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Abstract. Tourism is becoming more important economic
in many countries, yet its continued expansion has led
to concerns over environmental impacts. Tourist activities
can cause a direct impact on the marine environment. The
aim of this study was to develop a new coral reef monitoring
method for citizen science in Thailand to assess coral reef
conditions on a large scale, which supports coral reef
management. The coral reef monitoring consists of at
least 20 representative photos from each reef site. Each
photo should be taken from top view of the coral reef,
approximately 2 meters distance. All photos should not
be taken overlapping. The coral reef fish monitoring
consists of at least 3 minutes video recordings which
should be taken from about 2 meters distance with 60°
to the coral reef. The proposed method was conducted
in both the Gulf of Thailand and the Andaman Sea, i.e.,
Rayong, Chumphon, Phuket, and Phang Nga Provinces
for its validation. This study emphasizes that citizen
science has an important and effective educational value.
Tourism and diving business stakeholders should increase
their commitments and efforts to the coral reef monitoring
programs.

Keywords: citizen science, coral reef, monitoring, tourism,
SCUBA diving

1. Introduction

The degraded coral reefs in Thailand and other
reef sites in tropical countries require appropriate
conservation and management strategies to enhance
coral reef resilience (Yeemin et al. 2006; Bruno
and Selig 2007. Phongsuwan et al. 2013;
Sutthacheep et al. 2013; Sutthacheep et al. 2018).
Collaboration among government agencies,
non-government organizations and private sectors
plays a major role on coral reef monitoring,
conservation and restoration (Yeemin et al.
2012; Aswani et al. 2015; Obura et al. 2019;
Licuanan et al. 2021). Citizen science is
an important approach in monitoring coral reefs
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to enhance marine protected areas management
(Lau et al. 2019). It is defined as participation
in efforts to systematically collect and analyze
data; test natural phenomena; and/or disseminate
these activities by non-professional scientists,
usually on an unpaid basis (Silvertown 2009).
The citizen science may include different types
of community-based monitoring projects, such
as community members collecting and managing
data and information (with or without expert
participation), working in collaboration with
experts to collect data and information, providing
occasional/opportunistic information to scientists
and/or managers, etc. (Great Barrier Reef Marine
Park Authority 2013).

Developing appropriate methods and procedures
for citizen-scientists to participate in coral reef
monitoring is urgently needed. The methods
and procedures should be simple and provide
more interaction between the managers, scientists,
local people, and the general public to benefit
coral reefs (Turrini et al. 2018). Citizen science
for coral reef research has been widely developed
in many geographic locations and research objectives,
particularly coral bleaching, reef mapping, and
monitoring and threat reporting (Siebeck et al.
2006; Branchini et al. 2015; Roelfsema et al. 2016;
Done et al. 2017; Bauer-Civiello et al. 2018;
Lau et al. 2019; Licuanan et al. 2021). Non-
government organizations and citizen scientists
can implement replicable and cost-effective
monitoring programs for different goals (Dickinson
et al. 2010; Marshall et al. 2012; Jambeck and
Johnsen 2015; Done et al. 2017). One of good
citizen science practices is Reef Check activities
in several countries. Reef Check is a not-for-profit,
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registered charity with a few organizing members, a
large volunteer group, and having a good governance
framework. Training and coordinating SCUBA
and snorkel volunteers to collect data sets on
benthos, substratum, invertebrates, fish, and
human impacts on reefs are important activities
of the Reef Check programs (Done et al. 2017;
Lau et al. 2019; Obura et al. 2019).

A good method for monitoring coral reefs by
citizen scientists should be simple, available and
inexpensive to perform and provide accurate
data that are required for decision-making of
managers (Licuanan et al. 2021). The data collected
have to be readily validated (Burgess et al. 2016).
A simple method can encourage more active
volunteers who do not have the technical training
and advanced skills, such as reef ecology, coral
taxonomy, etc. The aim of this study was to
develop the new coral reef monitoring method
for citizen science in Thailand to assess coral
reef conditions on a large scale, which supports
coral reef management, based on the fact that
most SCUBA divers have their underwater
cameras for photos taking and video recording.

