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ABSTRACT OF THE DISSERTATION

Bridging ethology and ecotourism: A case study of Shrimp Watching tourism in Thailand

by

Watcharapong Hongjamrassilp
Doctor of Philosophy in Biology
University of California, Los Angeles, 2021

Professor Daniel T. Blumstein, Chair

Ethological studies not only provide insights on how and why animals perform extraordinary
behaviors, but they also provide an opportunity to understand how animals are disturbed by
human activities in the Anthropocene. Ecotourism, a popular recreational activity, is a worldwide
growing business that can be used as a tool for biodiversity conservation. However, a lack of
fundamental knowledge and effective management plans for an ecotourism site may lead to an
increase in anthropogenic disturbances and ultimately degrade a site’s biodiversity. In Ubon
Ratchathani, Thailand, locals discovered a unique migration of freshwater shrimp known as
“Parading Behavior”, an unusual type of upstream migration in which hundreds of thousands of
shrimp climb out of water and walk on land to the headwater. This behavior has captured public
attention and Shrimp Watching tourism has been promoted as a must-see event at Ubon
Ratchathani. While striking, this behavior is poorly understood. Preliminary evidence suggests

that tourists might disturb the shrimp population during migrating. Unfortunately, we know very



little about the biology of, and anthropogenic threats to, the shrimp. Therefore, my dissertation
aims to: (1) understand proximate and ultimate causes of the parading behavior, (2) investigate
the effect of light from tourists on parading shrimp, and (3) evaluate perceptions toward the
parading shrimp from locals, stakeholders, and tourists. I use the results from these behavioral
studies together with an understanding of tourists, locals, and stakeholders' attitudes toward the
parading shrimp to mitigate the anthropogenic disturbances and design an effective sustainable

ecotourism management plan.



The dissertation of Watcharapong Hongjamrassilp is approved.

Gregory F. Grether

Peter M. Narins

Peter Nonacs

Daniel T. Blumstein, Committee Chair

University of California, Los Angeles

2021



DEDICATION PAGE

| dedicate my dissertation to my family members who have always supported me since |

started my dream of being a biologist, and all my teachers who brought me to the biology world.



TABLE OF CONTENTS

ACKNOWLEDGMENTS ..ttt neennee s Vil
R IR ORP TR TPPR PR Xi
CHAPTERS

CHAPTER 1 — INtrOTQUCTION. ...ttt 1

CHAPTER 2 — Why do shrimp leave the water? Mechanisms and functions of parading
behavior in freshwater SNEMP........cooiiii e 16
CHAPTER 3 — Humans influence shrimp movement: A conservation behavior case study
with “Shrimp Watching” 8COtOUNSIM........ccoiiiiiiiiiieiei e 28
CHAPTER 4 — “Shrimp Watching” ecotourism in Thailand: Toward sustainable

MANAGEMENT POIICY .....iiiiiiie e e e e sree e 36

Vi



LIST OF FIGURES

Figure 1 Summary of my dissertation on the application of animal behavior study in ecotourism

management using “Shrimp Watching” ecotourism as a case study. ............cocevvviiniinnnn.nn. 12

Vii



ACKNOWLEDGEMENTS

I would like to express my deep gratitude to my advisor, Professor Daniel T. Blumstein,
for providing me priceless opportunities to work under his supervision at UCLA. | remember
back to 2017 when I was looking for a Ph.D. position, Professor Blumstein was the only one who
valued my research ideas and he supported them through completion. During the past 4 years in
Blumstein’s lab, I learned so much about how to conduct effective research, how to develop
cutting-edge ideas, how to being an active student, and, most importantly, how to effectively
manage time. These skills I obtained from Professor Blumstein are worthwhile and invaluable,
and | have truly appreciated them. Moreover, thank you for your understanding of our cultural
differences and your patient while reading a lot of my manuscripts and research proposals. | am

very lucky to have had Professor Blumstein as my Ph.D. advisor.

| also wish to thank my three dissertation committee for guidance and suggestions
throughout the entire process. First, | would like to thank Professor Peter M. Narins for his time
and support. Every time | discuss my research with him, I always see the light, and his
experiences always ignite my passion in science. Second, | would like to thank Professor Greg
Grether for his suggestion and critical comments on my research, especially the statistical part.
Moreover, thank you for selecting me to teach the FBQ class. It was a wonderful experience.
Third, 1 would like to thank Professor Peter Nonacs for valuable discussions during the early
period of my research plan development and his encouragement, especially during the first year

of my Ph.D.

My sincere thanks are also due to Associate Professor Noa Pinter-Wollman for offering

the advanced biological statistics class at UCLA. My life has been changed after learning coding

viii



and biological statistics concepts from her class. | also would like to thank Professor Raymond
T. Bauer from the University of Louisiana at Lafayette for his precious help in suggesting and
educating me about crustacean remotely. Thank you for replying to my emails even though we
have not met in person. Many thanks are also due to Tessa Villasefior for assisting on everything
since before | became a UCLA student until the last day of my life as a UCLA student. She is the

best graduate student affairs officer I ever had.

At all stages of my Ph.D. study at UCLA, | have benefitted immensely from the help,
support, and encouragement of others. | am indebted to Daniel S. Cooper, my favorite lab mate,
for his advice and assistance. Thank you for helping me to edit a lot of my papers and listen to
me when | have problems. | would like to thank Dana M. William for her 24 hours availability to
talk to me when | had troubles. I would also like to thank Mark S. Juhn for the exciting and
interesting discussions on evolutionary biology while we were roommates. Special thanks also
go to Blumstein’s lab members, especially Conner Philson, Gabriela Pinho, Gina Johnson, Kenta

Uchida, and Racheal Blakey, for support and a great time.

This noteworthy journey could not be happily completed, especially under the COVID-19
pandemic circumstance, without support from my best friends: Krit Jirakarnwisal, Wasut
Pornpatcharapong, Jirachaya Yeemin, Chawatat Thanoosing, Thanutra Zhang, Varoth
Lilascharoen, and Wanant Kerdchuen. Very special thanks are due to Pontip K. Wises for

assisting me with everything since | moved to Los Angeles.

Last in sequence but the most important, | owe more than thanks to my family members.
| am forever grateful for my wonderful parents, Rerngchai Hongjamrassilp and Suwanna

Hongjamrassilp. Thank you for everything you have done for me. I know both of you worked



very hard for our family, and I could not come this far without your support. | also would like to
thank my brother, Dr. Piemsak Hongjamrassilp, and my sister, Thidarat Hongjamrassilp, for your
support and encouragement. Thank you for helping me taking care of our parents while | have

been away.

For chapter 2,3, and 4, please refer to the acknowledgments in the reprints of published
articles. These three published articles were conducted and published under the guidance of my
advisor, Professor Daniel T. Blumstein. All my Ph.D. research was supported by the Department
of Ecology and Evolutionary Biology at UCLA, Sigma Xi Grants in Aid of Research, and a gift
from Rerngchai Hongjamrassilp.

Chapter 2 is a reprint. Hongjamrassilp, W., Maiphrom, W., and Blumstein, D. T. (2020)
Why do shrimp leave water? Machanisms and functions of “Parading Behavior” in freshwater
shrimp. Journal of Zoology, 131(2), 87-98. For this chapter, permission is granted solely for use

in conjunction with the dissertation, and the material may not be posted online separately.

Chapter 3 is a reprint. Hongjamrassilp, W., & Blumstein, D. T. (2021). Humans influence
shrimp movement: A conservation behavior case study with “Shrimp Watching” ecotourism.

Current Zoology. (In press)

Chapter 4 is also a reprint. Hongjamrassilp, W., Traiyasut, P., and Blumstein, D. T.
(2021). “Shrimp Watching” ecotourism in Thailand: toward sustainable management policy.

Frontier in Conservation Science. 1:624239

All chapters are the result of collaborations and all co-authors contributed considerably.

All co-authors have given their permission to use publications in this dissertation.



VITA

EDUCATION

University of California, Los Angeles 2017-2021
PhD in progress: Ecology and Evolutionary Biology
Bridging ethology and ecotourism: A case study of Shrimp Watching tourism in Thailand

Scripps Institution of Oceanography, University of California San Diego
Master of Science in Marine Biology 2014-2016

Heterochrony and the evolution of an aggressive display of the Sarcastic Fringehead
(Blenniiformes: Neoclinus blanchardi)

Chulalongkorn University, Thailand
Bachelor of Science in Biology 2009-2013
Nesting Biology of a carpenter bee, Xylocopa nasalis from Thailand

PUBLICATIONS

Hongjamrassilp, W., and Blumstein, D. T. (2021). Humans influence shrimp movement: A
conservation behavior case study with “Shrimp Watching” tourism. Current Zoology.
(In press)

Hongjamrassilp, W., Traiyasut, P., and Blumstein, D. T. (2021). “Shrimp Watching”
ecotourism in Thailand: toward sustainable management policy. Frontiers in
Conservation Science. 1:624239

Hongjamrassilp, W., Maiphrom, W., and Blumstein, D. T. (2020) Why do shrimp leave
water? Machanisms and functions of “Parading Behavior” in freshwater shrimp.
Journal of Zoology, 131(2), 87-98.

Hongjamrassilp, W., Murase, A., Miki, R. and Hastings, P. A. (2020). Journey to the West:
Trans-Pacific historical biogeography of fringehead blennies of the genus Neoclinus
(Teleostei: Blenniiformes). Zoological Studies. 59(9), 1-12.

Hongjamrassilp, W. (2019). Fringehead cirri: for sensing or blending in? Frontiers in
Ecology and the Environment. 17(9), 501.

Hongjamrassilp, W., Summers, A. P., and Hastings, P. A. (2018). Heterochrony in
fringeheads (Neoclinus) and amplification of an extraordinary aggressive display in the
Sarcastic Fringehead (Teleostei: Blenniiformes). Journal of Morphology. 279(5), 626—
635.

Xi



Huang, W., Hongjamrassilp, W., Jung, J. Y., Hastings, P., Lubrada V. A., McKittrick, J.

(2017). Structure and mechanical implications of the pectoral fin skeleton in the
Longnose Skate (Chondrichthyes, Batoidea). Acta Biomaterialia. 51, 393-407.

Hongjamrassilp, W., Warrit N. (2014). Nesting biology of an Oriental carpenter bee,

Xylocopa (Biluna) nasalis Westwood, 1838, in Thailand (Hymenoptera, Apidae,
Xylocopinae). Journal of Hymenoptera Research. 41, 75-94.

TEACHING EXPERIENCE

2021

2021

2021

2020

2020

2020

2020

2019

2018

2017

2013

Teaching Fellow (EEB109L Introduction to Marine Science Laboratory)
Department of Ecology and Evolutionary Biology, UCLA

Teaching Fellow (EEB187 Field Behavioral Ecology & Conservation Biology)
Department of Ecology and Evolutionary Biology, UCLA

Teaching Fellow (EEB140 Biology of Marine Mammals)
Department of Ecology and Evolutionary Biology, UCLA

Teaching Fellow (EEB109 Introduction to Marine Science)
Department of Ecology and Evolutionary Biology, UCLA

Teaching Associate (EEB109L Introduction to Marine Science Laboratory)
Department of Ecology and Evolutionary Biology, UCLA

Teaching Associate (EEB142 Aquatic communities)
Department of Ecology and Evolutionary Biology, UCLA

Teaching Associate (PSYC118 Comparative Psychobiology/Animal behavior)
Department of Psychology, UCLA

Teaching Associate (EEB115 Mammalogy)

Department of Ecology and Evolutionary Biology, UCLA
Teaching Assistant (EEB129 Animal Behavior)
Department of Ecology and Evolutionary Biology, UCLA

Teaching Assistant (S10188 Biology of fishes)
Scripps Institution of Oceanography, University of California San Diego

Lecturer (0240102 Biology and 02 040 103 Biology laboratory)
Kanchanabhishek Institute of Medical and Public Health Technology, Thailand

xii



CHAPTER 1
INTRODUCTION
Introduction

Since the rise of humans, our activities have caused numerous environmental problems at
various levels ranging from a local to a global scale. The intensity of these problems has
increased together with our ability to move across the continents (Science for Environment
Policy, 2015). One of the anthropogenic activities that has created a number of deleterious

impacts on organisms and ecosystems is “Tourism”.

The tourism industry is one of the world’s largest industries contributing, before the COVID-19
pandemic, over US$ 7.6 trillion of world income per year (The World Travel & Tourism
Council, 2016). According to The World Tourism Organization, the number of tourists has been
increasing annually resulting in huge economic benefits in many countries (UNWTO, 2018).
Nevertheless, an increase in tourists with ineffective tourism management plans for each tourist
site may create novel environmental problems, especially for the type of tourism called

“Ecotourism”.

Ecotourism, a type of nature-based tourism, is defined as responsible travel to natural areas,
which aims to conserve the environment and sustain the well-being of local people (Ceballos-
Lascurain, 1996; The International Ecotourism Society, 2015). Even though ecotourism has
positive intentions to conserve the environment and may have potential socioeconomic benefits,

many case studies show the failure of using ecotourism as a conservation tool. One of the



examples that explicitly demonstrates the impacts of ecotourism on the environment is a case
study of the over-tourism in the Great Barrier Reef (GBR), Australia (Harriott, 2004; De’ath et
al., 2012). GBR is known as one of the world's largest coral reef systems in the world, which
hosts more than 1,500 species of marine life (CRC Reef Research Centre, 2006). Every year,
over 1.6 million visitors travel to the GBR for tourism purposes. Because of the rapid growth of
tourism, the development of tourism infrastructure around the GBR has increased since the
1980s. However, this increased development, and the tourists it supported, had a large
anthropogenic footprint that caused problems to the GBR. These include increased sewage
discharge to the reef along with a variety of inappropriate tourism activities (e.g., fish feeding,
littering, and anchoring from cruises) that resulted in the gradual decline of coral reefs (Harriott,
2004). The loss of coral reef habitat has changed the species composition of coral reef fishes
(Richardson et al., 2018) and might ultimately lead to ecosystem collapse in the near future. To
mitigate these problems, it is necessary to understand how our activities affect the ecosystem

especially at the smallest level (i.e., species).

Much research has shown that tourists can negatively impact wildlife. Because wildlife perceives
tourists as stressors, tourist activities could cause adverse physiological and behavioral changes
in wildlife, which ultimately might result in the decline of their population (Geffroy et al., 2017).
For instance, research from Green and Giese (2004) reveals that if a tourist approaches an Adélie
penguin (Pygoscelis adeliae) within 5 m while the penguin is incubating its eggs, the incubating
process can be interrupted leading to the decrease in the percent of hatching. Another example
can be seen in the study by Huang et al. (2011) about the effect of photography on West Indian

anoles (Anolis cristatellus). The researchers found that shutter noise from tourist cameras



decreased the display behavior of the anoles, which not only plays a role in reproduction but also
increases an individual’s conspicuousness. Reductions in this display could have reproductive
consequences and the results suggest that anthropogenic stimuli may distract animals and
enhance their vulnerability to predators. Thus, understanding how animals respond to tourist’s
activities could provide opportunities to create environmentally sustainable management plans to

mitigate the anthropogenic impacts on animals.

In addition to understanding the impact of tourist activities on animals, it is also necessary to
understand the stakeholders’ perceptions of the ecotourism system (e.g., how they value their
resources, how they aware about the effect of anthropogenic threats on animals, and their
willingness to participate in any management plan that government decided) (Murphy &
Murphy, 2004; Sanchez Cafiizares et al., 2016). Two successful sea turtle ecotourism case
studies in Brazil and Peru demonstrate that different in perceptions from ecotourism participants
might result in different conservation outcomes. In Brazil, the economic benefits of locals are
associated with the success of conservation outcomes. On the other hand, in Peru, both local
willingness to participate in ecotourism management and the economic benefits of locals drive
the success of conservation (Stronza & Pegas, 2008). Accordingly, it is important to understand
the socioeconomic situation and perception of ecotourism by stakeholders at each ecotourism site

to create practical and effective management plans.

Mass migration in animals is one of the behaviors that attract public attention and, in some cases,
is the focus of nature-based tourism. For instance, the annual mass migration of monarch

butterflies (Danaus plexippusin) in Mexico (Geiling, 2015) attracts more than a hundred



thousand tourists annually. According to a survey from 118 million U.S households regarding
the value of the monarch butterflies as a total one-time payment, the monarch butterflies are
worth as much as $6 billion (Diffendorfer et al. 2014). Because of the economic impacts of
ecotourism, concerns regarding overexploitation and climate change that affect migratory
animals has created concerns over losing migratory species and phenomena, such as the
extinction of wildebeest (Connochaetes spp.) that perform migration in southeast Kenya (Harris
et al., 2009) and the decline of mass migration and overwintering of monarch butterflies in
Mexico (Barve et al., 2012; Brower et al., 2012). To protect and prevent this loss, it is essential
to have a fundamental understanding of the basic biology of migration. Even though most
animals such as birds, fishes, and mammals have been studied in the past, the biology of
migration in invertebrates remains more of a mystery and could lead to insights into mass

movement in other groups.

Macrobrachium (Crustacean: Decapoda: Palaemonidae) — a genus of ‘freshwater’ shrimp —
has been reported to engage in mass migrations (Lee & Fielder, 1979; Bauer, 2013). Its species
are found throughout the world in every type of aquatic habitat (Horton et al., 2018). Even
though some species can be found in estuaries or marine habitats (amphidromous species), most
of their life cycle occurs in freshwater habitats. Thus, carcinologists categorize this group as a
freshwater species. Many amphidromous Macrobrachium engage in round-trip migration in
which the adults migrate downstream from a river to the ocean to spawn. After the newly
hatched shrimp larvae develop to the juvenile stage in the marine environment, the juveniles will
migrate upstream to a freshwater habitat (Bauer, 2013). In some cases, when migration routes are

blocked by man-made constructions such as dams or weirs, shrimp will climb and walk out of



the water to cross the obstacle and return to the river to continue to migrate upstream (Lee &
Fielder, 1979). According to Bauer (2013), this upstream and downstream migratory behavior
appears to relate to the developmental strategies of the amphidromous shrimp. However, basic
biological questions about proximate mechanisms involved in migration, such as factors

triggering the migration or how individuals navigate to their destination, are lacking.

