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Abstract

Estuaries, particularly coastal mangrove forests, have been focal points of human
settlement and marine resource use throughout history, and they fulfill important
soc1o-economic and environmental functions. Mangroves are currently threatened by

various forms of exploitation and coastal development of which conversion to coastal

aquaculture 1s one of the most serious in Thailand.

This study 1s focused on the Mae Klong Estuary, one of the four main mangrove
estuaries 1n the Gulf of Thailand. The estuarine ecosystem of the Mae Klong is
described through a mass-balance model (Ecopath) that includes 21 functional
groups (state variables), representing 63 exploited fish and commercial invertebrate
species as well as the energy (feeding) fluxes among them which pit artisanal fishers,
using push net. The parameterization of the model is described in some detail, as are
the implications of the ecological and multispecies interactions. The results
emphasize the need of management and conservation between the two sectors of the
fisheries and forestry, whose present trajectories tend toward further degradation ot

the Mae Klong ecosystem.

The Mae Klong Estuary supports a rich fish fauna in terms of number of species,
abundance and biomass. A total of 63 fish species representing 25 families were
recorded, with Clupeidae by far the most speciose (9 species). Arius

macronotacanthus dominated the biomass of all fish and the biomass of all fish was

maximum during the rainy season.

Three season-specific Ecopath models were developed and used to compare the
biomass, production, consumption, biomass flows and higher order indices of
ecosystem functioning of the Mae Klong Estuary in dry, hot and rainy scasons.
Several higher order indices related to the ecosystem maturity indicators were
computed for the Mae Klong models and were compared with other coastal
ecosystems around the world. The results indicate that Mae Klong Estuary has a

mixture of characteristics of a mature system (high total system throughput,



ascendency and overhead) as well as an immature system (high PP/B and PP/R, low

Finn’s cycling index and mean path length), something which has been encountered

for several estuarine systems.

The effects of harvesting “experiments” on shrimp groups on the biomass of other
target fish species within the system using Ecosim revealed likely changes in some
groups (mullet and croaker) which would have been difficult to predict from simple

assumptions about species interactions and shows the power of multi-species models

for fisheries planning.
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CHAPTER 1

General introduction

1.1 Introduction

Estuaries, which include mangroves, mudflats, and the lower reaches and mouths of the
rivers, are dynamic systems in which environmental fluctuations and changing species
compositions are common (Wilson and Sheaves 2001; Vidthayanon and Premcharoen
2002). Estuaries have traditionally been the focus of human settlement and activity by
virtual of their highly productive fisheries and shell fisheries, trade routes and ports and
their vital link to the terrestrial hinterland (Valiela et al. 2001). Because of this they
experience large scale impacts of land claim, habitat destruction, over-exploitation,
pollution and eutrophication (Micheli 1999; Mclsaac et al. 2001). Despite these
disturbances, estuaries are very productive environments in general (Rybarczyk et al.
2003), and are used by fish and invertebrate species for reproduction, feeding, and
sheltering from predators (Barry et al. 1996; Layman and Silliman 2002; Francis et al.
2005). The food webs, and the pathways of energy flow within webs, are temporally
variable 1n estuaries due to changes in river flow, water temperature, water column
stratification, salinity gradients, large-scale seasonal changes in biota, for example due to
migration of birds and fish and ontogenetic changes in feeding strategies of many species.
Many processes and patterns are common to all estuaries, but some are determined by
local conditions, which therefore makes every estuary unique and special (Raffaelli
1992). In ecosystems dominated by this variation, the resilience of the food web may
depend largely on how energy flows through the system (Hunter and Price 1992), with
many estuarine food webs appearing to be highly resilient, as they remain generally intact

despite the challenges of an extremely dynamic and disturbed environment (Day et al.

1989).

There has been considerable research carried out on European and North American

estuaries. but some of the larger tropical estuaries are less well understood (Kennish

2002). Tropical estuaries differ markedly from temperate estuaries in the presence of

dense and complex forests (mangroves) that characterise the shore-line, forming forests
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of salt-tolerant species, with complex food web and ecosystem dynamics (Valiela et al.

2001). Mangroves provide an environmental function (Tablel.1), a number of ecosystem

Table 1.1 Environmental function of mangroves (Macintosh and Ashton 2002)

Regulation functions

Production functions

Carrier functions
(providing space and a
suitable substrate)

Information functions

Protection against harmful cosmic influences
Local and global energy balance

Chemical composition of the atmosphere
Chemical composition of the oceans

Local and global climate

Run-off flood prevention

Water catchment and groundwater recharge
Prevention of soil erosion, sediment control
Topsoil formation, maintenance of fertility
Solar energy fixation, biomass production
Storage /recycling of nutrients

Storage /recycling of water |
Biological control mechanisms
Migration and nursery habitats |
Biological (and genetic) diversit
Oxygen |
Water (drinking, irrigation)

Food

Genetic resources

Raw materials for construction fuel and energy
Biochemical fodder and tertilizer
Ornamental resource

Human habitation (indigenous settlements)
Cultivation (fish, carps, cattle)
Recreation and tourism
Nature protection
Aesthetic information
Spiritual and religious information
Historic information (heritage value)
Cultural and artistic inspiration
Scientific and educational information

goods and services, including supporting, regulating, provisioning and cultural services

(Aksornkoae et al. 1985; Twiley 1997; Barnes et al. 1998: Macintosh and Ashton 2002).

Many of these have changed 1n status over the past years (Ong 1995; Macintosh et al.

2002), due to trade-offs in land use which may be economically beneficial in the short

term,

but reduce the value of other services, such as protection from floods and storms,
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iIncluding Asia tsunamis in eleven countries around the Indian Ocean (Dahdouh-Guebas
et al. 2005; Stobutzki and Hall 2005), cyclone Orissa in India in 1999 and cyclone Sidr in

Bangledesh in 2007 (Porteus 2008), including cyclone Nargis in Burma in 2008
(Thomalla et al. 2008).

This thesis focuses on one such tropical estuarine system, the inner Gulf of Thailand, a
major mangrove estuarine area in Southeast Asia, which i1s one of the most productive
arcas compared to others within the wider Gulf (Menasveta 1976). However a little
information available on the food webs and trophic organization of the ecosystem (Chong
et al. 1990; Poovachiranon and Satapoomin 1994; Sasekumar et al.1994; Hajisamae et al.
1999). This area is covered with mangrove forests and the shoreline 1s muddy alluvium.
The effluents from the four main rivers, Tha Chin, Mae Klong, Chao Phraya and Bang
Pakong, transport a large amount of silt annually to create deltas. Although this region
covers a vast area of mudflats, the mangrove forest has declined due to human impacts.
There are many reasons for the destruction of mangrove forests, including increasing
population pressure, coastal development, mining, conversion to salt pounds and
agriculture overharvesting of the forests for timber and fuel, but the largest factor in
recent years has been the widespread expansion of aquaculture ponds into mangrove
forests (Aksornkoae 1985). Several fishing and rural communities depend on the fish and
shellfish in mangroves as a source of income and food security; when mangrove forests
are destroyed, a significant decrease in local fish catches may result. Thailand has major
offshore fisheries, which represent a significant portion of national income and depends
partly on mangroves (FAO 2007). Thailand lost more than half of its mangrove forest
area between 1961 (372,000 ha) and 1993 (168,000 ha) (Thailand Environment 2000), so
that only 0.45% of mangrove forests remains in the inner part of the Gulf (Sudara et al.

