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This study aimed to access the current razor clam population dynamics of Don Hoi Lord, to
identify fisherman behavior and interactions, and to construct a multi-agent simulation model for
collective discussion of razor clam management and conservation. Companion modelling approach,
specifically Multi-agent system model (MAS) and Role-playing game (RPG) was used in this study.
Monthly filed data collection was conducted for one year. Line transects and quadrat sampling
method were used for collecting razor clam population data on the biggest sand dune in Don Hoi
Lord. In addition, socio-economic surveys of local fisherman were conducted monthly to understand
their harvesting behavior. A Multi-agent simulation model was constructed under Cormas platform
based on both of razor clam population data and local fisherman harvesting behavioral patterns. Then,
two r("mnds of RPG were organized in March and July 2005, to initiate collective discussion among
stakeholders. Mean razor clam density was 5.71+2.49 individual/m?, mean razor clam length was
4.55+0.90 cm and dominant size class was 3-5 cm. At the moment, razor clam population has started
to recover from the past exploitation caused by razor clam harvesting policy of provincial
government. Besides, both rounds of RPG were an efficient tool to initiate collective learning and
discussion among stakeholders. In each round, 4 scenarios were played. Scenario II (closed zone
rotation for 3 month/each) in first RPG and scenario IV (quota system) in second RPG have been
agreed upon by stakeholders and possibly implemented in the future. The result of the multi-agent
simulation model based on both agreed scenarios indicated that the razor clam population has
responded positively due to consistent dynamics of razor clam population. Finally, a policy based on

both agreed scenarios should be an appropriate management for razor clam conservation.
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CHAPTER 1

INTRODUCTION

1.1 OVERVIEW OF THE STUDY

“sustainable development must ensure that it meet the needs of the present without
compromising the ability of future generations to meet their need.....sustainable
development requires meeting the basic need of all and extending to all the
opportunity to fulfill their aspiration”

(The World Commission on Environment and Development [WCED], 1987)

Since the first descriptive definition of sustainable development was first
introduced during “The Brundtland Report” in 1987, there has been widespread
recognition of the importance of sustainable development. There are many
consequences of development affecting to ecosystems for example air pollution, water
pollution and over exploitation of natural resources. Moreover, the exponential
growth of human population in the present day results in increase in demand of
resources. Thus the challenge for scientists and policy makersw is “How to manage

our resources?” to meet the goal of sustainable development.

A wetland is a complex ecosystem, which comprise of many sub communities
for many living organisms. Generally a wetland can store a rainfall, regulate ground
water level, prevent a seawater intrusion and provide nursing ground for aquatic life
as well as produce food supply for human. With specific characteristics and
importance of wetland, Ramsar Convention was established in 1971 for wetland
conservation at international level. Nowadays, 1,328 wetlands are registered as a
Ramsar site, 10 Ramsar sites are located in Thailand especially connected to coastal
zone. Many wetlands in Thailand have been degraded by the effect of unsustainable

development.



Don Hoi Lord was registered as an international wetland or Ramsar site in
2001 that also has an effect from development. Razor clam or Solen regularis is well
known as Hoi Lord. The wetland derives its name from razor clam and high
abundance of razor clam population. Moreover, razor clam has been a source of
income for local fishermen income who harvest razor clam on the sand dune during

the low tide.

Presently, the number of razor clam is decreasing due to harvesting pressure
by local fishermen, who respond to high market demand. Many studies have been
conducted on razor clam, such as life history, environmental condition of Don Hoi
Lord and social awareness for Razor clam. The objectives of all studies emphasized
conservation but most of the studies were conducted with reductionistic approaches,

without considering the integration for better problem solving or management.

Modelling has become an important tool in the study of ecological system as
well as natural resource management. Models provide an opportunity to explore ideas
regarding ecological systems that it may not be possible to field-test for logistical,
political, or financial reason. Numerous scientists now believe that the study of
ecosystem requires a multi-disciplinary approach or holistic approach in order not to
neglect the social interaction from natural resource management. (Jackson et al.,
2000).

Multi-Agent Systems (MAS), also called agent-based modeling has been used
by researchers in ecology or economics, as well as tools for ecosystem management
(Bousquet and Le page, 2004). Moreover, MAS can integrate socio-economic,
ecological and spatial dynamics into a single model. It provides a better understanding
of how the properties of human-construct landscape at a macroscopic level can arise

from the interaction of system components at a microscopic level (Ferber, 1995).
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In this study, Multi-agent simulation was created to investigate interaction
between a razor clam population and local fisherman harvesting behavior.
Components of the model were comprised of razor clam population data from field
collection, local fisherman behavior data, and other stakeholder data (trader and
tourist) from interview. Different scenarios were tested in the simulation to assess
situation of razor clam population and local fisherman behavior, and determine
appropriate management strategy from the simulation. After simulation session, the
Role-Playing Game (RPG) session was organized by inviting some local fishermen at
Don Hoi Lord who normally harvest razor clam as well as other stakeholders to
participate. The RPG would be able to conduct opportunity of discussion among local
fisherman as well as the modeler can extract information to cooperate with simulation
model. Finally, the perception among fishermen could propose for suitable razor clam

management strategy.
1.2 OBJECTIVES OF THIS STUDY

To achieve goal of sustainable management, holistic approach study should be
used in a study of ecosystem management. As Jackson et al. (2000) suggested not
neglect the behavior of the social group which involve in natural resource
management, the purpose of this study was to build an ecological model for razor
clam conservation and facilitated conservation ideas to stakeholders who involved at
Don Hoi Lord.

Thus, the objectives of this study were:

- To assess existing condition of population dynamics of razor clam
at Don Hoi Lord.

- To identify behavior and interactions of local fishermen who
harvest razor clam.

- To construct a multi-agent simulation model to explore the
interaction befween human activities and razor clam population.

- To propose and discuss collectively a strategy for razor clam

conservation.



1.3 HYPOTHESIS OF THE STUDY

As a purpose of this study, an ecological model will be built and explored
razor clam populations under different scenarios. In addition, exploring razor clam
population through the model should reflect behaviors of fisherman, which would be
discussed later with local fishermen for razor clam management and conservation

purposes. Therefore, hypothesis of this study was:

“The population of razor clam will respond to different patterns of human activities.”

1.4 SCOPE OF STUDY

Based on MAS as a tool for ecosystem management, the razor clam population
at Don Hoi Lord, Samut Songkhram province, Central of Thailand was studied
(Figure. 1). Razor clam is well-known a common property, such that everybody can
harvest it. To date, the population of razor clam is decreased therefore, an appropriate

management is needed for conservation.

There are five sand dunes at Don Hoi Lord, the largest one was selected as a
study site. This sand dune is closed to local communities and there are high harvesting
rate from fisherman and indirect effect of tourism. This study was designed for
monthly data collection for one year including ecological data of razor clam
population and socio-economic data from interview. Cormas (common-pool resources
and multi-agent systems) platform was used in this study to build an ecological model
to explore razor clam population. Finaily, RPG was used in a discussion session to
share experience on razor clam conservation and model calibration with local

fisherman at Don Hoi Lord.
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1.5 CONCEPTUAL FRAMEWORK OF THE STUDY

The conceptual framework of this study was divided into 3 parts. Part 1 was
field data collections including ecological data and socio-economic data. Part 2 was
ecological model construction under Cormas platform. Finally, Part 3 was RPG
session for discussing on razor clam conservation and for model calibration. The

overall framework of this study was illustrated step by step as figure 1.3:

Multi-agent Simulations for Razor Clam Solen regufaris Dunker, 1862. Conservation
at Don Hoi Lord, Samut Songkhram Province :

Part |
]
Ecologicaldata | |  Socio-economic data
Part II
Razor clam conservation model construction
3
Part Ili

RPG and Discussion with
Fisherman session

v
Discussion and Conclusion

|
|
|

Razor clam conservation guideline

Figure 1.3 Conceptual frame work of this study



1.6 THESIS OUTLINE

In this thesis is composed of five chapters as follows:

Chapter I, overview of this study, objectives, hypothesis and conceptual

framework of the study are presented.

Chapter II, the literature review of razor clam, Don Hoi Lord, Ecological
modelling approach and especially Companion Modelling approach (ComMod) are

presented.

Chapter 111, The methodology of this study is presented step by step including
study site, field data collection both of ecological data and socio-economic data,

Multi-agent simulation model construction and Role-Playing Game (RPG) session.

Chapter 1V, the results from the study and discussion are presented together.
The characteristics of study site is presented first and follows by razor clam ecological
data, socio-economic of fisherman and tourist, Multi-agent simulation model
construction and RPG among local fisherman at Don Hoi Lord. After that, the results
from Multi-agent simulation model combined with RPG result are represented.
Finally, discussion on companion modelling which consist of Multi-agent simulation
and RPG are lastly.

Chapter V, covers conclusions and recommendations of this study, as well as

future study for razor clam management and conservation.



CHAPTER 11

LITERATURE REVIEWS

2.1 SAMUT SONG KHRAM PROVINCE AND DON HOI LORD

2.1.1 Samut Songkhram province

Samut Songkhram province is located in central part of Thailand between
latitude 13-14° N and longitude 99-103° E and approximately 74 kilometers from
Bangkok. It covers area of 416.707 square kilometers or 260,441.87 rai (Ministry of

Interior. 2004) and connects with other province as follows:

North Ratchaburi province

South Thai Gulf and Phetchaburi province
East Samut Sakhon province

West Ratchaburi and Phetchaburi province

The administration of Samut Songkhram province consists of 3 amphurs, 36
districts, 5 municipalities and 283 villages. Total population is 195,108 persons
(51,077 households) contributed from male 93,979 persons and female 101,129
persons (National Economic and Social Development Board, 2005). The majority of
Samut Songkhram people hlive in amphur Muang especially Muang Samut Song
Khram municipality it closed with Mae Klong river mouth area. In 2003, the gross
provincial product (GPP) was 11,158 million baht. The GPP per capita was 57,871
baht (National economic and social development board, 2005). The main careers of

people (=80%) are agriculture, fishery and labor in industry.

Samut Songkhram is generally flat plains with no mountain. There is one main
river named Mae Klong River, which run across the province north-south direction

through 3 amphurs with around 300 natural and man made canals connected with the
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main river. Yee Sarn canal, Klong Cone canal, Bangjakreng canal, Bang Klaew canal,
Chanuan channel and Maenn Harn canal are the important in this province. In
addition, Mae Klong River mouth is located in amphor Muang Samut Songkhram
(Thaviongse Sriburi and Nantana Gajaseni, 1996).

Geographical, Samut Songkhram province is divided into 2 parts by Mae
Klong River. The Mae Klong estuary runs from the east of river mouth to Samut
Sakhon province in distance of 12 km. and the west of river mouth run westward to
Phetchaburi province in distance of 11.2 km. In addition, Samut Songkhram coastal
line has been changing because of the sedimentation pattern from Mea Klong river. It

makes land extending in to the sea.

Coastal area of Samut Songkhram consists of shore line length of 23.2 km.
Almost coastal area in the province is characterized as muddy and sandy sediment all
of area, it has slope less than 1 % in direction to coastal line. During the low tide, the
mudflat will emerge approximately 4 km from shore line into the sea (Thaviongse

Sriburi and Nantana Gajaseni, 1996).

The tidal system in Samut Songkhram province is semi-diurnal tide. It
consists of high tide and low tide twice times a day. Mean of high tide is +1.23 m.
from mean sea level (MLS), mean of low tide is -0.15 m. from mean sea level (MSL)
and mean of interval between low and high tide is 1.38 m., however the tidal system
has variously effecting from the moon, sea breeze, an air pressure and water current

so tidal level must be different in each month.

Land use in Samut Songkhram include fruit orchard (lichee, coconut, pomelo
etc.), salt farm, paddy rice, fishery and aquaculture farming. The fishery activities in
Samut Songkhram province include fresh water, brackish and marine fishery. In
brackish area, there are many types of aquaculture such as shrimp, mud crab, cockle,
green mussel and perch fish. In the past, mangrove area was destroyed for aquaculture

particularly shrimp aquaculture, causing mangrove area conversion and wastewater
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discharged to Mae Klong estuary. Now a day, many area of shrimp aquaculture are

abandon because the shrimp farmer could not get enough economic benefic.
2.1.2 Don Hoi Lord

Don Hoi Lord (Figure 2.1) is the 1099™ Ramsar site located in Mae Klong
estuary (13°21°N 099°59°E) in Thailand includes both terrestrial areas and water body
of Ban Jakreng, Lam Yai, and Klong Cone district, Muang amphur, Samut

Songkhram province covering area of 87,500 ha (Ramsar, 2003).

4 CHANGWAT SaMuT SoNGKHRAM

#auvvauvaan
Don Hoi Lot

Figure 2.1 Area of Don Hoi Lord, Samut Songkhram province
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Don Hoi Lord is a coastal wetland formed by accumulation of sediments and
rich in nutrients. It has rare and unique characteristics of natural wetland in Thailand.
In addition, the mudflat in wetland is razor calm (Solen regularis) habitat. The name of
this wetland has been derived from razor clam and it important to local communities

economically around Don Hoi Lord.

Don Hoi Lord has high biodiversity Thaviongse Sriburi and Nantana Gajaseni
(1996) were found macrofauna including epifauna and infauna of 39 species

belonging to 7 phyla of invertebrate and vertebrate following:

Phylum Cnidaria, 3 species
- Jelly fish (Rhopilema hispidum and 2 unknown species )

Phylum Nemertinea, 1 species

- Ribbon worm (unknown species)

Phylum Annelida, 4 species
- Clam worm (unknown species)
- Sand worm (unknown species)
- Tube polychaete (unknown species)

- Tube polychate (unknown species)

Phylum Mollusca, 10 species
- Sea snail (Natical maculosa)
- Sea snail (Zerritella terebra)
- Sea snail (Musculus senhauseni)
- Cockle (Anadara sp.)
- Razor clam (Solen regularis)
- Rock clam (Solen vitreus)
- Bean clam (Donax faba)
- Ridge venus clam (Terpes tergidus)

- Bivalve (unknown species)



Bivalve (unknown species)

Phylum Brachiopoda, 1 species

Tongue shell (Lingula unguis)

Phylum Arthropoda, 16 species

Giant king crab (Tachypleus gigas)
Hermit crab (Clibanarius infraspinatus)
Hermit crab (Clibanarius longitarsus)
Giant tiger prawn (Penaeus monodon)
Banana prawn (Penaeus merguiensis)
Jinga shrimp (Metapenaeus sp.)

Dwarf prawn (Macrobrachium equiensis)
Mantis shrimp (Cloridopsis scorpio)
Mantis shrimp (Cloridopsis maculata)
Pebble crab (Leucosia haswelli)

Eyed swimming crab (Macropthalmus abbreviatus)
Portunid crab (Charybdis affinis)

Blue crab (Portunus pelegicus)

Rock barnacle (Balanus sp.)

Goose neck barnacle (Lepas sp.)

Phylum Vertebrata, 4 species

Conger ell (Congresox talabon)
Flatfish (Cynoglossus sp.)

Goby (Cryptocentrus sp.)
Unknown fish (Unknown species)
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Moreover, there are at least 18 species of bird around Don Hoi Lord

following:

Common sandpiper (Actitis hypoleucos)

Edible-nest swiftlet (derodramus fuciphagus)



Grey heron (4rdea cinerea)

Javan pond-heron (4rdeola speciosa)
Chinese pond-heron (Ardeola bacchus)
Little heron (Butorides striatus)

Kentish plover (Charadrius alexandrinus)
Little ringed plover (Charadrius dubius)
Whiskered tern (Chlidonias hybridus)
Collared kingfisher (Halcyon chloris)
Brahminy kite (Haliastur indus)
Black-winged stilt (Himantopus himantopus)
Brown-headed gull (Larus brunnicephalus)
Whimbrel (Numenius phaeopus)

Pacific golden plover (Pluvialis fulva)
Wood sandpiper (7ringa glareola)

Marsh sandpiper (Tringa stagnatilis)
Common Redshank (7ringa totanus)
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Don Hoi Lord is one of the most famous tourist destinations due to distinction

of razor clam called “Hoi Lord” in local name, which can be harvested mostly from

this sand dune. This bring plenty of tourism to visit there and made more demand of

razor clam as delicacy for visitors.

Nowadays, Don Hoi Lord is facing problems because of unsustainable

development in term of land development, infrastructure construction. The problems

maybe described as follows:

Changing of environment around Mae Klong river mouth by much

more pilling up of sediment.

Changing of mangrove along coastal zone to aquaculture and

decreasing nursing ground and productivity in estuary ecosystem.

Increasing pollution due to garbage and waste from restaurant and

tourism.

Over harvesting of razor clam regarding high market demand.
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2.2 RAZOR CLAM

2.2.1 General characteristics of razor clam

The taxonomic hierarchy of razor clam or Hoi Lord (in Thai) following:
Phylum Mollusca
Class Bivalvia
Order Eulamellibranchia
Family Solenidae
Genus Solen

Species Solen regularis Dunker,1862

Razor clam is a bivalve and sex-separate. It has cylinder shape and thin shell
hold by hinge teeth. There are 2 openings which anterior opening has two siphons for
filter feeding purpose and posterior opening has foot for vertical movement. Adult
size of razor clam is ranged from 0.5 cm. to 8.0 cm and lives in sandy soil

approximately 1-30 cm. in depth (Department of fishery, 1995).

;;;;;;

— Siphon

Figure 2.2 Razor clam (Solen regularis Dunker, 1862.)
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2.2.2 Distribution of razor clam

Distribution of razor clam normally covers estuary area near river mouth
especially in Asia pacific from Japan, Korea, China to Thailand. In Thailand, it is
found both at Andaman sea of Phuket and Gulf of Thailand, Songkhla, Prachuap Khiri
Khan, Phetchaburi, Samut Songkhram and Samut Prakarn province especially Samut
Songkhram province. Don Hoi Lord is located in Samut Songkhram, where it is the

largest area of razor clam production in Thailand.
2.2.3 Razor clam feeding behavior

Naturally, razor clam is semi-permanent mud burrower, using foot to dig and
bury in the fine sandy soil in vertical direction in their hole. During high tide, razor
calm moves up to surface of substrate and protrude siphons into water for pumping
water and filtering food from water. Its foods are phytoplankton, zooplankton, organic
matters and pieces of decomposed plant or animal. Moreover, when razor clam is
attached by enemy or risky sign, razor clam will throw off siphon and move to deeper

level in substrate.
2.2.4 Razor clam reproduction

Reproduction of razor clam is external fertilization by male release sperm into
water as well as female release egg into water. Sunan Tuaycharoean and Panit
Voraingtara (1991) were reported that the release of razor clam gametes is influenced
by many factors as the following:

- Stage of gamete development

- Optimum water temperature between 22-39 °C and optimum soil
temperature between 21-38 °C

- Optimum salinity between 22-31 ppt
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Breeding season of razor clam is twice a year, with the first period starting
from June to October and the second period from November to April (Art-Ong
Pradatsundarasar et al., 1989). However, breeding season depends on environment

condition and might be different from year to year.