A long time ago, a group of native people in northeastern Thailand discovered synchronous mass
migration of freshwater shrimp in the genus Macrobrachium. This migratory behavior is known
as “parading behavior”. It occurs annually during the wet season which falls between late August
and the end of September at Lamduan rapids in Nam Yuen district, Ubon Ratchathani province,
Thailand. This migratory behavior is distinct from mass migrations in other crustaceans (Hick,
1985) and insects (Buhl et al., 2006) as it occurs both on land and in the water. Here the shrimp
leave their primary (aquatic) habitat by climbing out a stream and walking on land for about 5 —
20 meters before moving back to the water. Local people believe that these shrimp migrate
upstream to the headwater Dangrék Mountains, the mountain range of Thailand-Cambodia that
contains the headwater of the Lamduan rapids, for mating and reproduction. However, this
assumption and putative function has not been verified. To date, only two notes from Lee &
Fielder (1979) and Torkkola & Hemsley (2019) reported a similar migratory behavior in M.
australiense in Queensland, Australia. However, basic information regarding the biology of this

extraordinary migration, including its proximate and ultimate causes, is unknown.

Since 1999, the “Shrimp Parading” phenomenon at Lamduan rapids has been promoted as an

ecotourist destination. It brings over hundred thousand of tourists to visit Ubon Ratchathani each



year. Moreover, the parading shrimp has become part of the local culture. Over the past 20 years,
locals have developed novel cultural practices around the shrimp (e.g., food and folk dances).
Lacking the fundamental knowledge of the parading behavior, in concert with the increasing
number of visitors and anthropogenic disturbance during the tourist season, it is very likely that
shrimp populations will decline. Indeed, informal observations from the ranger in Nature and
Wildlife Education Center, Ubon Ratchathani suggest that the population of parading shrimp
seems to have decreased during the past 5 years. Furthermore, my preliminary work shows that
the shrimp trend to parade more when tourists were absent indicating that tourists might
influence the parading behavior. Therefore, if no effective plan for tourism management is
established, it is possible that the local extinction of the parading shrimp might occur. The
decline of parading shrimp will affect both the tourism business, the locals’ culture, and tradition
that is emerging. In addition, seeing that shrimp play essential roles in ecological services and
maintaining the freshwater ecosystem, this loss will inevitably affect the balance of the local

freshwater ecosystem.

Therefore, my dissertation aims to (1) describe the natural history of the parading shrimp, (2)
study proximate and ultimate causes of the parading behavior, (3) study how the shrimp decide
to parade out of the water, (4) identify potential threats of the parading shrimp from tourists and
study its effect on the parading shrimp, and (5) understand attitudes toward the parading shrimp
from tourists, locals, and stakeholders. In the end, | integrated all results to develop a sustainable

management plan for this ecotourism site.



First, | studied the natural history of the parading shrimp by in situ observation at Lamduan
rapids and Yang weir in Nam Yuen district, Ubon Ratchathani province, Thailand from August
to September of 2018 — 2019. | collected fresh tissue samples of the parading shrimp and
identified to species using 16S rRNA and COI genetic markers. To document the parading
shrimp behavior, | used night camera traps to take photos of the shrimp that perform the parading
behavior from 17:00 h. to 8:00 h. I counted the number of shrimp that paraded each night and
described any behavior found from the camera traps. Moreover, | surveyed the river topology

that might associate with parading behavior.

Based on a genetic study, | found that most of the shrimp that perform the parading behavior are
Macrobrachium dienbienphuense Pang & B.Y.Nguyén, 1972 (99%), and a few are M.
lanchesteri De Man, 1911 (1%). The shrimp started to leave the river and paraded on land after
sunset which was around 19:00 h. Most of the shrimp paraded inside the splash zone along the
riverbank. The parade stopped about 30 minutes before sunrise which was around 6:00 — 7:00 h.
The average walking speed of the shrimp on land was around 85.2+ 43.82 (Mean+SD) cm/ min
(N = 30). Finally, I found that river topology that associated with the behavior must consist of
four main zones: (1) downstream zone (flow velocity = 5-10 cm/s), (2) turbulent zone (flow
velocity = 10-20 cm/s), (3) running water zone (flow velocity = 120-200 cm/s), and (4)
upstream zone (flow velocity = 60—100cm/s). The shrimp started to walk out of the river at a
turbulent zone and paraded on land past the running water zone. They moved back to the river at

the upstream zone.



Second, | tested proximate and ultimate causation of parading behavior. For the proximate
causation study, | measured environmental parameters, which included (1) water velocity, (2)
cloud cover, (3) humidity, (4) water temperature, (5) air temperature, (6) moonlight intensity,
and counted the number of parading shrimp that paraded each night from the camera trap data. |
fitted negative binomial regressions between the number of parading shrimp (as a dependent
variable) and environmental parameters (as independent variables) to explain which
environmental factors were associated with the shrimp leaving the water. To study the adaptive
significance of parading (i.e., ultimate causation), | tested two things: (1) Do the shrimp parade
for reproduction? and (2) Do the shrimp parade to escape the strong current? To test whether the
shrimp parade for reproduction, I quantitatively described the population demography of
parading shrimp. To test whether the shrimp parade to escape the strong current, | designed a
laboratory experiment to measure whether the ability to tolerate the strong water current
associated with the size of the shrimp or not (please see chapter 2 for more description of

methods).

The results revealed that shrimp prefer to parade more under low light, high water velocity, and
low air temperature. Based on the population demography study, I found that 93% of the
parading shrimp were juveniles and 7% were adults. Moreover, year-round investigation
indicated that most ovigerous females were found underwater (and not parading on land) in June
and September. This indicates the parading behavior was not used for reproduction. The tank
experiment showed that shrimp body size was positively associated with the ability to tolerate
high water velocity. This means that big shrimp can tolerate high water velocity compared to

small shrimp. Based on all of these results, I conclude that the shrimp parade to escape the strong



current in the river. This benefits the small shrimp in that they will not be washed downstream

where several shrimp predators live.

Third, | studied how the shrimp decided to parade out of water in the tank experiment. | varied
two main factors that influenced the parading behavior: (1) light intensity (no light and 500 lux
light) and (2) water velocity (10, 60, and 100 cm/s) and counted the number of shrimp that

paraded in each condition. | repeated each condition 10 times.

| found that most shrimp decided to parade under no light at 10 cm/s water velocity. This result
seems to conflict with the second study where the most parading occurred under the high flow
condition (100 cm/s). However, if take a deep look at the river topology result from the first
study, I found that the shrimp started to parade in the turbulent zone where the water velocity
was about 10-20 cm/s. Therefore, this experiment together with the river topology results
confirm that to be able to parade out of the river, the shrimp need a low flow zone to climb out of

the river. They could not climb out of the river in the high flow zone.

Fourth, I investigated whether light intensity levels and/or light colors affected parading. To test
this, I set up an in situ experiment at Lamduan rapids. The experiment involved filming the
shrimp that walked past the observation zone under different conditions. For the light intensity
study, I included three levels of white light (9000, 400, and 50 lux) and for the light color study,
six conditions (blue, white, green, red, orange at 50 lux and one control, dark treatment). |

compared the walking speed of the shrimp and the number of shrimp that walked back to the



river using the chi-square test for the light intensity study and the Kruskal-Wallis test for the

light color study.

The results revealed that more shrimp under 9000 and 400 lux light intensity walked back to the
river compared to at 50 lux. Moreover, | found that under the 50 lux light intensity, the shrimp
decreased walking speed under white, blue, and green light compared to red and orange light.
Therefore, | conclude that the condition that least affects shrimp parading is the 50 lux light
intensity with red or orange color. Based on these results, and the results from river topology,
factors triggering the shrimp to parade, and the decision to parading from the first three studies, |
proposed management actions to regulate tourist behavior in three different zones. In each zone,
tourists must use a different light color to watch the shrimp to mitigate anthropogenic impacts on

the shrimp.

Finally, to effectively manage the ecotourism site, | needed to know how much locals, tourists,
and stakeholders valued the shrimp, their knowledge about the shrimp, and their willingness to
change their behavior for the good of the shrimp. To do so, | used a questionnaire and
interviewed key people (e.g., the director of Ubon Ratchathani Wildlife and Nature Education

Center) to document the development of this ecotourism site and local beliefs about the shrimp.

| found that this ecotourism site was established in 1999 by the Thai government. However,
locals knew about the shrimp long before the establishment of it as an ecotourism site. Older
locals believed that the shrimp parade to the headwater to worship a god. Younger locals

believed that the shrimp migrated to the headwater to breed. Results from the survey pointed out

10



that tourists, locals, and stakeholders were aware that the population status of the shrimp was
vulnerable. However, | found that locals were less aware of the value of the shrimp in terms of
their contribution to their ecosystem, local culture, and local business than were tourists and
stakeholders involved in the ecotourism industry. This raises the issue in which the lack of
awareness of locals could lead to unsustainable ecotourism. One of the possible factors based on
the survey data is that the locals lack education compared to tourists and stakeholders. This issue
could be solved by the improvement of the local education system in these marginalized
communities. Finally, | found that even though the three participant groups were not aware of the
threats to the shrimp, they had a positive attitude to change their behavior that might affect the

parading shrimp.

Overall, my research illustrates how a fundamental understanding of the behavior of animals can
improve conservation and management outcomes. In this case study, I used knowledge about the
shrimp parading in their natural habitat, what environmental factors triggered parading, how
shrimp decided to parade, and how shrimp responded to the tourist’s activities to create a
management plan to mitigate the anthropogenic disturbances on the shrimp. Moreover, to
increase the efficiency of the management plan, I also studied how humans think about possible
management and how they valued and understood the shrimp. Thus, my dissertation illustrates a
holistic framework on how to apply animal behavior knowledge to conservation and

management (Figure 1.).
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Figure 1 Summary of my dissertation on the application of animal behavior study in ecotourism

management using “Shrimp Watching” ecotourism as a case study.
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Introduction

Abstract

An understanding of the mechanisms and functions of animal migratory behaviour
may provide insights into its evolution. Furthermore, knowledge about migration
may be important for conservation of rare species and may help to manage species
in a rapidly changing world. Upstream migration is common in riverine animals,
but little is known about proximate cues and functions of the upstream migration
in aquatic macroinvertebrates. In Ubon Ratchathani, Thailand, locals have observed
a synchronous mass migration of freshwater shrimps on land. This so-called ‘parad-
ing behaviour’ occurs annually during the rainy season and has become a large
ecotourism event. Yet, we know little about the natural history, proximate causation
and function of this extraordinary behaviour. Here we describe the natural history
of parading behaviour and report the results from a series of experiments and
observations to address its mechanisms and functions. Parading behaviour is not
associated with breeding and spawning; rather, shrimps leave the water to escape
strong currents. Conditions promoting shrimps to leave the water include low light,
high water velocity and low air temperature. In addition, there is variation
explained the specific location. River topology that creates hydrological variability
and turbulence plays a role in triggering the shrimps to move out of water. Further-
more, turbidity and water chemistry were associated with shrimp activity. Finally,
our results support that parading behaviour in freshwater shrimps is a mass move-
ment upstream due to hydrological displacement. This study highlights the mecha-
nisms that stimulate parading behaviour; a common activity in Macrobrachium and
other decapod crustaceans.

lack the understanding of the movement ecology in many spe-
cies (Nathan er al., 2008), especially invertebrates — organ-

How animals move through their habitat plays a critical role in
shaping ecosystems, and influences all levels of ecological
organization from individuals to the community (Holyoak
et al., 2008; Nathan, 2008). Investigation of movement patterns
in different groups of animals may help to understand the role
of movement in generating and maintaining biodiversity as
well as its influence on population and species evolution
(Holyoak et al., 2008; Duckworth, 2009). The field of move-
ment ecology studies both proximate and ultimate causes of
movement, ranging from individual to group movement, and
aims to understand how movement is influenced by environ-
mental heterogeneity (Nathan & Giuggioli, 2013). Three major
areas of movement ecology research consist of: (1) investigating
internal and external factors driving motion, (2) under-
standing mechanisms of navigation and orientation and (3)
examining the physiology and motivation of movement
(Holyoak et al., 2008). However, due to the limitation in tech-
nology and field study (Katzner & Arlettaz, 2019), we still
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isms that play major roles in their ecosystems.

The knowledge from movement ecology studies also sheds
light on conservation and management. For example, flying-
fox bats (Preropus spp.), a reservoir for Nipah virus, can
migrate over 1000 km across Southeast Asia and Australia. An
understanding of bats’ spatial and temporal dynamics may
inform management to control disease dispersal (Robert et al.,
2012). Similar to flying-foxes, mass migration of locusts has
destroyed food crops since the Ancient Egyptians (2470 BC)
until now (Krall e al., 1997; Zhang et al., 2019). By studying
the mechanisms and functions of locust migration, we may be
able to better control future locust outbreaks (Buhl er al.,
2006; Bazazi et al., 2008). Similarly by increasing of our
knowledge about migratory behaviour in iconic species that are
associated with tourism, such as monarch butterflies (Danaus
plexippus), grey whales (Eschrichtius robustus) or birds pro-
vides vital information on their conservation and management
(Fraser er al., 2018; Lemelin and Jaramillo-Lépez, 2019).
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The Crustacea is one of the subphyla in the phylum Arthro-
poda. Members of this subphylum can be found from deep
seas (e.g. benthesicymid prawns (Benthesicymus crenatus)
(Jamieson et al., 2009)) to alpine peaks (e.g. freshwater cope-
pods (Manca et al., 1994)) illustrating remarkable adaptability.
Many crustaceans engage in mass migrations after hatching
(Macrobrachium ohione Bauer, 2011a, 2011b), or during mat-
ing (Christmas Island red crabs Gecarcoidea natalis
Adamczewska & Morris, 2001). However, the mechanisms
underlying crustacean aggregation, cues that trigger group for-
mation, and how individuals navigate during migration are
poorly known. Moreover, due to an extreme diversity of crus-
tacean lifestyles (Bauer, 2004; Benvenuto et al., 2015), the pat-
tern of migration and group movement of many crustaceans,
traits crucial for their survival, requires substantially more
study.

Macrobrachium (Crustacean: Decapoda: Palaemonidae) is a
genus of freshwater shrimp comprised of more than 200 spe-
cies (Zheng, Chen & Guo, 2019). Even though some species
can be found in estuaries or marine habitats, most of their life
cycle occurs in freshwater habitats (hereafter referred to as
‘amphidromous ~ species’). Many amphidromous Macro-
brachium species engage in round-trip migration in which the
gravid females migrate downstream from a river to the ocean
to spawn at a river mouth or the gravid females spawn at the
upstream area and the larvae drift downstream to the ocean.
After larvae develop to the juvenile stage in the marine envi-
ronment, juveniles migrate back upstream by swimming
against the current to settle in freshwater habitat (Bauer, 2013).
Some aspects of the proximate causation of migration, such as
what environmental cues stimulate the migratory behaviour,
have been studied (Bauer & Delahoussaye, 2008; Kikkert,
Crowl & Covich, 2012), but much remains to be known.

A long time ago, a group of indigenous people in northeast-
ern Thailand discovered synchronous mass terrestrial migration
of ‘completely freshwater shrimps’ in the genus Macro-
brachium (Fig. 1; Video S1). Called ‘parading behaviour’, it is
a phenomenon in which freshwater shrimps collectively leave
the water and walk upstream on land for a distance before
returning to the river. This phenomenon occurs annually during
the rainy season (the end of August to early October) and only
at night.

Local lore was that parading was associated with spawning
and breeding (hereafter reproduction). However, this hypothesis
has never been tested. To date, only three notes from Lee &
Fielder (1979), Fievet (1999), and Torkkola & Hemsley (2019)
reported a similar migratory behaviour in M. australiense in
Queensland, Australia and M. faustinum on Guadeloupe Island.
While the behaviour was described in previous studies, causa-
tion was not formally studied. Thus, we lack a fundamental
understanding of the biology of this extraordinary phe-
nomenon.

Since 1999, shrimp parading has been promoted as an eco-
tourism event in Thailand and draws >100 000 visitors annu-
ally. The lack of knowledge of the shrimps is problematic
because recent evidence suggests that these shrimps may be
decreasing in number and body size (W. Maiphrom, 2017,
unpubl. data). Alarmingly, there are no strategies for habitat
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Figure 1 Parading shrimps synchronously walking on land at night at

the Lamduan Rapids, Ubon Thailand.  Photo:

Watcharapong Hongjamrassilp.

Ratchathani,

and ecotourism management. Thus, to conserve this natural
resource that can benefit local community (in terms of food,
education and business), the fundamental biology of the
shrimps, including life histories and movement behaviour,
requires study.

Here we study the proximate causation and functions of the
parading behaviour by: (1) describing the natural history of
parading, (2) investigating whether parading is associated with
reproduction (breeding or spawning) and (3) identifying envi-
ronmental factors and habitat structure that triggers parading.
Finally, we discuss whether parading is simply upstream
migration of juveniles, as seen in most amphidromous Macro-
brachium species, or whether it is a mass upstream movement
triggered by hydrological displacement.

Materials and methods

Site study

Parading shrimps were studied in Nam Yuen district, Ubon
Ratchathani province, Thailand from August to September of
2018 and 2019. We surveyed nine sites along the Lamdom
river where parading was observed in the past (Fig. S1). How-
ever, we only found two locations with active parading beha-
viour: (1) the Lamduan rapids and (2) the Yang weir.

The Lamduan rapids (14°26°07.0”’N; 105°06°17.0”’E) are
located on the Lamdom River (Fig. 2a); a river that flows
down from a headwater located in the Dangrék Mountains
between Thailand and Cambodia. The distance from the head-
water to the Lamduan rapids is about 25 km and the distance
from the Lamduan rapids to the river’s mouth, in the Mekong
Delta in Vietnam, is about 900 km. During the summer (late
March-May), the Lamduan rapids are dry, disconnecting the
headwater and downstream portions. The upstream and down-
stream join back again during the rainy season (July—October).