2. Materials and Methods

This proposed new method for citizen science
to monitor coral reefs was designed, tested at
several reef sites and validated by experienced
marine ecologists. A team of SCUBA divers were
assigned to take underwater photos from 1, 2,
and 3 m distance, either directly facing the coral
reef or at a slight angle to provide a general view
of the reef (Figure 1).

The proposed method was conducted at several
reef sites in both the Gulf of Thailand and the
Andaman Sea, i.e., Rayong, Chumphon, Phuket,
and Phang Nga Provinces (Figure 2) to test the
appropriate distance for taking underwater photos.
Video recordings (3 minutes for each) were
also conducted for reef fish monitoring and
testing the method accuracy.

All underwater photos were analyzed by marine
biologists for the accuracy of providing figures
of live/dead coral cover, coral composition, partial
mortality, coral diseases, coral fragments, coral
recruits, macrobenthic organisms, and threats.

Figure 1. Underwater photos were taken from 1 — 3 m distance
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Figure 2. The study sites for testing the method in Thai waters

3. Results and Discussion
3.1 Coral reef monitoring

The underwater photos were taken from 1, 2,
and 3 m distance (Figures 3, 4, 5) were analyzed
for the accuracy of quantitative presenting of
live/dead coral cover, coral composition, partial
mortality, coral diseases, coral fragments, coral
recruits, macrobenthic organisms and threats.

Percentages of accuracy of the underwater photos
taken from 1 and 2 m distances were over 70%
for the quantitative data of live/dead coral cover,
coral composition, partial mortality, coral diseases,
coral fragments, macrobenthic organisms and
threats. However, the accuracy of coral recruits
assessment was below 40% for all underwater
photos. The percentages of accuracy of the
underwater photos taken from 3 m distance
were much lower than those from 1 and 2 m
distances (Figure 6).
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The underwater photos taken from 1 m distance
provided the highest accuracy for all examined
coral condition, however it may be high risk
for coral damages caused by volunteer divers
during their surveys. Therefore, the underwater
photos taken from 2 m distance should be
recommended for the new coral reef monitoring
method for citizen science.

A proposed new method for citizen science to
monitor coral reefs

e Monitoring sites on a reef should be
selected to encompass the reef zones and different
sides of an island.

e Diving at the reef zone of coral reefs or
underwater pinnacles.

e Photos should be taken at the dive
computer/depth gauge.

e At least 20 photos should be taken from
about 2 m distance above the reef as representatives
of each reef site. Photos should not capture the
same scene or overlapping.
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e Photos should be taken either directly
facing the reef or at a slight angle to provide
an overall reefscape view.

e Photos should be submitted for
analyzing by scientists through Facebook:
MBRG Ramkhamhaeng University.

An infographic of a proposed new method for
citizen science to monitor coral reefs in Thai
language is given in Figure 7.

Coral reef monitoring guide for citizen science
Always check your distance from the reef
before taking a photo.

e Always take photos of the dive computer
to indicate water depth.
e Try to avoid overlapping parts of each
image.
¢ No close-up photography.
Do not shoot photos in rocky or sandy
areas without coral reefs.
If coral reefs are on the cliffs, shoot photos
away from the cliff by keeping a distance of 2
meters.
An infographic of coral reef monitoring guide
for citizen science in Thai language is shown

in Figure 8.
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Figure 6. Accuracy of underwater photos taken from different distances for
analyzing coral reef conditions

Fnasluddusunisiinniunsiadavuulrvense

Tagingidrdasniawaliiavlulseindlneg (

naudaldIaUzn1T

HenusnufemuasirdauluiUsmusnazuiali 0 . & |
N - 2 nw/law P

ATAUARULYATDIUIUZMTY uazufaziuYaunIy k‘#‘ka

munUsnraInduYeILuIlznse ie nesirulaul o \

. o P = = =

anennladaeuiames/uinsinanudn E”z "1 ‘~-L

anenmusnaudeuuivznssluszasvitsUssana 2 uns L] A -

5 . o 4 e e _ ¥ \

FIUIUBY1AUBY 20 AW LNDLTUAILNUVBILUIULNITIUA @ \

azusta Insnnsesliiidiuiudouiu N %‘Z‘fh\\ “

: Y v § 9 v . 2 -
anenmuuvzmSuunsvseyudssdndesiiialfiu M 1 \s_@ <
- } 2 wos | e %&