1994). The conversion of mangroves to shrimp farming has been particularly evident 1n

Thailand over the past 25 years (Huitric et al. 2002; Barbier 2003).

Exploring the trophodynamics of mangrove ecosystems provides insights into their

resilience or “ecosystem health” as well as into fish assemblages which remain an
important provisioning service for mangrove ecosystems (Vega-Cendejas and Arreguin-

Sachez 2001, Vega-Cendejas 2003). Several studies of mangroves associated with fish
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and fisheries in Thailand have clearly demonstrated that mangroves maintain estuarine
water quality and play crucial roles in the life cycle of many species of fish (Vathanachai,
1979; Monkolprasit, 1994; Boonruang and Satapoomin, 1997; Janekitkarn et al. 1999;
Vidthayanon and Premcharoen 2001, 2002; Ikejima et al. 2003). Mangrove areas are
utilized and exploited in many ways that result in several resources and environmental
problems, such as fertility decline, salt intrusion, reduced forest products and
environmental degradation, many of which influence, either directly or indirectly, tish
and fisheries of estuarine and diadromous species (Snidvongs 1982). At the same time,
fishing activities have been proposed as the most superficial human disturbance to the

Gulf of Thailand ecosystem (Vibunpant et al. 2003).

Mangrove forests are important for marine coastal food webs because they provide food
(via detritus) to both estuarine and ocean consumers, serve as habitat for early life history
stages, juveniles and adults of estuarine and many marine species, and they play an
important role in the regulation of estuarine biogeochemical cycles (Vega-Cendejas and
Arreguin-Sanchez 2001). To understand mangrove food webs better, a study ot
multispecies interactions is needed which includes trophic fluxes and efficiencies of
energy assimilation as well as energy transfer and dissipation (Vega-Cendejas 2003).
These are reflected by the diversity, abundance, distribution and persistence of the
biological components which are ultimately regulated by primary productivity (Oksanen
et al. 1981: Oksanen 1983), environmental variability (Pimm and Kitching 1987) and a
combination of both (Persson et al. 1992). Due to their temporal and biological
complexity, it is difficult to understand the structure of food web and trophic interactions

by direct observation (Schoenly and Cohen 1991; Niquil et al.1999) and ecosystem-level

experiments are difficult to replicate (Carpenter 1990), so have a modelling approach 1s

adopted.

Ecosystem modelling is an alternative to experimental approaches that can be used to
predict ecosystem responses to perturbations and to identify higher-level properties of the
ecosystem that are not readily estimated empirically (Straile 2002). Ecosystem models

which are well-parameterised with field data allow realistic baseline conditions to be

constructed so that future model predictions can be compared. This approach helps
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resource managers and scientists in determining the etfects of anthropogenic impacts on
ecosystems. Using model simulations to characterize the structure and function of an
ccosystem, as well as identifying vulnerable and critical species, allows monitoring goals
to be formulated and management becomes more efficient. Ecosystem models can also be
used to explore the economic benefits of estuaries, which is often needed to evaluate
benefits versus costs of various management alternatives. The importance of models for

ecological forecasting in the development of regulatory policy is well recognized (Clark
et al. 2001).

Many different types of modelling approaches are available, and here I will focus on food
web and ecosystem models that allow the modelling of perturbations over several
different time scales. Ecopath with Ecosim software (EwE) (Pauly et al. 2000;
Christensen and Walters 2004), is a mass-balance modelling approach that has been
widely used to quantitatively describe aquatic systems and to assess the impacts that
fishing activities and environmental factors have on marine ecosystems (Christensen and
Pauly 1993; Pauly et al. 2000; Christensen and Walters 2004). Ecopath is a steady-state
model that estimates energy or biomass flows among food web functional groups.
Ecosim, which uses Ecopath files, can be used to explore the consequences of changes in
some functional groupings (Walters et al. 1997). Ecopath also allows for identification of
the key components of the ecosystem, as well as estimation of higher-order indices such
as capacity, throughput, and ascendancy, thought to relate ecosystem resilience (see
chapter 4). The Ecopath model was originally derived from an approach first developed
by Polovina (1984) to estimate biomass and food consumption of the different elements
of an ecosystem. It has subsequently been combined with various approaches from
theoretical ecology (Ulannowicz 1980, 1986) for analysis of flows between ecosystem
components (Christensen and Pauly 1992a, b). Ecopath models have been applied to
many different systems throughout the world (Christensen and Pauly 1993; Christensen
1995); including mangroves in South America (Wolff et al. 2000; Vega-Cendejas and
Arreguin-Sachez 2001; Rivera-Arriaga 2003; Vega-Cendejas 2003; Vidal and Basurto
2003: Velasco and Castello 2005; Avila Foucat 2006), West Africa (Longonje 2008) and
Northwest Africa (Amorim et al. 2004), South Asia (Mustafa 2003; Mohamed et al.

2005) and Sotheast Asia (Bundy and Pauly 2001; Garces et al. 2003; Nurhakim 2003).
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There have been a few studies in the wider Gulf of Thailand using Ecopath and Ecopath
with Ecosim during the 1990s (see Chapter 4 for detail). However, there have been no

models describing energy fluxes in a mangrove ecosystem 1n the inner Gulf of Thailand,

to date.

1.2 Aim and research questions

The aim of the present study was to investigate fish assemblages in the area in order to

construct mass balance models (Ecopath) for evaluating the ecosystem health of the Mae

Klong and for exploring fisheries scenarios. This aim was to answer the following

specific questions:

- Are there seasonal and spatial differences in fish assemblages in the area?

- How does the mangrove estuary ecosystem function in terms of trophic interactions
and the amount of energy transferred?

- How does the structure and function of the food web vary among the seasons?

- Can the mass balance model approach be used to understand the ecosystem effects of
the decline in biomass of fisheries resources in the area?

- Does the mass balance model approach has the potential for evaluating ecosystem

health of mangrove estuary?