Journal of Zoology ee (2020) ee—ee © 2020 The Zoological Society of London
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Parading behaviour in freshwater shrimps

Figure 2 (a) Lamduan rapids. (b) Yang weir. White arrows indicate the area where the shrimps perform parading behaviour during the nighttime.

Photos: Watcharapong Hongjamrassilp.

The highest precipitation in this area occurs in August and
September (Fig. S2). The second site is Yang weir which is an
inflatable rubber dam  (14°29°35.5°N; 105°08°06.5°’E)
(Fig. 2b). This site is located 14 km downstream from the
Lamduan rapids.

Species identification

We collected 30 shrimps from Lamduan rapids and Yang Weir
(almost all parading shrimps were juveniles) while they were
walking on land and identified them to genus using a morpho-
logical key (Cai, Naiyanetr & Ng, 2004), and to species with
molecular identification techniques. We collected abdominal
muscle tissues from ten shrimps (five from each site) and
extracted total genomic DNA with a PureLink Genomic DNA
Mini Kit (Carlsbad, CA, USA). We sequenced 16S ribosomal
RNA (16S rRNA) and Cytochrome c oxidase I (COX1) for
species identification (detailed methods regarding gene amplifi-
cation and sequencing are in Supplementary Material S1).

We blasted all sequences in the National Center for Biotech-
nology Information (NCBI) database to search for species and
confirmed the results by conducting a phylogenetic analysis
with eight species of Macrobrachium, which are found in the
Lamdom river and other places in Thailand, as an outgroup
(Accession numbers in Table SI). We reconstructed the phy-
logeny using a maximum likelihood method with rapid boot-
strap algorithm using 1000 replicates under Generalized Time
Reversible (GTR) model (Yang, 2006).

Study 1 Behavioural observations

We observed parading behaviour using time-lapse night cam-
eras (Victure trail camera HC200) and in situ observations.
The night cameras use infrared LEDs, which should minimize
shrimp disturbance. To determine when shrimps moved out of
the river, we set up time-lapse night cameras c. 30 cm from
the river to take photos every five minutes within a
20 x 20 cm quadrat between 17:00 to 08:00 h the next day.
We quantified (1) the time that the shrimps started and stopped
parading; (2) the distance over which shrimps travelled on
land; and (3) the density of shrimps every hour during which
they paraded. Moreover, we observed river structure that might
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be associated with parading in the two study sites by docu-
menting hydrological variability that is a consequence of varia-
tion in river topology.

Study 2 Do the shrimps perform parading
behaviour for reproduction?

Population demography and reproductive cycle of
parading shrimps

Our hypothesis was that if parading behaviour was associated
with reproduction (breeding or spawning), we would find more
adults than juveniles. To test this hypothesis, we studied the
population demography of the shrimps by collecting 30
actively parading shrimps, weekly, from the first week of
August to the last week of October of 2018-2019 using a
hand net (i.e. 12 collections/year; N = 24 collections). We
measured carapace length, a proxy of body size, and plotted a
frequency histogram of carapace length. In addition, to study
the reproductive cycle of the adult shrimps, we used an under-
water trap to collect female adults at the Lamduan rapids from
2018-2019. We aimed to collect 30 individuals each month.
However, we caught fewer shrimps during the summer dry
season. We counted the number of ovigerous females and
compared them over months.

Study 3 Environmental factors associated
with parading behaviour

Prior studies suggested that underwater migration in amphidro-
mous shrimps was triggered by several environmental factors
including water velocity, moonlight intensity, salinity and
cloud cover (Kikkert ef al., 2009). Therefore, we collected six
environmental variables: (1) water velocity, (2) moonlight
intensity, (3) air temperature, (4) water temperature, (5) humid-
ity and (6) cloud cover (in okta units) in the vicinity of the
parading site from the end of August to early October in 2018
and 2019. We measured all environmental variables at 20:00 h
which is about one hour after the shrimps start to migrate from
both the Lamduan rapids and the Yang weir site. We measured
water velocity using a digital flow metre fitted with 60 mm
impellers (Flowatch, JDC Electronic, Switzerland). We used a
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hygrometer and thermometer to measure humidity and temper-
ature, respectively. To quantify cloud cover, we estimated it
using eight sector square grids following Llusia et al. (2013).
We obtained the moonlight illumination data from an online
source (https://www.mooncalc.org). To estimate a number of
shrimps that paraded each night, we counted shrimps in 180
photographs per day collected at each location using the time-
lapse cameras as described above.

We conducted all statistical analyses using R 3.5.3 (R Core
Team, 2019). We regressed environmental variables (including
water velocity, moonlight intensity, air temperature, water tem-
perature, humidity, cloud cover and site study) against the
number of parading shrimps to explain variation in a number
of shrimps per night. Prior to fitting the model, we calculated
correlation coefficients among all environmental variables; only
humidity and the air temperature were highly correlated
(r=-0.694, N =95 P<0.001). Therefore, we omitted
humidity from our model. Since the independent variable
(number of parading shrimps) is a count, we fitted a negative
binomial regression model using the function glm.nb in pack-
age MASS (Venables & Ripley, 2002). We calculated the
model’s pseudo R* with the likelihood-ratio-based method for
the generalized linear model (Maddala, 1983; Cox & Snell,
1989; Magee, 1990) using rsq.lr function in package rsq
(Zhang, 2018). To estimate partial pseudo R> of each indepen-
dent variable, we subtracted Pseudo R? of the full model from
Pseudo R? of the full model without the specific independent
variable and used this value to explain effect size of each envi-
ronmental variable.

Study 3.1 Does water velocity cause the
parading shrimps to leave water?

Based on results from study 3, we hypothesized that parading
behaviour functions to help the shrimps escape strong water
currents. To test this hypothesis, we created an artificial stream
that consisted of an upper tank and a lower tank. The bottom
of the upper tank contained a valve to adjust flow velocity.
The upper tank and lower tank were connected by a semicircu-
lar concrete pipe (Fig. S3). We placed 106 shrimps (carapace
length ranged from 4.06-16.04 mm) by putting a shrimp on
the centre of the concrete pipe and turning on the water from
the upper tank. To quantify the maximum water velocity that
the shrimp could tolerate, we increased the water velocity by
adjusting the valve until the shrimp was washed down the
pipe. Following this experiment, we measured each shrimp’s
carapace length as a proxy of body size. Finally, we calculated
the Pearson correlation between maximum water velocity the
shrimps could tolerate and carapace length.

Study 3.2 Does water chemistry, turbidity or
turbulence cause the parading shrimps to
leave water?

Based on the results from study 1, we hypothesized that tur-
bulence might cause the shrimps to leave the water. More-
over, Kikkert er al. (2009) suggested that water chemistry

19

W. Hongjamrassilp et al.

(e.g. plant exudates from leaf litter and sediment) and turbid-
ity were negatively correlated with migration activities in
other freshwater shrimps (genus Atfya and Xiphocaris). To
determine whether turbulence, water chemistry and turbidity
influenced shrimps activity and ultimately potentiated parad-
ing, we conducted experiments. However, we were not able
to simulate the difference between chemical compounds in the
water in the same way as Kikkert er al. (2009). Rather, we
varied the source of our water. Groundwater was clear water
that we sourced from an underground fountain, and river
water was turbid water that we collected from the Lamduan
rapids. Water from the Lamduan rapids was murkier, and we
assumed that river water contained a greater diversity of
chemicals than groundwater.

We divided the experimental aquaria into four conditions
(hereafter treatment): (1) turbulence with river water, (2) no
turbulence with river water, (3) turbulence with groundwater
and (4) no turbulence with groundwater. To generate turbu-
lence, we created an artificial stream where water was pumped
uphill with aquarium pumps and flowed down to the holding
tank (Fig. S4A). We used ToxTrac software (Rodriguez et al.,
2018) to track the shrimp movement speed as a proxy of
migration activity. However, shrimps are transparent and could
not be detected under normal conditions. Therefore, we fed
shrimps with rice that was stained with black food colouring
(Fig S4B.C).

We collected actively parading shrimps and acclimated them
in the aquarium with groundwater and no turbulence for
5 days to standardize shrimp activity. On the sixth day, we
moved the shrimp into one of the four experimental aquaria
(30 individuals per treatment). Then, every 12 h, we took each
shrimp from each treatment to an observational aquarium and
filmed it with a video camera for 3 min. After that, we took
the shrimps back to the experimental aquarium and waited for
the next 12 h. We ran all experiments for 24 h. After finishing
the experiment, we measured swimming speed of each shrimp
in each treatment using ToxTrac tracking software. We anal-
ysed the difference between mean rank of swimming speed
among four treatments with Kruskal-Wallis test and compared
the difference among significant groups using a Mann—Whitney
U test.

Results

Species identification

The morphological analysis suggests two species of parading
shrimps: Macrobrachium lanchesteri (Decapod: Caridea: Palae-
monidae) comprised 1% of the sample (N = 709) and another
unidentified Macrobrachium species that comprised 99% of the
samples. We resolved this unidentified species with molecular
techniques. We obtained a total of 408 base pairs (bp) from
16S rRNA and 692 bp from COXI from ten parading shrimps.
After examining the protein-coding COXI, we found that every
sequence consisted of several stop codons inside the
sequences. This means that the sequences were pseudogenes
and could not be included in the phylogenetic analysis. Thus,
we only used sequences from 16S rRNA for species
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Figure 3 Estimated number (Average + SEM) of parading shrimps from time-lapse night cameras from 2018-2019. Migrating pattern of
parading shrimps at the weir (N = 40 days) is represented in black bars and at the Lamduan Rapids (N = 55 days) is represented in white bars.

identification. The result from the phylogenetic analysis reveals
that all unknown specimens were clustered inside the M. dien-
bienphusense clade with M. eriocheirum as a sister group
(Fig. S5). De Grave & Fransen (2011) synonymized M. eri-
ocheirum with M. dienbienphuense, but Hanamura et al.
(2011) recognized it as valid. Even though there is some dif-
ference of the opinion on the taxonomic validity of M. eri-
ocheirum, 99% of the unknown Macrobrachium individual
belonged to a single species, M. dienbienphuense Pang and
Nguyén, 1972.

Study 1 Behavioural observations

The time-lapse cameras revealed that the shrimps started to
leave the river and paraded on land at around 19:00 h; ca.
30 min after dusk. We observed the shrimps aggregated
underwater at the start point of the parading site around
18:00 until the sun completely set at around 18:45. After that,
they climbed out of the river and continued to walk through-
out the night (Fig. 3). While on land, they mostly walked
inside the splash zone which was about 2040 cm from the
river’s edge (Fig. 4). The movement ceased around 06:00—
07:00 h when the sun started to rise. While moving, we
found that most shrimps preferred to walk around 22:00—
03:00 h at the weir and around 03:00-05:00 h at the rapids.
Shrimps walked on land for 5-20 m depending on river
velocity and riverbank structure. The average walking speed
while moving on land was 85.2 + 43.82 (Mean + sp) cm/
min (N = 30).

Observations among nine locations along the Lamdom river
suggested that the Lamduan rapids and the weir had unique
characteristics that could not be found elsewhere. We defined
four zones based on topology and hydrology: (1) downstream
zone (flow velocity = 5-10 cm/s), (2) turbulent zone (flow
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Figure 4 Parading shrimps migrate on land mostly in the splash zone
along the Lamdom river. Photo: Watcharapong Hongjamrassilp.

velocity = 10-20 cm/s), (3) running water zone (flow veloc-
ity = 120-200 cm/s) and (4) upstream zone (flow veloc-
ity = 60-100cm/s) (Fig. 5). After sunset, shrimps began to
swim upstream underwater. They swam from the downstream
zone to the turbulent zone. Shrimps aggregated there until the
sky was dark. Once dark, the aggregated shrimps climbed out
of the river and walked past the running water zone to the
upstream zone. When the shrimps reached the end of the
upstream zone where the flow velocity was sufficiently low
(less than 60 cm/s), they returned to the river. The walking
pattern varied depending on the number of migrants each night
and the size of the splash zone. We observed shrimp walking
in several rows when the splash zone was small. However,
when the splash zone was sufficiently wide, the shrimps spread
out and did not form a line.
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Figure 5 Four unique zones at the Yang weir, which are also found in the Lamduan rapids. Zone 1 is a downstream zone (flow velocity = 65—
10 cm/s). Zone 2 is a turbulent zone (flow velocity = 10-20 cmy/s). Zone 3 is a running water zone (flow velocity = 120-200 cm/s). Zone 4 is an

upstream zone (flow velocity = 60-100 cm/s). Graphic credit: Boontigan Kuhasubpasin

Study 2 Do the shrimps perform parading
behaviour for reproduction?

Population demography and reproductive cycle of
parading shrimps

Parading shrimps varied in their carapace length (CL) from
1.72-12.55 mm (Mean + sp: 6.0 + 1.439, N = 706) (Fig. 6)
(relationship between CL and total length is in Fig. S6). 92%
of the shrimp (CL = 1.72-7.80 mm) did not have an enlarged
chela (a secondary sexual characteristic, Fig. 7a) and we did
not observe eggs inside their abdomen. From this, we con-
clude that 92% of the parading shrimps were juveniles. More-
over, year-round data collection of adults M. dienbienphuense
in the Lamdom River revealed that most ovigerous females
were found in June to September with the peak number of
ovigerous females in June (Fig. 7b). Finally, we found that
within ovigerous females, eggs in their abdominal cavity were
not at the same developmental stage. Some eggs already had
eyes developed inside while some did not. Together, these
observations suggest asynchronous spawning of M. dienbien-
phuense and suggest that parading was not associated with
spawning.

Study 3 Environmental factors associated
with parading behaviour

In 2018 and 2019, we quantified data from a total of 55 days
at the Lamduan rapids and 40 days at the weir. More shrimps
paraded at high water velocities (P < 0.001) and at low air
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Figure 6 Histogram illustrating the frequency of parading shrimps
with different carapace lengths (N = 706). Pie chart represents
proportion of juvenile and adult Macrobrachium dienbienphuense
which were collected while parading.

temperatures (P = 0.006; Table 1), and more shrimps paraded
at the weir than at the Lamduan rapids (P = 0.002). Even
though the shrimps tended to parade more with high precipita-
tion, low moon illumination, low cloud cover and low water
temperature, these independent variables were not statistically
significant.
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Figure 7 (a) Adult male Macrobrachium dienbienphuense with enlarged hairy claws. (b) The bar graph shows the percent of ovigerous females
(ovigerous females in each month/ total females in each month) in different months. Top right is a female M. dienbienphuense with a cluster of
eggs inside its abdominal cavity. Photo: Watcharapong Hongjamrassilp.

Table 1 Results from negative binomial regression describing the variation in a number of parading shrimps by environmental parameters

Estimate SE Z value P value Partial Pseudo R* Pseudo R*
(Intercept) 9.227 2.185 4.222 <0.000* 0.385
Precipitation 0.010 0.005 1.818 0.069 0.022
Moon illumination —0.003 0.003 —1.030 0.303 0.007
Cloud cover —0.008 0.026 —0.324 0.746 0.001
Water temperature -0.072 0.078 —-0.923 0.356 0.003
Air temperature —0.082 0.030 —2.742 0.006* 0.042
Water Velocity 0.012 0.002 5.417 <0.000%* 0.130
Location (Weir) 0.620 0.195 3.175 0.002* 0.055
P-values with asterisk are considered significant.
Study 3.1 Does water velocity cause the . .
parading shrimps to leave water? 140 S :_ o3
o
Larger shrimps tolerated higher water velocity than smaller E 120 * .": .~ 0
shrimps (R = 0.856, N = 106, P < 0.001) (Fig. 8). This result g .’
suggests that the small shrimps benefited from walking out of ’E, £ 100
water because they could not tolerate the high flow at the E’% .
rapids. However, the largest shrimps rarely walked out of gg a0 "l‘. '.. s,
water because they could tolerate the high flow in the rapids. E.‘é .. s
E | "{ )
E” w0 e *
Study 3.2 Does water chemistry, turbidity or 2 -
turbulence cause the parading shrimps to 40 : o
leave water?
At the start of the experiment (0 h), swimming speed of » 2 4 6 8 10 12 14 16 18

shrimps from the four treatments were not significantly different
()(2 =2.06, P =0.56, N =30 in each treatment). However, by
hour 12, shrimps started to behave differently as a function of
treatment. After 12 h, shrimps in treatment 1 (with turbulence
and river water) and 3 (with turbulence and groundwater) had
higher swimming speeds than shrimps in treatment 2 (without
turbulence and with river water) and 4 (without turbulence and
with groundwater) (zz =26.73, P <0.000; Fig. 9, Table 2).
This indicates exposure to turbulence increased the swimming
speed of the shrimps during the first 12 h. After 24 h,
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Figure 8 Relationship between carapace length and maximum water
velocity that the parading shrimps can tolerate (N = 106).

swimming speed of shrimps in treatment 1, 2 and 3 were simi-
lar and were higher than treatment 4 (Xz =11.25, P <0.001;
Fig. 9, Table 2) suggesting that turbulence and river water
increased shrimp swimming speed. However, the turbulence
had a greater effect within a short period (the first 12 h)
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Table 2 Results from Kruskal-Wallis test describing the difference in
mean ranks of swimming speed of parading shrimps in four different
treatments with Mann-Whitney U test

Mann-Whitney U test

Time d.f. Chi-square P Treatment Group
0 3 2.06 0.56
12 3 26.73 <0.000* 1 a
2 b
3 a
4 b
24 3 11.25 <0.001* 1 a
2 a
3 a
4 b

P-values with asterisks are considered significant.
Treatment 1 is turbulence and river water. Treatment 2 is non-turbu-
lence with river water. Treatment 3 is turbulence with groundwater.
Treatment 4 is non-turbulence with groundwater.