Fnuwauriunuuidzmidluguning
danmanendunnlvidnineidians

n MBRG Ramkhamhaeng University

Figure 7. A proposed new method for citizen science to monitor coral reefs

in Thai language for volunteer divers
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Figure 8. Coral reef monitoring guide for citizen science in Thai language for volunteer divers
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3.2 Coral reef fish monitoring

The underwater video recordings taken from 2 m
distance (Figure 9) were analyzed for the accuracy
of quantitative data compared with results from
the Fish Visual Census method (English et al.
1997). This method for coral reef fish monitoring
showed a new approach for citizen scientists
to collect reef fish data in Thai waters.

A proposed new method for citizen science
to monitor coral reef fish

Diving at the reef slope zone of coral
reefs or underwater pinnacles.

Photos should be taken at the dive
computer/depth gauge.

Underwater camera should be set at 60°
to the coral reef.

At least three minutes of video recording
from an underwater camera should be conducted
from about 2 m distance above the reef to survey
reef fishes. The divers should swim slowly for
taking video recordings.

Video recordings should be submitted
for analyzing by scientists through Facebook:
MBRG Ramkhamhaeng University.

An infographic of new method for citizen science
to monitor coral reef fishes in Thai language
for volunteer divers is showed in Figure 10.

Coral reef fish monitoring guide for citizen
science

Always check your distance from the
reef before taking a video recording.

Always take pictures of the dive computer
to indicate depth.

Do not swim too fast.

Try to keep the underwater camera
in the same position while recording video.
An infographic of coral reef monitoring guide
for citizen science in Thai language is given
in Figure 11.

3.3 Training of volunteers for using a new
method for citizen science

All volunteers were SCUBA divers from the Save
Our Sea, a non-government organization for
environmental protection, who have at least
Advanced Open Water Diver certificate. The
training took place at reef sites in the Andaman
Sea and consisted of lectures and interactive
discussions about a new method for citizen
science to monitor coral reefs and reef fish
(Figure 12). There were several recommendations
from the volunteer divers, such as how to avoid
overlapping of photographs, guidance for a group
of divers to take photos, best practices for taking
photos with bias mitigation, improving facilities
to receive a big data set, etc.

Figure 9. A photo captured from a video recording at 2 m distance
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Figure 10. A proposed new method for citizen science to monitor coral reef fish
in Thai language for volunteer divers
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Figure 11. Coral reef fish monitoring guide for citizen science in Thai language

for volunteer divers

Figure 12. Marine ecologists worked in collaboration with volunteer SCUBA divers to
introduce a new method for citizen science to monitor coral reefs and reef fish
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The new method for citizen science to monitor
coral reefs is relatively simple and available
because most volunteer SCUBA divers, dive
leaders, and dive instructors have their own
underwater cameras. However, turbid waters
at some reef sites may inhibit using this new
method for citizen science. The photos that are
taken from underwater cameras have lower
resolution and typically have a greenish-blue
cast, limiting the taxonomic identifications of
marine benthic organisms (Licuanan et al. 2021).
Coral reefs in Thailand are high biodiversity
as they locate in the Indo-West Pacific region,
therefore clear underwater images are required
for data analyses (Vo et al. 2013; Huang et al.
2015, 2016, 2018; Heery et al. 2018). A modified
method to monitor coral reefs under specific
conditions should be developed.

This study emphasizes that citizen science has
an important and effective educational value
for coral reef conservation and management.
Tourism and diving business stakeholders should
increase their commitments and efforts to the
coral reef monitoring programs. Further studies
should concentrate on more frequent monitoring
and more up-to-date information of coral reef
conditions, developing new educational methods
for coral reef conservation and management,
encouraging the civic sector for better understanding
of scientific methods, strengthening scientists
to become more aware of the priorities that
society needs, and providing more information
source for coral reef management agencies.
This study also provides further information to
relevant organizations responsible for coral reef
management in Thai waters.

Acknowledgements

We would like to thank the staff of Department
of Marine and Coastal Resources, Department
of National Parks, Wildlife and Plant Conservation
and Marine Biodiversity Research Group,
Department of Biology, Faculty of Science,
Ramkhamhaeng University. We also thank the
volunteer divers from Save Our Sea (SOS).