To achieve these aims of study, it was decided to construct the Mae Klong Mangrove
Estuary trophic model for the inner Gulf of Thailand in order to quantify its structure and
function, to determine its flow of energy and the role of the fish community in
transferring energy from the mangrove areas to adjacent ecosystems, to describe the
ecosystem impact of fishing and mangrove deforestation, and to analyse how the
structure and function of the food web varies among the seasons during the period of
study. The results of this study will help in evaluating the effectiveness of mass balance
models in describing ecosystems in general and specifically assist mangrove estuary
management in Thailand, including strengthening our understanding of both forestry and
fisheries. Moreover, the outputs of such models could also be used as tools for diagnosing

ecosystem health. Based on the results of the diagnoses, effective policy decisions

regarding management of ecosystems will become possible.
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1.3 Outline of chapters in thesis

The thesis 1s structured as follows: In Chapter 2, I present a broad description of the study
area, the Mae Klong Estuary and the Inner Gulf of Thailand, including hydrological,
physical and biological characteristics. I also review the coastal fisheries situation and
fishery resources in Thailand and describe the status of mangroves in Thailand. In
Chapter 3, I investigate the fish assemblages in this system in order to establish the
ecological groups within the area. Biomasses and diets from stomach contents of fish are
also examined and the information derived in this chapter 1s used in Chapter 4. In Chapter
4, 1 construct a mass-balance model using Ecopath with Ecosim version 5 and 6 (EwE ,
www.ecopath.org) based primarily on the ecological groups results come Chapter 3,
biomass and stomach content analysis of fish from the present study, as well as using data
from the surveys conducted in the Gulf of Thailand during 1973 and 1993 (Viboonpun et
al. 2003) together with FishBase (www.fishbase.org) and the literature reports for species
eroups in the similar area (see Table 4.3). Three season-specifically, steady-state
Ecopath models are constructed and compared for production, consumption and biomass
flows. I also calculate higher-order indices of ecosystem functioning of the Mae Klong
Estuary in each of the seasons to evaluate ecosystem health. In Chapter 5, 1 apply the
Ecosim model to explore how do the shrimp and sergestid shrimps harvests affect key
commercial fish species in the Mae Klong Estaury and what is the likely mechanism of
this effect. In the final chapter (6), I present a synthesis of the main findings, and
critically comment on the various ways in which the results can be interpreted, as well as

making an assessment of the potential and limitations of the mass-balance approach for

ecosystem management.
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CHAPTER 2
Mangroves and fisheries in Thailand and the Mae Klong Estuary

2.1 The ecosystems of mangrove estuaries in Thailand

2.1.1 Habitat characteristics

T'he word mangrove is a functional classification not a taxonomic one. Mangroves
have been defined as woody plants with a canopy cover of greater than 50%,
covering an area of approximately 190,000 to 240,000 km” of sheltered coastlines in
in the tropics and subtropics between latitudes 25°N and 28°S in 117 countries,
occupying about one-quarter of the world’s coastal line (Lugo et al. 1990; Upadhyay
et al. 2002). Mangroves usually grow in the upper part of the intertidal zone between
mean sea level and mean high water spring tide (Chapman and Underwood 1995),
and they comprise ~ 70 species in ~ 27 genera from 20 quite different angiosperm
families worldwide (Tomlinson 1986; Duke 1995). Mangrove forests can be divided
into two groups: Old World and New World (Mitsch and Grosselink 2000). The
greatest number of mangrove species (~60 species) are in the Old World,
concentrated in Asian countries such as Indonesia, Malaysia, Vietnam, and Thailand
and in the Indo-West Pacific region, which includes Australia and East Africa. Only
a small number of mangrove species (~10 species) are found in the New World,
which includes the north and south coasts of America and the west coast of Atrica
(Taal 1994: Raffaelli and Hawkins 1996). Only two families, Pellicieraceac and
Avicenniaceae, are comprised exclusively of mangroves. In the family
Rhizophoraceae, for example, only four of its sixteen genera live in mangrove
ecosystems (Duke 1992). Avicennia, Rhizophora and Bruguiera are the most
widespread genera, and these have extensive modifications of their root systems
(Raffaelli and Hawkins 1996). In Thailand, mangrove forests have been named “Pa
Kongkang” after the major species (Rhizophora spp.), and the local name 1s “Pa Chai
Len” (Tomlinson 1986). They occur on the muddy tidal flats at seashores, around
lagoons, and river mouths along the coast of southern and eastern Thailand, covering

large areas along the western and the eastern Peninsular coast, in the Chao Phraya
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delta and along the south-eastern coast (Figure 2.1) (Aksornkoae et al.1985; Giessen

et al. 2007).
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Thailand, a tropical country lying in the center of mainland Southeast Asla, has
marine fisheries operated in two major fisheries area of 23 coastal provinces: the
Gulf of Thailand (17 provinces) with a coastline of approximately 2,700 km (1,143
miles) and the Andaman Sea (6 provinces) 865 km (337 miles), giving a total
shoreline area of 18,235 km® (OEPP 1998). The existing mangrove forest in Thailand
can be found mainly on the coast of the Andaman Sea and the Gulf of Thailand.
Approximately 50% of the total coastline is covered by mangrove forests, and the
total extent of Thai mangroves in 1996 was estimated at 167,582 ha (Charuppat and
Charuppat 1997). The distribution of mangrove forests in Thailand (Figure 2.1),
based on data from Vibulsresth et al. (1975), is as follows: about 80% of the
mangrove forests 1s situated on the western or Andaman coastline, while the
remaining 20% 1s located in the eastern, central and southeastern areas of the Gulf of
Thailand. The mangrove forest in Phang Nga Province (Ao Phang Nga National
Park) covers an area of 4,000 ha and represents the largest tract of remaining original
primary mangrove forests of Thailand, and that in Prachuap Khirikhan 1s the smallest
(Giri et al. 2008). The best mangrove forest with large trees and a high tree density
can be found along the coastline of the Andaman Sea while the mangrove forest
along the coastline of the Gulf of Thailand exists only as a narrow strip, with
Rhizophora species are the most abundant and have the widest geographical
distribution (Aksornkoae 1985; Aksornkoae 2004). Among the plants of the
mangrove forests in Thailand, Excoecaria aqallocha (L.) of the family
Euphorbiaceae is considered one of the most economically important trees. The

wood of this species is soft and foresters recently requested the Department of

Forestry to protect this species (FAO 1930).

Mangrove forests in Thailand typically exhibit strong patterns of zonation (Figure
2.2), depending largely on availability and distribution of seeds/seedings, tolerance
of species for inundation, differences in the rooting as well as soil salinity
(Aksornkoae et al 1985; Amarasinghe et al. 2009), but generally the forest 1s two-
storeyed, water-front zone and mixed species zone, with an upper layer to 20 m high
(FAO 1980). FAO (1980) and Giesen et al. (2007) give a good description which 1is

repeated have verbatim “The pioneer mangrove trec growing in the upper storey 1s

Rhizophora apiculata and mixed to a lesser extent with species such as Rhizophora
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mucronata (both are locally named kongkang), ngon kai (Heritiera littoralis) and
Xylocarpus moluccensis. Common species of the lower layer are thua khao
(Bruguiera cylindrica), thua dam (Brugaria parviflora), prasak nu (Bruguiera
sexangula) and prong (Ceriops decandra and Ceriops tagal). Prasak (Bruguiera

gymnorrhiza) is a common emergent up to 40 m in height and 2 m in girth.

Other species are ta bun khao (Xylocarpus obovata), ta bun dam (Xylocarpus
moluccensis syn Carapa moluccensis ), samae (Avicennia officinalis and Avicennia
marina), lam phu (Sonneratia caseolaris), lam phaen (Sonneratia griffithii), fat
(Lumnitzera sp.), tatum (Excoecaria agallocha), tin pet (Cerbera spp.), ngon kai and

lumpho thale (Intsia retusa).

Avicennia
Bruguiera

Ceriops Melaleuca
Lumnitzera Acrostichum

‘ Rhizophora I

Figure 2.2 Thai mangrove zonation with distance (m) from forest margin to land

(modified from Aksornkoae 1980, 1993).