30
-&-Turbulence + River water
~#-No Turbulence + River water
25| Turbulence + Groundwater
’a.; ~o-No Turbulence + Groundwater
£
5
~ 20 1
o
[
]
a
w
o 15} - — '
= T
£
E
2 10
7]
5
0 12 24
Time (hour)

Figure 9 Temporal pattern of swimming speed (mean =+ sg) of the
parading shrimps in four different treatments. Hour in x-axis is
number of hours after the shrimps were placed in each treatment.
N =30 in each treatment.

compared to the effect of the type of water, which was only
important at 24 h. Based on these results, we conclude that the
type of water (high turbidity and chemically complex water)
and turbulence increases shrimp activity and stimulates them to
walk out of the river.

Discussion

A number of species of freshwater caridean shrimps engage in
what is referred to as parading behaviour. Our research shows
that small shrimps leave the river and walked on land to escape
strong currents. The main factors that triggered parading were
low light intensity, high water velocity, low air temperature, high
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turbulence, high turbidity and (to date unidentified) chemicals in
the water. We discuss these below.

Virtually all of the shrimps we identified performing parad-
ing behaviour in Ubon Ratchathani, Thailand were Macro-
brachium dienbienphuense; 1% of them were M. lanchesteri.
Both species are endemic to East and South East Asia (Chace
& Bruce, 1993; Hanamura et al., 2011). Other studies reported
parading behaviour in caridean shrimps (Decapoda, Caridea)
throughout the world including in Asia (Caridina japonica,
Paratya compressa and M. japonicum in Japan (Hamano
et al., 1995); M. malcomsonii in Godvari, India (Ibrahim,
1962)), Australia (M. australiense in Queenland, Australia)
(Lee & Fielder, 1979; Torkkola & Hemsley, 2019), and in the
Americas (Atyoida bisulcata, M.grandimanus and M. lar in
West Maui Mountain, Hawaii, USA (Benbow et al., 2002);
M. ohione in the Atchafalaya River, Louisiana, USA (Olivier
et al., 2013); M. faustinum, Xiphocaris elongata and Atya
innocous on Guadeloupe Island, French West Indies (Fievet,
1999)). These reports indicate that the ability to leave a river
and climb over either natural barriers (e.g. waterfalls) or man-
made barrier (e.g. dams or weirs) during upstream migration is
widespread in amphidromous and freshwater caridean shrimps.

Ancestors of caridean shrimps are thought to have originated
in marine habitats (Davis et al., 2018) and some species
evolved to exploit freshwater habitats (Bauer, 2013). Upstream
migration in concert with novel reproductive strategies (abbre-
viated larval development (ALD) versus extended larval devel-
opment (ELD)) are two main features that allow caridean
shrimp to successfully colonize freshwater habitats (Bauer,
2011a; Bauer, 2013). We suggest that parading is another
behavioural adaptation that facilitates colonization of freshwater
ecosystem by allowing shrimps to move past barriers to
upstream areas while other organisms cannot (e.g. predatory
fishes). Moreover, the ability to walk on land may facilitate
overland dispersal (Torkkola & Hemsley, 2019). More observa-
tions are needed to confirm this hypothesis.

Many species of amphidromous Macrobrachium parade
while travelling to headwaters with relatively fewer predators
than downstream areas (Covich er al., 2009). However, until
now, there have been no reports of upstream migration of the
completely freshwater Macrobrachium. Bauer (2013) reported
the upstream migration of M. ohione, an amphidromous spe-
cies, by swimming upstream at nighttime but not at daytime.
However, we did not observe M. dienbienphuense, which are a
freshwater species (De Grave, Wowor, & Cai, 2013; WoRMS,
2020), performing upstream migration by swimming during
both the day and night. We only observed them walking at
night. After the parading shrimps returned to the river, we did
not observe them swimming upstream. Bauer (2013) proposed
that the migration between freshwater and marine system of
amphidromous Macrobrachium was related to developmental
strategy. The amphidromous species are known to have
extended larval development (ELD). ELD is a type of develop-
ment where adults spawn with many tiny larvae that contain a
small amount of yolk (Mashiko, 1990; Walsh, 1993; Bauer,
2004). Because of less yolk, the larvae must drift downstream
to the ocean where there is more food and sufficient salinity
that triggers their development. In some species, gravid
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females migrate downstream and spawn at a river mouth (Oli-
vier & Bauer, 2011; Bauer, 2011a). By contrast, completely
freshwater species are known to exhibit a direct or abbreviated
larval development (ALD), which is the type of development
whereby the adult spawn with fewer larvae, but these larvae
are typically in more advanced stages or, in some species,
hatching out as a juvenile (post-larvae) (Hayashi & Hamano,
1984). Because completely freshwater species hatch out in an
advanced developmental stage, the juveniles need not migrate.

While we do not have any direct evidence that the popula-
tions of M. dienbienphuense in our study sites have ALD, the
distance from our study sites to the closest estuary was about
1000 km. Most of females M. dienbienphuense in our study
sites carried eggs that were at the pigmented eye stage to pre-
hatching stage indicating that they were ready to spawn.
Therefore, we hypothesize that M. dienbienphuense in our
study sites have ALD. Thus, we conclude that the function of
parading behaviour in M. dienbienphuense is not similar to the
upstream migration in amphidromous species, yet the parading
behaviour helps the juvenile shrimps move past the rapids.

We observed M. dienbienphuense parading after sunset; light
suppresses the behaviour. By contrast Fivet (1999) observed
shrimps (M. faustinum, X. elongata and A. innocuous) leaving
the water during the day when there was a sudden strong
release of water over an impoundment (water current >100 cm/
s). We also observed a single event in September of 2019
where M. dienbienphuense continued to migrate after sunrise
on a day of exceptionally heavy rain and extremely rapid flow
(c. 220 cm/s). These anecdotes suggest that the decision to
parade involves multiple drivers including at least ambient
light and water velocity.

The number of parading M. dienbienphuense was positively
correlated with water velocity and negatively correlated with
shrimp size. Lee & Fielder (1979) also reported a similar pat-
tern of smaller M. australiense being more likely to parade.
Together, parading behaviour is a way that small shrimps can
continue to move upstream where water velocity exceeds about
120 cm/s. In addition to velocity, our experiments revealed that
turbulence also potentiates parading. Since most migrating
shrimps make use of positive rheotaxis during the upstream
migration (Lee & Fielder, 1984), turbulence might eliminate or
modify flow direction (Benstead et al., 1999). The Lamduan
rapids and the Yang weir have the turbulence zone following
the running water zone (Fig. 5). Therefore, by moving on land,
shrimps, especially small individuals, avoid turbulent areas.
We also observed that while moving on land, shrimps often
walked near the splash zone and put their legs into the river.
We speculate that the shrimps sensed flow direction using
setae on their legs. However, how the shrimps navigate while
on land requires formal study.

Covich (1988) proposed that chemicals from leaf litter might
contain toxic compounds that drive shrimps to migrate to
another habitat, while Olsson et al. (2006) proposed that chem-
icals in the water could trigger the shrimps to collectively
move because chemicals from leaf litter might be a food cue.
Kikkert et al. (2009) demonstrated that Arya and Xiphocaris
shrimps avoided swimming in a river with high leaf litter and
high turbidity consistent with the hypothesis that they avoided
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toxic leaf litter. While we also found that activity was
increased when shrimps were in river water compared to
ground water, we cannot conclude why. Regardless, our results
illustrate the potential that both chemicals and turbidity stimu-
late parading.

Parading behaviour was not associated with reproduction in
M. dienbienphuense because almost all were juveniles. Several
riverine species such as Atlantic salmon (Salmo salar) and
aquatic insects migrate upstream to mate (Bagliniere er al.,
1990; Higler, 2004). Furthermore, studies in amphidromous
Macrobrachium shows that shrimps migrate downstream to
spawn in the ocean while most juveniles migrate upstream
after larval development in the sea (Bauer, 2013). This sug-
gests upstream migration in amphidromous species may not
function for reproduction. Moreover, we found that the parad-
ing season was not associated with spawning because M. dien-
bienphuense has an asynchronous spawning reproductive
pattern.

Information about the mechanisms and functions of parading
behaviour allows us to improve conservation and management
strategies for freshwater shrimps. For example, dams have been
constructed throughout the world (Kaika, 2006; Zaharia et al.,
2016), and they affect upstream migration of many riverine
species including amphidromous and freshwater shrimp.
Hamano et al. (1995), Fievet (2000) and Olivier et al. (2013)
demonstrated how a fundamental understanding of climbing
performance in caridean shrimps could be applied to create
‘shrimp ladders’, which permit shrimp to move across dams.
Furthermore, an understanding of parading behaviour can be
used to limit the movement of invasive species to upstream
headwaters. For instance, red swamp crayfish (Procambarus
clarkii) (Crustacea: Astacidae), a native species in the southern
United States, is an invasive predator in other parts of the
world (Loureiro et al., 2015). By understanding crayfish climb-
ing performance, scientists have designed a special type of roof
on a dam that can prevent upstream crayfish movement
(Dana et al., 2011). Our results could be used to create similar
structures that can facilitate or limit the movement of decapod
crustaceans.
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Additional Supporting Information may be found in the online
version of this article:

Figure S1. Location of surveyed sites. Parading shrimps
were only detected at sites 4 and 9. Number 4 is Lamduan
rapids and number 9 is Yang weir. Table on the bottom left
indicates the latitude and longitude of surveyed sites.

Figure S2. Monthly average+SEM rainfall at Phon thong
village (ca. 3 km away from out study site), Nam Yuen district,
Ubon Ratchathani, Thailand. Data from http://hydro-4.com/.
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Figure S3. Artificial stream to study the decision to parade.
Yellow arrow illustrates flow direction. Shrimps were put in
the lower tank. During the experiment, the shrimp walked up
from lower tank to an upper tank.

Figure S4. (a) Experimental aquarium with turbulence creat-
ing system. (b) Rice stained with black food coloring (white
arrow) contrasted with a shrimp in the top right which has not
eaten the rice. (c) Close-up photo of shrimp fed black rice.
The white arrow points its stomach stained with black color.

Figure S5. Ultrametric phylogeny of some members of
shrimps in genus Macrobrachium found in Thailand. S1-S5
are samples collected from the Lamduan rapids and S6-S10
are samples collected from the Yang weir. The values repre-
sented on this phylogeny are bootstrap values.

Figure S6. Relationship between total length and carapace
length of Macrobrachium dienbienphuense with regression
equation.

Table S1. Accession numbers used for phylogenetic analysis.

Video S1. Parading behaviour of parading shrimps (M. dien-
bienphuense) at Lamduan Rapids, Ubon Ratchathani, Thailand.
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Abstract

An increase in ecotourism adversely impacts many animals and contributes to biodiversity loss. To
mitigate these impacts, we illustrate the application of a conservation behavior framework toward
the development of a sustainable ecotourism management plan. In Ubon Ratchathani, Thailand,
thousands of tourists annually come to see a unique mass migration of shrimps on land (referred
to as “shrimp parading”). Preliminary work suggests that this tourism has negatively impacted the
shrimps. To reduce tourism-related impacts we studied: 1) the decisions shrimps make when para-
ding and 2) how shrimps respond to different light intensities and colors. We created an artificial
stream and tested the conditions that influence parading by experimentally varying the presence
of light and systematically manipulating water velocity (10, 60, and 100 cm/s). Additionally, we con-
ducted an in situ experiment to study how shrimps respond to tourists’ lights under three inten-
sities (50,400, and 9,000 lux) and five colors (white, blue, green, orange, and red). We found most
shrimps prefer to leave the river when it is dark and there is low water flow. Shrimps responded
the least to red (Zmax=630nm) and orange (Zmax=625nm) light at 50 lux. These findings were
used to develop a management plan by creating three different tourist zones, which maximize tour-
ist needs and minimize the anthropogenic impacts on the shrimps. This work could be used as an
example of the application of conservation behavior framework in developing management plan
for sustainable ecotourism for other invertebrate taxa.

Key words: anthropogenic light, caridean shrimps, collective behavior, freshwater prawn, migration, nature-based tourism

In this Anthropocene epoch, human activities have negatively
affected the global environment at multiple scales that range from
the individual to the ecosystem. Tourism has created a number of
deleterious impacts on organisms and the environment (Haysmith
and Hunt 1995; Green and Giese 2004; Tablado and D’ Amico
2017). According to the United Nations World Tourism
Organization, the number of tourists has increased annually
(UNWTO 2018), which has been associated with economic benefits
but also with associated environmental costs.

Without effective management, an increase in the number of tou-
rists in natural habitats results in ecosystem damage and species loss
(Hall 2010; Gil et al. 2015). For example, the Great Barrier Reef,
one of the world’s largest coral reefs, is being damaged by many fac-
tors, including overuse by tourism (De’ath et al. 2012). The loss of
coral reef habitat has changed the species composition of coral reef
fishes (Richardson et al. 2018) and might ultimately lead to ecosys-
tem collapse. Another example can be seen in the decline of the fire-
fly population at Amphawa floating market, Samut Songkhram,
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Thailand (Nurancha et al. 2013). Fireflies are well known for being
an indicator of a healthy environment, especially for aquatic ecosys-
tems (Kazama et al. 2007) because more than half of their lifecycle
strictly relies on the aquatic environment. After the promotion of
this as an ecotourist site, the number of tourists has dramatically
increased, which resulted in increased urbanization in the area,
resulting in the loss of many aquatic habitats that the fireflies inhab-
ited. In addition, the overuse of pesticides from urban areas has led
to the contamination of associated aquatic habitats. These an-
thropogenic pollution and disturbance have resulted in habitat deg-
radation which reduced firefly survival and population size
(Sartsanga et al. 2018). Despite attempts by the government and
state to reduce impacts, the firefly population has not recovered.

Conservation behavior is an interdisciplinary discipline that inte-
grates basic insights of animal behavior through the lens of behav-
ioral ecology, genetics, physiology, and evolution with conservation
biology and wildlife management (Blumstein and Fernandez-Juricic
2010; Berger-Tal and Saltz 2016). The ultimate goal is to sustain-
ably and effectively conserve and manage focal animal species.
Therefore, a deep understanding of how animals perceive and re-
spond to anthropogenic threats will allow us to mitigate
disturbances.

Much research has shown that animals respond to humans as
stressors in that human activities can alter wildlife behavior resulting
in population declines (Geffroy et al. 2017). For example, the study
of effects of visitors on breeding Adélie penguins Pygoscelis adeliae
found that, if a single visitor approaches a penguin nest within 5 m,
it can interrupt the incubation activity resulting in decreased hatch-
ing success (Green and Giese 2004). Even merely taking photo-
graphs with a digital single-lens reflex (SLR) camera can be
disturbing as shown by Huang et al. (2011) where they found that
shutter noise decreased display behavior of an Anolis lizard Anolis
cristatellus. Reductions in this display could have reproductive con-
sequences and the results suggest that anthropogenic stimuli may
distract animals and enhance their vulnerability to predators. Thus,
an understanding of how animals respond to stressors, including
humans, offers a chance to create sustainable management plans.

When animals move together (i.e., collective or group move-
ment), they attract public attention and, in some cases, are the focus
of nature-based tourism. For instance, the annual mass migration of
monarch butterflies Danaus plexippusin in Mexico (Geiling 2015)
attracts >100,000 tourists annually. According to a survey of 118
million U.S. households, this has an economic value of as much as
$6 billion (Diffendorfer et al. 2014). Because of the economic
impacts of tourism, there are concerns of overexploitation and cli-
mate change that affect migratory animals, which could result in
population declines, population extinction, and associated phenom-
ena. These include the potential extinction of wildebeest
(Connochaetes spp.), that migrate through the Serengeti ecosystem
(Harris et al. 2009), and the decline of mass migration and overwin-
tering of monarch butterflies in Mexico (Barve et al. 2012; Brower
et al. 2012). To prevent such losses, it is essential to have a funda-
mental understanding of the basic biology of group movement.
Although we know something about group movement in birds,
fishes, and mammals, the biology of group movement in inverte-
brates, a group that is quite important for ecosystem function,
remains more of a mystery and its study could lead to novel insights
for other groups as well.

Parading shrimps Macrobrachium dienbienphuense Dang and
Nguyén, 1972, an Asian endemic species of freshwater shrimps, per-
form a unique type of group movement known as “Parading

Behavior” (Figure 1 a,b; Video 1). This behavior is unique in that
the freshwater shrimps, which have an obligate aquatic lifestyle,
climb out of a river at night and walk en masse upstream on land
along a river bank within a splash zone for 5-20 m before heading
back to the river before sunrise (Hongjamrassilp et al. 2020). This
natural phenomenon occurs annually during the rainy season (mid-
August to early October) at the Lamduan rapids, in Ubon
Ratchathani province, Thailand. Little is known about this extraor-
dinary behavior. Previous research found that the shrimps, especially
juveniles, collectively move on land to escape strong water currents
that otherwise would wash them downstream. The main environ-
mental factors associated with parading include high water velocity,
low light, and low air temperature (Hongjamrassilp et al. 2020).
These shrimps are strictly aquatic, and by leaving the water to move
on land, they experience several costs such as desiccation and preda-
tion from terrestrial animals (W.H. unpublished observations).
Therefore, an understanding of the decision to leave the water col-
lectively is an interesting and important question for movement ecol-
ogy, and one that has implications for effective management.

Every year, thousands of tourists witness this group movement
as part of “Shrimp Watching” ecotourism (Hongjamrassilp et al.
2021) (Figure 1C; Video 2). Yet, despite national and international
attention, and a growing number of tourists annually, there is no
tourism management plan because of the lack of fundamental know-
ledge about this shrimp species. Observations from rangers in the
Nature and Wildlife Education Center at Ubon Ratchathani prov-
ince suggest that the shrimp population has decreased during the
past Syears. Indeed, our preliminary observations showed that
fewer shrimps were present when tourists were present suggesting
that tourists might negatively affect parading behavior (Figure 2).
From our observations, two possible anthropogenic threats for the
shrimps include being trampled by tourists (a relatively rare occur-
rence) and light from tourist’s flashlights which drives shrimps off
the land and back to the rapids where they get washed downstream.
This disturbance potentially increases the energetic cost of move-
ment for the shrimps. However, crustaceans may perceive light dif-
ferently from humans (Cronin and Porter 2008), and if so, to
mitigate the effect of anthropogenic light on the shrimps, it is essen-
tial to determine the effect of different light intensities and colors on
the shrimps.