2.2.5 Razor clam harvesting methods

Traditionally, there are 5 methods developed by local fishermen knowledge to

catch razor clam during low tide when sand dune is exposed. There are as follows:

Method I Dipping lime; this method is the original and traditional method.

Local fishermen search for razor clam hole by using fingers to knock on sand dune
surface. If a razor clam is near by, it will eject water from siphon thorough the hole
then local fishermen has known its location. Consequently, a small bamboo stick
dipped in lime is use to poke into the razor clam hole. The razor clam will react and
Jjump up from its hole, and therefore it is caught by fishermen.

Method II Applying lime; local fishermen apply lime on the wet ground where

razor clams live around 1 sq.m. Every razor clam in that area will react and jump up
from their holes.

Method I1I Applying lime solution; local fishermen dissolves 1-2 kg of lime in

water and apply the solution on the ground more than 2 sq.m. Every razor clam in that
area will react and jump up from their holes. This method is similar to method II but it
can cover much more area and effectiveness.

Method IV Applying acetylene solution; local fishermen apply acetylene

solution on the ground then every razor clam will react and jump up from their holes.
This method is similar to method II and Method III but is much more effective.
However, acetylene solution has more impact to other species than lime methods.

Method V Digging; this method is the best method for collecting razor clam

because no chemicals are involved. However, digging method is unfavorable because

it uses more labour and the production is not as high as the other methods.



18

Figure 2.3 Dipping lime method which is widely used and legalized in razor clam

harvesting

Nowadays, local government has allowed local fishermen to uses method I
and V to catch razor clam. While method II, III and IV are prohibited because these
cause damage to small razor clam and other animals. But some fisherman still try to

use those methods due to no serious enforcement.

2.3 OVERVIEWS OF RESEARCH ON RAZOR CLAM AND DON
HOI LORD

Art-Ong Pradatsundarasar (1982) studied the influence of sediment on
distribution and density of razor clam (Solen regularis Dunker, 1862) population in
Mae Klong river mouth and reported that razor clam was found in limited area where
sediment size is about 0.125 mm and the dune contains almost sand with the least
water and organic matter cover during low tide. Average razor clam density was

reported 10.20 individual/m? .
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Department of fishery (1990) studied the effects of lime on razor clam death
rate and reported that the increasing death rate was found with razor clam was
exposed to lime or used to have some previous lime exposure. It indicated the

relationship of lime exposure and razor clam death rate.

Chanintorn Srithongsuk et. al. (1990) also studied the effect of lime on razor
clams death rate and reported that lime 0.2 g. per 1 razor clam hole could kill the clam
in 72 hrs., while lime 31.2 g per 1 razor clam hole could kill the clam in 48 hrs. In
addition, the middle razor clam size (3.1-4.4) had maximum tolerance to lime when

compared with other size.

Wanlop Khumsupar et. al. (1991) studied distribution of bloodstock of razor
clam around Mae Klong river mouth and found that density of razor clam was 26.88
individual/m®. Moreover, razor clam has a distribution from the east coast of river

mouth to Bang Bor canal mouth.

Somprasong Kanthom and Somchart Sukawong (1991) studied the effect of
lime on razor clam death rate and found that small razor clam (1.5-2.9 cm.) has 48
hr.LCso = 376.21 mg/l, large razor clam (4.5-7.0 cm.) has 72 hr.LCso = 234.39 mg/I.
In addition, the razor clams were exposed to lime would die faster than the clams that

were new exposed.

Sunan Tuaycharoean and Panit Voraingtara (1991) studied breeding biology
and environment of razor clam in Bang Bor village, Samut Songkhram province and
reported that razor clam is breeding twice a year, during November to April and June
to October. The sex ratio was 1:1. Besides, the suitable conditions for razor clam
breeding were soil temperature between 21-38 °C, salinity between 22-31 ppt , 25%
organic matter composition in soil, pH around 7.85 and Dissolve Oxygen around 5.36

mg/l. Finally, they found that razor clam can breed at size of 42.4 mm.
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Kanoksak Jinphuhuad (1994) studied pH of seawater for razor clam and
reported that the suitable pH of seawater for razor clam was 6.9-8.5. In addition, if pH
of seawater was higher than 9.1, razor clam would die suddenly. On the other hands,
if pH of sea water is lower than 6.5, the ability of razor clam feeding would decrease

and die from starvation.

Thaviongse Sriburi and Nantana Gajaseni (1996) studied natural resource
conservation plan in Don Hoi Lord. It had description that:

Don Hoi Lord is a beautiful wetland and important to Samut Songkhram
tourism. Nowadays, Don Hoi Lord has some problems from too much tourists,
without waste management, appropriate understanding in relation to aquatic animal
habitat or breeding ground and razor and other aquatic animal conservation.

The researches proposed conservation plan for Don Hoi Lord by divide the
area into 3 sub-areas, as follows:

1. Preserved area: this area is natural area where high biological value and
sensitive to environment change so any human activities are prohibited in this area.

2. Conserved area: this area is peripheral natural area with direct and indirect
relationships with natural area. Some human activities are allowed in this area but it
will not came environmental change.

3. Developed area: this area allows any human activities but it controlled by
government under National Environment Act 1992.

Moreover, low tide in the daytime (April to August) the number of fisherman
is more than 260 persons/day. On the other hand, low tide during in the nighttime start
from October to January some fishermen illegally use applying lime solution method
to catch razor clam. It is more damage to razor clam population than ordinary method

and cause decreasing population.

Rangsimant Boutong (1997) studied the relationship between plankton
population and breeding season of razor shell genus Solen at Don Hoi Lord, Samut
Songkhram province and reportéd that most food in razor clam stomach content was
phytoplankton. In addition, densities of phytoplankton and zooplankton were not

related to density and breeding season of razor clam population.
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Ruffolo et al. (1999) studied the population dynamics of razor clam at Don
Hoi Lord and reported that razor clam has a growth rate at 1 cm/month, furthermore
population of razor clam was decreased from 49.5 individual/m® in 1994 to 4.1
individual/m? in 1997. In addition, most collected clam in the study has size between
2 to 4 cm. In 1998, they could not catch razor clam size bigger than 7 cm. Finally,
they concluded that the decrease of razor clam population might be caused by

inappropriate harvesting method.

Natsucha Oiamsomboon (2000) studied the people opinion on Don Hoi Lord
conservation at amphur Muang, Samut Songkhram province and reported that most
people agreed with Don Hoi Lord conservation. Because they realized that Don Hoi
Lord is an important place to Samut Songkhram province in terms of the legend and
tourism. Moreover, they were glad to cooperate with the government in Don Hoi Lord

conservation activities.

Weerasak Jarinrattanakorn (2001) studied the media exposure, awareness and
participation in razor clam conservation among people in amphur Muang, Samut
Songkhram province and reported that high level of media exposure in razor clam
conservation and awareness in razor clam conservation. On the other hand, the

participation of people in razor clam conservation is in the medium level.

Wanpen Sriprathumwong, Ritthikorn Sornkaew and Nopadol Phuwapanish
(2002) cultured razor clam from fertilization egg 860,000 eggs from 3 kg. of
broodstock in man made nursery. The survival rate was 0.70 % when razor clam
developed in juvenile stage of 520x1,040 micron and 0.03% when razor clam reached
adult stage (1.5-3 cm.).

Nathakan Suwanna (2003) studied the ability of community to manage local
resources: a case study of Don Hoi Lord, Samut Songkhram province and reported
that the social, economic and politic developments affected on the decrease of razor
clam population because of increasing razor clam demand. The high market demand

made local fisherman search for another method to catch more razor clam than old
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method, without realizing its effect on the environment. When the government
established the regulation to control razor clam harvesting, there is a lot of
cooperation in Don Hoi Lord conservation. The protected area for razor clam has been
established and local fishermen also participate in conservation activities. The
activities for conservation in community also reduced inappropriate harvesting

method in local fishermen and set up conservation group.

2.4 ECOLOGICAL MODELLING

Few decades ago, there is one science has been developing from many
scientific disciplinary (eg. Ecology, Mathematic, Computer science, etc.) that
integrated in terms of subsystem into main system. That calls “Modelling approach”
which has main objectives are:

- To know and understand system dynamics
- To know system mechanisms

- To know even or trend of system in the future

Combining ecological knowledge with modelling approach has give rise to
“Ecological modelling”. It is an effective tool to study ecosystem and ecosystem
management (Jackson et al., 2000). The approach focuses on modelling subsystem of

an ecosystem as well as ecological relationships within and between the subsystems.

The process of modelling uses subsystem data that considers the main system
from past until present. Correction of the model and result depend on quality of data
from each subsystem that contribute to the model.

There are 3 main processes to build an ecological modelling:

1. Model construction: the model will be construct from conceptual model

combining with quantitative model (or mathematical model)
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2. Model calibration: this process tests the model by performing simulation
runs for accuracy, consistency of model in several time steps.
3. Validation: this process compares the results of model by runing

simulation under various scenarios with the real world or system study.

. Gk 1 R
calibration
result <« 5 sl csann
_— (Assessment) v
output BpgLnt procciel B Sk » validation
Simulation
run

Figure 2.4 Overview of modelling approach

However, modelling approach is a computer-based tool, especially with
simulation runs on computer program. The computer hardware and software make
modelling approach more applicable to various fields of study for instance, economic,

marketing, engineering and science.

Nowadays, there are many environmental problems that have been occurring
in the world. Modelling approach is an effective tool to explore and find solutions for

the present problems or some problems which may happen in the future.
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2.4.1 Methodology to build an ecological model

Modelling approach is a tool to study system dynamic and/or relationships in
the system. Fast computers and graphical software package have removed much of the
drudgery of creating model with a programming language and opened new avenues of
model construction, use and even misuse. In addition, models provide an opportunity
to explore ideas regarding ecological systems that it may not be possible to field-test
for logistical, political and/or financial reasons (Jackson et al, 2000). The
methodology to build ecological models, shown in figure 2.5, summarizes the process
of creating an ecological simulation model. The model construction processes start
when a researcher makes decision to use model in research. To transfer current
knowledge into a conceptual model is the first step. Then, the quantitative models are
considered to combine with conceptual model and the simulation model is constructed
from those under computer software or computer language. Calibration, test, debug
and sensitivity analysis are important processes to validate the model because they
can improve and make model correctly and relate with the real world. Finally,
evaluation of output from model is important to determine the value of the constructed

model and to allow the researchers to know their mistakes and correct them.
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2.5 COMPANION MODELLING

Models have been known to represent the system structure and dynamics in a
simplified form to enhance the understanding of complex systems. New modelling
approaches are needed to effectively identify, generate and relate information for
better understanding of the system. It is also needed to make shared knowledge to

guide management decisions (Costanza and Ruth, 1998).

The sharing of knowledge to guide management decision and modelling
process should be performed together to make maximum use in modelling approach.
Companion modelling approach is a one of modelling approach which is composed of

modelling process and share knowledge in field of renewable resource management.
2.5.1 Companion modelling:The charter

As Barreteau et al. (2003) the companion modelling approach to be used with
two following aims:
- Learning on systems or support collective decision processes in
these systems.
- Increasing knowledge for either the scientist or the field actor,
through an interaction between them mediated by an evolutionary
model.

Companion modelling is deals with a combination of pragmatic and
theoretical questions regarding the management of renewable resources and
environment, and is facing to complex and very dynamic research objects. Such a
context leads to realization of importance of uncertainty and the existence of multiple
and legitimate points of view, including the ones producing scientific expertise. These
different view points deserve to be taken into account in an iterative process of
understanding, confrontation and analysis. Therefore, companion modelling approach

has processed in the same tendency:
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The fate of all the assumptions backing the modelling work is to be
discarded after each interaction with the field, that is to say to be
voluntarily and directly subject to refutation.

Having no a priori implicit experimental hypothesis is an objective
implying the adoption of procedures to unveil such implicit
hypotheses.

The impact in the field has to be taken into consideration as soon as
the first step of the approach, in term of research objective, quality
of approach, quantified monitoring and evaluation indicators.
Particular attention should be given to the process of validation of
such a research approach, knowing that a general theory of model
validation does not exist and that procedures differing from those
used in the case of physical, biological and mathematical models

need to be considered.

Tools in companion modelling can accompany the collective decision-making

dynamics and make stakeholders understand the system of study. For example Multi-

agent systems (MAS), Role-playing game (RPG), Geographic information system

(GIS), economic tools, etc. can be tools in companion modelling approach. The tool

selection to using in companion modelling is depending on the situation in various

systems. Thus, the production of knowledge or point of view on a given system could

lead to:

improved knowledge of actors and/or decision-makers

facilitated dialogue among stakeholders (including experts)
providing a frame work for discussion and sharing of information,
an exchange of viewpoints, knowledge and beliefs among them.
negotiated support system aiming at closing the gap between

diverging point of view and conflicting situation in system study.

From concepts of modelling and companion modelling approach, stakeholders

learn collectively by creating, modifying and observing simulations. When carrying

out simulations, one acts on the decision-making process by creating or modifying
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representations. Companion modelling leads stakeholders to share representation and
simulations, taking into account possible decisions and actions related to their
environments which are under consideration (management rules, new infrastructure
etc.) Meanwhile, companion modelling does not include the other possible steps of
the mediation process dealing with a more quantified expertise (size of a new
infrastructure, estimated production etc.). Companion modelling intervenes upstream
of the technical decision to support the reflexion of concerned actors, in order to
produce a share representation of the problematic and to identify possible ways

toward a process of collective management of the problem.

With regard to the two aims in companion modelling approach above, the first
type of usage looks for its scientific legitimacy in the production and relevance of
knowledge, while the latter aims to improve the quality of collective decision-making
processes. In both aims, there is production of knowledge through the interaction
among researchers and local stakeholders. But in the first situation, this production of
knowledge (being for researchers, or for local actors through training activities) is the
objective, while in the second aim is a necessary element of the method to achieve the
main objective of supporting collective decision. However, there is nothing can
guarantee that the tools and/or the models tested in a given situation will be useful, .
efficient and can adapted in another situation because the dynamics and the
interaction in each system are different. That why the companion modelling approach
has 2 aims and these concerning together, in addition the knowledge produced by

each of two aims are useful to elucidate the secondary effects created by one of them.
2.5.2 Multi-agent systems modelling and role-playing game

Recently, several researchers started to use multi-agent systems, also called
agent-based modelling (ABM), in different fields. Researchers in ecology or
economics use this methodology and associated tools for ecosystem management. If a
history of multi-agent systems were to be written over the coming year, those authors
would certainly situate the birth of this approach and its formative years in the rich

breeding ground of the interdisciplinary movement. Originally, multi-agent systems
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came from the field of artificial intelligence (AI). At first, this field was called
distributed artificial intelligence (DAI); instead of reproducing the knowledge and
reasoning of several heterogeneous agents that need to coordinate to jointly solve

planning problems. (Bousquet and Le page, 2004)

Multi-agent systems are an assembly of agents with specific goals capable of
perceiving, communicating, interacting and acting in an environment with other
agents (Ferber, 1999). On the other hand, Le Page et al. (2000) propose that multi-
agent systems are made of collection of agents, an agent being a computerized
autonomous entity that is able to act locally in response to stimuli from the

environment or communication with other agents (figure 2.6).

Representation ————

Environment Objects in environment

Figure 2.6 Multi-agent systems general organization and principles.
(adapted from Ferber, 1999)

Agents have:
- internal data representations (memory or stage)
- means for modifying their internal data representations (perception)
- means for modifying their environment (behaviors)
The key concept of MAS concerns the interactions between agents. These
interactions may occur through the environment, either by being at the same place at

the same time or less directly (for instance by ownership, resource depletion,
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pheromone depletion), or may occur explicitly, either via direct communication

(exchange of messages) or via transactions (e.g., financial). (Le Page et al., 2000)

MAS provides simulation methods rich in potentials capable of modelling
interactive processes between social and ecological dynamics (Bousquet et al., 1999).
Following to Ferber (1999), the main qualities of multi-agent modelling are its
capacity for integration and its flexibility. It is in fact possible to integrate within the
same model quantitative variables, differential equations and behaviors based on
symbolic rule. It is also very easy to integrate modifications, each enhancement of the
model being brought about by adding behavioral rules which operate at the individual
level. In addition, multi-agent systems make it possible to model complex situations
whose overall structure emerge from interactions between individuals, that is, to cause
structures on the macro level to emerge from models on the micro level, thus breaking
the level which is so flagrant in classical modelling. The data gathered to build the
model may came from real observations (numerical values) or knowledge (a more
subjective point of view on the system) and are usually formalized using formal
semantics or mathematical logic to reduce ambiguities as much as possible (Drogoul,

Vanbergue and Meurisse, 2002).

For better understanding and modelling of the decision-making process and
for better management of natural and renewable resources, MAS and Role-playing
(RPG) game are combined in companion modelling approach. The several potential

parallels between role game and MAS listed in Table 2.1

Table 2.1 Correspondences table between role-playing game and MAS
(Gurang, 2004)

Role-playing game Multi-agent systems
- Players - Agents

- Roles - Rules

- Game set | - Interface

- Game session - Simulation

- Turn - Time step
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There are a few experiences with the coupled use of models and role games
foe ecosystem management. Fish banks game, developed in 1993 (Meadows and
Meadows, 1993 cited in Bousquet et al., 2002). It is a famous role game which is used
for educational purposes. Human players play the role of fish companies that share a
common resource. A simulation model simulates the dynamics of fish resource that
the human plays harvest. The objective of the Fish Banks game is to illustrate and
teach the tragedy of the commons principle: free access to resources leads to
biological depletion and consequently to economic overexploitation.