Further inland, on even drier and more elevated sites that are still less subject to tidal
flooding where mud has accumulated, drier soils are overgrown with ferns
(Acrostichum aureum) and herbs and give way to evergreen forest. On the edge ot
crecks, the chak palm Nypa fruiticans is common. A major part of the mangrove 1S
under management for charcoal production for which the species most used are
Rhizophora apiculata, Rhizophora mucronata, Avicennia marina and Xylocarpus

spp. Beach forests develop on sandy beaches along the coast. The main species of

26




this narrow forest belt are son thale (Casuarina equisetifolia), krathing (Calophyllum
inophyllum), Ka fak ma muang (Dendrophthoe pentandra) yi thale (Pongamia

pinnata), hu kwang (Terminalia catappa) and pho thale (Hibiscus tiliaceus,

Thespesia populnea)”.

2.1.2 Energy flow within the mangrove system

The mangrove ecosystem can be described as an open system in terms of energy and
nutrient flows (Butler et al. 1975), and is a key component in the global cycle of
carbon dioxide, nitrogen and sulfur (Miles et al. 1998). It receives matter and energy
from freshwater, from terrestrial habitats and also from the sea as a result of frequent
tidal inundation. Odum (1969) has described the energy pathway in this system in
terms of the out-welling hypothesis, where detritus and other organic material is
exported to other ecosystems. Moreover, Odum claimed that mangrove and salt
marsh habitats are fertile systems which export nutrients to support the productivity
of coastal areas. The gross productivity of mangrove detritus is largely due to mangal
leaf litter (average 10 ton/ha per year, in spite of relative low standing biomass,
average 150 ton/ha) (Adeel and Pomeroy 2002), additional benthic cyanobacteria,

diatoms and micro algae that live on the mangrove roots (Alongi 1998).

Several factors contribute to the potential of mangroves to act as exporters of organic
matter, including tidal range, pore water concentration, the amount of rainfall,
volume of water exchange, the ratio of areal extent of mangroves to that of the
watershed, and the type of mangrove system (Tanaka and Choo 2000; Dittmar and
I.ara 2001). The extraordinary high rates of mangrove productivity, often exceeding
2 ton/ha per year, support both terrestrial and marine (both pelagic and benthic) food
webs and contribute significant carbon to some offshore fisheries (Ellison 2008).
Globally, carbon exported from mangrove is estimated at approximately 350-500 g
c¢/m°/year (Upadhyay 2002), and comparable figures from the Gult of Thailand are
>300 g c/m°/year (Piyakarnchana 1989). The energy and nutrient pathway models
developed so far are more meaningful for tropical mangrove systems where they

receive substantial freshwater run-off (Odum 1971; Lugo and Snedaker 1974; Wolt
et al. 2000).
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2.2 Biodiversity of mangrove forests in Thailand

The mangrove vegetation in Thailand has a rich, well-developed associated flora: 87

true and associated mangrove plant species belonging to 55 genera and 41 families
have been recorded (National Research Council of Thailand 2002). The mangrove
tree and shrub species are differentiated ecologically into two categories; true
mangrove species and mangrove associates. The best developed mangrove forests,
classified as the old growth stands, remain only on the Andaman coastlines in the
provinces of Ranong, Phang-nga and Trang. The mangroves along the coasts of the
Gulf of Thailand are mainly classified as young growth stands due to the heavy
selective cutting by humans. Other types of flora, such as epiphytic flowering plants,
algae and seagrasses, are also diverse (FAO 1980; Aksornkoae 1985). Sahavacharin
and Boonkerd (1976) reported 18 species of epiphytic flowering plants belonging to
13 genera and three families (Asclepiadacae, Loranthaceae and Orchidaceae).
Mangrove species in Samut Songkhram was studied by Sudara et al. (1994), 29
species within 21 genera were recorded with Avicenia alba was the dominant
species. The algal flora recorded by Lewmanomont (1976) totalled 47 species within
the mangrove forest in Thailand. The study of seagrass beds in Thailand 1s at its
fledging stage, but the ecological role of seagrass beds as nurseries and shelters for
commercially important vertebrates and invertebrates has long been recognized. This

ecosystem is closely connected with the mangrove ecosystem.

The fauna of the mangrove forests is rich in terms of species composition and
abundance due to the diversity of food resources and microhabitats. Mangroves
serve as a breeding ground and nursery habitat for marine life, which is an essential
ecological support function for many coastal and offshore fisheries, but also for birds
and mammals. The mangrove fauna is represented by most phyla ranging from
protozoa, nematodes, nemertines, polychaetes, gastropods, bivalves, crustaceans,

fish, reptiles, birds and mammals (Paphavasit 1995).
Frith et al. (1976) were the first group who reported on the zonation of macrofauna

(epifauna, infauna and mangrove tree fauna) on a mangrove shore in Phuket

Province. They recorded 139 species: 59 crutaceans, 42 mollusks, 22 polychaetes, 6
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fish, 4 coalenterates, 1 nemertine, 2 sipunculids, 2 echinoderms, 1 platyhelminth, and
1 brachyopod. They concluded that ecological factors, notably the substratum and the
exposure period at low tide, were the most important factors limiting the distribution
of these animals. The macrofauna including epifauna and infauna were also studied

in Don Hoi Lord, Samut Songkhram Province by Sriburi and Gajaseni (1996, cited in
Worrapimphong 2005), 39 species belonging to 7 phyla of invertebrate and

vertebrate were recorded.

To-on (1999) studied species composition, abundance and biomass of benthic
macrofauna in the mangrove forest, Tha Chin Estuary. A total of 68 species were
reported with crustaceans, gastropods, bivalves and polychaetes were the major
benthic groups. Zooplankton in mangrove forest at Baan Klong Kone, Samut
Songkhram Province was reported by Sikhantakasamit (2001). He reported 31
groups (11 phyla) of zooplankton with copepod dominated zooplankton populations
that contributed about 40% of the total zooplankton density. Boondao (2006) studied
the relationship between species composition and abundance of phytoplankton with
zooplankton. A total of 342 plankton species (259 species of phytoplankton and 83
species of zooplankton) was recorded, with Babillariophyceae and protozoa the

dominant groups of phytoplankton and zooplankton, respectively.

Studies on crabs in the mangrove forests in Thailand have been carried out by
Naiyanetr (1979), who reported on the distribution of 11 species of Uca, with 8

species found in Phuket Province alone.

Insect diversity in the mangrove is also high. A survey of insects in a mangrove
forest at Bangpoo was carried out by Vaivanijkul (1976), who recorded 38 species
including adult moths, caterpillars, pyralids, beetles, mosquitos, biting midges and
aphids. The roles of forest insects as links in the energy flow of forests and as pests
in relation to mangrove management have also been investigated (UNDP/UNESCO
1991). A total of 29 species of insects found in the Ranong mangrove forest was
recorded. The dipteran fauna in a mangrove forest at the mouth of Bang Pakong

River in Thailand was reported by Prayoonrat (2004), with 33 species representing
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32 families and 32 genera. The diversity of these insects was greatest for mosquitoes
and punkies with 14 and 11 species, respectively. It should be noted that emphasis
has been on the taxonomy of certain groups of mangrove-associated fauna and the
population biology of those groups is far from understood completely. There are
many undescribed species of benthos, both the macrobenthos and the meiofauna,
plankton (where most of the identification uses been carried out to genus level) and

fish. Thus, the biodiversity of the mangrove forests of Thailand 1s probably much

higher than record.

