilization of eggs, meat or turtle products (Mast et al., 2005).
Having a database that describes the status, population sizes, morphology, reproduction,
trends, habitat conditions and specific environmental threats is critical for site-specific
risk assessment and for mounting effective conservation efforts. An online platform called
the “State of the World's Turtles” (SWOT) developed by the Marine Geospatial Laboratory
in Duke University USA is a prime example (Kot et al., 2015). Clearly, the task of compiling
and maintaining a database of such size and dynamicity is difficult to achieve by a single
research or survey initiative. Citizen science presents an opportunity to contribute data and
information to this database that serves as the foundation for local or global conservation
efforts. For this reason, the ten individual turtles identified in this study can be tracked by
future citizen scientists. Even the dead marine turtle was also included in the photo ID and in
the database of this study for future reference for previous marine turtle sightings in Boracay
as it may match a photo taken before it died. In the future, repeated sightings and records of
the marine turtles identified in this study and any new additional individuals at specific dive
sites might also help give information on reproductive patterns, trends, or environmental
threats.

CONCLUSION
Through citizen science it was possible to validate the presence of individual marine turtles

in Boracay using photo-identification. This study utilized the unique pattern of facial scutes
found on the turtles' heads to identify individual turtles and duplicate photographs of the
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same turtle could thus be determined. The unique facial scute patterns of each turtle were
determined using a taxonomic species identification key. In addition, results were verified by
a team of scientists from the Large Marine Vertebrate Research Institute Philippines. Using
this minimally-invasive technique to document individual marine turtles, the study was able
to identify ten resident marine turtles in the waters off Boracay island. Unfortunately, one of
the ten turtles was found dead as it was stranded. This highlighted the perils and threats to
survival of the local marine turtle population in a rapidly developing and popular tourist area.
The findings also showed the existence of at least two different species of marine turtles
— the green turtle and the hawksbill turtle — listed globally as endangered and critically
endangered, respectively. Most turtle sightings were in Baling-Hai reef, thus underscoring
the importance of protecting and sustaining this ecosystem as part of the overall restoration
and rehabilitation efforts being undertaken by the government in Boracay.

This study has demonstrated that involving community volunteers and the collection of
turtle photographs for photo identification using the citizen science approach can contribute
to the generation of information, knowledge and support for the broader area of marine
conservation. In the future, the availability of additional data (e.g. photos of both sides of
the head, location/ dive site, depth, and time) would be helpful for this effort in addition to
the photos already collected. Species identification could be facilitated and enhanced with
the help of turtle experts in the field. To create a more comprehensive marine turtle database
through citizen science, more volunteer divers can be recruited and trained on the nuances
of correct photo identification of the turtles' carapace and the left and right sides of the head.
The unique features of each turtle in these photographs can then be used by a turtle expert for
identification. While this study is preliminary, there is good potential for additional research
in the future that builds upon the initial findings and expands the utility of the database
for conservation efforts. Lastly, modern technology and the internet give an opportunity to
widen the reach of information about marine turtles of Boracay and how to be involved in
the citizen science project of Boracay Island. This approach can also provide information
about environmental threats, status and issues, as well as stakeholders initiatives to help
minimize the anthropogenic impact on Boracay's vulnerable and finite natural resources.
Ultimately, greater involvement of the citizens in making updated information available on
marine turtles and their habitats should spur the LGU and the community to initiate and
sustain conservation efforts in the creation and enforcement of Marine Protected Areas
(MPASs) in Boracay where marine turtle populations are found.
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