18

This research was partly funded by Thailand
Science Research and Innovation (TSRI) by
Program Management Unit Competitiveness
(PMUC), National Research Council of Thailand,
and the Office of the National Council for Higher
Education, Science, Research and Innovation
Policy by PMU for Area-based Development.

References

Aswani S, Mumby PJ, Baker AC, Christie P,
McCook LJ, Steneck RS and Richmond
RH (2015) Scientific frontiers in the
management of coral reefs. Front Mar
Sci 2:50. doi: 10.3389/fmars.2015.00050

Bauer-Civiello A, Loder J, Hamann M (2018)
Using citizen science data to assess the
difference in marine debris loads on
reefs in Queensland, Australia. Mar
Pollut Bull 135:458-465

Branchini S, Pensa F, Neri P, Tonucci BM,
Mattielli L, Collavo A, Sillingardi ME,
Piccinetti C, Zaccanti F, Goffredo S
(2015) Using a citizen science program
to monitor coral reef biodiversity
through space and time. Biodivers
Conserv 24(2):319-336

Bruno JF, Selig ER (2007) Regional decline of
coral cover in the Indo-Pacific: Timing,
extent, and subregional comparisons.
PLoS One 2 (8), e711. http://dx.doi.org/
10.1371/journal. pone.0000711

Burgess HK, Debey LB, Froehlich HE,
Schmidt N, Theobald EJ, Ettinger AK,
HilleRisLabers J, Tewksbury J, Parrish
JK (2016) The science of citizen
science: Exploring barriers to use as a
primary research tool. Biol Cons
208:113-120

Dickinson JL, Zuckerberg B, Bonter DN
(2010) Citizen science as an ecological
research tool: challenges and benefits.
Annu Rev Ecol Evol Syst 41:149-172

Done T, Roelfsema C, Harvey A, Schuller L,
Hill J, Schldppy M-L, Lea A, Bauer-
Civiello A, Loder J (2017) Reliability
and utility of citizen science reef



Ramkhamhaeng International Journal of Science and Technology (2021) 4(3): 11-20

monitoring data collected by Reef Check
Australia, 2002-2015. Mar Pollut Bull
117(1-2):148-155

English S, Wilkinson C, Baker V (1997)
Survey Manual for Tropical Marine
Resources

(2nd Edition). Australian Institute of Marine
Science. ASEAN-Australia Marine
Project

Great Barrier Reef Marine Park Authority
(2013) Citizen science in the Great
Barrier Reef: a scoping study. Great
Barrier Reef Marine Park Authority

Heery EC, Hoeksema BW, Browne NK,
Reimer JD, Ang PO, Huang D, Friess
DA, Chou LM, Loke LHL, Saksena-
Taylor P, Alsagoff N, Yeemin T,
Sutthacheep M, Vo ST, Bos AR,
Gumanao GS, Syed Hussein MA,
Waheed Z, Lane DJW, Johan O,
Kunzmann A, Jompa J, Suharsono, Taira
D, Bauman AG, Todd PA (2018) Urban
coral reefs: degradation and resilience of
hard coral assemblages in coastal cities
of East and Southeast Asia. Mar Pollut
Bull 135:654-681.
doi:10.1016/j.marpolbul. 2018.07.041

Huang D, Goldberg EE, Chou LM, Roy K
(2018) The origin and evolution of coral
species richness in a marine biodiversity
hotspot. Evolution, 72(2):288-302

Huang D, Hoeksema BW, Affendi YA, Ang
PO, Chen CA, Huang H, Lane DJW,
Licuanan WY, Vibol O, Vo ST, Yeemin
T, Chou LM (2016) Conservation of reef
corals in the South China Sea based on
species and evolutionary diversity.
Biodivers Conserv 25:331-344

Huang D, Licuanan WY, Hoeksema BW,
Chen CA, Ang PO, Huang H, Lane
DJW, Vo ST, Waheed Z, Affendi YA,
Yeemin T, Chou LM (2015)
Extraordinary diversity of reef corals in
the South China Sea. Mar Biodiv
45:157-168.
https://doi.org/10.1007/s12526-014-
0236-1