Closely articulated with MAS models in the companion modelling approach,
role-playing game are used to produce new knowledge, to help build MAS models,
and to validate them (Figure 2.7). Depending on the circumstances, the linkage
between two tools can very (Aquino et al., 2002 cited in Trebuil et al.,2002)

Observed world
A

Role-playing game Multi-agent system

L 4
Conceptual model/
Shared representation

Figure 2.7 Linkages between the reality and interactive tools in the companion

modelling approach (adapted from Trebuil et al., 2002)

The use of role-playing games derived from more complex models through
simplifications facilitates the communication of the results of agent-based computer
simulation to stakeholders. It helps empower them to use such powerful tools when

looking for “solution” to concrete natural resource management (Trebuil et al., 2002).
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Cormas (Common-pool Resources and Multi-agent Systems) has been
develop since 1995. It provide facilities to build analyze agent-based models that
represent ecosystems where various human activities compete for the use of natural
resources (Le Page and Bommel, 2004). Cormas is based on the software
VisualWorks which, in turn, is a programming environment based on Smalltalk
language. Cincom, the American company that market VisualWorks, distributes the
software freely (for education and research purposes) Cormas is also available to the

scientific communities at http://cormas.cirad.fr/indexeng.htm . However, the goal of

Cormas is not to make accurate predictions about the behavior of complex systems
but to provide framework to help people develop new ways of thinking (Gurung,
2004).

There have been some researches on natural resource management using MAS

and/or RPG as tools in study:

Bousquet, Cambier and Morand (1994) were build fishery model case of the
central delta of the Niger river and tired to contribute the multidisciplinary knowledge

from the model.

Barreteau and Bousquet (2000) studied the viability of irrigated systems in
Senegal River Valley. RPG and MAS were conducted to explore viability of irrigated
system in social network, it well knows in SHADOC model.

Bousquet et al. (2001) studied simulation for hunting wild meat in a village in
eastern Cameroon using Cormas and reported that a hunting behavior can affected

population and age structure of blue duiker it is a meat for local villager

Trébuil et al. (2002) conducted companion modelling approach for watershed
management in northern part of 'Thailand, focusing on steep-land management by

limiting land degradation in rapidly diversifying and market-integrated farming
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system of Akha village. This approach helped to identify acceptable rules for an

improve regulation of collective uses of land resources.

Mathevet et al. (2003) studied interactions between duck population and
farming decision for agriculture or leasing of hunting rights in the Camargue
(Southern France) by using Cormas. There were 3 scenarios in this study: Scenario A:
“high rice-crop profitability”, Scenario B: “critical period for the agricultural market”
and “Scenario alternation”. The results from each scenario showed that in Scenario A
population of duck will be increased to more than 120,000 individuals this number
more than duck population in scenario B about 2 folds and in term of land use
agricultural land quickly increased to cover nearly 80% of the region but in Scenario
B the natural land has develop to cover 55% of the region because of the increased of
hunting marshes. For “Scenario alternation” whatever in order ABABAB or
BABABA

Suphanchaimart et al. (2003) use MAS studied farmer decision making in
enlarge area for growing sugar cane in North of Northeastern in Thailand. The results
contributed to more understanding how farmers make a decision to use their land to

grow a type of agricultural product

Gurung (2004) used multi-agent systems and role-playing game to study
irrigation system in cased of water sharing in Lingmuteychu watershed, Bhutan and
reported that those tools in the study can improve stakeholders in watershed shared

their perception and helped collective decision to managing their water resource.



CHAPTER I

MATERIALS AND METHODS

3.1 SECONDARY DATA COLLECTION

Relevant data of razor clam, ecology, Don Hoi Lord and Multi-agent systems
and Role-playing game or Companion modelling (article, thesis, scientific papers, the
past data of razor clam harvesting and map etc.) were gathered from government

offices, libraries, online internet sources and others.
3.2 PRIMARY DATA COLLECTION

Primary data collections were carried out every month from March 2004 to
February 2005. It is consisted of population of razor clam and human activities on

razor clam habitat. Both sets of data were used in model construction.
3.2.1 Site selection

The largest sand dune in Don Hoi Lord was selected in this study. It covers an
area of approximately 321 hectares. This sand dune is located closely to local
communities and people can easily access it. Moreover, tourists who visit Don Hoi
Lord usually come to visit this sand dune. This sand dune may have been affected by

human activities and challenge in management.
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Figure 3.1 The sand dune study site of this study

3.2.2 Razor clam population

Line transects and quadrat sampling method (Krebs, 1989) were used to data

collection of razor clam population following:

- 4 line transects were laid in the sand dune during the low tide, covering all
study area.

- Each line transect has stations to collect razor clam. The interval distance
between stations is around 200-250 m. depending on physical
characteristics of the sand dune. Every station was recorded position in
GPS (Global Positioning System) and returned to the same position in
each station through the field data collection.

- 3 sampling quadrats (size 1 m?) were designed at each station to collect
razor clam by following method:

1) Using a bamboo stick dipped lime and dropped in to the razor clam
hole.
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2) Using spade to dig sand around 30 cm deep from the surface, to
collect all remaining razor clam.

Caught razor clam were separated into 2 groups, first from dropping
lime and second one from digging sand.

- Count the number, measure length and weight of every individual in the

quadrat

Figure 3.2 Quadrat size 1 m* which designed for razor clam collection

3.2.3 Human activities

Socio-economic data were collected monthly from human activities follows:
- To count a number of local fishermen who came to harvested razor clam in
the study sand dune 4 days/month
- To survey and interview local fishermen who harvested razor clam as
his/her career based on 3 main questions as follow:
1) How many razor clams can they catch in this month?
2) Where do they go to catch razor clam in this month?
3) How long do they catch razor clam in each day during this
month? ‘

4) How much can they sell razor clam to trader?
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- To survey and interview trader to investigate market demand and
mechanism of razor clam prize formation.
- To interview tourists with questionnaire.

- To count the number of tourists who come to visit sand dune 4 days/month

3.3 DATA ANALYSIS

Razor clam population data were analyses by program Excel 2003 and
SPSS for Windows 11.5. The following data analyses were performed:

1) Density of razor clam (individual/m®) by Excel
2) Mean weight of razor clam (g./individual) by Excel
3) Mean length of razor clam (cm./individual) by Excel
4) Relationship between weight and length of razor clam by Excel
5) Cluster analysis for separating razor clam density by SPSS for use
spatial model construction

- Questionnaire data were analysed by program SPSS for Windows 11.5 to

investigate general data and general behavior of tourist who visited Don Hoi Lord.

3.4 COMPANION MODELLING FOR DON HOI LORD

According to the concept of companion modelling, multi-agent systems and
role-playing game were carried out in Don Hoi Lord. The main objective of Don Hoi
Lord companion modelling was to share experience among researchers and
stakeholders (local fishermen, trader and local government) and find the acceptable

razor clam conservation method from stakeholder.
3.4.1 Principles
To apply principle of companion modelling to razor clam conservation at Don

Hoi Lord, There are 2 main parts; first was the computer simulation model and second

one was the role-playing game.
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The linkage between computer simulation model and role-playing game aims
at facilitating knowledge sharing. Therefore, the computer simulation model was built
from secondary data combined with primary data from field study. The simulation
model was consisted of 2 major sub-models. The first was the razor clam population
model and the second sub-model was the local fisherman model. Both of the sub-

models interacted through fishermen harvesting razor clam.

Role-playing can help researcher improve a simulation model by facilitating
the sharing of knowledge from the simulation model to stakeholders (human) in the
system and also from stakeholders to the model. Role-playing game can facilitate
knowledge from computer simulation model to Don Hoi Lord local fishermen by
letting them play in the game and discuss to find suitable conservation strategies. As a
result, local fishermen know what researcher think and researchers know what

fisherman think also.

To summarize, Don Hoi Lord companion modelling is shown in figure 3.3

Razor clam
population

Local Fisherman

MAS simulation
/ model on computer
|

Modify Apply
-~ .
Role-playing game
)

5 ‘-.‘

|

" Discussion Razor clam
management
guideline

Figure 3.3 General principle of Don Hoi Lord companion modelling
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3.4.2 Computer simulation model

The computer simulation model was constructed on Cormas simulation

platform. This program is available at http://cormas.cirad.fr for free. However, any

ecological modelling must start from a conceptual model so the consequences to
construct the computer simulation model are:
- To create a conceptual model
- To apply the concept of MAS to the conceptual model by defining spatial
entities (spatial), social entities (agent) and their interaction
- To create Unified Modelling Language (UML), a standard methodology to
represent models (Le Page and Bommel, 2004). Furthermore, a sequential
diagram is also created to represent activities in the model.
- To implement the model in Cormas platform with Smalltalk language. The
Cormas platform is consisted of 3 modules (figure 3.4) following:
1) Design specific entities
2) Specify the sequence of task

3) Define method of visualization
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Figure 3.4 Three modules of Cormas platform
3.4.3 Role-playing game (RPG)

The RPG method was used to facilitate knowledge staring with local
fishermen and to conduct collective discussion regarding razor clam conservation.
Moreover, RPG enhanced researcher understanding of local fisherman behavior in
razor clam harvesting. Two rounds of role-playing were conducted on 28 March 2005
and 14 July 2005 at the Chu Chi government clinic closed to Don Hoi Lord. The
general features of the game included:

First role-playing game

- Players: 11 local fishermen
- Roles: Razor clam harvester, Trader by researcher

- Game set Computer simulation, board and player sheets
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- Step 1 year
- Gaming session 1 day (morning and afternoon session)

Second role-playing game

- Players: 10 local fishermen from 2 villages and 1 trader
- Roles: Razor clam harvester, Trader

- Game set Computer simulation, board and player sheets
- Step 1 year

- Gaming session 1 day (morning and afternoon session)

Each step represents 12 months or 1 year, local fisherman had to decide area in
Don Hoi Lord map to go to harvest razor clam in each month. Moreover, local
fishermen decided to do other jobs in some months reflecting real situation. Then, the
computer simulation calculates harvested razor clam from decision data and returned
harvested data to local fisherman. After that local fishermen brought razor clam to sell
to trader and got amount of money in past year, whereas total harvestable razor clam
in the past year was declared in the end of turn and let local fisherman freely discuss

among them before start new step.

Time
"""" - Decision area to han est

|

Calculate harvest on
computer

.

Harvestable razor clam :

'
'
l Y

Sell to trader

I Declare total
| harvestable
6 razor clam
Free discussion among
fishermen

Figure 3.5 Overview of Don Hoi Lord Role-playing game
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Components of the game

I Player sheets
Every local fisherman received 3 sheets: a map of study area, a decision
table and an account table.

2

1 mfvflﬁu A wdmu
¥ ¥ - -~

2 dnadas Ay wdsmy

s winlile A wdsmn

4 AANAN AL Y IRENADNRENAN A

manaufuasimuufo manada

Figure 3.6 Map of study area and name of each zone in player sheets

The study area (figure 3.6) was separated into 4 zones, each with a unique

name form local fisherman understanding in each zone.

Figure 3.7 Decision table in player sheets
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The decision table sheet is consisted of 3 decision tables, each represents
one year. The components of table included month in year round in horizontal
direction and vertical direction is selected area to harvest razor clam,

harvestable razor clam and remark.

Figure 3.8 Account table in player sheets

The account table in the player sheets represent total harvestable razor clam
in
each year for 1 local fisherman who own the table and total money in the year

from sold razor clam to trader.

II Simulation model for role-playing game and Game board:

The simulation model which used for role-playing game was developed
from the computer simulation model. The simulation model for RPG separated
the study area into 4 zones, each zone has a unique name following fisherman
understanding and the used interface of simulation model for RPG as a game
board to represent a number of local fisherman in each area. In addition, there

is one board to declare totai harvestable razor clam when finish turn.
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Figure 3.9 Total harvestable razor clam board

& Closed 0 Cell -= nil - NEd|
Tesselation Topology Tools |

Figure 3.10 Interface of simulation model for RPG

IIT Gaming session

Don Hoi Lord role-playing game was conducted into 2 sessions: morning
and afternoon session. In the morning session the introduction and explanation
about the game were carried out to local fishermen and let them play the game

6 steps. After finish each step, local fishermen can has shot discussion among
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them before start new step and they can able to change some rules in the game

if they had collective decision.

In the afternoon session, the game was continued for 3 steps and the
researcher presented local fisherman two alternative scenarios in the game on
the simulation model for RPG. Finally, the collective discussion from
stakeholders (local fisherman, researchers and local government) was

conducted regarding razor clam conservation until finished afternoon session.

1V Step of the game
Explanation I
Make decision l-\
Send decision
table to researcher
[ Freely discussion \
3
1 Calculate on
computer
Declare
harvestable
razor clam by Return table to Local
fisherman with harvested data
researcher

\—1; Sell to trader l/

Figure 3.11 Step of the Don Hoi Lord role-playing game

The game started with the explanation of the background, the
components of the game and the gaming loop (figure 3.11).

First step, Make decision; the local fishermen makes decision from the
map in player sheet: where they want to go to harvest razor clam for each
month? They wrote their decision for all 12 months in the decision table. In
addition, local fisherman can decide to get another job but they have write in

the decision table also in the remark box.
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Second step, Calculate on computer; player sheets were returned to the

researcher. Selected area data from each fisherman were put in the simulation
model to calculated harvested razor clam. During the calculation, the interface
showed the number of local fishermen in each area in each month. When the
calculation was finished, harvested razor clam of each fisherman was written
in decision table and returned to local fishermen.

Third step, Sell to trader; every local fisherman went to the trader desk
and sold harvested razor clam to the trader. Total money from selling razor
clam was written in to the account table which was then to local fisherman.

Fourth step, Declare harvestable razor clam; Total harvested clam from

the computer simulation in each area and size were declared on total
harvestable razor clam board and let local fisherman see productions of the
razor clam.

Lastly, Freely discussion. Before the end of each turn, local fishermen

were allowed to have discussions among themselves regarding production of
razor clam, total amount of money from sold razor clam and other issue. In
addition, they could discuss with researchers in terms of rules or steps of the
game, and they were able to change some components of the game, if the

change came from mutual agreement of the stakeholders.



CHAPTER 1V

RESULTS AND DISCUSSIONS

41 STUDY AREA AND LOCATION OF RAZOR CLAM
POPULATION DATA COLLECTION

The study area is the biggest sand dune of Don Hoi Lord, which is located at
Mae Klong river mouth, at Mu 4 (Chu Chi village), Bangjakreng District, Amphur
Muang, Samut Songkhram province. (Figure 4.1)

¢ CHANGWAT SAMUT SONGRMRAM

AL —

ADUMBUWAIN

. . : Don Hoi Lot

Figure 4.1 Study area in Don Hoi Lord (red eclipse) and Prince Chumporn
Khedudomsak Memorial (dark blue spot)



48

At each of the 27 sampling stations along 4 line transects 4 1x1 m® quadrat
were located for razor clam population data collection. There were 4 line transects (A,
B, C and D) to run on the sand dune (Fig 4.2 and Table 4.1).

Figure 4.2 Study area with 4 line transects including 27 stations of razor clam
population data collection.
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From figure 4.2, all 27 sample stations located on 4 linetransects as the

following:

Line A 4 stations (Al to A4)
Line B 6 stations (B1 to B6)
Line C 8 stations (C1 to C6)
Line D 9 stations (D1 to D9)

* in each station comprise 3 replicates of 1 m? quadrat for data collection.

Table 4.1 Geographical position of each station in Don Hoi Lord represented in UTM

Datum

Station Zone East North

Al 47P 610646 1476909
A2 47P 610501 1476722
A3 47P 610365 1476518
A4 47pP 610244 1476354
Bl 47P 610968 1476668
B2 47P 610889 1476522
B3 47P 610783 1476381
B4 47pP 610663 1476198
B5 47P 610557 1476013
B6 47P 610459 1475848
Cl 47pP 611240 1476688
C2 47P 611233 1476467
C3 47P 611202 1476238
C4 47P 611185 1476030
C5 47P 611149 1475787
C6 47P 611134 1475570
C7 47P 611112 1475350
C8 47P 611070 1475099
D1 47P 611529 1476557
D2 47P 611487 1476379
D3 47P 611606 1476197
D4 47P 611742 1475906
D5 47P 611747 1475768
D6 47P 611674 1475490
D7 47P 611604 1475290
D38 47P 611505 1475094
D9 47P 611504 1474818
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4.2 PHYSICAL CHARACTERISTICS OF STUDY AREA

The biggest sand dune was selected for this study. The sand dune resembled a
triangle pointed to the west (figure 4.2) and covers the area of 417 hectares including
2 gullies. It is located in southeast direction of Mae Klong river mouth and Chu Chi
channel outlet, the north direction connect with Prince Chumporn Khedudomsak
Memorial and area of Chu Chi village, the east and the south direction connect with

another sand dune. Local fishermen usually call this sand dune is Don Nar Sarn.

The sand dune is under influence of tidal cycle. When the high tide is more
than 1.4 m. from mean sea level, the sand dune will disappear with submerging under
sea level. On the another hand, when the low tide less than 1.4 m. from mean sea level
the sand dune will be exposed (Meteorological Division Hydrographic Department
Royal Thai Navy, 2004-2005 and This study).

The sedimentary soil of this sand dune is consisted of 90% fine sand and
around 10 % of clay(Art-Ong Pradatsundarasar, 1982). In addition, some area
comprises more than 10 % of clay because that area located on the edge of sand dune
connecting with gully. Water turbidity is high due to high values of suspended clay

particle from the river.
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Trip !Month Date Start Time l Min Low Tide Time | Min Low Tide (m) | Exposing duration (hr.)

1March  [27_03_04] 2:00 PM' 3:00-4:00 PM 1.2 3
28 03 04| 2:30 PM|  3:00-4:00 PM 1.2 3.5
2|April 22_04_04 1200PM' ZOOPM] 1.0 35
23 04 04| 12:30 PM|  2:00-3:00 PM 1.0 4

3May 20 05 04| 10:30 AM’ 1:00 PMI 0.8 5
21 05 04| 11:00 AM 2:00 PM 0.8 5

4lJune 23 06_04| 12:30 PMI 3:00 PM’ 0.7 55
24 06 04| 1:00PM|  3:00-4:00 PM 0.9 5.5

5lJuly 21_07_04| 12:00 PMI 3:00 PMI 0.6 6
22 07 04| 12:30 PM 3:00 PM 0.7 5

6/August  [26_08_04| 5:00 AM[ 7:00-8:00 AM‘ 0.9 6
27 08 04| 6:00 AM 9:00 AM 0.8 5.5

7|September [22_09_04| 2:30 AMI 4:00-5:00 AM] 1.0 5
23 09 04| 3:30 AM|  5:00-6:00 AM 1.0 5

8/October  [19_10_04|  1:30 AMI 3:00 AM 1.0 4
20 10 04| 2:00 AM 4:00 AM 1.0 45
9|November [16_11_04| 12:00 AMI 2:00 AM’ 1.0 4.5
17 11 04|  1:00 AM 3:00 AM 1.0 4.5
10|December (16_12_04| 12:30 AM[ 3:00 AM 0.9 45
17 12 04|  1:30 AM|  3:00-4:00 AM 1.0 45

11January  [26_01_05| 11:30 PMI 1:00-2:00 AM* 1.0 4
28 01 05| 12:00 AM 2:00 AM* 1.0 4
12|February [23_02_05| 10:30 PM‘ 12:00-1:00 AM* 1.0 35
24 02 05| 11:00 PM 1:00 AM* 1.0 3.5

* Time on next day

Source of tidal time: Division Hydrographic Department Royal Thai Navy (2004-
2005).