Freshwater Macrobrachium shrimps contribute tremendously in
many ways to freshwater ecosystems and human societies world-
wide. They serve as a food source for humans in many cultures, es-
pecially in Southeast Asia (Motoh 1980). At the same time, they
also play crucial roles in maintaining the stability of stream ecosys-
tems by recycling nutrients for primary producers (e.g., phytoplank-
ton) or being a predator (Mantel and Dudgeon 2004a, 2004b; Hein
et al. 2011), which are essential to their food web (Covich et al.
1999). Many freshwater aquatic species feed on juvenile
Macrobrachium shrimps (Zimmerman and Covich 2003; Covich
et al. 2006). Therefore, local extinction of these shrimps by an in-
crease in tourism might affect the security of stream ecosystems and,
in the long term, might cause extinction cascades of other species,
resulting in ecological collapse.

To prevent this loss, we 1) studied the decisions that shrimps
make about initiating parading, and 2) investigated the effect of an-
thropogenic light intensity and color on parading. For the first
study, we hypothesized that shrimps will decide to leave the water
when they encounter high water velocity and only under dark condi-
tions. For the second study, we postulated that red light, which
shrimps could not perceive well, has less effect on shrimps while
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Figure 1. (A) A close-up photo of juvenile parading shrimps (M. dienbienphuense). (B) Shrimp parading is seen when they collectively climb out of a river and
walk upstream along the riverbank. (C) Tourists with their flashlights waiting to watch the shrimp parade. Photos by W. Hongjamrassilp.
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Figure 2. Preliminary observations show the difference between the number
of shrimps that leave the river at Lamduan rapids when tourists were present
and absent. We used night camera traps to take photos of shrimps that
passed a 20 x 20 cm? plot every 5 min between 18:00 and 07:00 h. We counted
the number of shrimps from photos and calculated an average number of
shrimps under each condition. The bold lines in the boxplot are the median
and the dashed lines are the means. Whiskers above and below the box rep-
resent maximum and minimum value, respectively. N is the number of days
we observed the shrimp.
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parading on land compared with other light colors. An understand-
ing of the decisions shrimps make to collectively move on land to-
gether with how they respond to anthropogenic light during
collective movement permits us to make biologically informed sug-
gestions for a sustainable management plan so as to mitigate an-
thropogenic disturbances on shrimps.

Materials and Methods

Study site

We divided this research into two parts. We first conducted an ex-
periment on captive shrimps at the Ubon Ratchathani Wildlife and
Nature Education Center (14°26'19.3”N 105°06’08.0”E), ~1km
away from the parading site in Lamduan Rapids (14°26'05.5"'N
105°06'19.3"E) in Ubon Ratchathani, Thailand. Then we conducted
an in situ experiment at the parading site where tourists come to
watch the shrimps. We conducted the second study after 22.00h
when all tourists had left the parading site.

Study 1: How does light and water velocity influence
the decision to parade?

Previous studies revealed that water velocity and light are two main
factors that play a vital role in triggering shrimp parading (Lee and
Fielder 1979; Fievet 1999; Torkkola and Hemsley 2019;
Hongjamrassilp et al. 2020). To explore how shrimps integrate,
these two factors in their decision to climb out of the river, we con-
ducted an experiment in an artificial stream which was adapted
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Figure 3. (A) The artificial stream used in this study. Shrimps were put in the basket in the lower tank. (B) A photo during the experiment. Point 1 shows the
shrimps that began to walk out of the water. Point 2 shows the shrimps that walked out of the water; we counted the number of shrimps that walked out of the
river as in number 2. (C) A still captured from the night camcorder. White-circles show shrimps that were walking out of the water. The yellow arrows in (B) and
(C) indicate the flow direction, and the white arrow in (B) indicates the shrimp walking direction.

from Hamano et al. (1995) and Olivier et al. (2013). The artificial
stream consisted of an upper and a lower tank bridged by a 2m of
semicircular concrete pipe (Figure 3). We installed a valve at upper
tank which was used to adjust water velocity for the water that
flowed to the lower tank. At the lower tank, we installed a pump to
move the water back to the upper tank, making this a closed system.
At the end of the concrete pipe in the lower tank, we attached a
small basket (32 x 28 x 15 cm?; Length x Width x Height) to hold
the shrimps during our experiment.

We systematically varied water velocity at three levels (10, 60,
and 100 cm/s) in combination with light at two levels (no light and
500 lux light). We used 500 lux because this was close to light inten-
sity at sunrise and sunset (Nielson 1963; Nelson et al. 1997;
Goymann et al. 2012). We measured water velocity at the end of the
concrete pipe with a digital flow meter fitted with 60 mm impellers
(Flowatch, JDC Electronic, Switzerland). We measured and cali-
brated light intensity with an Extech EA33 EasyView Light Meter
(Extech Instruments, Nashua, NH). We created six experimental
conditions (light paired with each water velocity and no light paired
with each velocity). To start the experiment, we put 300 juvenile
shrimps in the basket in the lower tank and established a treatment.
Then, for each condition, we filmed (with a Sony FDR-AX33 cam-
corder using night shot mode) the shrimps that moved out of the
artificial river and walked along the concrete pipe for ten minutes.
After the manipulation, all shrimps were released back into the
river. We used a new group of shrimps in each condition. We
repeated each condition 10 times. We counted, from the video, the
number of shrimps that paraded.

To account for the count data, and to determine whether and
how velocity and light influenced parading, we fitted a generalized
linear model and set family parameter as “quasi-Poisson” using the
function glm in package stats version 3.6.2 (R Core Team 2020) and
compared the difference in the number of shrimps between each
condition using the function Anova in package car version 3.0-8
(Fox and Weisberg 2019). Specifically, we tested for the main effects

31

of light, the main effects of water velocity, and the interaction be-
tween light and velocity. Models were fitted in R 4.0.2 (R Core
Team 2020). We calculated pairwise differences and tested their sig-
nificance with Tukey’s range test.

Study 2: Does light intensity and color influence
parading?

Based on our observations, we found that the main anthropogenic
threat to the shrimps is light from tourists’ flashlights. To mitigate
the anthropogenic disturbance on parading, we designed an experi-
ment to understand how shrimps responded to different light inten-
sities and colors.

Study 2.1: Light intensity

We conducted an experiment to determine if certain light intensities
could reduce the impact of illumination on parading. We varied
white light in three different intensities (9,000, 400, and 50 lux)
with a control group under no light. These intensities mimicked the
light intensity from a spotlight that rangers used to guide tourists
0.5 m from the light source, 2m from light source, and smartphone
flashlights 50 cm from light source, respectively. To do so we set up
a spotlight BENEX ET-0815 (Taichung City, Taiwan) 50 cm from
the parading area (splash zone on the riverbank) (Supplementary
Figure S1) and measured light intensity prior to start the experiment
with a light meter. We then filmed shrimps that walked past the ob-
servation zone with the camcorder using night mode. We counted
the shrimps that completed the walk under the observation zone
and the shrimps that walked out of the observation zone and/or
back to the river (N = 30 at each light intensity treatment). We com-
pared the number of shrimps that walked back to the river under dif-
ferent light intensities with a chi-square test of independence setting
our alpha to 0.05. We implemented the pairwise chi-square test with
Bonferroni’s correction to compare the difference between signifi-
cant groups.
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Study 2.2: Light colors

Decapod eyes contain different types and proportions of pigments in
their eyes compared with human eyes (Goldsmith and Fernandez
1968; Cronin and Feller 2014). Therefore, they should perceive light
differently compared with humans and might respond differently to
different wavelengths. We conducted an experiment to determine if
certain light wavelengths could reduce the impact of illumination on
parading (Supplementary Figure S1). To do so, we set up a 50 lux
light using BENEX ET-0815 (Taichung City, Taiwan) at the para-
ding area. We manipulated light color by covering the light source
with no filter, or adding a red, green, blue, or orange cellophane fil-
ter to the light source (Supplementary Figure S1). We used a cello-
phane filter to change the light color because it is an inexpensive
way that tourists could manipulate the color of their personal lights.
We quantified wavelengths with a spectrophotometer (UV-vis spec-
trophotometry model 722, Yucheng Technologies Ltd, Beijing,
China) to find the maximum wavelength (imax) (Supplementary
Figure S2). When the shrimps began to parade, we turned on the
light and recorded them with the camcorder.

We counted the number of shrimps that walked back to the river
under different light colors (N=30 in each light color treatment)
and compared them with a chi-square test of independence setting
our alpha to 0.05. Since we hypothesized that shrimps which spend
more time moving on land will have a high risk for desiccation and
predation, we quantified the walking speed of the shrimps under dif-
ferent colors by dividing the distance the shrimps paraded by time.
Because our data were not normally distributed, and the variances
were not homogenous, we implemented Kruskal-Wallis H test to
test the differences in walking speeds under different light colors
(N =30 individuals per light color treatment) and used Dunn’s mul-
tiple comparison test to test for differences in behavioral responses
to the different light colors.

Results

Study 1: How light and water velocity influence the
decision to parade?

We found no interaction between light and water velocity on the
shrimps’ decision to parade (Likelihood ratio [LR] y%*=0.277,
degrees of freedom [df] =2, P = 0.87). We found that most shrimps
decided to parade at the 10 cm/s flow velocity (FV) compared with
the faster 60 and 100cm/s (LR x*>=148.84, df=2, P<0.001)
(Figure 4A). In addition, more shrimps paraded under the no light
condition compared with the light condition (LR z*>=23.81, df=1,
P < 0.001) (Figure 4B). From this, we conclude that shrimps use
both light and FV as factors to decide when they will leave the water
and parade; they are more likely to leave the water when it is dark
and there is low water flow.

Study 2: Does light intensity and color influence
parading?

Study 2.1: Light intensity

We found that light intensity affected the shrimps while parading
(1*=60.15, df=3, P <0.001). More shrimps walked back to the
river under high light intensity (9,000 lux) and intermediate intensity
(400 lux) compared with the shrimps under low intensity (50 lux),
and no light condition (Supplementary Table S1). Moreover, we
found that the number of shrimps that walked back to the river
under low light was not statistically different from the number that
walked back under no light (P=1.00; Supplementary Table S1)

indicating that light sources less than ~50lux have less effect on
shrimps compared with higher light intensities.

Study 2.2: Light colors

We found no difference in the number of shrimps that walked back
to the river under different light colors at 50lux light intensity
(#*=7.5, df=5, P=0.186). However, walking speeds of shrimps
illuminated by white light (40.10 + 37.43 cm/min, mean * Standard
Deviation (SD)), blue light (imax=380nm) (30.95 =26.18 cm/
min), and green light (Amax=520nm) (61.91 + 51.17 cm/min) were
significantly slower than those illuminated with red light
(Amax =630 nm) (66.93 +44.71 cm/min), orange light
(Amax=625nm) (67.28 £43.78cm/min), and no light
(81.27 = 43.82 cm/min) (1* = 48.538, df=S5, P<0.001) (Figure 5).
Therefore, if tourists used red or orange filters with <50 lux while
could mitigate anthropogenic

watching the shrimps, this

disturbance.

Discussion

Our results show that parading shrimps collectively walked out of
the river when water flow was low enough for them to climb out.
They preferred to collectively walk in the dark. Moreover, we found
that high (9,0001lux) and intermediate (400lux) light intensities
modified parading behavior by forcing them back to the river. We
also found that light color influenced shrimp walking speed; shrimp
walked more slowly when illuminated with white, blue, and green
light than with orange and red light.

Shrimps in the genus Macrobrachium engage in group move-
ments for two purposes: 1) to spawn downstream during the adult
stage and 2) to disperse upstream during the juvenile stage. Both
occur at night; Macrobrachium are nocturnal. This nocturnal habit
may reduce predation from diurnal predators (Kikkert et al. 2009;
Bauer 2013). Moreover, collective movement can saturate nocturnal
predators (known as “Dilution effect”) (Duncan and Vigne 1979;
Foster and Treherne 1981; Lehtonen and Jaatinen 2016). In the case
of M. dienbienphuense, our results show that more shrimps climbed
out of the artificial stream in the dark. However, lack of illumin-
ation was not an absolute requirement for movement. Fievet (1999)
reported daylight group movement of M. faustinum on Guadeloupe
Island, French West Indies whereby that species moved out of a river
and climbed along a dam during the daytime when the dam had ex-
ceptionally high-water flow. This suggests that the shrimps might be
able to trade-off the costs of being washed downstream with the risk
from predation (e.g., by herons) (Fievet 1999).

Previous work found positive correlations between the number
of shrimps that paraded out of a river and water velocity (Torkkola
and Hemsley 2019; Hongjamrassilp et al. 2020). However, our ex-
periment extends the previous studies by confirming the causation
and demonstrating that shrimps decide to parade at the low flow
zone rather than the high flow zone. Hongjamrassilp et al. (2020)
proposed four zones associated with parading: 1) downstream zone
(FV of laminar flow =35-10cm/s), 2) turbulent zone (FV=10-
20cm/s), 3) high-velocity zone (FV=120-200cm/s), and 4) up-
stream zone (FV =60-100 cm/s). They found that shrimps started to
move out of a river in the turbulent zone, which precedes the high-
velocity zone, and walked, in a splash zone, past the high-velocity
zone for around 5-20 m before heading back into the river at the up-
stream zone. Our experiment confirms that the shrimps decide to
move out of a river when the flow velocity was not too strong so the
shrimps were able to cling to rocks along the riverbank and climb
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out at that area. Moreover, personal observations at the Lamduan
rapids reveal that illuminating shrimps at the starting point (turbu-
lent zone) before they moved out of the river delayed the time the
shrimps initiated their nocturnal terrestrial walks.

Adult nocturnal decapod crustaceans have a special type of com-
pound eye called a “reflecting superposition eye” which is very sen-
sitive to light intensity (brightness) compared with another type of
compound eye called an “apposition eye,” which usually can be
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found in diurnal arthropods (Gaten 1998; Greiner 2006; Warrant
2017; Palmer et al. 2018). In decapod crustaceans, including
shrimps in the genus Macrobrachium, the reflecting superposition
eye is a primitive (plesiomorphic) trait (Gaten 1998) which permits
sensitivity to dim light while maintaining image resolution (Matsuda
and Wilder 2014; Palmer et al. 2018). This special type of eye could
help the shrimp avoid predators under dim light. Our study showed
that juvenile M. dienbienphuense responded negatively to high light
intensity by returning to the river and being washed downstream.
We hypothesize that this increases energetic costs to the shrimps
which must still move upstream. Therefore, exposing shrimps to
high light intensities will negatively affect juvenile shrimps by
increasing energetic and predatory costs, assuming that there are
more predators downstream (McDowall 2007; Covich et al. 2009).
Several studies on color sensitivity in Macrobrachium rosenber-
gii, a popular commercial species of Macrobracium shrimps,
revealed that their larvae are sensitive to wavelength 460-550 nm
which falls between blue to green light (Kawamura et al. 2016;
Kawamura et al. 2018). Moreover, the larvae show positive photo-
taxis to white and blue light. This could help the larvae find food
(Kawamura et al. 2016; Kawamura et al. 2020). In contrast, post-
larval stages, which include juveniles and adults, show negative
phototaxis to this light wavelength (Kawamura et al. 2020). Our
results show a similar pattern in which juvenile shrimps are dis-
tracted by the different light wavelengths while parading. The juve-
niles decreased walking speed under white, blue (Amax=380nm),
and green (Amax=520nm) light. This indicates that M. dienbien-
phuense have a negative response to the same wavelength as M.
rosenbergii. Therefore, to mitigate the effect of anthropogenic light
on parading behavior, the red
(Amax=630nm) and orange (Amax=625nm) light to observe

tourists should use dim
shrimp parading.

Research on the effect of light on amphidromous shrimp up-
stream migration reveals that light intensity at 70 lux from mercury

vapor lamps could inhibit the upstream migration of the shrimps
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(Hamano and Honke 1997). However, that research was conducted
to test the response of shrimps toward light underwater. Our work
tested the similar response of the shrimps while they were moving
on land. Both Hamano and Honke (1997) and our study shows the
same pattern of negative-phototaxis in shrimps. Moreover, Bernardi
(1990) and our study indicate that red light affects shrimp move-
ment less than other light wavelengths. Therefore, based on our
understandings of how parading shrimps respond to light, we sug-
gest the scientific evidence-based management recommendations for
this “Shrimp Watching” ecotourism (read more in Supplementary
document).
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Interest in wildlife ecotourism is increasing but many studies have identified detrimental
effects making it unsustainable in the long run. We discuss a relatively new wildlife
ecotourism event where tourists visit Ubon Ratchathani, Thailand to witness a mass
migration of freshwater shrimp that emerge from the water and move across land known
as “shrimp parading.” As this has been developed into a tourist event, the number of
migrating shrimp have declined, suggesting that it may be unsustainable as currently
practiced. We used a questionnaire to ask how locals, tourists, and stakeholders value
the shrimp and their willingness to change their behavior to mitigate anthropogenic
impacts. We found that three groups of participants were not aware of potential
negative impacts to the shrimp from tourism. Locals valued the tourism in terms of
the economy, culture, and environment less than tourists and stakeholders. The local
government applied a top-down approach to manage this tourism without a fundamental
understanding of the shrimp’s biology, impacts of tourists on the shrimp, or the various
stakeholder perceptions. We discuss the problems and possible solutions that may be
employed to help sustain this fascinating biological and cultural event and propose a
framework to develop a sustainable wildlife ecotourism management plan. This case
study serves as a model for others developing wildlife watching ecotourism, especially in
developing countries.

Key ds: I-based tourism, invertebrate tourism, invertebrate conservation, sustainable
ecotourism, Southeast Asia, Thailand, wildlife watching

INTRODUCTION

The tourism industry is one of the world’s largest industries, which before the COVID-19 pandemic,
contributed over 8.9 trillion US dollars of world gross domestic product (The World Travel
Tourism Council, 2019). Among the types of tourism, ecotourism, a type of nature-based tourism,
has become increasingly popular since the late twentieth century (Buckley, 1998; Hawkins and
Lamoureux, 2001).