19

Jambeck JR, Johnsen K (2015) Citizen-based
litter and marine debris data collection
and mapping. Comput Sci Eng 17:20-26

Lau CM, Kee-Alfian AA, Affendi YA, Hyde
J, Chelliah A, Leong YS, Low YL,
Megat Yusop PA, Leong VT, Mohd
Halimi A, Mohd Shahir Y, Mohd
Ramdhan R, Lim AG, Zainal NI (2019)
Tracing Coral Reefs: A Citizen Science
Approach in Mapping Coral Reefs to
Enhance Marine Park Management
Strategies. Front Mar Sci 6:5309.
doi:10.3389/fmars.2019.00539

Licuanan WY, Mordeno PZB, Go MV (2021)
C30—A simple, rapid, scientifically
valid, and low-cost method for citizen-
scientists to monitor coral reefs. Reg
Stud Mar Sci 47: 101961.
https://doi.org/10.1016/j.rsma.2021.1019
61

Marshall NJ, Kleine DA, Dean AJ (2012)
Coral Watch: education, monitoring, and
sustainability through citizen science.
Front Ecol Environ 10:332-334

Obura DO, Aeby G, Amornthammarong N,
Appeltans W, Bax N, Bishop J, Brainard
RE, Chan S, Fletcher P, Gordon TAC,
Gramer L, Gudka M, Halas J, Hendee J,
Hodgson G, Huang D, Jankulak M,
Jones A, Kimura T, Levy J, Miloslavich
P, Chou LM, Muller-Karger F, Osuka K,
Samoilys M, Simpson SD, Tun K,
Wongbusarakum S (2019) Coral Reef
Monitoring, Reef Assessment
Technologies, and Ecosystem-Based
Management. Front Mar Sci 6:580.
https://doi: 10.3389/fmars. 2019.00580

Phongsuwan N, Chankong A,
Yamarunpatthana C, Chansang H,
Boonprakob R, Petchkumnerd P,
Thongtham N, Paokantha S,
Chanmethakul T, Panchaiyapoom P,
Bundit O (2013) Status and changing
patterns on coral reefs in Thailand
during the last two decades. Deep Sea
Research Part 11 96:19-24



Ramkhamhaeng International Journal of Science and Technology (2021) 4(3): 11-20

Roelfsema C, Thurstan R, Beger M, Dudgeon
C, Loder J, Kovacs E, Gallo M, Flower
J, Gomez Cabrera K L, Ortiz J, Lea A,
Kleine D (2016) A Citizen Science
Approach: A Detailed Ecological
Assessment of Subtropical Reefs at
Point Lookout, Australia. PloS one,
11(10), e0163407.
https://doi.org/10.1371/journal.pone.016
3407

Siebeck UE, Marshall NJ, Klter A, Hoegh-
Guldberg O (2006) Monitoring coral
bleaching using a colour reference card.
Coral Reefs, 25(3):453-460

Silvertown J (2009) A new dawn for citizen
science. Trends Ecol Evol 24(9): 467—
471.

Sutthacheep M, Yucharoen M, Klinthong W,
Pengsakun S, Sangmanee K, Yeemin T
(2013) Impacts of the 1998 and 2010
mass coral bleaching events on the
Western Gulf of Thailand. Deep Sea
Research Part 11 96:25-31

Sutthacheep M, Sakai K, Yeemin T, Pensakun
S, Klinthong W, Samsuvan W (2018)
Assessing coral reef resilience to climate
change in Thailand. RIST 1(1): 22-34

Vo ST, Pernetta JC, Paterson CJ (2013) Status
and trends in coastal habitats of the
South China Sea. Ocean Coast Manag
85:153-163

Yeemin T, Mantachitra V, Plathong S,
Nuclear P, Klinthong W, Sutthacheep M
(2012) Impacts of coral bleaching,
recovery and management in Thailand.
Proceedings of the 12th International
Coral Reef Symposium, Cairns,
Australia. pp 9-13

Yeemin T, Sutthacheep M, Pettongma R
(2006) Coral reef restoration project in
Thailand. Ocean Coast Manag 49:562—
575

20