From table 4.2 shows the date of monthly razor clam data collection,

minimum low tide, low tide interval time. Finally, the duration of sand dune exposure

was calculated which is the available time for razor clam harvesting per day.

As a data represented in table 4.2 between March and July, the low tide was at

daytime while August low tide was in the early morning. Local fishermen have to use

a head-flashlight as an accessory device because after August until February low tide

was occurred at night-time.




52

During 12 months of the study, the minimum low tide level was 0.6 m. from
the mean sea level at daytime low tide in July and the maximum interval low tide time

was 6 hours at daytime low tide in July.

4.3 RAZOR CLAM POPULATION

4.3.1 Density of razor clam

The density of razor clam during 12 months of study from March 2004 to
February 2005 was presented in individual/m? in figure 4.3
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0.00
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Month

Figure 4.3 Mean of razor clam density (individual/m?) in this study
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From figure 4.3 shown that mean density of razor clam had increased since
March 2004 to May 2004, during daytime low tide and reported as the first breeding
season razor clam (Art-Ong Pradatsundarasar et al., 1989). After that May 2004, the
mean density of razor clam decreased until August 2004 which razor clam population
started a little increase again because of approaching the second breeding season (Art-
Ong Pradatsundarasar et al., 1989). After August 2004 low tide was at night-time,
mean density of razor clam decreased until Dec 2004 mean density of razor clam

increased a little.

From statistical analysis month by month by Independence t-test at P < 0.05
(Kanlaya VAnitbancha, 2003) under SPSS program (Table 4.4) showed that density
of razor clam was different between each month except August 2004 to September
2004 and December 2004 to January 2005 .

Table 4.4 Statistical analysis of razor clam density (Independent Sample T-Test at P <
0.05)

Month-to-month Density test (Sig. (2-tailed) value in SPSS)
March 2004 vs April 2004 0.467
April 2004 vs May 2004 0.590
May 2004 vs June 2004 0.458
June 2004 vs July 2004 0.226
July 2004 vs August 2004 0.619
August 2004 vs September 2004 0.000
September 2004 vs October 2004 0.570
October 2004 vs November 2004 0.777
November 2004 vs December 2004 0.324
December 2004 vs January 2005 0.001
January 2005 vs February 2005 0.618

Mean density of razor clam of this study was 5.71+2.49 individual/m>
Maximum of density was 8.72+3.13 individual/m® in May 04, during the daytime low
tide and it just passed the first breeding season 2 months ago. On the other hand,
minimum of density was 2.57+1.43 individual/m? in February 2005, in the last night-
time low tide which the climatic condition was fluctuated as low air and water
temperature. In addition, this month is closed to the first breeding season and daytime
low tide, which environmental would change dramatically in the following month.

Thus, density of razor clam should be increased in March 2005 correspond with last
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year pattern in this study. There were some differences between density of razor clam
in each month, the main reason might be harvesting pressure from fisherman all year
long while razor clam can breed all year but there are only 2 massive breeding periods
in one year. The production of razor clam may not enough to local fisherman
harvesting demand. Another reason may be the different period of low tide because
the low tide during night-time fisherman and researcher has to use a flashlight as
accessory device to harvest razor clam that may be some difficulties to catch or

harvest razor clam.

From table 4.3 has shown some differences of density of razor clam in each
station, some stations has a little bit high number of density less difference in number
through the study. For example, Station A4 and B6 these were located at the edge of
sand dune closed with furrow. The highest density of razor clam in this study was
27.33+7.51 individual/m® in C3 station in May 2004 and the lowest density of razor
clam-in this study was 0 individual/m? in A4 station in September 2004 to December
2004 and B6 station in October 04 to February 2005.

Mean density of this study was 5.71+2.49 individual/m? it is different the
previous studies as. 10.00 individual/m’ (Art-Ong Pradatsundarasar, 1982), 65.50
individual/m? (Art-Ong Pradatsundarasar et al., 1989), 49.9 individual/m? (Sriburi and
Gajaseni, 1996), 4.6 individual/m” (Rangsimant Bauthong, 1997) in figure 4.4.
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(Art-ong Pradatsundarasar, 1982, Art-ong Pradatsundarasar et al., 1989, Thaviongse Sriburi and
Nantana Gajaseni, 1996, Rangsimant Bautong, 1997 and this study 2005)

Figure 4.4 Comparison of mean density of razor clam from previous studies to this

study
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Table 4.5 Comparison of mean density of razor clam between previous studies and

this study
Year & Density (individual/m?)
Month [ (1981) [I1 (1988) [I1 (1996) [V (1997) [V (2004)

March 9.5 17.3N/A 34 7.4
April N/A 30.9 12.6] 10.6| 8.1
May 11.7 33.7 49.5 7. 8.7
June IN/A 37.0 18.9 2.7 7.9
July IN/A 29.9 129.1 9.4 6.7,
IAugust 8.8 102.9 87.1 7.9 741
September IN/A 40.9N/A /A 4.0
October IN/A IN/A 84.7 2.8 4.3
November IN/A 87.5 31.6 1.5 4.1
December IN/A 209.6| 24.1 4.5 4.8
January IN/A IN/A IN/A 0.2 2.7,
February IN/A IN/A 8.1 0.1 2.6|
Mean 14 65.5 49.5 4.6 5.7

I  Art-ong Pradatsundarasar, 1982 IV Rangsimant Bautong, 1997

I Art-ong Pradatsundarasar et al., 1989 V this study, 2005

III Thaviongse Sriburi and Nantana Gajaseni, 1996

From previous studies (Figure 4.4 and Table 4.4), since 1982 density of razor
clam was increased from 10 to 65.5 individual/m® until 1989 then it was decreased
from 65.5 to 4.6 individual/m? until 1997 and this study density of razor calm has a
small increase from 4.6 to 5.7 individual/m®. The main causes of razor clam density
reduction might be harvesting pressure from local fisherman and changing of

environment in Don Hoi Lord (Art-Ong Pradatsundarasar et al., 1989)

Applying lime solution on the razor clam habitat for harvest razor clam
(Nantana Gajaseni et al., 2004) was the one favorite method around 10 years ago; this
method has more powerful to harvest razor clam because every razor clam in dressing
area will jumping from hole and fisherman can catch all of razor clam but in reality
they selected the big size (since 5 cm) only. This method may the main cause to
reduced razor clam population because razor clam size less than 5 cm were discarded
and die from lime poison or eat by another animal on sand dune later. Now a day, this

harvesting method are prohibited from local government so density of this study may



58

start recovering from effect of Dressing lime solution method when compare with

Rangsimant Bautong (1997).

The reduction of razor clam population may also be caused by environmental
deterioration around Don Hoi Lord. The area has changed from mangroves to shrimp
aqua-culture at approximately 20 years ago (Art-Ong Pradatsundarasar et al., 1989).
Nowadays, most of shrimp aqua-culture has been abandoned. In addition,
infrastructure (for example restaurant, car park) was constructed to replace the
mangrove area around the sand dune due to tourist promoting by provincial

government.

4.3.2 Razor clam weight

Mean value of razor clam weight during 12 months of the study from March

2004 to February 2005 are presented in g/individual in figure 4.5

5.00 -

Weight
(g./individual)

Mar-04 Apr-04 May-04 Jun-04 Jul-04 Aug-04 Sep-04 Oct-04 Nov-04 Dec-04 Jan-05 Feb-05
Month

Figure 4.5 Mean of razor clam weight (g/individual) in this study

Table 4.6 Mean of razor clam weight by monthly

Mean of razor clam weight +sp (g./individual)

Month | Mar-04 Apr-04 May-04 Jun-04 Jul-04 Aug-04 Sep-04 Oct-04 Nov-04 Dec-04 | Jan-05

Feb-05

Weight |1.61F 1.35[1.93 % 1.32|1.74 & 1.01]2.01 + 1.06|2.34 + 1.18|2.50 * 1.44|2.42 F 1.61]2.41 + 1.61[2.32 F 1.42|2.40 £ 1.30|240 L 1.42

2651157
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From figure 4.5, mean of razor clam weight increased from March 2004 to
August 2004 then it gradually decreased until November 2004 and then it increased
again until February 2005. Mean of razor clam weight in this study was 2.14+0.33
g/individual, maximum of mean razor clam weight was 2.65+1.57 g/individual in
February 2005 and minimum of mean razor clam weight was 1.61+1.35 g/individual
in March 2004.

Independence t-test at P < 0.05 of monthly mean weight data under SPSS
program (Table 4.5) shows that razor clam weight is different between from month to
month between March 2004 to August 2004 and then razor clam weight is not
different until end of the study.

Table 4.7 Statistical analysis of razor clam weight (Independent Sample T-Test at P <
0.05)

Month-to-month Weight test (Sig. (2-tailed) value in SPSS)
March 2004 vs April 2004 0.000
April 2004 vs May 2004 0.002
May 2004 vs June 2004 0.000
June 2004 vs July 2004 0.000
July 2004 vs August 2004 0.041
August 2004 vs September 2004 0.444
September 2004 vs October 2004 0.946
October 2004 vs November 2004 0.454
November 2004 vs December 2004 0.463
December 2004 vs January 2005 0.971
January 2005 vs February 2005 0.081

In August 2004 and February 05, there were 2 peaks of highest of mean razor
clam weight as 2.50+1.44 and 2.65+1.57 g/individual respectively which are closed
the breeding season of razor clam, the first in March and April, the second in July and
August (Art-Ong Pradatsundarasar et al., 1989).

Sunan Tuaycharoen and Panit Voraingtara (1991) reported mean of razor clam
weight in Ban Bangboo, Samut Songkhram province was 4.46 g/individual. When
compare with this study, mean of razor clam weight reduced to 50 %. It may reflect

the declining of razor clam population.
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4.3.3 Razor clam size

Mean of razor clam Length along 12 months of study from March 2004 to
February 2005 represented in cm/individual as figure 4.6

6.0 -

5.0 T 8 o - T
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Razor Clam Length
(cm./individual)
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20 i SO o e VN o X DIOR——
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Mar-04 Apr-04 May-04 Jun-04 Jul-04 Aug-04 Sep-04 Oct-04 Nov-04 Dec-04 Jan-05 Feb-05

Figure 4.6 Mean of razor clam size (cm/individual) in this study

Table 4.8 Mean of razor clam length by monthly

Mean of Razor clam Size + SD (cm./individual)

Month Mar-04 Apr-04 May-04 Jun-04 Jul-04  Aug-04 Sep-04 Oct-04 Nov-04f Dec-04 Jan-05

Feb-05

Clam size 3.7 1.00{3.9+0.80/3.9+0.70({4.1F0.70|42F0.80[42F 1.10]{4.1F 1.00|42+ 1.00{42F 090 43+ 09 | 44+ 1.0

44%10

From figure 4.6, mean of razor clam size seemed to increase through out the
study period. Nevertheless, there was only one month in September 2004 that mean of
razor clam size was decreased. Mean of razor clam size in this study was 4.15+0.90
cm./individual, maximum mean éf razor clam size was 4.4+1.0 cm./individual in
January and February 2005 and minimum mean of razor clam size was 3.7+1.0
cm./individual in March 2004.
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Independence t-test at P < 0.05 of monthly mean length data under SPSS
program (Table 4.6) shows that most of razor clam length in each month are not
different between month except March 2004-April 2004, May 2004-June 2004, June
2004-July 2004 and November 2004-December 2004.

Table 4.9 Statistical analysis of razor clam length ((Independent Sample T-Test at P <
0.05)

Month-to-month Length test (Sig. (2-tailed) value in SPSS)
March 2004 vs April 2004 0.000
April 2004 vs May 2004 4.373
May 2004 vs June 2004 0.000
June 2004 vs July 2004 0.000
July 2004 vs August 2004 0.726
August 2004 vs September 2004 0.522
September 2004 vs October 2004 0.374
October 2004 vs November 2004 0.948
November 2004 vs December 2004 0.048
December 2004 vs January 2005 0.608
January 2005 vs February 2005 0.730

Sunan Tuaycharoen and Panit Voraingtara, (1991) reported razor clam has
mutuality and can reproduced at size over 4.24 cm. Whereas, Chanintorn Srithongsuk
et al,, (1990) reported that razor clam can produced gamete from initial size of 1.83
cm. However, mean razor clam size from this study was 4.15+0.90 cm/individual,
implying that now razor clam can produce gamete but may not successfully reproduce

until the size reach to 4.24 cm.

4.3.4 Population structure of razor clam

The study of razor clam population structure separated razor clam into 6

classes based on shell length and calculated number and percentage in each size class.
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Population structure, most of razor clam population was size 3 to 5 cm. and
sizes from 4 cm. were caught by fisherman. Thus, this study found that population of
razor clam size 5 cm. existed in small percentage. On the other hand, population of
small razor clam (1 to 2 cm.) was found all year (Table 4.6) especially in August 2004
and January 2005 was 8.33 and 2.64 %. It was the first and the second rank in this
study. Furthermore, if population of razor clam size over than 4 cm. was also found
every month it can reproduce offspring all year long. Razor clam population size 2 to
3 cm. had decreased since March 04 to June 04 and started increasing again in the
following month to September 2004 with maximum of razor clam population size 2 to
3 cm. (23.31%). After that it deceased from 23.31 % to 10.37% and had consistence
until February 2005. Razor clam population size 5 to 6 cm. was corresponded with
razor clam population size 2 to 3 cm. (Figure 4.8) when size 2 to 3 cm. decreased

population size 5 to 6 cm. also decreased.

Breeding season of razor clam in this study occurred all year long because
population of small razor clam (1 to 3 cm.) was found every month except June 04
was found in small percentage. It corresponded with Art-Ong Pradatsundarasar et al,
(1989) in terms of razor clam can breed all year long. On the other hand, there were 2
peaks population of small razor clam in March 2004 and September 2004. Based on
the growth rate of razor clam is 1 cm./month (Ruffolo et al., 1999), population of
small razor clam in these month should be fertilized 3 month ago. Before small razor
clam was found, it might imply that the peak of razor clam breeding season were

around June to July and November to December.

The finding of this study also agreed with the previous study by Sunan
Tuaycharoen and Panit Voraingtara (1991) in terms of peaks of breeding season
November to April and June to October and small razor clams were found every
month except June 2004 was found in small percentage, it might imply that the month
before June or May razor clam breed in small percentage. Moreover, peak of razor
clam breeding season in this study also corresponded to previous study by Art-Ong

Pradatsundarasar et al. (1989) in that peak of razor clam breeding season was March
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to April and July to August, Thaviongse Sriburi and Nantana Gajaseni (1996) in that

peak of razor clam breeding season was April to July.

However, the differences in the peaks of razor clam breeding season in the
study maybe caused by some ecological factors. Wong et al. (1986) indicated that
temperature was an important factor to induce maturation of gametes and
consequential breeding even if temperature higher or lower than normal. The first
peak of razor calm breeding season in this study (June to July) occurred at daytime
low tide during June to July, sand dune exposed to sunlight quite many hours so
temperature on sand dune was high. It may activate razor clam gamete, while tidal
time will differences in every year therefore peak of razor clam breeding season can
change due to tidal time in each year. In general, breeding season of marine
invertebrate is usually influenced by change of temperature in each season and lunar
period or tidal cycle in each month. These effects on gamete maturation to right
season and gamete releasing right tidal cycle to effective fertilization (Levinton,
1982).

The second peak of breeding season occurred during November to December
at night-time low tide due to the constraints of temperature which is big change from
previous month. During September to February, it was a night-time low tide and small
razor clam (size > 3 cm) was found in every month in steady percentage. In the
comparison between daytime low tide (March to August) and night-time low tide,
razor clam might breed at night-time low tide in longer period than at daytime low
tide. Art-Ong Pradatsundarasar ea al. (1989) found that one razor clam in December
had gamete in spermatozoa stage, confirming the second peak of breeding season in
this study. However, the second peak of breeding season was also influenced from
temperature change; the temperature was rapidly dropped compare with the daytime
low tide. In addition, during the night-time low tide in the rainy season, a lot of
nutrients will coming with flood then there are unlimited factor for phytoplankton and
high tide occurred in daytime. It promoted photosynthesis of phytoplankton.
Rangsimant Bautong (1997) reported that composition of plankton in razor clam
stomach contents was phytoplankton only. Thus, phytoplankton might be a one of
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ecological factor for razor clam breeding season because from figure 4.8 razor clam

size > 3 were found every month during night-time low tide.
4.3.5 Relationship between weight and length of razor clam

Length-weight relationship (LWR) (Park and Oh, 2002)) of razor clam in this
study is shown in figure 4.10

Relationship between Length and Weight

Y
N

b
o

Weight (gm.)
o N M O ©

’ Length (cm.)

f:‘igure 4.9 Length-weight relationship (LWR) of razor clam in this studyr :

The relationship between length and weight of razor clam is represented in
power function:
W=alL"
When W = razor clam weight

L = razor clam length

a = specific gravity or intercept

b = growth constant or slope

Source: Thanitha Thapanand (2000), Park and Oh (2002)

Thus, power function of LWR of razor calm in this study is W = 0.0356L>%"'®
Correlation coefficient (rz) = 0.935, n=5551
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The exponent (b) is 2.8118, and can imply that razor clam has allometric
growth pattern because the growth is equal to 3 (Thanitha Thapanand, 2000). In
addition, LWR of razor clam was estimated by regression curve and ANOVA using
SPSS for Windows version 11.5 to assess their relationship. The result shows that
length and weight have a power function relationship (F test from ANOVA and t-test
from curve estimation regression at p<0.01) and the parameters in function

correspond the previous parameters.