Mangrove forests have long been recognized as nursery grounds for many marine
fishes and crustaceans (Monkolprasit 1983; Well 1983; Bell et al. 1984; Aksornkoae
1993: Raffaelli and Hawkins 1996; Nagelkerken et al. 2000). Macintosh et al. (2002)
studied mangrove rehabilitation and intertidal biodiversity in Ranong Province, the
Andaman sea coast of southern Thailand, 30 crustacean species and 33 molluscan
species were recorded. They also stated that snails of the families Ellobiidae and
Neritidae were dominant at the mature forest. Community structure of prawns in the
Tha Chin Mangrove Estuary was studied by Nilvanich (1999), 18 species from 9
genera and 5 families were recorded. She also stated that two planktonic shrimps,
Acetes indicus and A. vulgaris were dominant in the night catches. Several studies of
mangrove and fish communities in Thailand (Table 2.1) provide evidence that Thai

mangrove forests are used by fish as nursery erounds, as permanent habitats or as

breeding grounds in the case of some coastal species.

Two snake species, Cerberus rhynchops (dog-faced water snake) and Acrochordus
granulatus (file snake) were recorded from Samut Songkhram mangrove by Sudara
et al. (1994), with other amphibians and reptiles were also reported such as common

water monitor (Varanus salvator), crab-eating frog (Rana crancrivora) and Asian

giant softshell (Pelochelys bibroni).
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Birds and mammals utilize mangrove forests as feeding grounds, breeding areas,
resting places and roosting areas, 88 species of birds, both migratory and resident,
Including several species of egrets, herons, kites, plovers and hawks were recorded
Nabhitabhata (1982). Waterfowl in the Gulf of Thailand has been described by
Round (2001), where 201 species were recorded, including 16 species which are
globally threatened or near threatened. Sittilert (1985) reported a total 106 species of
mangrove birds and 24 species of mangrove mammals. Two groups of mammals are
true mangrove species and species found at the forest margin. The former are species
found in large numbers well adapted to mangrove life, such as rats, squirrels and
bats. The latter are those species that may invade the forests in their search for food
and include bandicoot rats, spotted cats, civets, wild boar, crab-eating macaques and
otters. 35 species of mammals have been reported by Lekagul and McNeely (1977),
with macaques, otters and fishing cats very common. Nabhibhata et al. (2004)
reported that there are six amphibian species known to occur to the mangroves, but
only two are true residents, and 32 reptile species are known to inhabit mangroves. A
survey of vertebrates (except fishes) was carried out by Sittilert et al. (1976) 1n
Ranong, Chantaburi and Samut Prakan. A total of 7 species of mammals, 42 species
of birds, 2 species of reptiles and one of amphibians were recorded. Kongsangchai
and Prayoonsitti (1990) have complied a checklist of mangrove vertebrates in
Thailand. They found a total of 278 species (excluding fish) from 177 genera and 68
families. These included 36 species of mammals, 204 species of birds, 32 species of
reptiles and 6 amphibians. Ten species in / families of mammals were recorded from
mangrove in Samut Songkhram Province (Sudara et al. 1994). Two species were

frequently found, the crab-eating macaque (Macaca fascicularis) and the roof-rat

(Rattus rattus).
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2.3 Destruction of mangroves in Thailand

Mangroves of southeast Asia are spread over an area of 60,000 km? and account for
more than 35% of the area of global mangrove vegetation. It is believed that the area
under mangrove, on a global scale, is shrinking by 1,000 km? annually, and from 5,500
km?® to 2,470 km?® for Thailand during the period 1961-1986 (Tabuchi 2003). The
Andaman coast experienced much less development pressure the Gulf of Thailand.,
approximately 80-90% of mangrove forests along the Gulf have disappeared in the last
30 years (Giri et al. 2008). According to Kongsangchai (1994), about 50% of the
mangrove area in Thailand was converted to other land uses before 1991. Of the total
area of Thai’s mangrove forest that disappeared between 1961 and 1996, 33% was
converted 1nto shrimp ponds, 4 % to resettlement areas and 63% were used for other

purposes, including agriculture, urbanization, ports and harbours (Charuppat and

Charuppat 1997).

In Thailand, most of the mangrove forests are under the management of the Royal
Forest Department. In recent years, the total area of mangrove in Peninsular Thailand
has declined considerably, from over 367,900 ha in 1961 to 167,582 ha in 1996 (Table
2.2) (Charuppat 1998). The cause of mangrove destruction in Thailand is currently
over-exploitation by traditional users and destruction resulting from activities related
to the unsustainable uses of mangroves (Figure 2.3). Most of the mangrove forests

around major areas of human population settlements have been lost or degraded.

2.3.1 Fluctuation in freshwater and seawater

These changes are due to the irrigation, land clearing and road construction. Land use
change causes low freshwater inputs during the dry season and high input during the
rainy season. Furthermore, road construction through mangrove areas obstructs tidal

flow and causes changes in the forest flora and fauna. Salinity fluctuations over a

wider range can cause stress to the mangrove ecosystem 1n enclosed bays.
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2.3.2 Mangrove deforestation
2.3.2.1 Wood and charcoal production

2.3.2.1.1 Local uses

Mangrove forests are used directly by local inhabitants for charcoal making (90%) and
the rest for fuel wood and poles (Aksornkoae et al. 1985; Choudhury 1997). Large-
scale forest exploitation occurs in the form of the cutting of timber and wood for
general use. Such exploitation may result in a gradual decrease in mangrove area due
to unsuccessful natural regeneration. In Thailand, sustainable charcoal production,

using wood from mangroves, generates an annual income of approximately US$22.4

million (Dixon and Sherman 1991).

Promotion of regeneration after a harvest of biomass for charcoal making has been a
common strategy for re-establishing the mangrove forest in Thailand. The
concessionaries of charcoal kilns have to establish plantations if natural regeneration
after harvesting 1s too poor to satisfy the requirements of sustainable management. The
private sector, non-government organizations and government organizations have all
made significant efforts towards rehabilitation of the forest, though with minor
differences in their approaches. Charcoal kiln owners have created extensive
plantations in E-Sarn district, Samut Songkhram Province near Bangkok, seemingly
from the need to increase the scale of charcoal production but with benefits for
biodiversity and ecosystem services. The goal of rehabilitation varies from simply ‘re-
ereening’, serving only environmental goals, to a mix of plantation and fish/shrimp

farming serving both environmental and economic development goals (Tabuchi 2003).