Ecotourism is defined as responsible travel to natural areas which aims to conserve the
environment as well as to sustain the well-being of local people (The International Ecotourism
Society, 2015). Ecotourism may have both socioeconomic and environmental benefits through
conservation. However, the success of using ecotourism as a conservation tool depends on
many factors (Kriiger, 2005). For example, studies of sea turtle ecotourism in Brazil and Peru
revealed that different conditions might give different results. In Brazil, the economic benefits
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of locals are associated with the success of conservation
outcomes. On the other hand, in Peru, both local participation
in ecotourism management and the economic benefits of locals
drive the success of conservation (Stronza and Pegas, 2008).
Even though management is a key to successful conservation and
sustainable ecotourism, the understanding of fundamental
knowledge of each system and perceptions from three
important elements of ecotourism system—tourists, ecotourism
stakeholders (i.e., business owners), and locals (residents)—are
essential to create positive conservation outcomes (Murphy and
Murphy, 2004; Sénchez Canizares et al., 2016).

Relatively little wildlife ecotourism has traditionally focused
on invertebrates, animals that have a vital role in their ecosystem
(Huntly et al, 2005). However, invertebrate ecotourism is
expanding. Examples of invertebrate ecotourism (reviewed in
Lemelin, 2013) includes the mass aggregation of the New
Zealand glowworms (Arachnocampa luminosa) in a cave in
New Zealand (Hall, 2012), and firefly watching tours in
Amphawa, Samut Songkhram, Thailand (Nurancha et al., 2013).
Moreover, when invertebrates exhibit mass migration, they could
stimulate more attention from tourists (Mavhunga, 2011). This
can be seen in the spectacular annual migration of monarch
butterflies (Danaus plexippus) in the United States (Whelan,
2012), and the mass migration of red crabs (Gecarcoidea
natalis) on Christmas Island, Australia (Back From The Brink,
2019). Several developing countries in tropical regions, where
invertebrate biodiversity is high, have much potential to
develop invertebrate tourism. Therefore, understanding how
locals, tourists, and stakeholders in different areas think about
their resources is an essential part for developing sustainable
ecotourism management plans (Sdnchez Canizares et al,
2016).

“Shrimp Watching” tourism is a type of ecotourism that was
promoted by the Tourism Authority of Thailand (TAT) under
the “Amazing Thailand” campaign from 1998 to 1999. This
event has been organized annually at Lamduan rapids, Nam
Yuen district, Ubon Ratchathani, Thailand by the Nature and
Wildlife Education Center Ubon Ratchathani. In September of

each year, tourists from all around Thailand and other countries
in Southeast Asia travel to this place to witness the unique mass
migration of freshwater shrimp known as “Parading Shrimp”
(Figure 1; Supplementary Video 1). This natural phenomenon
occurs at night when millions of freshwater shrimp collectively
climb out of the Lamduan rapids and start to parade on
land toward the headwater in the Thailand-Cambodia border.
Research from Hongjamrassilp et al. (2020) reveals that the
shrimp leave the water to escape the strong water current
in the rapids. They do not perform this unique migration
for reproduction, as observed in other riverine animals, such
as salmon.

Over the past 20 years, locals in Nam Yuen district have
developed novel cultural practices around the shrimp (e.g.,
food, folk songs, and dances) indicating that the shrimp
have become integrated into their culture (Figure 2). However,
observations from rangers in the Nature and Wildlife Education
Center, suggest that shrimp populations have decreased during
the past 5 years (Wassana Maiphrom, pers. comm.). Indeed,
(Hongjamrassilp and Blumstein, under review) report reveals
that the decrease in the number of parading shrimp is associated
with the presence of tourists. The decline of shrimp may
ultimately influence the tourism business, the cultures that have
been developed, as well as other emerging cultures and traditions.

(Hongjamrassilp and Blumstein, under review) discovered
that light from tourist’s flashlights is the main factor that might
lead to the decrease in parading shrimp during the tourist
season. They found that red and yellow lights affect the shrimp
while migrating on land less than other colors. Therefore,
they suggested an evidenced-based solution to mitigate the
anthropogenic disturbances on the shrimp would involve
creating three different zones, in which each zone allows tourists
would be permitted to use different light colors while shrimp
watching (Figure 3). However, to create and apply an effective
management plan, we need to understand how participants
in this tourism industry understand the problems, value their
resources, and the degree to which they are willing to change their
behaviors for the good of the shrimp.

FIGURE 1 | (A) A close-up photo of the parading shrimp while parading on land. (B) The mass migration on land of the parading shrimp at Lamduan rapids, Ubon
Ratchathani, Thailand heading toward the headwater in Dangrék Mountains in Thai-Cambodian natural border. Photos by Watcharapong Hongjamrassilp.
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FIGURE 2 | (A) Statue of parading shrimp at the tourism site. (B) Mascot design competition event for primary to high school students organized by the Nature and
Wildlife Education Center at Ubon Ratchathani with the aim to increase the awareness of anthropogenic disturbances on parading shrimp. (C) Folk dance telling the
story about the parading shrimp and how to conserve them. (D) A group of tourists watching the parading shrimp climb out of the river at night. Photo by (A,B,D)
Watcharapong Hongjamrassilp and (C) the Nature and Wildlife Education Center at Ubon Ratchathani.

Zone 3
(Tourists with red/white light +
flash photography)

Running water zone Zone 2
(12 em/s) H (Tourists + red light)

Zone 1
(No tourists)

FIGURE 3 | The management plan proposed by Hongjamrassilp and Blumstein (under review). Because the shrimp respond to red light less than other light colors,
they proposed to divide the tourist’s site into three zones. At zone 1, tourists are not allowed to be here because light could inhibit the shrimp from emerging from the
river. At zone 2, tourists can use personal flashlights. However, they need to use red light instead of white light because white light can cause the shrimp to walk back
to river where they are washed downstream. Light color can be modified by covering the tourist's personal flashlight with a piece of red cellophane. Finally, at zone 3,
tourists can use both red and white light and flash photography while watching the shrimp because it is safe for the shrimp to re-enter the water. The blue arrows
represent water velocity.
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This study had three aims. First, to understand the perceptions
of locals, tourists, and stakeholders toward Shrimp Watching
tourism. Second, to generate ideas about how to improve and
balance the demands of users and the environment. And, third,
to identify the potential factors that might negatively affect the
tourism development in this area.

METHODS

Interviews About the Development of

Shrimp Watching Tourism in Thailand

We interviewed the director of the Nature and Wildlife Education
Center at Ubon Ratchathani who has been responsible for
organizing and planning the Shrimp Parading festival since 2012
and other locals in Nam Yuen district where we conducted
the survey study. The main interview questions included: (1)
How was Shrimp Watching tourism developed?, (2) What
is the present management plan? (3) Which locals have
participated in this tourism?, and (4) What are the local beliefs
and cultures related to the parading shrimp? We summarize
the interviews in the results section. Because information
regarding the development of Shrimp Watching tourism and the
locals understanding about parading shrimp have never been
documented, these interviews provide novel information.

Survey Regarding Attitudes of Locals,
Tourists, and Stakeholders Toward Shrimp

Watching Tourism

Questionnaire Design

Locals, tourists, and stakeholders who are directly involved
with an ecotourism industry are key players in conservation
and management. Understanding their thoughts about parading
shrimp will allow us to develop a sustainable plan for ecotourism
management. We conducted a survey using a questionnaire.
We constructed the questionnaire following the suggestions
from De Vaus (2013; Box 7.2). The questions were designed to
mainly understand:

(1) How much do participants know and how concerned are
they about parading shrimp?

(2) How much do participants understand ecological, cultural,
and economic values of parading shrimp?

(3) How much do the participants know about parading
shrimp’s threats and their willingness to change their
behavior for the shrimp?

We surveyed three main groups: (1) locals, who do not
directly profit from ecotourism, (2) tourists, and (3) stakeholders
(business owners), who directly profit from ecotourism, such as
tourist guides, and local entrepreneurs who work at the tourist
site. The questionnaire consisted of four parts. The first part was
used to describe the groups and collect demographic data. The
second part was used to identify the understanding and basic
knowledge of the parading shrimp including concerns about the
present status of the parading shrimp population. The third part
was used to identify how people valued parading shrimp in terms
of economics, environment, and culture. The fourth and final

part was used to understand how much people knew about the
threats for the parading shrimp and are willing to modify their
behavior for the shrimp.

Questions were posed using a 5-point Likert-scale. We
tested the reliability and internal consistency of the Likert-scale
question with Cronbach’s alpha coefficient (Cronbach, 1951).
Responses to Likert-scale statements showed an acceptable level
of internal consistency (Cronbach’s « = 0.72) meaning that the
multiple Likert-scale questions were reliable. This study provides
vital information to help us understand the attitudes toward
parading shrimp in three key parties that will ultimately be
affected by the development of a sustainable management plan.

Data Collection

We conduct the survey study in September of 2019 at the tourist
site in Nam Yuen district, Ubon Ratchathani, Thailand (14° 26’
07.0” N; 105 ° 06’ 17.0” E) and in nine villages nearby the
tourism site (Supplementary Document). We spent about 3h
interviewing the director of the Nature and Wildlife Education
Center at Ubon Ratchathani to learn about the development
of Shrimp Watching tourism in Thailand. We spent about 40—
60 min interviewing each of three old locals (>40 years) from
Nhong Phoad village (N = 1) and Kae Don village (N = 2).
These two villages are the two locations where the shrimp leave
the water.

For the questionnaire, we collected data by interviewing
each participant in person. Before the interview, we asked
for permission from participants and told them about their
conditions for participation which were approved by the UCLA
Institutional Review Board (Protocol #18-000944). We spent no
more than 15min interviewing each participant. For tourists
(N = 133), we haphazardly selected subjects before they went
to watch the parading shrimp. For, stakeholders (N = 35), we
interviewed local vendors, tour guides, and hotel staff in Nam
Yuen district where the parading shrimp were. For locals (N =
117), we went to nine villages located around the tourist site in
Nam Yuen district and haphazardly selected 10-13 participants
per village to interview. Since most locals spoke neither Thai nor
English, we hired local translators to help conduct the interviews.

Data Analysis

We used descriptive statistics to describe the participants’
demographic data. For the Likert-scale questions, we used the
Kruskal-Wallis test to test for differences in the mean rank of each
question among three different study groups (locals, tourists,
and stakeholders). We conducted multiple comparisons using
a Bonferroni correction which made the new critical p-value =
0.017 (0.05/3). All data analysis were conducted in R 4.0.2 (R Core
Team, 2020).

RESULTS

History of Shrimp Watching Tourism
Development in Thailand

The Development of Shrimp Watching Tourism

Shrimp Watching tourism (or the Shrimp Parading festival) was
first promoted as nature-based tourism under the “Amazing
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Thailand” campaign in 1998-1999 when the federal government
aimed to stimulate the tourism economy. The former director
named the phenomenon of shrimp walking on land “Shrimp
Parading” because he thought that this natural phenomenon
resembles the parading activity in humans. Since 1999, the
director of the Nature and Wildlife Education Center at
Ubon Ratchathani has been replaced several times resulting in
inconsistent management. However, from 1999 to the present,
every management decision for this tourist site has been decided
solely by the government staff. Locals and stakeholders have
played no role in developing any ecotourism management plan.

What Is the Present Management Plan?

The present management plan (from 2012-present) includes
organizing the government staff members to take care of
the tourists safety during the tourist season and educating
tourists with information posters about the shrimp parading
and how should tourists behave while watching the shrimp.
The only management plan that focuses on the mitigation
of anthropogenic threats on the shrimp is the prohibition of
harvesting the parading shrimp in the tourist site.

Which Locals Have Participated in This Tourism?
From 2012-present, locals and schoolchildren from many
villages around the tourist site have been invited to join
the opening ceremony of the Shrimp Parading festival.
Students have been involved in designing a shrimp mascot
costume to represent the environmental issues in that area
(Figure 2B). Locals who are not students are invited to sell
their products (e.g., local fruits, local foods, and textiles) at the
tourist site.

Local Beliefs and Cultures Related the Shrimp

Long before 1998, locals knew about the terrestrial shrimp
migration. They caught the parading shrimp for food and
developed several recipes. One of the most popular is Koi-
Kung (Thai: feedt), the local traditional Northeastern Thai

food which is made from raw shrimp marinated with lime
juice (Figure 4A). Moreover, older residents believed that the
shrimp parade to the headwater in Dangrék Mountains to
worship the Hindu god Vishu (or Phra Narai) (Figure 4B).
Recently, locals composed a song about the present status
and conservation of parading shrimp. Together, these
actions illustrate the development of local culture associated
with shrimp.

Survey Regarding Attitudes of Locals,
Tourists, and Stakeholders Toward Shrimp
Watching Tourism

Participants Socio-Demographic Characteristics

Of the 285 survey participants, 182 (63.85%) were women
and 103 (36.15%) were men (Table1). Within each group,
the sex ratio of the locals was around 1:1 (female: male),
while the tourist group was 2:1, and the stakeholder group
was 3:1. Most of the participants were between 18 and

TABLE 1 | Socio-demographic characteristics of study participants.

Tourists Locals Stakeholders
N=133 N =117 N=235
Gender Female 88 (66.2%) 67 (57.3%) 27 (77.1%)
Male 45 (33.8%) 50 (42.7%) 8 (22.9%)
Age 18-29 36 (27.1%) 34 (29.1%) 12 (34.2%)
30-39 34 (25.6%) 31(26.5%)  8(22.9%)
40-49 37 (27.8%) 28 (23.9%) 6(17.1%)
50-59 0 (15.0%) 15 (12.8%) 8 (22.9%)
above 60 6 (4.5%) 9(7.7%) 1(2.9%)
Education High school or below 54 (40.6%) 94 (80.3%) 19 (54.3%)
Undergraduate degree 64 (48.1%) 22 (18.8%) 5 (42.9%)
Graduate degree 5(11.3%) 1(0.9%) 1 (2.9%)

Traiyasut and (B) the Nature and Wildlife Education Center at Ubon Ratchathani.

FIGURE 4 | (A) Koi-Kung, a local Northeastern Thai dish, made from parading shrimp. (B) Bas relief carving of “Reclining Vishnu Lintel on the Serpent Ananta (Phra
Narai Lintel)” carved under the Lam Dom Yai river. This carving can be seen only in the dry season (March —April) when the river dries up. Photo by (A) Prapun
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49 years. In the tourist and stakeholder groups, most of
the respondent’s highest education was high school (40.6%
for tourists and 54.3% for stakeholders) and undergraduate
degree (48.1% for tourists and 42.9% for stakeholders),
while the majority of local’s highest degree was high school
(80.3%) (Table 3). Participants learned about the parading
shrimp from their friends and family (57%), social media
(23%), television news (15%), newspapers (3%), and other
ways (2%).

How Much Do Participants Know About and Have
Concerns for Parading Shrimp?

All three groups of participants felt neutral about their knowledge
regarding the parading shrimp, but stakeholders were likely to
have more confidence about their knowledge than tourists, and
locals (P < 0.01; Table2 Question 1). They also would like
to learn more about the parading shrimp. However, tourists
would like to learn more about the parading shrimp than
locals (P < 0.001; Table 2 Question 2). Most participants were
aware that the parading shrimp population was vulnerable.
Nevertheless, tourists and stakeholders were more aware of this
vulnerability than locals (P < 0.01; Table 2 Question 4). Overall,
locals, tourists, and stakeholders were all very concerned about
local extinction (of the parading shrimp (P > 0.05; Table2
Question 3).

How Much Do Participants Understand Ecological,

Cultural, and Economic Values of Parading Shrimp?

All three groups of participants have a fair level of knowledge
regarding the roles of the parading shrimp in the freshwater
ecosystem (Table 3; Questions 1-3). They all believed that the
shrimp play potentially important roles in freshwater ecosystems,
are part of local cultures, and important to the local economy.
However, locals agreed less to this statement than tourists and
stakeholders (P < 0.01; Table 3; Questions 4-6). Locals agreed
that shrimp were important for tourism, but when asked about

the local economy, locals felt neutral about the role of the shrimp
in the local economy (Table 3; Questions 6-7). This may reflect
the fact that locals have not been actively involved in the shrimp
ecotourism, and that they do not economically benefit from
this ecotourism.

How Much Do the Participants Know About Parading
Shrimp’s Threats and How Willing Are They to
Change Their Behavior for the Shrimp?

Few interviewees knew about the threats to the parading shrimp,
and almost no one knew that tourist’s lights were a major threat
(Table 4). Locals realized that human consumption can harm
the shrimp population and trampling on the shrimp might be
a threat; by contrast tourists and stakeholders felt neutral about
these actions (Table 4). Moreover, most participants responded
positively toward adjusting their behavior to help the shrimp
by staying on the trail or designed areas and not touching the
shrimp. They felt neutral about being quiet, not using a personal
flashlight, and not using flash photography while watching the
shrimp parade (Table 5).

DISCUSSION

Invertebrates play several essential roles in ecosystem; however,
they are largely ignored by public especially in the ecotourism
sector (Huntly et al., 2005). One of the reasons is that they are
not charismatic like birds and mammals (Clark and May, 2002).
Furthermore, invertebrates have been viewed as an invasive
species to humans and usually are eradicated without animal
welfare regulation (Clark, 2015). Several efforts have tried to
promote invertebrates as flagship species for conservation or as
a focus of ecotourism such as marine invertebrates (Verissimo
et al, 2012), local insects (Barua et al., 2012; Schlegel et al.,
2015), Queen Alexandra’s birdwing (Ornithoptera alexandrae)
(Cranston, 2010), and fireflies (Fallon et al., 2019; Lewis et al.,
2020). However, with few exceptions, the effort has rarely been

TABLE 2 | Summary of participants’ knowledge about the parading shrimp, their awareness, and their wilingness to learn more about the shrimp.