Correlation coefficient () in this study is 0.935, meaning that length of razor
clam can explain variation of razor clam weight at 93.5 % (Kanlaya Vanichbancha,
2003) or the correction of the power equation of razor clam LWR in this study is
93.5%.

Park and Oh (2002) studied LWR of bivalves (17 species included Genus
Solern ) from coastal waters of Korea and reported that 4 value in the power function
has ranged from 2.44 to 3.31, mean of b value was 2.89+0.212 and # of all species

were over 0.9 at significant p<0.001. These parameters correspond with this study (b
=2.8118, ¥ =0.935).
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4.4.1 Number of local fisherman
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Number of local fishermen who goes to harvest razor clam in the study during
March 2004-Februny 2005 is shows in figure 4.10.
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Figure 4.10 Mean of number of local fisherman (person/day) in study area in each

month

Table 4.11 Mean of local fisherman number in the study area

Mean of number of local fisherman in the study area with SD (person/day)

Month

Mar-
04

Apr-
04

May-
04

Jun-
04

Jul-
04

Aug-
04

Sep-
04

Oct-
04

Nov-
04

04

Jan-
05

Feb-
05

number

50

24

31

66

81

163

71

110

161

119

51

53

sd

4

7

11

10

4

20

9

16

18

4

4

The number of local fishermen harvesting razor clam in the study

area,

differed in each month. Mean number of local fishermen was 82+9 persons/day,

maximum number of local fisherman was 163420 persons/day in August 2004 and

minimum number of local fisherman was 24+7 persons/day in April 2004.



70

The difference in local fisherman number might be explaned by many factors
which affected local fisherman decision to go to harvesting razor clam in the study
area, For example, density of razor clam, climate, season and opportunity of
additional job. The main reason from interview which affected to local fisherman
decision is density of razor clam because there is another razor clam source near the
study area to access due to the razor clam reduction. Therefore, local fisherman will
g0 to harvest in another razor clam area and make a decision to move or still stay in

the study area.

The second reason from interview was opportunity of additional job, Natsucha
Oiamsomboon (2000) reported that 34.4 % of villager around Don Hoi Lord have a
second job which agreed the interview data. In some month, the density of razor clam
is low and some labor wage in fishery is high (for example, crab fishery) so they

decide to earn income from labor in fishery instead of harvesting razor clam.

4.4.2 Fisherman harvesting rate and interval time to catch razor clam

Fisherman harvesting rate and interval time to catch razor clam (both of them

from local fisherman interview) in each month have shown together in figure 4.11

Fisherman haversting rate and Interval harvesting Time
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Figure 4.11 Fisherman harvesting rate and interval time to catch razor clam

(Note: Harvesting rate on right X axis and interval time on left X axis)
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Maximum razor clam harvesting rate was around 3.4 kg./person/day in August
2004 and minimum razor clam harvesting rate was around 2 kg./person/day in March
and April 2004. Furthermore, the longest interval time this spent by fisherman to catch
razor clam was around 4.5 hours in September 2004 , beside the shortest interval time
around 3 hours in March, April, May 2004 and January 2005.

Figure 4.11 represented the relationship between fisherman harvesting rate and
estimated interval time to catch razor cam from local fisherman interview in each
month. From the graph shown the positive relationship between harvesting rate and
interval time, the harvesting production depended on the time that local fisherman
spent to catch razor clam. However, the main factor influencing harvesting rate might
be the density of razor clam because in some months the low tide period long but the
harvesting rate is not much due to the interval time. For example, in September 2004
the interval time was longest around 4.5 hrs but the harvesting rate did not reach
maximum. In addition, the private interviewing of local fisherman shown that “In
some month if the density of razor clam was not too much and I could not get razor
clam much enough then I preferred to go back home and get some rest” said local
fisherman (Rungruang Artayagul, interviewed, July 1%, 2004). Moreover, there are
other jobs in some month which help local fisherman increase their income. For
example, in January 2005 with night-time low tide the interval time to catch razor
clam was shorter than other month while the harvesting rate stills the same. At that
moment, there was blue crab season then local fisherman could go to work in crab
fishery or to do individual crab harvesting in the day time so they could earn enough
income and prefer to take a rest at home instead of going out again for razor clam
harvesting during the night-time (Sutin Aim-augsorn, interviewed, February 117 ,
2005). In addition, there are many reasons affecting the time of razor clam harvesting
such as abnormal climate, wave and wind in the sea, social festival (songkran

festival,for instance).
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4.4.3 Razor clam price

Dynamics of razor clam price was set up by the trader throughout the year are

shown in figure 4.12
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Figure 4.12 Dynamics of razor clam price in one year from 6 local fishermen

(* price = 0 mean local fisherman decided to get additional job in that month)

From figure 4.12, razor clam price set up by various trader who local
fisherman regularly sell was increased one month in April after low tide occurred
during the day time (March-August) and after that the price had decreased and started
increasing again when the low tide occurred at the night-time (September-February).
Maximum of razor clam price was 140 baht/kg. in February 2005 and Minimum price
was 65 baht/kg. in June 2004.

The maximum price of razor clam was in the last month of night-time low tide.
During December 2004 to February 2005 there was a crab season in which some
fishermen preferred to go to work for crab fishery, making the total amount of razor
clam harvesting was decreased so the trader raised up the price to accelerate razor
clam harvesting rate to meet market demand. The minimum price of razor clam was
occurred during the daytime low tide during March 2004 to August 2004. Figure 4.12
shows that the price of razor clam during daytime low tide was rather low when

compared to the price of night-time low tide, from the trader interview shown the
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simple mechanism of buying razor clam price that “when the low tide occur at
daytime, there are more local fisherman than other time go to harvest razor clam and
the harvesting rate was higher. Therefore, the more daily razor clam production was
the less price was set up by trader regarding surplus of market demand.” (Ram
(trader), interviewed, March 3™ 2005)

4.4.4 Number of tourist

Mean of tourist number who visited the sand dune in each month is shown in
figure 4.13
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Figure 4.13 Mean of tourist number on the study sand dune and duration of sand dune

€xposure.

Tourist number on the study sand dune at the daytime low tide was over 100
persons per day especially in June-August 2004. The number of tourist increased
because the daily interval time of low tide and the duration of sand dune exposure per
month were longer than other month. On the other hand, the night-time low tide was

occurred after August 2004, then the number of tourist visit on sand dune decreased
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because the sand dune expose only at night. Therefore, the seasonal condition caused
tourist visit decline, they could visit for other purpose such as having seafood,

shopping, natural appreciation etc.

4.4.5 Tourist behavior

Tourist general information and behaviors from questionnaire (N=146) were

analyzed by SPSS 11.5 for Windows and the results are as following:

General characteristics of tourist

Sex

Tourist population consisted of female=54.1% and male=45.9%

Age

There are 5 groups of age range in this study. The first age range was
20-30 years old of 34.5%, the second was 31-40 years old of 26.2 %, the third
was < 20 years old of 18.6%, the forth was 41-50 years old of 12.4% and the
fifth was >50 years old of 8.3%.

Type of occupation

The occupations of tourist of this study consisted of 36.9% of
employer, 23.3% of student, 20.5 % of merchant, 18.5% of government officer

and other occupation was 0.7%.

Income

Total income of tourist from questionnaire were separated into 7
groups, the highest mode of tourist income was range 8,001-10,000
bath/month of 16.7%, second mode was range 6,001-10,000 bath/month
16.0%, third mode was <2000 bath/month 14.6%, forth mode was range
2,001-4000 bath/month and 4,001-6,000 bath/month both of 13.9%, sixth
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mode was > 14,000 bath/month 13.2 % and finally, the lowest mode of tourist
income was range 10,001-14,000 bath/month 11.8%.
Visit to Don Hoi Lord

From the questionnaire most tourists used to visited Don Hoi Lord

(79.5%) and retured to visit again and 20.5% of tourist visited Don Hoi Lord

for the first time.

Table 4.12 Number and percentage of general characteristics of tourist

General characters Number = Percentage
Sex
Male 67 459
Female 79 54.1
total 146 100.0
Age
<20 years 27 18.6
20-30 years 50 34.5
31-40 years 38 26.2
41-50 years 18 12.4
>50 year 12 83
total 145 100.0
Occupation
student 34 233
merchant 30 20.5
government officer 27 18.5
employee 54 36.9
other 1 0.8
total 146 100.0
Income per month
<2,000 bath 21 14.5
2,001-4,000 bath 20 13.9
4,001-6,000 bath 20 13.9
6,001-8,000 bath 23 16.0
8,001-10,000 bath 24 16.7
10,001-14,000 bath 17 11.8
>14,000 bath 19 13.2
total 144 100.0
missing 2*
Visit to Don Hoi Lord
no 30 20.5
yes 116 79.5

total 146 100.0



76

Purposes to visit Don Hoi Lord

From table 4.10, the questionnaires for tourist were design to their

purposes to Don Hoi Lord as follows:

Look around area

84.9% of tourists expressed their expression that they like atmosphere

at Don Hoi Lord area and other tourist (15.1%) they did not like.
Have a meal
64.4% of tourists they liked to have a meal at Don Hoi Lord and other

tourist (25.6 %) they did not like.

Pay respect to Prince Chumporn Khedudomsak memorial

61% of tourists they liked to come and pay their respect to Prince
Chumporn Khedudomsak Memorial (PCKM) at Don Hoi Lord based on
personal spiritual belief and other tourist (39%) they did not like.

Buy seafood product
41.1% of tourists they like tod buy seafood product from Don Hoi Lord
and other tourist (58.9%) they did not like to buy.

Traveling on sand dune

82.2 % of tourists liked to go to traveling on sand dune and other
tourist (17.8%) they did not like.



Table 4.13 Frequency of purpose to visit Don Hoi Lord

Purpose to visit Don Hoi Lord Number Percentage
Look around area
No 22 15.1
Yes 124 84.9
total 146 100.0
Have a meal
No 52 35.6
Yes 94 64.4
total 146 100.0
Pay respect to PCKM
No 57 39.0
Yes 89 61.0
total 146 100.0
Buy seafood product
No 86 58.9
Yes 60 41.1
total 146 100.0
Traveling sand dune
No 26 17.8
Yes 120 82.2
total 146 100.0

Tourist behavior on razor clam population
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From table 4.11 shown tourist behavior potentially affected to razor clam

population due to their activities as follow:

Catch razor clam

100% of tourist who liked to go on sand dune preferred to catch razor

clam by themselves.

Razor clam catching ability of tourist

81.7% of tourists who went on sand dune and could catch razor clam

by themselves but in small number and other tourist (18.3%) could not catch.
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Left lime on sand dune

15.8% of tourists who went on sand dune and left a cup of lime and
bamboo stick as tools for catching on sand dune and other tourist (84.2%) they

had brought it back to main land.

Table 4.14 Frequency of tourist behavior on razor clam population

Tourist behavior on razor clam population Number Percentage
Catch razor clam
Like to catch 120 100.0
Don't like to catch 0 0.0
total 120 100.0

Razor clam catching ability of tourist

Can not catch 98 81.7
Can catch 22 18.3
total 120 100.0

Left lime on sand dune

No 101 84.2
Yes 19 15.8
total 120 100.0

* total number calculated from number of tourist who like to traveling on sand dune

Don Hoi Lord has been promoted as a tourist attraction by provincial and local
government and it has unique characteristics and many attractive activities on Don
Hoi Lord. From the socio-economic data, gender of tourist was not different between
male and female, the mode of tourist age was less than 20 years old up to 40 years old
(79.3%) it may imply that young tourists were appreciated to visit Don Hoi Lord. The
main occupations of tourist were employment and student (36.9% and 23.3%). The
income of tourist were not differenced between each range, it around 10-17% in each
range. Finally, almost tourist have ever visited Don Hoi Lord and came back to visit
again that the mean of interesting point for sustainable management. If the
management at Don Hoi Lord is still appropriate, the tourist will come back to visit

again (Pongsak Kumpheng (tourist), interviewed, July 22™ 2004).
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The major purpose of tourist was prioritized as nature appreciation (84.9%),
sand dune visit (82.2%), sea food appreciation (64.4%). Lastly, they would like to pay
respect to PCKM for their spiritual belief (61.0%)

Tourism which makes impact on razor clam population is tourists who went to
sand dune and attempted to catch razor clam. From table 4.11, the result indicate just
18.3% of them could catch razor clam. However, there were 15.8% of them left cup of
lime and bamboo stick which is equipment for catching razor clam on the sand dune.
It possible causes an impact on razor clam population and its habitat by dissolving in
water and dispersing during the high tide. Its impact is similar to the applying lime

solution method to catch razor clam in the past.

4.5 MULTI-AGENT SIMULATION MODEL CONSTRUCTION

Multi-agent simulation model was constructed by integrating razor clam
population data and local fisherman behavior data into the MAS concept on the
Cormas platform. It makes better understanding in the interaction between razor clam
and local fisherman in Don Hoi Lord system. The main objective of this model is to
simulate the real situation of razor clam population based on scientific data and try to
make it more reality. The constructed model called “Don Hoi Lord Model” with
respecting and relating name of the study area. The overview of the process of the

multi-agent simulation model construction is shown in figure 4.15.

The process started from creating a conceptual model to represent ideas and
components of the system study, and then transform conceptual model into Unified
Modelling Language (UML). The UML is necessary for construction of the model on
Cormas platform. Thus, in process of implement UML on Cormas platform we first
implemented razor clam model into Cormas platform and define parameters for razor
clam model. Sensitivity analysis was carried out to justify parameters of razor clam
population which fit with razor clam model. It can represent the reality of model when

compared with real data. Then, the implementation of local fisherman was added and
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parameters were defined in the current Cormas platform, which already had razor
clam population model. The relationship between razor clam population and local
fisherman model was identified as harvest (Razor clam population harvested by local
fisherman). Again, sensitivity analysis was carried out to Jjustify parameters of local
fisherman, corresponding to available data. Both razor clam and local fisherman

models were in the same Cormas platform and became “Don Hoi Lord model”.

Conceptual Model

v

Unified Modelling Language (UML)

4

Implemented razor clam model in Cormas Platform

v
Defined razor clam parameters

v

Sensitivity analysis and justified razor clam parameters

\ 4

Implemented local fisherman behavior in Cormas platform

v

Defined fisherman parameter

Sensitivity analysis and justified fisherman parameters

v

Simulation run in various scenarios

Figure 4.14 Overview of the multi-agent simulation model construction
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4.5.1 Conceptual model and UML class diagram

- Conceptual model

The conceptual model of this study is shows in figure 4.15. which represents a

simple entities and relations in the system study.

Local fisherman

! 4

Visiting Harvesting

1 Don Hoi Lord

Razor clam population

Figure 4.15 Conceptual model for model construction

The conceptual model shows a simple relationship between local fisherman
and Razor clam population as follow: Local fisherman visits on Don Hoi Lord
according to habitat of razor clam population and harvest razor clam population from

Don Hoi Lord.

- UML class diagram

Unified Modelling Language class diagram of Don Hoi Lord model is shown
in figure 4.16. It represents both of spatial entity (Cell and razor clam population) and
social entity (Local fisherman).Each of them has a specific parameter, operation and

tasks to connect together.



RazorClamPopulation

- naturalDeathRate

- offspringNumber

- growthRate

- populationStructure
- harvestableNumber
- totalNumber

LocalFisherman

+ Harvesting

+ updatenaturalMortality()
+ updatePopulationGrowth()

+ reproduction

located

Cell

- GrainSize
-K
- RazorClamPopulation

- ability
- RazorClamBox

+ goHarvest()

located

Figure 4.16 UML class diagram of Don Hoi Lord model
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Scheduler

] L Cell I L RazorClamPopulation I L Fisherman

1

Natural Mortality, population
growth and reproduction

update 1. request number &

population structure

L

send numbers
& population structure

? update Natural Mortality,

population growth and
reproduction

go harvest A

L

harvest RazorClam

Population structure &
number

Figure 4.17 Sequential diagram of Don Hoi Lord model
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From figure 4.17 represents the activity and operation of model in one step. It
starts from Scheduler induced RazorClamPopulation calculating razor clam
population data and update a new population data. Then, Scheduler induced Cell to
update RazorClamPopulation which locate in the Cell by sending request to
RazorClamPopulation. After that Schedule will induce Fisherman (local fisherman)

go harvesting razor clam from RazorClamPopulation.
4.5.2 Parameters

The parameters in the model are shown in table 4.15. There are three sets of
parameters; spatial grid or cell area parameters, razor clam parameters, and local

fisherman parameters.

Table 4.15 Don Hoi Lord model parameters

Parameter Value Reference
Spatial grid
- Number of cell 11x11 in Razor clam population

141x141 in Razor clam population and local

fisherman

- Cell area 1m’ Field data collection

- Carrying capacity in equation (K) 30-50 Field data collection
sensitivity analysis

- Grain size 1-3 SPSS Cluster analysis from
density of razor clam
* see appendix B3

Razor clam parameters

- Growth rate 1 cm/30 day Ruffolo et at., 1999

- Natural mortality (M) 0.02/day Ruffolo et al., 1999 and
Sensitivity analysis

- Sex ratio 1:1 Sunan Tuaycharoean and

Panit Voraingtara, 1991 and
Baron et al., 2004



Table 4.15 continue
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Parameter Value Reference
- Breeding size 4 cm Sunan Tuaycharoean and
Panit Voraingtara, 1991
- Percentage of breeding clam/day 3.2,2.6,3.0, 1.0, Sunan Tuaycharoean and
(1%-12% month) start from March 40,3.1,3.2,0.2, Panit Voraingtara, 1991

- Offspring number (OS)

Local fisherman parameters
- Harvesting ability

- Harvesting movement

14,1.6,1.6and 1.8
30 from 1 female

random 30-100%
random150-250 m?

Wanpen Sriprathumwong et
al., 2545 and sensitivity

analysis

Field data collection
Field data collection,

Personal interviewed
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Figure 4.18 and 4.19 show the overall flow of Don Hoi Lord model under

computer simulation including biological model (figure 4.18) and local fisherman

harvesting activity (figure 4.19).
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According to table 4.15, some of the parameters were included in the
sensitivity analysis which was an important process in modelling approach. The
sensitivity analysis helps researcher to justify uncertain parameter. Sensitivity analysis
seeks to rank input variables by their influences on predictions of a model (Jager and
King, 2004) and then selects the parameters which affect corrective behavior of model

when compared with the reality in system study.