2.3.2.1.2 Mangrove concession

In Thailand, the timber exploitation of mangrove forests had never been worked out
for commercial purpose at the very beginning of mangrove forest management. Short-
term leases had been issued for domestic consumption and the Royal forest
Department did not have any control on this activities. The mangrove forests were then

heavily exploited both legal and illicit practice (Havanond 1997). Before 1961, The
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Royal Forest Department permitted logging in mangrove forests. A concession system
allowed logging each year. In 1961-1969, a shelter wood system with minimum girth

size was practiced. The rotation and felling cycle was set at 10 years with annual

coupes. Each year one coupe was granted for extraction under a short-term (one year)
permit. However, in 1968 the concession system was changed to long-term
concessions for 15 years. In the first period (1968-1983) concessions were issued for
310 telling series with an area of 176,948 ha along the coast of Thailand, of which
154,791 ha were in Peninsular Thailand. The total production in the first period of the

concessions in Peninsular Thailand was 10,068,559 m’

. The second period of
concession was between 1986 and 2001, amounting to an area of about 142,250 ha,
8% less than the first period. This system was practiced until 1991, when it
temporarilly ceased due to the degradation of mangrove resources throughout the
country. The conflict between destructive development and conservation pressurised
the government to develop a number of mitigation policies including the cancellation
of mangrove forest concessions throughout the country. In 1998, the cabinet

announced that the concessionaires could further their charcoal production in their

concession areas until their concessions expire (Plathong and Plathong 2004).

2.3.2.2 Tin mining

Hydraulic tin mining in the mangrove area has been carried out mostly in Ranong,
Phangnga, and Phuket provinces. There are 24 mining areas, approximately 926 ha in
1979 in 23 mining concessions (Aksornkoae et al. 1985; Plathong and Plathong 2004).
Although mining accounts for only a small proportion of mangrove destruction, 1ts

impact on the mangrove ecosystem can be considerable. Mining requires clear-cutting

of mangrove forests followed by dredging operations which disturb the mangrove soil,
introducing silt into the water which is then transported to neighbouring environments.
Mining sediments directly affect species composition, population and forest structure
(Snidvongs 1982). The dominant impact of mining activities is the deposition of
sediment. Excessive sedimentation is detrimental to mangroves through blocking
exchange of water, nutrients and gases within the substrate and between the substrate
and the overlying water. Partial cessation of this exchange causes stress, manifested by

reduced productivity and reduced survival. Mining activities are also frequently
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associated with increased turbidity and increased siltation caused by dredging and

overburden disposal (Chansang 1988). Furthermore, mangrove detritus-based food
webs are disrupted and overall there may be a reduction in fishery yield. The
reforestation in abandoned mining areas is costly: it takes a very long time for the
plants to grow and for the ecosystem to recover. At present, the government has

policies to stop mining concessions in mangrove areas (Plathong and Plathong 2004).

2.3.2.3 Aquaculture

Fish and shellfish farming is increasing around the world. Catches of finfish and
shellfish are declining, but aquaculture production of fish and shellfish is increasing. In
Thailand, the global demand for shrimp products coincides with national economic
policies to promote coastal regions as sites for export processing. The Thai
government subsidized export processing zones along the coast during the 1980s
through the development of transportation, financial and institution infrastructures,
which are directly related to the growth in shrimp farms and declines in mangrove
forests (Curran and Cruz 2002). Since 1991, Thailand has become one of the world’s
largest producers of cultured shrimp, and this has come at a cost of reduced mangrove
forest area. Between 1961 and 1996, Thailand lost around 20, 500 km® of mangrove
forests, or about 56% of the original area, mainly of shrimp aquaculture and other
coastal developments (Charuppat and Charuppat 1997). Estimates of the amount of
mangrove conversion caused by shrimp farming vary, but recent studies suggest that
up to 65% of Thailand’s mangroves have been lost to shrimp farm conversion since

1975 (Charuppat and Charuppat 1997; Barbier 2003) and causing a loss of 65,000 ha
of mangroves in Thailand (Upadhyay et al. 2002).

After 1985, large-scale intensive shrimp farming began to accelerate in Thailand with
the adoption of an aquaculture promotion policy and the first area to be intensively
developed was the inner Gulf of Thailand (Hossain and Lin 2001), due to its proximity
to Bangkok. During the period 1975-1993 this region lost 85% of its mangroves
(Figure 2.4) (Huitric et al. 2002). Figure 2.5 shows the peaking of the industry in this
area, its collapse in 1989 and its subsequent spread to the western, then eastern coasts

of the Gulf. Thus, there has been a sequence of exploitation; moving into one area,
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Figure 2.4 Regional spatial changes in mangrove areas in Thailand from 1975 to 1993

(Royal Forest Department 1997).

degrading it, then moving to the next and degrading it and so on (Grima and Berkes
1989). “Mangrove forests have been destroyed or surrounded with embankments to
make shrimp ponds and after 2-3 years production drops. After 5 years, most ponds are
completely abandoned due to effects of increasing acidity from mangrove soils on
water quality, declining productivity, self- pollution and virus disease problems.
Diseases spread rapidly when the ponds are sited close together” (Plathong and
Plathong 2004). Stevenson (1997) provides an excellent account of these 1ssues “By
1996, massive shrimp mortality in Thailand by the Yellow Head Baculovirus
(YHDBYV), was estimated as being responsible for a loss of 50-80% ot production,
amounting to £21 million in 1992”. Macintosh (1990) stated in his papaer that “many
disused ponds now lie unproductive in Thailand. However, unofficial estimates of
pond disuse have suggested that the percentage of ponds left idle after a period in
production can be as high as 70%, although it would appear that some disused shrimp
ponds in Thailand (and probably elsewhere) are subsequently converted to other uses,
such as redevelopment into factory or housing estates. In Samut Sakhon, large tracts of

abandoned shrimp ponds are being converted to non-agricultural land use, such as
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housing estates and industrial development. Some abandoned shrimp farms have been

converted to salt farms or fish culture operations”.
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Figure 2.5 The sequential (1-5) exploitation of mangrove forests by shrimp farms

(Huitric et al. 2002).

There have been several reports from Thailand that have included estimates of the
scale of pond disuse and/or abandonment (both in mangrove and non mangrove)
(Stevenson 1997). Briggs and Funge-Smith (1994) reported that an area of 40,000 to
45,000 ha south of Bangkok became derelict after shrimp production collapsed in
1989/1990. Pataros (1995) stated that around 19,900 ha of shrimp farms in the five
provinces of the inner Gulf of Thailand were closed in 1990-91. A report produced by
NACA (1996) details that in 1989 about 62% of farms were operating “under
capacity” and another 22% of farms were abandoned in Samut Sakhon Province

(OEPP 1994). Stevenson (1997) estimated that “currently 70-80% of ponds are
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abandoned in Prachuap Khiri Khan, with a similar figure for the provinces of Songkhla

and Nakhon Sr1i Thammarat. However, it must be remembered that the situation

changes rapidly from month to month and ponds are frequently converted to other uses
and shrimp production can be recommenced at any time”. In 1996 there were 20,800

ha of abandoned shrimp ponds in Thailand with an economic loss of about THB 5,000

million (Hossain and Lin 2001).