Participant Mean SD Median K-w p-value Pairwise Comparison p-value
Q1. How much do you think you know about Tourist 3.37 1.23 4 26.94 < 0.01* Local— Stakeholder < 0.01*
the parading shrimp? Local 315 078 3 Local—Tourist <001

Stakeholder 3.97 0.82 4 Stakeholder—Tourist < 0.01*
Q2. How much do you want to learn more Tourist 4.54 0.61 5 9.52 < 0.01* Local— Stakeholder 0.343
about the parading shrimp? Local 428 073 4 Local—Tourist <001

Stakeholder 4.49 0.66 5 Stakeholder—Tourist 1.000
Q3. How do you feel about extinction of Tourist 4.38 0.95 5 2.30 0.317
parading shrimp? Local 4.04 0.96 5

Stakeholder 4.43 0.85 5
Q4. Do you think the population of the Tourist 1.64 0.64 2 26.98 < 0.01* Local—Stakeholder < 0.01*
parading shrimp is endangered, vulnerable, or Local 2.06 0.67 P Local—Tourist ~0.01*
least concern?

Stakeholder 1.60 0.60 2 Stakeholder—Tourist 1.000

Questions 1-3 consisted of five Likert scales (1 = strongly disagree, 3 = neutral, and 5 = totalfy agree). Question 4 had three choices (1 is least concern, 2 is vulnerable, and 3 is
endangered). Asterisks indicate significant (p < 0.05 for KW test and <0.01 for pairwise comparison) resuits.
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TABLE 3 | Summary of participants understanding of the ecological roles and values of the parading shrimp (1 = strongly disagree, 3 = neutral, and 5 = totally agree).

Participant Mean SD Median K-W p-value Pairwise Comparison p-value
Q1 Primary food source for aquatic species Tourist 3.77 0.99 4 20.86 < 0.01* Local — Stakeholder 0.273
Local 342 063 3 Local—Tourist <0.01"
Stakeholder 3.6 0.91 4 Stakeholder—Tourist 0.547
Q2 Help to filter water Tourist 3.3 0.95 3 13.13 < 0.01* Local—Stakeholder < 0.01*
Local 315 0.65 3 Local—Tourist 0.072
Stakeholder 3.6 0.77 4 Stakeholder—Tourist 0.141
Q8 Help in nutrient recycle Tourist 3.64 0.99 4 21.73 <0.01* Local —Stakeholder < 0.01*
Local 334 065 3 Local—Tourist <0.01*
Stakeholder ~ 3.74  0.56 4 Stakeholder—Tourist 1
Q4 How important are freshwater shrimp for the ecosystem? Tourist 4.26 0.77 4 4714 < 0.01" Local —Stakeholder < 0.01"
Local 355 091 4 Local—Tourist <0.01*
Stakeholder ~ 4.43  0.65 5 Stakeholder—Tourist 0.873
Q5 How important are freshwater shrimp for the local culture? Tourist 4.07 0.76 4 174  <0.01* Local —Stakeholder < 0.01*
Local 3.71 0.81 4 Local—Tourist < 0.01*
Stakeholder 4.11 0.99 4 Stakeholder—Tourist 1
Q6 How important are freshwater shrimp for the local economy? ~ Tourist 3.93 0.84 4 13.92 <0.01* Local —Stakeholder < 0.01*
Local 3.67 0.73 4 Local—Tourist < 0.01"
Stakeholder ~ 4.11 1.02 4 Stakeholder—Tourist 0.482
Q7 How important are freshwater shrimp for tourism? Tourist 4.32 0.77 4 6.63 0.086  Local—Stakeholder 0.229
Local 412 0.76 4 Local—Tourist < 0.01*
Stakeholder 426 0.78 4 Stakeholder—Tourist 0.556
Asterisks indicate significant (p < 0.05 for KW test and <0.01 for pairwise comparison) resuits.
TABLE 4 | Summary of participant’s awareness of the threats to parading shrimp (1 = strongly disagree, 3 = neutral, and 5 = totally agree).
Participant Mean SD Median K-W p-value Pairwise Comparison p-value
Tourist's noise Tourist 2.99 1.23 3 3.36 0.187
Local 3.26 0.87 3
Stakeholder 3.37 0.88 3
Human consumption Tourist 3.50 1.31 4 12.11 < 0.01* Local— Stakeholder < 0.01*
Local 3.93 0.97 4 Local—Tourist 0.054
Stakeholder 3.28 1.14 3 Stakeholder—Tourist 0.276
Trample Tourist 3.01 1.25 3 11.16 < 0.01* Local— Stakeholder 0.062
Local 3.47 0.96 4 Local—Tourist < 0.01*
Stakeholder 3.00 1.03 3 Stakeholder—Tourist 1.000
Light from tourist’s flashlight Tourist 3.356 1.28 3 1.83 0.400
Local 3.24 0.90 3
Stakeholder 3.34 1.1 3

Asterisks indicate significant (p < 0.05 for KW test and <0.01 for pairwise comparison) resuits.

successful. Our research demonstrates that tourists are interested
in a small freshwater shrimp that engage in mass migration and
thus this is one of few examples of an ecotourism event focused
on an invertebrate.

We suggest that these freshwater shrimp in Ubon Ratchathani,
Thailand could be used as a flagship species for both ecotourism
and conservation. Schlegel et al. (2015) suggest that local insects
have the potential to be used as flagship species for conservation
in Switzerland. To increase the conservation value, information
regarding local insects should be included in primary school
curriculum because this is when students pay most attention to

their local environment and biodiversity (Lindemann-Matthies,
2006; Jaun-Holderegger, 2012). Therefore, we suggest the
educational staff in Ubon Ratchathani create curriculum that
uses the parading shrimp and their unique migratory behavior
to teach primary school students (Wolff and Skarstein, 2020).
This should include information about shrimp biology, their
ecological roles, and the roles of shrimp in their local culture and
local economy (e.g., through ecotourism).

Following the first publication (in November 2020) that
described the Thai parading shrimp, there were a number
of high-profile international press reports such as The New
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TABLE 5 | Summary of participants’” willingness to change their behavior to help the parading shrimp (1 = strongly disagree, 3 = neutral, and 5 = totally agree).

Participant Mean Median K-w p-value Pairwise Comparison p-value
Q1 Don't use personal flashlight Tourist 3.62 117 4 3.83 0.147
Local 3.44 1.08 4
Stakeholder 3.37 4
Q2 Don't use flash photography Tourist 3.53 1.16 4 6.07 0.048* Local—Stakeholder 0.810
Local 3.32 1.06 4 Local—Tourist 0.027*
Stakeholder 3.06 3 Stakeholder—Tourist 0.076
Q8 Only quiet talking while watching them Tourist 3.90 1.07 4 7.94 0.019* Local —Stakeholder 0.151
Local 3.61 1.02 4 Local—Tourist <0.01"
Stakeholder 3.89 0.90 4 Stakeholder—Tourist 0.567
Q4 Don't catch or touch them (observations Tourist 4.34 0.98 5 415 0.125
only) Local 430 067 4
Stakeholder 4.40 0.55 4
Q5 Stay on trails or the place where the ranger Tourist 4.45 0.84 5 0.45 0.797
staffs organize Local 447 069 5
Stakeholder 4.46 0.66 5

Asterisks indicate significant (p < 0.05 for KW test and <0.01 for pairwise comparison) resuits.

York Times, National Geographic, and Smithsonian Magazine
(Buehler, 2020; Fox, 2020; Preston, 2020). Hence, Macrobrachium
shrimp might have potential to serve as a flagship species
for freshwater conservation since they have relatives on every
continent except Antarctica and Europe that engage in similar
behavior (Holthuis and Ng, 2010; Hongjamrassilp et al., 2020).
More investigation into this is warranted.

Concerns regarding adverse effects of technology on animal-
based tourism have increased together with the exponential
improvement of technology (Pacheco, 2018; Essen et al., 2020).
In our case study, we found that light from flashlight and mobile
phones that tourists use force the shrimp to walk back to the
river which results in them getting washed downstream. The
consequence of this action has not been well-studied but have
been hypothesized that the shrimp might end up be eaten by
other predators downstream (Hongjamrassilp and Blumstein,
under review). (Hongjamrassilp and Blumstein, under review)
suggested a solution to mitigate this problem by using red or
yellow cellophane as a filter to change the light color. However,
technology could also benefit the shrimp if is used properly.
Our results show that technology plays role in promoting the
parading shrimp. Some 38% of participants heard about the
parading shrimp through electronic devices (23% from social
media and 15% from news from TV). Moreover, a search using
Google Trends looking up the term “fe#usy (Parading shrimp in
Thai)” in Thailand from January to December 2019, revealed that
that people search “parading shrimp” the most during the first 2
weeks of the tourist season (i.e., in September) (Google Trends,
2020). Unfortunately, we found no websites that provide correct
scientific information about the parading shrimp. Therefore,
we suggest that the government should take this opportunity
to create an online site that provides information about the
shrimp, promotes shrimp ecotourism, and provides sustainable
tourism guidelines.

Sustainable ecotourism requires collaboration between private
stakeholders and government sectors (Bhuiyan et al., 2011).
Moreover, locals’ understandings and attitudes toward their
resources are key factors to create sustainability (Vincent and
Thompson, 2002). Our results indicated that all three main
groups in this study (locals, stakeholders, and tourists) were
concerned that the shrimp are vulnerable to declines, and that
they would like to learn more about the shrimp. Even though they
realized that the shrimp are part of the local culture, economy
and ecosystem services, their knowledge regarding the roles of
shrimp in the freshwater ecosystem was modest. Locals valued
the shrimp in terms of culture, economy, and the environment
less than tourists and stakeholders. Moreover, most of them did
not realize that light from a flashlight is a threat to the shrimp,
and they felt neutral toward the plan to reduce the use of personal
flashlights to mitigate the effect of tourists on shrimp. We discuss
the issues for Shrimp Watching tourism and make suggestions
for further management below.

The survey results clearly show that tourists, stakeholders,
and locals felt neutral about their knowledge regarding the
shrimp. Moreover, they did not know that a key threat to the
shrimp comes from the lights used by tourists. These results
are not surprising because when the government promoted this
Shrimp Watching in 1998-1999, little was known about the
fundamental biology of the shrimp and nothing was known
about anthropogenic threats to the shrimp. The first study
studying parading shrimp biology and their responses to the
anthropogenic threats came out in 2020, two decades after this
ecotourism event was created (Hongjamrassilp et al., 2020). This
Shrimp Watching tourism in Thailand is a case study showing the
importance of developing a formal understanding of the effect of
anthropogenic impacts on animals to properly manage them.

All three groups in this survey indicated that they were
aware of decreasing shrimp populations, and they were willing
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to learn more about the shrimp. Based on this, we suggest that
government managers could reduce anthropogenic disturbances
on the parading shrimp by instating targeted educational
programs aimed at each of the three participant groups. Tourists
and stakeholders directly contact the shrimp and are unaware
that light from their flashlights can harm the shrimp. This might
be the reason why they felt neutral about the suggestion to
do not use a personal flashlight and flash photography while
watching the shrimp. However, they agreed to stay on the trail.
Therefore, education must be targeted to inform these groups
about the negative impacts of the personal flashlight use and flash
photography. (Hongjamrassilp and Blumstein, under review)
proposed creating three different zones for tourists. Tourists can
use their flashlight and flash photography at one of the zones,
but not the others. If successful, this plan could minimize the
anthropogenic effects while maximizing tourist’s desires to see
the shrimp.

Sustainable ecotourism requires community members to
obtain economic benefits from ecotourism (Vincent and
Thompson, 2002; Li, 2006). This means they should first
understand and value their natural resources. However, our
results suggest that locals not otherwise involved in the
ecotourism industry valued the shrimp less than the other two
groups. This might be a function of differences in education
or differences in economic status. Our results indicate that
80.3% of locals in this study completed their education at the
high school level or below, but we do not have data regarding
the participant’s annual income. In other parts of the world,
low education is associated with low socioeconomic status
(e.g., American Psychological Association, 2017). Perhaps the
neutrality of locals toward the tourism is because they do not
obtain enough economic benefits from it. Other research has
shown that if locals do not obtain sufficient benefits, it may
lead to unsustainable ecotourism (Talsma and Molenbroek, 2012;
Thanvisitthpon, 2016). We suggest that the government should
support locals by educating them about the economic values of
the shrimp and providing key information on how to conserve
them. Importantly, however, the government has an important
role in stimulating job creation around shrimp ecotourism so
as to increase the number of individuals that benefit from it.
Doing so may help increase the desire of locals to conserve this
remarkable natural phenomenon.

While we have identified key roles for the government
in helping to create more sustainable shrimp ecotourism,
we recognize that this is a very top-down approach. Top-
down management has been shown in other countries to
be associated with unsustainable ecotourism (Garrod, 2003;
Talsma and Molenbroek, 2012). In Thailand, research has
shown top-down tourism development results in unsustainable
outcomes and less effective (Ping, (n.d); Connell and Rugendyke,
2008; Muangasame and McKercher, 2015). One of the reasons
is that locals do not get enough economic benefit from
that tourism (Thanvisitthpon, 2016). On the other hand,
creating a more bottom-up management, where locals and
stakeholders participate in planning and development, provides
an opportunity to improve the likelihood of a sustainable
outcome (Middleton, 1997; Kopolratana, 2009; Talsma and

Molenbroek, 2012; Theerapappisit, 2012). A case study in
Jordan demonstrated that bottom-up approach can lead to
sustainable cultural tourism (Jamhawi and Hajahjah, 2017).
However, bottom-up approach alone could also lead to several
problems. For example, locals sometimes lack of understanding
regarding the concept of sustainability and knowledge about their
own resources (Victurine, 2000). In our case study, we found
that the locals do not really understand about the threats to
the shrimp and the importance of the shrimp in environment,
cultural, and economy aspects. This can result in ineffective
plan development from locals who might want to only use
the resource to get benefit for their own but do not aware
about next generations. Another example is the issue regarding
monopolization of resources. In Thailand, it has been known
that the management power in community or ability to access
resources is not equally distributed. Instead, it is centralized
with local mafia (Shepherd, 2002; Kontogeorgopoulos, 2005)
and Tambon Administrative Organization (TAO). People with
good connections with the TAO can access more resources than
others (Leksakundilok and Hirsch, 2008). Therefore, we suggest
that the government should combine bottom-up and top-down
approaches whereby the government, acting as the leader, actively
involves the local community and stakeholders to plan and
manage the tourist site for sustainable use (Wisansing, 2004;
Kubickova and Campbell, 2020).

There are a number of issues that should be considered
when applying a top-down and bottom-up approach, especially
in developing countries. We will discuss two main examples.
First, there is a real threat of what is referred to as
“pseudo-participation” or “passive participation” (Tosun, 2000;
Leksakundilok and Hirsch, 2008). Even though the top-down and
bottom-up approach aims to equally involve stakeholders and
locals during the process of management plan development, in
many cases, stakeholders and locals actually act as consultants
rather than participants and their input has not always
been used during plan development. This pseudo-participation
commonly occurs in many case studies from developing
countries (Mowforth and Munt, 1998). Second, there is fear
among locals and stakeholders of the authority power, and
this impedes active collaboration. For instance, a case study
from The Doi Tung Development Project in Thailand shows
that when there is conflict of interest, it is difficult for locals
to negotiate with authorities because they fear the authority’s
power (Theerapappisit, 2009). This cultural issue can be observed
throughout Thailand and other developing countries such as
Cambodia and Indonesia (Cole, 2006; Ellis and Sheridan,
2015; Palmer and Chuamuangphan, 2018). More discussions
regarding implementation problems of top-down and bottom-up
approach can be seen in Leksakundilok and Hirsch (2008) and
Theerapappisit (2009). Governmental officials must be aware of
these if they want to have a chance at creating truly sustainable
management plans.

We have illustrated, with this case study, how an
understanding of the biology of animals as well as an
understanding of the people involved in ecotourism are
essential for the scientific management of ecotourism and the
creation of sustainable tourism. Here we propose a process
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to create sustainable wildlife ecotourism, which includes
integrating top-down and bottom-up approaches (Figure5).
While we describe this process generally, it can be applied to
manage parading shrimp, and it also could be applied to other
targets of ecotourism (including plants and ecosystems). This
process involves four steps.

First, as a fundamental step of all conservation and
management, it is essential to critically study biology and
ecology (e.g., ecological roles) of each focal species (National
Research Council, 1992). Often, this will be funded by
the government or conducted by government researchers.
Combined with this, surveys must be used to develop an
understanding of how locals and stakeholders, who have
an essential role in sustainable management, value the focal
species along three major dimensions: culture, economy, and
environment. Their understanding about their resources and
their engagement are essential for successful conservation and
management (Boiral and Heras-Saizarbitoria, 2017; Sterling et al.,
2017). With these data in hand, the government can develop
educational materials to ensure all locals and stakeholders
have sufficient knowledge about the biology and ecology of
the species/ecosystem. Built into this process is evaluation

(Treephan et al.,, 2019), to ensure all locals and stakeholders
understand the biological, ecological, and cultural values of the
focal animals.

Second, it is essential to identify potential anthropogenic
threats and study how these threats affect the focal animals
(Tapper, 2006; Blumstein et al., 2017). Again, this will often
be funded by the government or conducted by government
researchers. With these data, surveys can be used to develop an
understanding of the knowledge of locals and stakeholders about
these threats. And again, educational materials and evaluation
will ensure that locals and stakeholders understand the threats to
the species. Depending upon existing knowledge of the system
being studied, this process can be combined with the above
process. A certificate program, educational program, or exam can
be used to screen participants who wish to participate in step 3.

Third, the government, working together with certified
locals and stakeholders, can develop a management plan to
mitigate the anthropogenic threats on the focal species based
on the knowledge of threats generated from targeted research
(Wisansing, 2004; Kubickova and Campbell, 2020). This process
will likely involve several iterations to ensure that locals and
stakeholders support the proposed management actions, and, if
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required, the management action have remediations built in so as
to not negatively affect the local economy.

Finally, the management plan should be implemented and
re-evaluated over time (Salafsky et al, 2001; Higham et al,
2008). If the management plan is not effective in maintaining
the biological or ecological resource (e.g., the population of
a focal species declines), it should be re-designed with locals
and stakeholder input. Throughout, the government is working
closely with those who will be most affected by management to
generate sustainable management solutions.