After process of implemented razor clam model in Cormas platform,
sensitivity analysis was carried out to justify the parameter in the razor clam model.
Three kinds of parameter as carrying capacity (K), natural mortality (M) and
Offspring number (OS) were run in the difference set of value (K=30, 40, 50 M=0.01,
0.02, 0.03, 0.04, 0.05 OS= 25, 35, 45). Each value set was tested in sensitivity analysis

function on Cormas platform.

Forty-five simulation graphs and 39 comparing value graphs in the period of
20 years of razor clam density were produced from sensitivity analysis are shown in
Appendix D1 and D2. The decision was made to select in correspond to reality
depending on 3 categories:
- Maximum density of razor clam is around 200 individual/sq. m *
- Minimum density of razor clam population is not closed 0 individual/sq m
- There are 2 peaks of density in one year and difference between peaks is
not too much. These represent 2 breeding seasons of razor clam in year
round*

(*Art-Ong Pradatsundarasar et al., 1989)

From the razor clam sensitivity analysis, based on natural mortality rate (M)
had more effects on razor clam population because it reflected fluctuations of razor
clam population graph. Carrying capacity (K) and Offspring number (OS) had effects
on razor clam population in smaller degree when compared with natural mortality rate
in sensitivity analysis. Therefore, ﬁatural mortality rate played an important role in

razor clam population in Don Hoi Lord model.
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Selected parameters from sensitivity analysis were K=30, M= 0.02, OS=25

and density of razor clam graph from these parameter has shown in figure 4.19

Density of razor clam from selected parameters
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Figure 4.20 Density of razor clam from selected parameters (20 years simulation run)

Local fisherman behavior was implemented into Cormas platform after
sensitivity analysis and justified razor clam parameters. Parameters for local

fisherman behavior have show in table 4.15.
4.5.3 Scenarios

There are two scenarios in this study, the first scenario came from the real
situation at present and the second came from the agreement during collective

discussion of local fisherman in the RPG session.

- Scenario I: Non-reserve zoning, freely harvesting every local fisherman
can go everywhere on the artificial sand dune in the model.

- Scenario II: Mobile resérve zoning, total area on the artificial sand dune is
separated into four equal parts. One of four parts will be closed as

protected area for 3 months in year round and do not allowed local
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fishermen go there for harvesting razor clam. After 3 months, the protected
area have move to other part and protected area from last 3 month ago will
be open to access. Therefore, in year round every part will be closed for 3

month in rotation pattern for population of razor clam conservation.
4.5.4 Results from simulation model run

Based on the razor clam distribution is “Clump distribution” (Art-Ong
Pradatsundarasar, 1982, and this study). It means that not all area of sand dune have
the razor clam. Thus, in the multi-agent simulation model has used space around
20,000 m® to explore the interaction between razor clam population and local

fisherman harvesting pressure.

In addition, the space in simulation model is separated into 3 zones which is
corresponding to the groups of razor clam density by cluster analysis in program SPSS
11.5 for Windows. The groups of razor clam density calculated from the density of
razor clam in every station during one year were separated into 3 groups (low density,
medium density, high density). The differences of density were put in the simulation
model as the quality of gain size (1= low density, 2=medium density and 3=high
density) because the observations indicated some differences on razor clam density

due to soil texture property.
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Figure 4.21 Multi-agent simulation interface represent the difference 3 zones in the
model

From figure 4.21,the simulation interface was separated into 3 different zone
the dark color area at center of picture represents the high density of razor clam
population as gain size = 3, the around dark color represents medium density of razor
clam population as gain size=2, lastly the pale color area at corner of picture represent

low density of razor clam population as gain size = 1.

The simulation runs were carried out two scenarios (non-reserve zoning and
mobile reserve zoning) and also tested in each scenario with difference number of
local fishermen (5, 7, 11, 13 and 15 local fishermen). Time step of each simulation run
was 10 years and local fishermen start harvest at the 2" year. Results of the

simulations show follows:
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Density of razor clam in mobile reserve zoning scenario
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Figure 4.22 Simulation run in density of razor clam in mobile reserve zoning scenario

with difference local fisherman number (H5-H15=Density at 5-15 fishermen)
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Figure 4.23 Simulation run in density of razor clam in non-reserve zoning scenario

with difference local fisherman number (H5-H15=Density at 5-15 fishermen)
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Harvesting rate in mobile reserve zoning scenario
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Figure 4.24 Simulation run of harvesting rate in mobile reserve zoning scenario with

difference number of fisherman. (H5-H15=Harvesting at 5-15 fishermen)
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Figure 4.25 Simulation run of harvesting rate in non-reserve zoning scenario with
difference number of fisherman. (H5-H15=Harvesting at 5-15 fishermen)

(* see more detail both scenarios at appendix D2)



93

The results from 10 years simulation run in each scenario indicated differences

of razor clam population density and local fisherman harvesting rate also.

Density of razor clam from two scenarios is different in maximum and
minimum value in each fisherman number (figure 4.20-4.21). In the mobile reserve
zoning scenario, razor clam population (represented in razor clam density value)
under harvesting pressure fluctuated between 20 individual/m? to 90 individual/m?.
On the other hand, there was little difference between densities of razor clam in
relation to the number of local fisherman. The small number of local fisherman could
harvest more razor clam than the highest number of local fisherman. In the non-
reserve zoning scenario, razor clam population under harvesting pressure in this
scenario is similar in term of the graph of population behavior but the interval
maximum and minimum of density are different with mobile reserve zoning scenario
caused the razor clam population density between 5 individual/m® to 100
individual/m®. In addition, the density of razor clam in relation to various numbers of
local fisherman also causes the small difference between both scenarios. Overview of
razor clam population density between two scenarios, the results indicate in the same
pattern without harvesting pressure (figure 4.18) but only difference in density.
Moreover, the influence of reserved area zoning on the razor clam density can made

the small interval of minimum and maximum density through the running time.

Razor clam harvesting rate from two scenarios (figure 4.22-4.23) are also
different in maximum and minimum values due to the fisherman number. Razor clam
harvesting rate from both scenarios had unique values according to local fisherman
number and the values decreased with the increasing of local fisherman number. It
seem to corresponds to a resource-sharing concept that if the number of local
fisherman who freely harvest razor clam is increasing while razor clam resource
remains in a certain number. The razor clam resource must be shared among the local
fisherman. Overview of razor clam harvesting rate in two scenarios at razor clam area
around 20,000 m?, the scenario I seems to benefit for a small number of local

fisherman (5, 7 and 9 persons). Because the harvesting rate of those local fisherman
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number is higher than non-reserve zoning. On the other hand, razor clam harvesting
rate from the higher local fisherman number 11, 13 and 15 persons are not appropriate

when compare with the result of harvesting rate in non-reserve zoning scenario.

To summarize of the multi-agent simulation model, it can prove the hypothesis
of the study in which the razor clam population responds to different scenario and

different local fisherman number.

There are some discussions on the result of multi-agent simulation model with
RPG as follows:

- The resilience of razor clam resource

Based on system stability regarding on resilience stability (Jiragorn Gajaseni,
1997), razor clam population in the model can recovery rapidly in shot time or razor
clam population has more flexibility to current harvesting method (dipping lime)
which is a selective method. So the local fisherman can select certain razor clam size
and leave smaller size as a brood stock in the future. Nevertheless, razor clam
population should have fast recovering rate in the nature but the model indicates the
recovering rate higher than natural condition. It can discuss on resilience stability
concept that in the past there was inappropriate harvesting method (for example: apply
lime solution) which made nearly 100% harvesting or razor clam die. Thus,
inappropriate methods may destroy razor clam population stock to level below
resilience stability and it might cause the difference between the natural situation and

simulation model.

- Multi-agent simulation model
Lack of complete life history especially natural mortality of razor clam that
has more effect in the model.
Lack of complexity biological process on razor clam offspring dispersion
in the model. |
Lack of complexity local fisherman harvesting decision process between

time-step in the model.
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4.6 ROLE-PLAYING GAME (RPG)

4.6.1 Overviews of the game

Two rounds role-playing game in this study called “Don Hoi Lord role-playing
game”. There were organized on March 28" and July 14® 2005 at Ban Chu Chi
village which located near Don Hoi Lord area. As described in Chapter I1I, 12 local
fishermen from one village were played in the first game and 10 local fishermen from

2 villages were played in the second game.

In the first game was separated into 2 sessions (Morning and afternoon
session). In the morning session, the step of the game started from a simple scenario
and played 3 steps in duration of 1 step per year. Firstly, the local fishermen could
freely discuss about management method. After the first discussion, the game started
again with new scenario based on the local fisherman agreement and 3 steps of the
game were conducted. In the afternoon session, the simulation runs of 2 scenarios (3
steps/each) from collective agreement of local fisherman were performed. In addition,

the results of each scenario were shown to local fisherman at the end of game.

Similarly, in the second game was separated into morning and afternoon
session. The step of this game was similar with first role-playing game but the
discussion details were more complex than the first game because local fishermen
from another village, as well as a trader and fishery officer was participated in this

game.

- Simulation model accompany with both role-plaving game

Simulation model for Role-playing game was developed from the scientific
model based on the idea of simple to fisherman understanding. The interface of
simulation model has also used as a game board (figure 4.26). In each time step, the

simulation model showned a number of fishermen in each zone during simulation run.
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Figure 4.26 Interface of simulation model for RPG

- Scenarios

There were four scenarios in round of role-playing game: first scenario from
real situation, second scenario from local fisherman agreement in freely discussion
among them, third and fourth scenario from suggestion during freely discussion

among fisherman in both rounds of the games.

First role-playing game

e Scenario I: general rule of this scenario was based on real situation. Local
fisherman can go everywhere on the sand dune and can harvest razor clam
as much as they can. Thus, general rule of this scenario is freely harvesting

and local fisherman can go to every zone in the simulation model.

e Scenario II: the rule of this scenario was the outcome of local fisherman
discussion after they finished the first scenario playing game. The general
rule emphasized on closed zone rotation for 3 months and not allow local
fisherman to harvest there. Closed zone rotation was agreed among local

fisherman and after 3 months of closing the local fisherman can go to
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harvest in that area as well as another zone will be closed. Sequential of
closing zone from agreement started from Zone 1, Zone 4. Zone 2 and

Zone 3 and repeat again in next step or next year in the game.

Scenario III: this scenario was based on some discussion from the local
fisherman after the second scenario play. The general rule of this scenario
is to close one zone permanently. The local fisherman suggested to close
Zone 1, so during the game under the third scenario local fisherman can go

any zone except zone 1.

Scenario IV: this scenario was based on the same idea from the third
scenario that close some zone annually and also rotate to another zone in
the following year. Thus, the local fisherman suggested to close Zone 1 for

1* year, Zone 4 for 2" year and Zone 1 again for 3 year.

Second role-playing game

Scenario I: general rule of this scenario is similar with scenario I in first
role-playing game. Local fisherman can go everywhere on the sand dune

and can harvest razor clam as much as they can.

Scenario 1I: the rule of this scenario is the outcome of local fisherman
discussion after they finished the first scenario playing game. As the
similar general rule of scenario II in first role-playing game general rule is
emphasis on closed zone rotation for 3 months and not allow local
fisherman to harvest there. Closed zone rotation was agreed among local
fisherman and after 3 months of closing the local fisherman could to
harvest in that area as well as another zone will be closed. Sequential of
closing zone from agreement is different from first role-playing game by
started from Zone 1, ane 3, Zone 4 and Zone 2 and repeat again in next

step or next year in the game.
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e Scenario III: this scenario about local fisherman doubt in dressing lime
solution method that was favored 2 decades ago and local fisherman
believed that this method is good for razor clam reproduction. Nowadays,
this method is prohibited by local government. The general rule in this
scenario is similar with scenario I but different in detail of computer
simulation model. The researcher programmed harvesting ability in local
fisherman parameter at 100% all simulation run reflex 100% destroyed by

lime solution method.

e Scenario IV: the idea of this scenario emerged from discussion between
researcher and local fisherman. General rule about this scenario regarding
a harvesting quota for every local fisherman. The harvesting quota from
discussion was 3 kg/local fisherman. Thus researcher has programmed by

limit total harvesting of local fisherman in each time step.

4.6.2 Understanding of the fisherman acting

- Local fisherman’s zone selection

From observation and fisherman interviewed during the game, it was found
that local fishermen have their patterns to select zone for harvesting. From
observation, during decision step, local fishermen tried to compare months in the
decision table with their experience about razor clam abundance in the nature.
Furthermore, from interviews between changing scenarios it confirmed the idea of
zone selection based on real local fisherman harvesting experience. In addition, in
some month of year local fisherman decided to harvest razor clam in another area
(nearest sand dune and Ban Bang Bor, Samut Prakarn province). The reason also
based on their experience because they realize that in some month of the year where

they should go to harvest razor clam. (Voice discussion in Appendix E)

In second role-playing game, local fisherman has learned how they maximize

harvesting in scenario II by going to the closed zone when it was re-open and most of
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local fishermen in the game did this behavior. From direct interviews during the game,
they said that they know from first role-playing game the closed zone has high density

of razor clam so they should go to harvesting at there.

- Additional jobs

Results from local fisherman decision table, there are 2 kinds of jobs which a
local fisherman has selected instead harvesting razor clam in some months. Firstly,
during high season of crab production (December to early March), because one of
additional job to make an income instead of razor clam harvesting. During this period,
the razor clam harvesting is occurred at the night-time low tide and harvesting rate of
fisherman is less than the daytime low tide so some of them prefer to going in crab
fishery and they also express their behavior in the game. Another additional job is to
sell some marine products to tourist at Don Hoi Lord. However, some local fishermen
prefer stay home for 1-2 months during the night-time low tide. The reasons of this
behavior from interview indicated that climate is the main reason because during that
time the weather is unpredictable so they prefer to wait for opportunity to have

another job or get some employments.

- Discussion sessiori among local fisherman

In discussion session of local fisherman in both role-playing games, there are
two kinds of discussion in the game, the first is discussion among them during the
game and the second is discussion with researcher regarding razor clam conservation

and management.

The first discussion session in both role-playing games, they shared
experiences on harvesting place and information on total of harvesting number.
Moreover, they consulted among their friends in terms of razor clam density before

they made their decision.

During the second discussion in first role-playing game, they discussed among
themselves in terms of the possibility of razor clam management and conservation

method. Some of them expressed their perception about resource used and razor clam
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management and conservation. In summarize of second kind of discussion in the first
role-playing game, razor clam management and conservation method represented in
second scenarios and they also agreed in this method to apply in the real situation for

razor clam management and conservation.

However, the results from scenario II in the second role-playing game was not
good for razor clam conservation because local fisherman has learn how to maximize
harvesting razor clam in this scenario and they admitted this scenario might not work
in the future. In addition, some local fisherman discussed about the Applying lime
solution method to harvest razor clam and inform their concerns to the researcher.
Nevertheless, local fishermen still discuss among themselves to find another possible
razor clam management and conservation method. The summarize of the second kind
discussion in second role-playing game indicated that closed rotation zone in scenario
II combined with quota rule in scenario IV can be use in the real situation if razor

clam price is more than 100 baht/kg.

Figure 4.27 Discussion process among fisherman
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Figure 4.28 Discussion process between local fisherman and research regarding on

razor clam management and conservation in first role-playing game

Figure 4.29 Discussion process between local fisherman and research regarding on

razor clam management and conservation in second role-playing game
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4.6.3 Summary of the game

- Results from scenarios

First role-playing game

e First scenario: Freely harvesting

Result from the game has shown in figure 4.30 and table 4.16.

Harvestable razor clam in each zone from scenario 1
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Figure 4.30 Harvestable razor clam in each zone in scenario I in 1* RPG

Table 4.16 Harvestable razor clam (kg) in each zone from scenario I in 1% RPG

one
Yr Zone 1 Zone 2 Zone 3 Zone 4 Total
Year 1 5138 4153 5385 4755 | 19431
Year 2 1841 516 953 1605 | 4915
Year 3 359 179 227 395 | 1200

Razor clam production in scenario 1 has decreased every year (table 4.16)
from 19,431 kg. in the first step to 1,200 kg. in the third step. The results indicated
razor clam resource declining and at the end of scenario I local fishermen realize the
negative impact of over harvesting. In zone 2, it seemed to have the worst impact
when compare with other zone because zone 2 is located near main land and more
disturbances from tourism and the local fisherman tried to avoid and selected other

Zone.
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In summary of scenario I, local fisherman realized razor clam population
decline and they had discussion and made agreement on razor clam management and

conservation method. That becomes the general rule of scenario 1I.

e Scenario II: Closed zone rotation for 3 months/each

Results from the game in scenario II have shown in figure 4.31 and table 4.17.

Harvestable razor clam in each zone in scenario 2
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Figure 4.31 Harvestable razor clam in each zone in scenario II in 1* RPG

Table 4.17 Harvestable razor clam (kg) in each zone in scenario II in 1* RPG

Zone
s Zone 1 Zone2 | Zone3 Zone 4 Total
Year 1 4044 4089 5845 5502 19480
Year 2 2133 434 1048 1906 5521
Year 3 420 135 238 545 1338
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Razor clam production in scenario II decreased every year similar to scenario
I. But there was a small difference due to the attempt of local fishermen in
management and conservation. From discussion they realized that if they do some

thing in management it would be improve the razor clam population in some way.

In summary of scenario II, the idea of general rule in this scenario purely came
from local fisherman discussion and agreement. Results of the game made them
realize in the advantage of management and conservation method. Otherwise, local
fisherman still behaves like scenario 1 but the discussion provided them some
understanding of how important management and conservation method is. If every
local fisherman from other villages and local government agree with them in
management and conservation method and establish punishment for violator, the razor

clam population is still reproducing sustainable in the future.

e Scenario III: Complete closing one zone (zone 1)

Results from the game in scenario III have shown in figure 4.32 and table 4.18.

Harvestable razor clam in each zone in scenario 3
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Figure 4.32 Harvestable razor clam in each zone in scenario I1I in 1% RPG

Table 4.18 Harvestable razor clam (kg) in each zone in scenario III in 1 RPG
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one
year Zonel |Zone2 |Zone3 |Zone4 | Total
Year 1 0 4099 5511 7830 17440
Year 2 0 653 1005 2281 3939
Year 3 0 272 397 667 1336

The idea of this scenario based on local fisherman idea during their discussion
by complete closing zone 1 as preserved razor clam breeding ground. In this scenario
local fisherman did not play by them self but researcher run the computer simulation

and shown the result to them.