Intensive shrimp farming produces both direct and indirect impacts on mangrove and
other coastal ecosystems (Plathong and Sitthirach 1998). Shrimp farming, including
pond construction requires extensive coastal areas, and this leads to mangrove
deforestation; reduction of habitats; declines in shoreline production; increased coastal
erosion: misuse of chemicals and antibiotic, and coastal pollution; nutrient enrichment;
depletion of wild prawn and fish stocks; land subsidence; salinisation of soils,
agricultural land and ground water, activation of acid sulphate soils; loss of

agricultural land; introduction of exotic species and spread of disease (Stevenson

1997).
2.3.2.4 Agriculture

If agriculture plays a dominant role in economy of the area, the main land use type will
be dominated to agriculture land (Durongdej 2000). Plathong and Plathong (2004)
stated that “Peninsular Thailand has very few agricultural areas located in former
mangrove areas because of the acidity of the soil which results in low productivity.
However, some rice fields can be found in the mangrove arcas of Satun province. In
the provinces of the Andaman coast, such as Phang Nga and Krabi, there are also palm
tree, coconut tree and rubber tree plantations in mangrove areas. Converting
mangroves into agriculture land involves the digging of narrow canal and piling up the
spoil material to form bunds on one or both banks of the canals. The bunds generally
prevent seawater intrusion. This may lead to extensive loss of mangrove areas and
their productivity. In addition, the canals cause a change in the freshwater regimes of

’ 29
unreclaimed seaward mangroves and can have deleterious effects on the system™.
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2.3.2.5 Coastal development

Following development of coastal cities in Thailand, mangrove lands have been
converted for domestic and industrial development occurs. The most common forms of
conversion are housing and residential development and coastal tourist facilities,
including small port development. Mangroves can be totally reclaimed by road
construction which also obstructs tidal and freshwater flows. Mangrove areas have
traditionally been considered as wasteland rather than as highly prized ecosystems,

and much solid waste and garbage refuse has been dumped into mangrove ecosystems

(Plathong and Sitthirach 1998, Plathong and Plathong 2004).

Port and channels development are generally constructed in response to the needs for
passageways and docking locations, which destroy mangroves and other coastal
forests. They serve as routes for transporting marine catches to consumers and for
tourism. Such constructions and dredging require specific expertise in selecting
appropriate sites, construction, and dredging processes. Prior to these processes,
environmental impact assessments should be conducted to reduce impacts from

chemicals and contamination from materials used during the construction (Plathong

and Plathong 2004).

2.3.3 Waste water
2.3.3.1 Waste water from shrimp farms

Waste water from shrimp farms is discharged directly into coastal areas, increasing
organic matter and nutrient concentrations including pollution caused by the chemical
products used. This is turn leads to hypoxic conditions indicated by the black color of
the sediment (Plathong and Plathong 2004; FAO 2007). It 1s therefore important that
the government sector, or related organizations, provides proper guidance concerning
aquaculture techniques and their environmental impacts. Technologies for individual
and communal wastewater treatment before discharging waste water into natural water

sources should be introduced widely. Policies related to shrimp farming should also be

strictly enforced (Ruenglertpanyakul et al. 2004).

41



2.3.3.2 Sewage from urban and industrial areas

Increased accumulation of pollutants within the mangrove ecosystem, especially
through food chains, is likely to occur due to coastal development. The coastal and
marine environment of the Gulf of Thailand is degraded by pollutants from both land-
based and marine sources (Plathong and Plathong 2004). Land-based sources, most of
them domestic, contribute 70% of marine pollution. It 1s estimated that more than
200,000 tons of waste (BOD) is discharged into the Gulif annually (Thailand
Environment Monitor 2000). The generation of household solid waste and industrial
hazardous waste has increased significantly and poses a major threat to surface and
groundwater quality. Only a handful of environmentally-safe disposal facilities are

available (Ossterveer et al. 2000).

Solid waste has steadily increased from about 30,000 tons/day in 1992 to close to
40,000 tons/day in 1997. This totals about 13 million tons/year, of which about 25%

comes from Bangkok, 35% from other urban areas, and the remaining 40% from rural

areas (Thailand Environment Monitor 2000).

2.4 Marine fisheries in Thailand

Marine fishing grounds that fall within the Thailand’s Exclusive Economic Zones
(EEZs) (Figure 2.6) covers 420,280 km2: 304,000 km2 in the Gulf of Thailand and

116,280 km2 ‘n the Andaman Sea. Its maritime border is shared with Cambodia and

Vietnam in the southeast, Myanmar in the west and Malaysia in the south. EEZs

within the Gulf of Thailand include overlapping areas between Thailand and

Cambodia (34,000 kmz), Thailand, Cambodia and Vietnam (14,000 km2) and

Thailand and Malaysia (4,000 km®) (Nakthon 1992).
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Figure 2.6 The Exclusive Economic Zone (EEZ) of Thailand (Janekitkosol et al.
2003).

The Gult of Thailand has a coastline of 2,700 km (OEPP 1998). The waters along
this coast are on the whole shallow to a good distance from the shore. The waters are
rich in nutrient salts brought in by many rivers. Water from the west, the northwest
mountains and the high eastern plain flow into the Gulf of Thailand through four
river systems: Chao Phraya, Tha Chin, Mae Klong and Bang Pakong. The innermost
part of the Gulf is a large area of intertidal mudflat around the shores of a huge,
shallow sea that suitable for fishing by gill net, push net, and similar gears operated

by small boats. Above all, these waters have proven to be ideal for trawling (Burnette

et al. 2007; Panjarat 2008).

The Andaman sea (west coast) are very different from those in the Gulf of Thailand.
The coastline is only 865 km long and the rather narrow continental shelf descends
into a steep continental slope. Inshore, areas within 3 km of the coast have an
average depth of about 3m. It is slightly wider in the north and narrower in the south,

the latter comprising mangroves and seagrasses. The seabed for the most part 1s quite

rough, with scattered coral rocks. The relatively unfavorable conditions are retlected
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In the level of fishery production which is only about one-fifth of that in the Gulf
(Panjarat 2008).

In 2001, the average yearly fish consumption was 32.4 kg per capita, providing on
average 10-14 g of protein per capita per day (Panjarat 2008). Fish provides 40.5%
of animal protein sources and 17.6% of total protein (FAO 2001). However, fish
consumption may actually be higher because many caught fish are consumed directly
by households without passing through the market. Thailand’s GDP was estimated at
USD 176.6 billion in 2005 (World Bank 2005) and agricultural and fisheries are the
main occupations of the Thai people (35%), with fisheries accounting for 2.5% of the
total GDP (Flewwelling and Hosch 2006). The Thai fishing industry 1s one of the ten
largest in the world. Ninety percent of the Thai fishery output comprises marine fish

and marine fisheries capture grew rapidly from 1.3 to 2.6 million tons during the

period 1970-1987 (FAO 2002).

The coastal fisheries in Thailand can be divided into two broad sectors: large-scale
fisheries and small-scale fisheries (Juntaraschote 1984). Small-scale fishery (SSF)
establishments are those without a boat, using a non-powered boat, outboard-
powered boat or an inboard powered boat with a total gross tonnage (GT) < 10 G1.

SSF mostly operated in shallow water, conducts fishing at approximately 5 km from

the shoreline in one-night operation. The fish are landed at the village and sold
directly to the consumers by the owner’s wife. Fishing activities are for sufficiency.
Large-scale fishery (LSF) establishments are those using an inboard powered boat of
10 GT and over (Tokrisna and Duangsawasdi 1992). The small-scale fisheries
establishments are the largest group accounting for 92.41% of total, with the large-
scale fisheries establishments comprising the remaining 7.59% (National Statistical
Office and Department of Fisheries 1997). Large-scale fisheries, however, are

responsible for most of the production (currently 92.7%) from the marine capture

sector (Department of Fisheries 2005).