By working together, and committing to adaptive
management (Holling, 1978; Dreiss et al., 2017), we hope that
this spectacular natural phenomenon of shrimp leaving the water
is able to entertain and educates future generations of tourists
and provides needed resources to this rural Thai economy.
Moreover, our suggested management framework could be used
to develop a management strategy during developing of a new
wildlife ecotourism, especially in developing countries.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

ETHICS STATEMENT

The studies involving human participants were reviewed
and approved by UCLA Institutional Review Board. Written
informed consent for participation was not required for this
study in accordance with the national legislation and the
institutional requirements.

REFERENCES

American Psychological Association (2017). Education and Socioeconomic
Status. Available online at: https://www.apa.org/pi/ses/resources/publications/
references (accessed September 22, 2020).

Back From The Brink (2019). Christmas Island Red Crab. Available online at:
https://backfromthebrink.com/animals/christmas-island-red-crab/ (accessed
December 25, 2020).

Barua, M., Gurdak, D. J,, Ahmed, R. A, and Tamuly, J. (2012). Selecting
flagships for invertebrate conservation. Biodivers. Conserv. 21, 1457-1476.
doi: 10.1007/s10531-012-0257-7

Bhuiyan, M. A. H,, Siwar, C, Ismail, S. M., and Islam, R. (2011). The role of
government for ecotourism development: focusing on east coast economic
region. J. Soc. Sci. 7, 557-564. doi: 10.3844/jssp.2011.557.564

Blumstein, D. T., Geffroy, B., Samia, D. S. M., and Bessa, E. (2017). “Creating
a research-based agenda to reduce ecotourism impacts on wildlife, in
Ecotourism’s Promise and Peril, eds D. T. Blumstein, B. Geffroy, D. Samin, and
E. Bessa (Springer, Cham), 180-185. doi: 10.1007/978-3-319-58331-0_11

Boiral, O., and Heras-Saizarbitoria, 1. (2017). Managing biodiversity through
stakeholder involvement: why, who, and for what initiatives? J. Bus. Ethics. 140,
403-421. doi: 10.1007/s10551-015-2668-3

Buckley, R. C. (1998). Ecotourism megatrends. Austr. Int. Bus. Rev. 52-54.

Buehler, J. (2020). These Shrimp Parade on Land. Now We Know Why.
Available online at: Available online at: https://www.nationalgeographic.
com/animals/2020/12/shrimp- parade- on-land-now-we-know-why/ (accessed
December 10, 2020).

AUTHOR CONTRIBUTIONS

WH and DB designed the study and wrote and edited the
manuscript. WH and PT collected survey and interview data.
WH analyzed the data. All authors contributed to the article and
approved the submitted version.

FUNDING

This research was supported by the Department of Ecology
and Evolutionary Biology at UCLA, Sigma Xi Grants-in-Aid of
Research (GIAR), and gift from Mr. Rerngchai Hongjamrassilp.

ACKNOWLEDGMENTS

We are grateful for the dedicated assistance of Mrs. Wassana
Maiphrom, Mr. Narong Mangsachat, Ms. Waraphon Thipauthai,
Ms. Kitiwara Paramat, Mrs. Pranom Thason, and other staff
members from the Ubon Ratchathani Wildlife and Nature
Education Center and the Yod Dom Wildlife Sanctuary for
assisting in data collection. We thank the UCLA statistical
consulting center for providing suggestions regarding statistical
analysis. WH thanks Professors Greg Grether, Peter Narins,
and Peter Nonacs for guidance and valuable discussions. We
thank Dana Williams, Daniel S. Cooper, and two reviewers for
comments on earlier versions of this manuscript.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fcosc.
2020.624239/full#supplementary-material

Clark, J. A, and May, R. M. (2002). Taxonomic bias in conservation
research. Science 297, 191-193. doi: 10.1126/science.297.5579.191b

Clark, J. L. (2015). Uncharismatic invasives. Environ. Hum. 6, 29-52.
doi: 10.1215/22011919-3615889

Cole, S. (2006). Information and empowerment: the keys to achieving sustainable
tourism. J. Sustain. Tour. 14, 629-644. doi: 10.2167/jost607.0

Connell, J., and Rugendyke, B. (2008). Tourism at the Grassroots: Villagers
and Visitors in the Asia-Pacific. London: Routledge. doi: 10.4324/97802039
38027

Cranston, P. S. (2010). Insect biodiversity and conservation in Australasia. Annu.
Rev. Entomol. 55, 55-75. doi: 10.1146/annurev-ento-112408-085348

Cronbach, L. J. (1951). Coefficient alpha and the internal structure of
tests. Psychometrika 16, 297-334. doi: 10.1007/BF02310555

De Vaus, D. (2013). Surveys
doi: 10.4324/9780203519196

Dreiss, L. M., Hessenauer, J. M., Nathan, L. R., O’Connor, K. M., Liberati,
M. R, Kloster, D. P., and Morzillo, A. T. (2017). Adaptive management
as an effective strategy: interdisciplinary perceptions for natural resources
management. Environ. Manage. 59, 218-229. doi: 10.1007/500267-016-
0785-0

Ellis, S., and Sheridan, L. (2015). The role of resident perceptions in achieving
effective community-based tourism for least developed countries. Anatolia 26,
244-257. doi: 10.1080/13032917.2014.939202

Essen, E. V., Lindsjo, J., and Berg, C. (2020). Instagranimal: animal welfare
and animal ethics challenges of animal-based tourism. Animals 10, 1-17.
doi: 10.3390/ani10101830

in  Social Research. London: Routledge.

Frontiers in Conservation Science | www.frontiersin.org

January 2021 | Volume 1 | Article 624239

46



Hongjamrassilp et al.

Human-Shrimp Tourism Interaction

Fallon, C., Hoyle, S., Lewis, S., Owens, A., Lee-Mider, E., Hoffman Black, S., and
Jepsen, A. (2019). Conserving the Jewels of the Night: Guidelines for Protecting
Fireflies in the United States and Canada. Portland: OR: The Xerces Society for
Invertebrate Conservation.

Fox, A. (2020). The Science Behind Thailand’s Great Shrimp Parade. Available
online at: https://www.smithsonianmag.com/smart-news/thailands- great-
shrimp-parade- 180976452/ (accessed on December 10, 2020).

Garrod, B. (2003). Local participation in the planning and management
of ecotourism: a revised model approach. J. Ecotourism. 2, 33-53.
doi: 10.1080/14724040308668132

Google Trends (2020). Google Trends. Available online at: https://www.google.
com/trends (accessed December 11, 2020).

Hall, C. M. (2012). “Glow-worm tourism in Australia and New Zealand:
commodifying and conserving charismatic micro-fauna,” in The M

Middleton, V. T. C. (1997). “Sustainable tourism: a marketing perspective,” in
Tourism and Sustainability: Principles to Practice, ed M. ]. Stabler (Oxford,
England: CAB International), 129-142.

Mowforth, M., and Munt, I. (1998). Tourism and Sustainability: New Tourism in
the Third World. London: Routledge. doi: 10.4324/9780203437292

Muangasame, K., and McKercher, B. (2015). The challenge of implementing
sustainable tourism policy: a 360-degree assessment of Thailand’s
“7 greens sustainable tourism policy”. J. Sustain. Tour. 23, 497-516.
doi: 10.1080/09669582.2014.978789

Murphy, P. E,, and Murphy, A. E. (2004). Strategic Management for Tourism
Communities: Bridging the Gaps. Bristol: Channel View Publications.
doi: 10.21832/9781873150856

National Research Council (1992). Conserving Biodiversity: a Research Agenda for

of Insects in Recreation and Tourism, ed H. Lemelin (Cambridge: Cambridge
University Press), 217-232. doi: 10.1017/CB09781139003339.017

Hawkins, D. E., and Lamoureux, K. (2001). “Global growth and magnitude of
ecotourism,” in The Encyclopedia of Ecotourism, ed D. B. Weaver (New York:
Cabi Publishing), 63-72. doi: 10.1079/9780851993683.0063

Higham, J. E., Bejder, L., and Lusseau, D. (2008). An integrated and
adaptive management model to address the long-term sustainability
of tourist interactions with cetaceans. Environ. Conserv. 34, 294-302.
doi: 10.1017/50376892908005249

Holling, C. S. (1978). Adaptive Envir IA
York, NY: John Wiley & Sons.

Holthuis, L. B,, and Ng, P. K. L. (2010). “Nomenclature and taxonomy,” in
Freshwater Prawns: Biology and Farming, st Edn. (Oxford: Wiley-Blackwell),
12-17. doi: 10.1002/9781444314649.ch2

Hongjamrassilp, W., Maiphrom, W, and Blumstein, D. T. (2020). Why do shrimp
leave the water? Mechanisms and functions of parading behaviour in freshwater
shrimp. J. Zool. 12. doi: 10.1111/jz0.12841

Huntly, P. M., Van Noort, S, and Hamer, M. (2005). Giving increased
value to invertebrates through ecotourism. Afr. J. Wildl. Res. 35, 53-62.
doi: 10.7287/peerj.preprints.1178v1

Jamhawi, M. M., and Hajahjah, Z. A. (2017). A bottom-up approach for cultural
tourism management in the old city of As-Salt, Jordan. JCHMSD 7, 91-106.
doi: 10.1108/JCHMSD-07-2015-0027

Jaun-Holderegger, B. (2012). Biodiversitit an primarschulen. Frith iibt sich!
[Biodiversity at primary schools. Start early!]. Hotspot Biodivers. Bildung.
26,8-9.

Kontogeorgopoulos, N. (2005). Community-based ecotourism in phuket and ao
phangnga, Thailand: partial victories and bittersweet remedies. J. Sustain. Tour.
13, 4-23. doi: 10.1080/17501220508668470

Kopolratana, P. (2009). Wetland tourism management at don hoi lot (ramsar
site), samut songkhram province (Doctoral dissertation). Bangkok, Thailand:
Mahidol University.

Kriiger, O. (2005). The role of ecotourism in conservation: panacea or pandora’s
box? Biodivers. Conserv. 14, 579-600. doi: 10.1007/s10531-004-3917-4

Kubickova, M., and Campbell, J. M. (2020). The role of government in agro-
tourism development: a top-down bottom-up approach. Curr. Issues Tour. 23,
587-604. doi: 10.1080/13683500.2018.1551338

Leksakundilok, A., and Hirsch, P. (2008). “Community-based ecotourism in
Thailand,” in Tourism at the Grassroots: Villagers and Visitors in the Asia-Pacific,
eds J. Connell and B. Rugendyke (New York, NY: Routledge), 214-235.

Lemelin, R. H. (2013). The Management of Insects in Recreation and Tourism.
New York, NY: Cambridge University Press. doi: 10.1017/CB0O97811390
03339

Lewis, S. M., Wong, C. H., Owens, A., Fallon, C., Jepsen, S., Thancharoen, A.,
et al. (2020). A global perspective on firefly extinction threats. BioScience 70,
157-167. doi: 10.1093/biosci/biz157

Li, W. (2006). Community decision making participation in development. Ann.
Tour. Res. 33, 132-143. doi: 10.1016/j.annals.2005.07.003

Lindemann-Matthies, P. (2006). Investigating nature on the way to school:
responses to an educational programme by teachers and their pupils. Int. J. Sci.
Educ. 28, 895-918. doi: 10.1080/10670560500438396

Mavhunga, C. (2011). Mobility and the Making of Animal Meaning: the Kinetics
of Vermin’ and "Wildlife’ in Southern Africa. Making Animal Meaning. East
Lansing: Michigan State University Press. 17-44.

and M New

Develop Agencies. Washington, DC: National Academies Press.

Nurancha, P., Inkapatanakul, W., and Chunkao, K. (2013). Guidelines to the
management of firefly watching tour in Thailand. Mod. Appl. Sci. 7, 8-14.
doi: 10.5539/mas.v7n3p8

Pacheco, X. P. (2018). How Technology Can Transform Wildlife Conservation.
Available online at: https://www.intechopen.com/books/green-technologies-
to-improve- the-environment- on-earth/how- technology- can- transform-
wildlife- conservation (accessed on December 10, 2020).

Palmer, N. J, and Chuamuangphan, N. (2018). Governance and local
participation in ecotourism: community-level ecotourism stakeholders
in Chiang Rai province, Thailand. J. Ecotourism. 17, 320-337.
doi: 10.1080/14724049.2018.1502248

Ping, W. J. (n.d). Community-Based Ecotourism and Development in Northern
Thailand. Available online at: http://www.asianscholarship.org/asf/ejourn/
articles/jianping_w.pdf (accessed September, 25, 2020).

Preston, E. (2020). These Shrimp Leave the Safety of Water and Walk on Land.
But Why? Available online at: https://www.nytimes.com/2020/11/18/science/
shrimp-parade- thailand.html (accessed December 10, 2020).

R Core Team (2020). R: A Language and Environment for Statistical Computing.
R Foundation for Statistical Computing: Vienna, Austria. Available online at:
https://www.R-project.org/ (accessed September 25, 2020).

Salafsky, N., Margoluis, R., and Redford, K. H. (2001). Adaptive Management:
a Tool for Conservation Practitioners. Washington, DC: Biodiversity
Support Program.

Sanchez Caiizares, S. M., Castillo Canalejo, A. M., and Nufiez Tabales, J. M. (2016).
Stakeholders’ perceptions of tourism development in Cape Verde, Africa. Curr.
Issues Tour. 19, 966-980. doi: 10.1080/13683500.2015.1008428

Schlegel, J., Breuer, G., and Rupf, R. (2015). Local insects as flagship
species to promote nature conservation? A survey among primary school
children on their attitudes toward invertebrates. Anthrozods 28, 229-245.
doi: 10.1080/08927936.2015.11435399

Shepherd, N. (2002). How ecotourism can go wrong: the cases of seacanoe and
Siam Safari, Thailand. Curr. Iss. Tour. 5, 309-318.

Sterling, E. J., Betley, E., Sigouin, A., Gomez, A., Toomey, A., Cullman,
G., and Filardi, C. (2017). Assessing the evidence for stakeholder
engagement in biodiversity conservation. Biol Conserv. 209, 59-171.
doi: 10.1016/j.biocon.2017.02.008

Stronza, A., and Pegas, F. (2008). Ecotourism and conservation: two
cases from Brazil and Peru. Hum. Dimens. Wildl. 13, 263-279.
doi: 10.1080/10871200802187097

Talsma, L., and Molenbroek, J. F. M. (2012). User-centered ecotourism
development. Work 41, 2147-2154. doi: 10.3233/WOR-2012-1019-
2147

Tapper, R. (2006). Wildlife Watching and Tourism: A Study on the Benefits and
Risks of a Fast Growing Tourism Activity and its Impacts on Species. Bonn:
UNEP/Earthprint.

Thanvisitthpon, N. (2016). Urban environmental assessment and social
impact assessment of tourism development policy: Thailand’s Ayutthaya
historical park. Tour. Manag. Perspect. 18, 1-5. doi: 10.1016/j.tmp.2016.
01.006

The International Ecotourism Society (2015). What Is Ecotourism. Available online
at: https://ecotourism.org/what-is-ecotourism/ (accessed September 22, 2020).

The World Travel and Tourism Council (2019). Economic Impact Reports.
Available online at: https://wttc.org/Research/Economic-Impact (accessed
September 22, 2020).

Frontiers in Conservation Science | www.frontiersin.org

47

January 2021 | Volume 1 | Article 624239



Hongjamrassilp et al.

Human-Shrimp Tourism Interaction

Theerapappisit, P. (2009). Pro-poor ethnic tourism in the Mekong: a study of
three approaches in Northern Thailand. Asia Pac. J. Tour. Res. 14, 201-221.
doi: 10.1080/10941660902847245

Theerapappisit, P. (2012). “The bottom-up approach of community-based ethnic
tourism: a case study in Chiang Rai,” in Strategies for Tourism Industry: Micro
and Macro Perspectives, ed M. Kasimoglu (Croatia: InTech), 267-294.

Tosun, C. (2000). Limits to community participation in the tourism
development process in developing countries. Tour. Manag. 21, 613-633.
doi: 10.1016/S0261-5177(00)00009-1

Treephan, P., Visuthismajarn, P., and Isaramalai, S. A. (2019). A model of
participatory community-based ecotourism and mangrove forest conservation
in Ban Hua Thang, Thailand. Afr. J. Hosp. 8, 1-8.

Verissimo, D., Barua, M., Jepson, P. D., MacMillan, D. C., and Smith, R. J. (2012).
Selecting marine invertebrate flagship species: widening the net. Biol. Conserv.
145:4. doi: 10.1016/j.biocon.2011.11.007

Victurine, R. (2000). Building tourism excellence at the community level: capacity
building for community-based entrepreneurs in Uganda. J. Travel Res. 38,
221-229. doi: 10.1177/004728750003800303

Vincent, V. C,, and Thompson, W. (2002). Assessing community support
and sustainability for ecotourism development. J. Travel Res. 41, 153-160.
doi: 10.1177/004728702237415

Whelan, J. C. (2012). Experiments with entomological ecotourism models
and the effects of ecotourism on the overwintering monarch butterfly

(Danaus  plexippus) Florida
of Florida.

Wisansing, J. (2004). Tourism planning and destination marketing: toward
a community-driven approach: a case of Thailand (Doctoral dissertation).
Oakland: California: Lincoln University.

Wolff, L. A., and Skarstein, T. H. (2020). Species learning and biodiversity in
early childhood teacher education. Sustainability 12, 1-19. doi: 10.3390/su120
93698

(Doctoral dissertation). (FL):  University

Conflict of Interest: DB is the field
Conservation Science.

chief editor of Frontiers in

The remaining authors declare that the research was conducted in the absence of
any commercial or financial relationships that could be construed as a potential
conflict of interest.

Copyright © 2021 Hongjamrassilp, Traiyasut and Blumstein. This is an open-access
article distributed under the terms of the Creative Commons Attribution License (CC
BY). The use, distribution or reproduction in other forums is permitted, provided
the original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice.
No use, distribution or reproduction is permitted which does not comply with these
terms.

Frontiers in Conservation Science | www.frontiersin.org

48

January 2021 | Volume 1 | Article 624239