Again, the razor clam production decreased every year but there was a
character of razor clam harvesting in each step. The maximum of harvestable zone

was zone 4 in every step and the minimum of harvestable zone was zone 2.

In summary of scenario 111, the results of the game in terms of total harvesting
is not good when compare with scenario I and local fisherman did not agree with this

management and conservation method.



e Scenario IV: Annual switch closing one zone

Results from the game in scenario IV have shown in figure 4.33 and table

4.19.
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Figure 4.33 Harvestable razor clam in each zone in scenario IV in 1* RPG

Table 4.19 Harvestable razor clam (kg.) in each zone in scenario IV in 1 RPG

one
year Zone 1 Zone2 | Zone3 |Zone4 | Total
Year 1 0 4132 5813 7769 17714
Year 2 4038 438 809 0 5285
Year 3 0 173 205 1076 1454

106
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Again, the idea of this scenario based on local fisherman during their
discussion by closing zone 1 annually and switches to zone 4 in next year then back to
the zone 1 again. In this scenario local fisherman did not play by them self but

researcher run the computer simulation and shown the result to them.

The results from scenario IV seem to be a little better than scenario I1I but it’s
better than scenario 1. Size class of harvestable razor clam are still the same pattern
with scenario III except in the year 2 local fisherman can go to harvest in zone 1 that

high density of razor clam and harvested from zone 1 is to be maximum in year 2.

In summary of scenario IV, the result of the game in terms of razor clam
production decreases but the situations seemed to be better than scenario 1 and III.
However, local fisherman still did not agree with this management and conservation

method.

Second role-playing game

e Scenario I: Freely harvesting

Results from the game are shown in figure 4.34 and table 4.20

Harvestable razor clam in each zone from scenario 1
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Figure 4.34 Harvestable razor clam in each zone in scenario I in 2™ RPG
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Table 4.20 Harvestable razor clam (kg.) in each zone in scenario I in 2™ RPG

one
year Zonel |Zone2 |Zone3 | Zone4 | Total
Year 1 2740 5085 3680 3162 14669
Year 2 890 1235 1821 490 4436
Year 3 256 420 415 320 1411

The result of this scenario was similar with first role-playing game because

both of games have used the same rule.

In summary of scenario I, local fisherman from 2 villages realized razor clam
population decline and they had discussion and made agreement similar first role-

playing game. That becomes the rule of scenario I1

e Scenario II: Closed zone rotation for 3 months/each

Result from the game have shown in figure 4.35 and table 4.21

Harvestable razor clam in each zone in scenario 2
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Figure 4.35 Harvestable razor clam in each zone in scenario II in 2™ RPG
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Table 4.21 Harvestable razor clam (kg.) in each zone in scenario II in 2" RPG

one
year Zonel |Zone2 |Zone3 |Zone4 | Total

Year 1 2178 4476 6449 3094 16197
Year 2 781 1211 1034 891 3917
Year 3 232 351 292 240 1115

The results from scenario II was not good when compare with scenario I even
if the result from scenario II in first role-playing game was good for razor clam
population and local fisherman suggested to use this scenario again in second role-

playing game.

From direct interviewed and observe local fisherman during the game showed
that they will go to closed zone when it re-open because they know that place has high
razor clam density. That make local fisherman harvested more and more razor clam
than scenario I and they confessed to research they tired to maximize harvesting by go

to harvest at closed zone when it open.

In summary of scenario II, local fishermen from another village agree with
general rule in this scenario can be apply to real situation. However, local fisherman
from both village has learn how to maximize harvesting razor clam and they supposed
that this scenario might be not work in long term management because other local
fishermen can learn by themselves how to maximize harvesting razor clam like them.
Finally, they still have discussion on other possible management and conservation

method for razor clam after the scenario finished.



e Scenario III: Dressing lime solution method

Result from the game has shown in Figure 4.36 and table 4.22
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Figure 4.36 Harvestable razor clam in each zone in scenario I1I in 2" RPG

Table 4.22 Harvestable razor clam (kg.) in each zone in scenario I1I in 2" RPG

one
year Zonel |Zone2 |Zone3 |Zone4 | Total
Year 1 5279 5395 6595 4789 22058
Year 2 441 243 162 507 1353
Year 3 34 14 11 29 88
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The idea of this scenario came from local fisherman doubt on dressing lime

solution method and discuss with research about this method. Then researcher shown

the results of this method by program the simulation model based on the real effect of

dressing lime solution and run the simulation to show them.

In summary of scenario III, the results of the game regarding razor clam

population is really not good for conservation when compared with any scenario

because razor clam population has sharply decreased from fist step of game and

become smallest number in last step. In addition, local fisherman has agreed with

researcher in that this scenario or this method is not good for razor clam management

and conservation.
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e Scenario IV: Quota system

Result from the game has shown in Figure 4.37 and table 4.23
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Figure 4.37 Harvestable razor clam in each zone in scenario IV in 2™ RPG

Table 4.23 Harvestable razor clam (kg.) in each zone in scenario IV in 2" RPG

one
year Zone 1 Zone2 |Zone3 | Zone4 | Total
Year 1 3318 3406 4173 2935 13832
Year 2 1093 1823 2069 1362 6347
Year 3 300 505 443 340 1588

The quota system in this scenario based on discussion between local fisherman
and researcher after scenario II was not work in this role-playing game. The general
rule in the scenario every local fisherman can harvest razor clam maximum 3
kg/person/day. In this scenario local fisherman did not play by themselves but

research run the computer simulation and shown the result to them.

The results from this scenario seem to be better than other scenarios and local
fisherman realized about razor clam population viability. On the other hands, all of
local fisherman worried about their income because razor clam price are different
during year round in the real world. Furthermore, the trader who participated in

second role-playing game had worried about her income also because in real situation
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she can earn a lot of money when razor clam production exceed and price is low by

stocking razor clam production in freezer and release to market if price is high.

In summary of scenario IV, the idea of this scenario was agreed upon by
stakeholders in terms of razor clam management and conservation but some
stakeholders (local fishermen and trader) worried about their income. However, the
discussion in this scenario can negotiated that local fisherman can do the quota system
if razor clam price is around 100 baht/kg all year round. Regarding the trader, she said
she can do the quota system if local government assures her about razor clam market
demand and razor clam retail price. On the other hands, trader bearing not so happy
with this scenario because it can make her lost some money when compared with
current situation. In addition, some of local fishermen suggested that should combine
scenario II (Closed zone rotation for 3 months) from first RPG with this scenario
because they believe that it can help razor clam population recovering fasten than do

only. this scenario.

- Lesson learned and advantage from Don Hoi Lord role-playing game

According to the objectives of Don Hoi Lord role-playing, it aim to understand
local fisherman harvesting behavior, to share experience among stakeholders and to
explore appropriate razor clam management and conservation method. The first
objective was taking place in the morning session of the game; local fisherman
decided for the place to go harvesting in 12 months. From personal interviews before
RPG and observed local fisherman in the game are indicated that local fisherman tried
to apply their experiences the game. In other ward, they knew by themselves where
they should go to harvest razor clam each month. In addition, in some month local
fisherman didn’t decide to go harvesting razor clam because in the reality they had
another job for example labor in crab fishery or harvesting crab, harvesting razor clam
in another sand dune. However, local fisherman harvesting behavior in reality is based
on the density of razor clam availability and their communication. For example if
some places on sand dune have more razor clam they will go there and suggest their

friend to go to harvest razor clam as well. The second objective was carried out in the
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afternoon session, after the game finished; the collective discussion among
stakeholders (local fisherman, local government, researcher and trader (in 2™ role-
playing game)) was conducted in terms of harvestable razor clam in each scenario.
The researcher indicated that the difference of harvestable razor clam production in
different scenario was induced by local fisherman and expressed their opinion about
razor clam management and conservation by consulting with local government and
researcher. The agreement of stakeholders regarding appropriate razor clam
management and conservation method is correspondent with scenario II in 1% game
and scenario IV in 2™ game. In addition, after agreement the discussion was made, the

local fisherman looking forward to how to take this agreement into implementation.

Don Hoi Lord Role-playing game could help researcher facilitate scientific
knowledge from the simulation study to local fisherman and make them more
understanding about dynamics of razor clam resource. Moreover, role-playing game
can be a bridge between stakeholders in the Don Hoi Lord which can bring everybody

into the negotiation process in particular to management and conservation purpose.
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4.7 DISCUSSION ON COMPANION MODELLING

Following the main objective of Don Hoi Lord companion modelling that aims
“to share experience among researcher and stakeholders and to carry out acceptable
razor clam management and conservation method from stakeholders”, this study can
achieve the objective by organizing RPG and presenting the multi-agent simulation
model to stakeholders and concluded the acceptable method for razor clam

management and conservation through collective discussion those mention previously.

Companion modelling approach can be used in different fields of knowledge
but it is perfectly based on the idea of renewable resource management and decision-
making on the resource. Trébuil et al. (2002) conducted companion modelling
approach with Akha village in upper northern Thailand. Objective of that study was to
improve steep-land management by limiting land degradation in rapidly diversifying
and market-integrated farming systems. They concluded that companion modelling
approach helps to identify acceptable rule for improved regulation of collective uses
of land resource. Gurung (2004) also used Companion modelling approach to improve
irrigation water sharing in Bhutan and reported that companion modelling can be an
efficient tool to mobilize communities to enhance their shared knowledge and

facilitate knowledge-based decision-making in natural resource management.

Comparing between previous studies with Don Hoi Lord study, these are
based on the same idea even if the different types of resource, race and components
but companion modelling approach can help researcher achieve goal of study such as
shared knowledge, collective discussion and identified acceptable or concluded

agreement to manage natural resources.



CHAPTER V

CONCLUSIONS AND RECOMMENDATIONS

5.1 RAZOR CLAM POPULATION

Population dynamic of razor clam at Don Hoi Lord from this study can be

represented as follows:

Density of razor clam through year round was 5.71+2.49 individula/m?,
density of razor clam during daytime low tide was higher than density
during nighttime low tide.

Average razor clam weight from this study was 2.14+0.33 g/individual. In
addition, razor clam weight in this study seems increase when it close to
breeding season.

Average of razor clam size from this study was 4.15+0.90 cm/individual.
From Sunan Tuaycharoen and Phanit Voraingtara, (1991) reported razor
clam can reproduce at size over 4.24 cm. from this study, razor clam
population seemed to have a risk of population reduction because the
average razor clam size cannot breed until its size reaches 4.24 cm.
Therefore, it mean that the marketable size is in reproductive stage of
population structure from this effect the population will decline in the near
future.

Population structure of razor clam, majority size class of razor in this study
was 3-5 cm. Besides, size classes more than 5 ¢cm are caught by local
fisherman.

Razor clam breeding season, can confirm that the breeding season is all
year long but there are 2 peaks of breeding season during May-July and

November to December.

Overall the of razor clam population seems to start recovering (when compare

with Rangsimant Bauthong, 1997) from the inappropriate harvesting method from the

past after local government released some regulations.
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5.2 FISHERMAN BEHAVIOR AND IMPACT ON RAZOR CLAM
RESOURCE

Local fisherman behavior pattern in this study was based on monthly personal
interviews and observations in the field study. The study indicated that their behavior
depend on razor clam population density. They have their own perception in razor
clam harvesting but they usually imitate other local fisherman when their harvesting
rate is decreased. They communicate to each other about density, size and razor clam
habitat occasionally. In addition, traders or razor clam buyers play role on density,
size and habitat of razor clam as information distributor with local fisherman.
However, local fisherman has additional job to make more income without only

depending on razor clam harvesting.

Current local fisherman harvesting behavior can affect razor clam population
of size classes over 4 cm because the regulation of local government allows only the
dipping lime method. This method is a selective method; local fisherman can select
razor clam in certain size and neglect small razor clam as a clam stock. Nevertheless,
the effect of harvesting on razor clam population from local fisherman is occurred all

year long because local fisherman goes to harvest razor clam every month.

5.3 MANAGEMENT GUIDELINE FOR RAZOR CLAM
CONSERVATION FROM COLLECTIVE DISCUSSION

Collective discussion among stakeholders was organized during RPG session
and the main agreement provided a razor clam management and conservation should
emphasis on mobile reserved area which described as scenario II in RPG and multi-
agent simulation model. Furthermore, during the RPG session there are many
suggestions on razor clam management and conservation from all stakeholders and

these can be described and shown in figure 5.1
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Figure 5.1 there is a bottom up management guidelines and number 1-4 are the
additional idea from researcher and stakeholders during discussion. The management

guideline can describe as follows:

Razor clam resource is an open-access resource that local fisherman from
everywhere can come and harvest razor clam from Don Hoi Lord area. The

management guidelines purpose start from, the idea number 1; every local fisherman

who come to harvested razor clam should be registered as a razor clam harvester in
responsible to Don Hoi Lord TAO'. The idea number 2; local fisherman or trader
should pay tax to Don Hoi Lord TAO or buy concession from Don Hoi Lord TAO.

The idea number 3; Don Hoi Lord TAO should establish common razor clam markets

that every trader and razor clam harvester do buying and selling at one place, this idea
will make Don Hoi Lord TAO easier to monitor harvested razor clam production and
exchange information about razor clam with others stakeholders. Finally, idea number
4; Don Hoi Lord TAO should monitor razor clam population in Don Hoi Lord by
setting up a budget from tax or concession in order to monitor environment condition
and razor clam population and report to provincial government.

In case of razor clam resource decline, provincial government must implement
some strict regulation to control harvested razor clam production and cooperate with
Don Hoi Lord TAO and other TAO which razor clam harvester belong to. In fact that
TAO must control harvesting rate of local fisherman especially Don Hoi Lord TAO
must control their local fisherman and have consistent monitoring for both of
harvested razor clam production at common razor clam market and razor clam

population in Don Hoi Lord area.

In case of razor clam population in Don Hoi Lord, the cooperation and
responsibility of local fisherman must be monitored in order to achieve conservation
and management, as well as to have a systematic database for the sustainable

management.

1 In actuary almost area of Don Hoi Lord area is belong to Bangjakreng district and small
piece area belong to Bangkaew district but this study use Don Hoi Lord TAO for easy to
understand.
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5.4 RECOMMENDATIONS

5.4.1 Razor clam conservation and management

The razor clam management and conservation guidelines from collective
discussion are reliable for razor clam resource from the researcher’s point of view.
But it should implement the management guidelines in the real situation as soon as

possible.

From personal interviews of trader and local fisherman in terms of razor clam
price and harvested razor clam production in each month, in some months the
harvested razor clam was higher than the market demand so trader have to store
surplus razor clam in refrigerator for selling later when market demand increased.
Then, the price is reduced; it is a kind of risk due to capital lost. Thus, TAO should
concern in this topic and explore market demand via traders and control local
fisherman harvesting rate correspond to market demand. It can guarantee sustainable

both of local fisherman income and razor clam population in Don Hoi Lord.

Finally, as a result from tourist interviewed in Chapter IV, there are many
activities at Don Hoi Lord especially aesthetic value for having a meal and traveling
to sand dune. TAO should control restaurants which are located on the coastal zone
especially waste and garbage management in order to protect razor clam habitat. For
traveling on sand dune activity, some tourists always left lime on the sand dune when
they tried to catch razor clam. It can make impact on razor clam population even if
there is no direct study or research on that topic but TAO and stakeholders at Don Hoi
Lord should respond to this issue and launch campaign or provide knowledge and

information to tourist.
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5.4.2 Future studies

Razor clam population data in this study is output of one year study which can
be rather short to study population dynamics. However, the study should have more
field data collection for better understanding of razor clam population. Then, the

model would be more realistic.

The RPG sessions were organized in two villages of local fisherman so the
better understanding should be expanded to cover more stakeholders of Don Hoi Lord
the study should include the following components:

- Local fisherman from other village who came to harvest razor clam

- Officers from Department of Fishery who direct respond to razor clam

resource through in the game.

- Officer from other TAO which has razor clam harvester belong to.

- Other trader who play role mediation between local fisherman and markets

In addition, more RPG sessions should be conducted to observe local
fisherman behavior, better understanding local fisherman behavior and justify the
collective discussion for more effective razor clam management and conservation

method.

Regarding multi-agent simulation, more issues can be included in the future
studied:
- Natural mortality of razor clam in reality and in our model
- Dispersion of razor clam offspring and razor clam movement in reality and
in our model
- Total area of Don Hoi Lord should be consider into current multi-agent
simulation model
All of developments will made multi-agents simulation more implicated
reality and become useful tool for long term of razor clam management and

conservation in the RPG.
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Questionnaires for tourist
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B1 Questionnaire SPSS analysis
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SEX
Cumulative
Frequency Percent Valid Percent Percent
Valid Male 67 45.9 459 45.9
Female 79 54.1 54.1 100.0
Total 146 100.0 100.0
AGE
Cumulative
Frequency Percent Valid Percent Percent
Valid < 20 27 18.5 18.6 18.6
20-30 50 34.2 34.5 53.1
3140 38 26.0 26.2 79.3
41-50 18 12.3 12.4 91.7
> 50 12 8.2 8.3 100.0
Total 145 99.3 100.0
Missing  System 1 7
Total 146 100.0
Occupation
Cumulative
Frequency Percent Valid Percent Percent
Valid student 34 233 23.3 23.3
merchant 30 20.5 20.5 43.8
goverment
officer 19 13.0 13.0 56.8
wiln9tu
$53a WA 8 5.5 5.5 62.3
company or
bank officer 17 116 11.6 74.0
employee 37 25.3 25.3 99.3
fisherman 1 7 7 100.0
Total 146 100.0 100.0




INCOME
Cumulative
Frequency Percent Valid Percent Percent
Valid < 2000 21 14.4 14.6 14.6
2001-4000 20 13.7 13.9 28.5
4001-6000 20 13.7 13.9 42.4
6001-8000 23 15.8 16.0 58.3
8001-10000 24 16.4 16.7 75.0
10001~
14000 17 11.6 11.8 86.8
> 14000 19 13.0 13.2 100.0
Total 144 98.6 100.0
Missing System 2 1.4
Total 146 100.0
Ever been here
Cumuilative
Frequency Percent Valid Percent Percent
valid  never 30 20.5 20.5 20.5
ever 116 79.5 79.5 100.0
Total 146 100.0 100.0
Look around area
Cumulative
Frequency Percent Valid Percent Percent
valid No 22 15.1 15.1 15.1
Yes 124 84.9 84.9 100.0
Total 146 100.0 100.0
Have a meal
Cumulative
Frequency Percent Valid Percent Percent
Valid No 52 35.6 35.6 35.6
Yes 94 64.4 64.4 100.0
Total 146 100.0 100.0
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Pay obeisance to Khommaluang

Cumulative
Frequency Percent Valid Percent Percent
Valid No 57 39.0 39.0 39.0
Yes 89 61.0 61.0 100.0
Total 146 100.0 100.0
Buy product from seafood
Cumuiative
Freguency Percent Valid Percent Percent
Valid No 86 58.9 58.9 58.9
Yes 60 4.1 41.1 100.0
Total 146 100.0 100.0
Travelling sand on dune
Cumulative
Frequency Percent Valid Percent Percent
Valid No 26 17.8 17.8 17.8
Yes 120 82.2 82.2 100.0
Total 146 100.0 100.0
Catch a Razor Clam
Cumulative
Frequency Percent Valid Percent Percent
Valid No 26 17.8 17.8 17.8
Yes 120 82.2 82.2 100.0
Total 146 100.0 100.0
Can you catch razor clam
Cumulative
Frequency Percent Valid Percent Percent
Valid no 98 67.1 81.7 81.7
yes 22 15.1 18.3 100.0
Total 120 82.2 100.0
Missing  System 26 17.8
Total 146 100.0




How many a Razor Clam did you catch?

Cumulative
Frequency Percent Valid Percent Percent

Valid 0 98 67.1 83.8 83.8
1 3 2.1 2.6 86.3
2 3 2.1 2.6 88.9
3 2 1.4 1.7 90.6
4 1 7 9 91.5
5 2 1.4 1.7 93.2
6 1 7 9 94.0
10 4 2.7 3.4 97.4
12 1 7 9 98.3
30 1 7 9 99.1
50 1 7 .9 100.0
Total 117 80.1 100.0

Missing  System 29 19.9

Total 146 100.0

Leaved Lime on Sand dune
Cumulative
Frequency Percent Valid Percent Percent

Valid No 101 69.2 84.2 84.2
Yes 19 13.0 15.8 100.0
Total 120 82.2 100.0

Missing  System 26 17.8

Total 146 100.0
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B2 Length and Weight Relationship (LWR)of Razor clam from SPSS analysis

Curve Fit

MODEL: MOD_1.

Dependent variable.. WEIGHT Method.. POWER
Listwise Deletion of Missing Data
Multiple R 96701
R Square 93512
Adjusted R Square .93511
Standard Error .17979
Analysis of Variance:

DF Sum of Squares Mean Square

Regression 1 2585.2100 2585.20995
Residuals 5549 179.3724 .03233

F= 79975.13626 Signif F = .0000

Variable B SEB Beta TSigT

LENGTH 2.811829 .009943 .967015 282.799 .0000
(Constant) .035608 .000496 71.745 .0000
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B3 Cluster analysis of Density of razor clam from SPSS

Cluster
Case Processing Summary(a,b)
Cases
Valid Missing Total
N Percent N Percent N Percent
27 100.0 0 .0 27 100.0

a Squared Euclidean Distance Undefined error #14704 - Cannot open tex
b Average Linkage (Between Groups)

Average Linkage (Between Groups)

Agglomeration Schedule
Stage Cluster Frst
Cluster Combined Appears

Stage | Cluster1 | Cluster 2 | Coefficients | Cluster1 | Cluster 2 | Next Stage

1 6 15 .000 0 0 16
2 3 8 .000 0 0 4
3 17 21 .001 0 0 12
4 3 12 .007 2 0 11
5 16 18 .012 0 0 15
6 7 14 .012 0 0 22
7 5 11 .019 0 0 19
8 4 10 019 0 0 25
9 20 25 .028 0 0 14
10 24 27 .028 0 0 17
11 3 22 .051 4 0 16
12 17 26 .056 3 0 17
13 19 .062 0 0 18
14 1 20 .069 0 9 15
15 16 .195 14 5 21
16 6 .233 11 1 20
17 17 24 .234 12 10 21
18 2 9 .252 13 0 20
19 5 23 676 7 0 22
20 2 3 .910 18 16 23
21 1 17 .956 15 17 23
22 5 7 2.872 19 6 24
23 1 2 4.785 21 20 25
24 5 13 8.867 22 0 26
25 1 4 19.220 23 8 26
26 1 5 33.890 25 24 0




Cluster Membership

Case

3 Clusters

1:A1
2:A2
3:A3
4:A4
5:B1
6:B2
7:B3
8:B4
9:B5
10:B6
11:C1
12:C2
13:C3
14:C4
15:C5
16:C6
17:.C7
18:C8
19:D1
20:D2
21:D3
22:D4
23:D5
24:D6
25:D7
26:D8
27:D9

HHI—lHNMHHHMHHHWQ)HWNHHU}HU}NHHH
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APPENDIX C
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Important source code of Don Hoi Lord Model

RazerClamPopulation

breeding: t
"each female gives 36 offspring"

| newClams r |
r := self breedingProbability: t \\ 365.
newClams := self femaleNumber * self offSpringsNumber * r
* (1 - (self totalNumber / self patch carryingCapacity)).

newClams < 0O ifTrue: [newClams := 0].
self offsprings add: newClams.
self populationStructure at: 3

put: (self populationStructure at: 3) + self offsprings first.

self offsprings removeFirst

breedingProbability: t

t <=31 ifTrue: ["0.0324].
t<=61 ifTrue: ["0.0268].
t <= 92 ifTrue: [0.0302].
t <=122 ifTrue: ["0.01].
t <= 153 ifTrue: [*0.004].
t <= 183 ifTrue: [*0.031].
t <= 214 ifTrue: ["0.032].
t <= 244 ifTrue: ["0.0023].
t <= 275 ifTrue: [*0.014].
t <= 305 ifTrue: [0.016].
t <= 336 ifTrue: [*0.016].
t <= 365 ifTrue: [*0.018]



164

naturalMortality
"naturalMortallity it's mean Death rate in every size class in every step t"
populationStructure keysAndValuesDo: [:key :value | populationStructure at:
key put: (value- (value * self naturalDeathRate)) |

updatePopulationGrowth
"updatePopulationGrowth it's mean Pupulation structure will update every step

from previous step and add new number to population structure”

| newPopulationStructure |
newPopulationStructure := Dictionary new.
newPopulationStructure at: 7
put: (populationStructure at: 7) + (populationStructure at: 6).
4to: 6
do: [:1 | newPopulationStructure at: i put: (populationStructure at: i -
DI.
newPopulationStructure at: 3 put: 0.

self populationStructure: newPopulationStructure

nit

"Initiation of razor clam population by put 0 (zero) in every size class"

populationStructure := Dictionary new.

populationStructure at: 3 put: (Cormas randomFrom: 15 to: 20).
populationStructure at: 4 put: (Cormas randomFrom: 10 to: 15).
populationStructure at: 5 put: (Cormas randomFrom: 5 to: 10).
populationStructure at: 6 put: (Cormas randomFrom: 3 to: 5).
populationStructure at: 7 put:(Cormas randomFrom: 1 to: 5).
offsprings :=OrderedCollection new.

90 timesRepeat: [offsprings add: 0]
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povHarvestableNumber

"HavestableNumber it's mean Number of razor clam are collect from cell. If no
razor clam is collected color of this cell is white but if one or more razor clam are
collect color of this cell will become blue and more blue following collect number

(Maximun number is 30)."

~self
povAttribute: #harvestableNumber
min: 0
max: 30
color: ColorValue blue

"~ColorValue white"

Fisherman

stepOneGoodMove
"GoodMove is one walk method of fisherman, this method they try to walk to

a cell has a hight abundance of razor clam population "

self nCellsHarvested < self totalCellsToHarvest
ifTrue:

[nCellsHarvested ;= nCellsHarvested + 1.

self walkToMaxOf: #totalClams.
[self patch totalClams < 1] whileTrue:
[self ratndomWalk.
self patch color: #red].

self harvest]

stepOneGoodMoveConstrained
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"GoodMove is one walk method of fisherman, this method they try to walk to

a cell has a hight abundance of razor clam population "

self nCellsHarvested < self totalCellsToHarvest
ifTrue:
[
nCellsHarvested := nCellsHarvested + 1.
self walkToMaxOf: #totalClams constrainedBy: [:c| ¢
isAllowed |.
self patch accessAllowed = 0 if True: [self halt].

self harvest]

harvest
| rc harvestRate h |
"rc is the RCP located in the patch of the fisherman "
" fisherman can take from thirty to one hundred percent of the clams"
"loop on each size class of the rcp. If size > 3 then h is the harevested gty of clams
from this size class. Remove h from the rcp and add it to the box of the fisherman”
rc == (self patch occupantsAt: #RazorClamPopulation) first.
harvestRate := (Cormas randomFrom: 100 to: 100) / 100.
rc populationStructure keysAndV aluesDo:
[:key :value |
key >3
ifTrue:
[h := (value * harvestRate) rounded.
rc populationStructure at: key put: value - h.
self clams at: key put: ((self clams at: key) +
h)]].
"self patch defineVisualState; show"
total WeigthHarvested
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“tatal weight harvested calculate from all of clam in fisherman box by use a
size (length) of each razor clam and take its in following equasion : weight = 0.364*

lenght”2.8003 . Finally,combine every razor clams weight together”

| x|
x:=0.
self clams
keysAndValuesDo: [:key :value| x :=x + (value * (0.0364 * (key
raisedTo: 2.8003)))].

X

DonHoiLord Initial instanciation

stepGoodMoveOneByOne: t
"Step GoodMove represent growth of razor clam population every 30 days or

1 month and fisherman harvesting behavior in Good Move method"

| activeFishermen |
t\30=0
ifTrue:
[self theRazorClamPopulations do: [:a | a step: (t\\ 30 - 1) \\ 12
+1]].
self theRazorClamPopulations do: [:a | a stepBreeding: t].
activeFishermen := OrderedCollection new.
t>365
ifTrue:
[self theFishermans do:
[-al

arelease.
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Cormas random < 0.66 ifTrue: [activeFishermen
add: aj].
[activeFishermen contains: [:b | b nCellsHarvested < b
totalCellsToHarvest]]
whileTrue: [activeFishermen do: [:f | f
stepOneGoodMove. f patch color: #red]]]

stepGoodMoveOneByOneWithReserve: t
"Step GoodMove represent growth of razor clam population every 30 days or

1 month and fisherman harvesting behavior in Good Move method"

| activeFishermen
t\W30=0
ifTrue:
[self theRazorClamPopulations do: [:a | a step: (t\\ 30 - D\W\12
+1]].
self theRazorClamPopulations do: [:a | a stepBreeding: 1].
self moveZones: t.
activeFishermen := OrderedCollection new.
t>365
ifTrue:
[self theFishermans do:
[a]
arelease.
Cormas random < 0.66 ifTrue: [activeFishermen
add: a]].
[activeFishermen contains: [:b | b nCellsHarvested < b
totalCellsToHarvest]]
whileTrue: [activeFishermen do: [:f| f
stepOneGoodMoveConstrained]]]

stepNoFishermen: t
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"Step GoodMove represent growth of razor clam population every 30 days or
1 month and fisherman harvesting behavior in Good Move method"
t\30=0
ifTrue:
[self theRazorClamPopulations do: [:a| a step: (t\30-1)\\ 12
+1]].
self theRazorClamPopulations do: [:a | a stepBreeding: t].

createZones
self
zonel: (self theCells select:
[-a]
a numLine < (self spaceModel line /2)
and: [a numCol < (self spaceModel
column/2)]}).
self
zone2: (self theCells select:
[-a]
a numLine >= (self spaceModel line/2)
and: [a numCol < (self spaceModel
column/2)])).
self
zone3: (self theCells select:
[al
a numLine < (self spaceModel line/2 )
and: [a numCol >= (self spaceModel
column/2)]]).
self
zoned: (self theC’ells select:
[:a]

a numLine >= (self spaceModel line/2)
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and: [a numCol >= (self spaceModel
column/2)})

initAgents
"Initiation of model, First initiate razor clam poulation (rp) in each cell and

add new rp in each step second initiate located fisherman"

|mp|
super initAgents.
self theCells do:
[ic]
rp := RazorClamPopulation new.
Tp init.
rp moveTo: c.
self theRazorClamPopulations add: rp}.

self setRandomlyLocatedAgents: Fisherman n: self nFishermen

initAgentsReserve
“Initiation of model, First initiate razor clam poulation (rp) in each cell and

add new rp in each step second initiate located fisherman"

|p |
super initAgents.

self theCells do:
[ic]
rp = RazorClamPopulation new.
Ip init.
p moveTo: c.
self theRazorClamPopulations add: rp].

self setRandomlyLocatedAgents: Fisherman n: self nFishermen.
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nitCells

"Initiation of soil by set area proportion in each value of soil quality. It's
represent the quantity of razor clam production and razor clam population”

lc|

super initCells.

¢ := self spaceModel centralLocation.

(c recursiveNeighbourhood: (self spaceModel line * 4 / 5) rounded)

do: [:a| a grainSize: 2].
(c recursiveNeighbourhood: (self spaceModel line * 1.5/ 5) rounded)

do: [:a| a grainSize: 3]

mitSoilCells

"Initiation of soil by set area proportion in each value of soil quality. It's
represent the quantity of razor clam production and razor clam population"

lcl

super mnitCells.

:= self spaceModel centralLocation.
(c recursiveNeighbourhood: (self spaceModel line * 3/ 5) rounded)
do: [:a | a grainSize: 2].
(c recursiveNeighbourhood: (self spaceModel line * 1.5 / 5) rounded)

do: [:a| a grainSize: 3]

moveZones: t
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| possibleCells cell |
t\365=1
ifTrue:
[self zonel do:
[a]
a accessAllowed: 0.
a
defineVisualState;
show].

possibleCells := self theCells reject: {:a | self zonel includes: a.

self theFishermans
do:
[:f]
cell := Cormas selectRandomly From:
possibleCells.
f moveTo: cell]. self
zone4
do:
[-a]
a accessAllowed: 1.
a
defineVisualState;
showl]].
t\\ 365 =91
ifTrue:
[self zonel do:
[:a]

a accessAllowed: 1.

a
defineVisualState;
show].

possibleCells := self theCells reject: [:a | self zone2 includes: a].
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self theFishermans do:
B
cell := Cormas selectRandomlyFrom:
possibleCells.
f moveTo: cell].
self zone2 do:
[a]
a accessAllowed: 0.
a
defineVisualState;
showl]].
t\ 365 =182
ifTrue:
[self zone2 do:
[:a]
a accessAllowed: 1.
a
defineVisualState;
show].
possibleCells := self theCells reject: [ a | self zone3 includes: a].
self theFishermans do:
[:f]
cell := Cormas selectRandomlyFrom:
possibleCells.
f moveTo: cell].
self zone3 do:
[:a]
a accessAllowed: 0.
a
defineVisualState;
showl].

t\ 365 =273
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ifTrue:
[self zone3 do:
[-a]
a accessAllowed: 1.
a
defineVisualState;
show].
possibleCells := self theCells reject: [:a | self zone4 includes: a].
self theFishermans do:
[:£]
cell := Cormas selectRandomlyFrom:
possibleCells.
fmoveTo: cell].
self zone4 do:
[a]
a accessAllowed: 0.
a
defineVisualState;
showl]]
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APPENDIX D
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D1 Sensitivity analysis to select parameter
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Density of razor clam at K=50 M=0.04 OS=25
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Comparing density of razor clam at K = 30, M= 0.01, OS = 25, 35. 45
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Comparing density of razor clam at K = 30, M = 0.04, OS = 25, 35, 45
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Comparing density of razor clam at K = 40, M = 0.02, OS = 25, 35, 45
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Comparing density of razor clam at K=50, M=0.03, 0S=25, 35, 45
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Comparing density of razor clam at M=0.01, 0S=25, K=30, 40, 50
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Comparing density of razor clam at M=0.01, 0S=35, K=30, 40, 50
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comparing density of razor clam at M=0.02, 0S=25, K=30, 40, 50
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Comparing density of razor clam at M=0.03, 0S=25, K=30, 40, 50
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Comparing density of razor clam at M=0.03, OS=35, K=30, 40, 50
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Comparing density of razor clam at M=0.03, 08=45, K=30, 40, 50

Jie s ek )

\ﬁf\ﬂ R AVR AV AV

1

201 401 601 801 1001 1201 1401 1601 1801 2001 2201 2401 2601 2801 3001 3201 3401 3601

day

—K30 —K40 K50



Comparing density of razor clam at M=0.04, 0S=25, K=30, 40, 50
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Comparing density of razor clam at M=0.05, 0S=25, K=30, 40, 50
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Comparing density of razor clam at K=30 OS=25
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Comparing density of razor clam at K=30 OS=45
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Comparing density of razor clam at K=40 OS=25
M=0.01,0.02,0.03,0.04,0.05
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Comparing density of razor clam at K=50 OS=25
M=0.01,0.02,0.03,0.04,0.05
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D 2 Simulation run both of two scenarios

Comparing density clam at 5 Fishermen
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R D 5 = Density of razor clam in mobile reserve zoning scenario at 5 local fisherman

Nr D 5 = Density of razor clam in non-mobile zoning scenario at 5 local fisherman

Comparing density clam at 7 fishermen
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Comparing Density clam at 9 fishermen
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Comparing density clam at 11 fishermen
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R D 11 = Density of razor clam in mobile reserve zoning scenario at 11 local fisherman

Nr D 11 = Density of razor clam in non-mobile zoning scenario at 11 local fisherman

Comparing density of clam at 13 fishermen
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R D 13 = Density of razor clam in mobile reserve zoning scenario at 13 local fisherman

Nr D 13 = Density of razor clam in non-mobile zoning scenario at 13 local fisherman

Comparing density clam at 15 fishermen
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R D 15 = Density of razor clam in mobile reserve zoning scenario at 15 local fisherman

Nr D 15 = Density of razor clam in non-mobile zoning scenario at 15 local fisherman
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Comparing harvesting rate at 5 fishermen
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Comparing harvesting rate at 7 fishermen
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R H 7 = Harvesting rate of local fisherman in mobile at 7 fishermen

Nr H 7 = Harvesting rate of local fisherman in non-mobile at 7 fishermen

Comparing harvesting rate at 9 fishermen
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[ Comparing harvesting rate at 11 fishermen
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Comparing harvesting rate at 13 fishermen
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Comparing harvesting rate at 15 fisherman
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