An excellent account of the development of the fisheries 1s provided by Department

of Fisheries (2006), Thailand Environment Monitor (2006) and (Panjarat 2008) 1s
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reproduced here “Marine fisheries in Thailand have developed and expanded due to
the use of new fishing gears and technologies, movement of fishing fleets into new
fishing grounds, improvement of fishing vessels and the development of support
facilities and infrastructure. Up to the Second World War, marine fisheries in
Thailand were carried out mainly in shallow coastal waters with traditional gears
such as bamboo stake traps, set bag nets, castnets and hooks. The situation changed
dramatically 1n the early 1960s when the government promoted fisheries
development, particularly deep-sea fishing, in order to increase production destined
for the fast growing domestic market and for export. Among the newly introduced
gears, the most far-reaching effect was created by the otter-board trawl. The Thai
fisheries industry is one of the ten largest in the world. Fishery output is more than
90% marine fish. Marine fisheries capture grew rapidly from 1.3 to 2.6 million tons
during the period 1970-1987. During the period 1994-1996, the total capture
productivity of Thailand reached a peak of 2.8 million tons and dropped slightly to
2.6 million tons in the following year. The Gulf of Thailand contributed
approximately 70% of this total catch, while the Andaman sea accounted for the
remainder (Figure 2.7). Marine catch in Thailand is classed as tropical, multi species
and can be categorized into five main groups of pelagic fish, demersal fish,
cephalopods and crustaceans. The total catch of 2.6 million tons includes pelagic fish
(33%), trash fish (30%), demersal fish (18%), cephalopods (7.5%), miscellaneous
fish (7%) and crustaceans (4.5%)” (Table 2.3).

For a number of decades, fisheries development in the Gulf of Thailand has
concentrated on increasing fishing effort to maintain or increase the productive
volume. Increasingly, the total catch has a higher proportion of “trash” fish
(consisting of by-catch and undersized juveniles of various demersal and some
pelagic species, much of which goes to fish meal or duck feed or is thrown

overboard), aggregated across all species and gear types (Ahmed et al. 2007).

Catches from Department of Fisheries research trawl surveys comprises 30-40%
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Figure 2.7 Thailand capture fisheries production (including inside and outside Thai’s

EEZ) (FAO 2005; DOF 2006).

Table 2.3 Thai marine capture by category in 2004 (Department of Fisheries 2004).

Category
Ton

Total 2,635,969
Pelagic fish 878,254
Demersal fish 482,949
Cephalopod 200,041
Crustacean 119,526
Miscellaneous fish 181,674
Trash fish _ e e

“trash” fish, of which about one-third is juvenile and undersized fish. Data from
commercial fisheries also show that “trash” fish contain at least 30% juvenile fish.

Pair trawl catches have the highest composition of juvenile fish, representing 70% of

total “trash” fish. Otter board trawls catch juvenile fish which amounts to about 40%

Catch

Y%

100.0
33.0
18.0

7.5
4.5
7.0
30.0

of total “trash” fish (Sripanpaiboon 1995; Eiamsa-Ard and Amornchairojkul 1997).

Percentage of the average by weight of families in the “trash™ fish (Table 2.4)

showed that the most dominant family was Leiognathidae (25.06%), which is a “true
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trash fish” family, while Engraulidae, Mullidae and Synodontidae, which are
“economic” groups, contributed 7.19%, 5.70% and 5.04%, respectively. As the main
target of trawlers is demersal fish, so the main portion of trash fish is demersal fish.
Engraulidae, which are pelagic fish, were also found in large amounts because pair

trawls can also catch a lot of pelagic fish, especially Stolephorus (Khemakorn et al.

2005).

A major source of the decline in demersal fisheries since 1973 1s overfishing by trawl
gear at a depth of more than 50 m. catch per unit effort (CPUE) (kg/hour) by trawlers
has steadily declined, indicating declining resource abundance (Meemeskul 1982;
Vadhanakul et al. 1985; Chotiyaputta 1992; Intong et al. 1993), while the number of
trawlers of all sizes and types has continued to increase over this period. Trawlers
began to use smaller cod-end mesh sizes so that more “trash fish” could be caught to

at least partly compensate for the declining production of targeted species and sizes

of demersal fish (Ahmed et al. 2007).

Because of the rapid extension and development of marine capture fisheries without
proper controls, Thailand has faced problems with the development of marine
fisheries since 1982 (Janekitkosol et al. 2003). Marine fish resources are over-
exploited, and while the catch has increased, CPUE has decreased. Most of the
important pelagic fish (fish in the middle and upper parts of the water column) in the
Gulf of Thailand, namely Indo-Pacific mackerel or “Pla Tu”, anchovies, round scad
and sardines, are fully exploited. Indian mackerel is not yet overfished (Chullasorn
1997). Almost all the demersal (bottom dwelling) resource stocks, namely fish,

shrimps, squid, cuttlefish and others, are overfished (FAO 1995). At the same time
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Table 2.4 Species groups composition of trash fish from marine fisheries capture in

the Gult of Thailand (Khemakorn et al. 2005).

Famil %0 Trash fish Famil %% Trash fish
Leiognathidae 25.06 Muraenesocidae 0.74
Misc. trash 1.74 Gobiidae 0.74
Engraulidae 7.19 Siganidae 0.34
Mullidae .70 Soleidae 0.29
Synodontidae 5.04 Misc. pelagic 0.29
Apogonidae 4.48 Blenniidae 0.24
Crabs trash 4.39 Octopodidae 0.22
Bothidae 3.94 Sphvraenidae 0.21
Carangidac 3.56 mollusc 0.19
Balistidae 3.22 Dasyatidac 0.17
Tetraodontidae 3.13 Synanceiidae 0.15
Nemipteridae 2.68 Misc. other 0.15
Priacanthidae 2.60 Psettodidae 0.14
Penaeidae 1.68 Lutjanidae 0.13
Platycephalidac  1.60 Terapontidae 0.07
Misc. demersal 1.44 Serraniidae 0.06
Sepiidae 1.34 Scyllaridae 0.06
Loliginidae 1.31 Gerreidae 0.05
Sciaenidae 1.30 Bregmacerotidae 0.05
Cynoglossidae 1.24 Sillaginidae 0.03
Scombridae 1.17 Menidae 0.02
Trichiuridae 1.13 Hemiscyllidae 0.02
Stomatopoda 1.10 Haemulidae 0.02
Fistulariidae 0.94 Pleuronectidae 0.01
Callionymidae 0.92 Chirocentridae 0.01
Clupeidae 0.88 Brachyura 0.01
Scorpaenidae 0.81

the cost of fishing has increased following increases in fuel prices. Conflicts among
the fishers who exploit coastal fishing grounds are increasing while the freedom to

fich in more distant waters is disappearing because of Exclusive Economic Zone
(EEZ) proclamations of neighboring countries. Indeed, disputes with neighboring

countries have arisen because of fishing by Thai vessels.

Whilst the above fisheries i1ssues are difficult enough, the problem has been further

complicated by the 2004 Indian Ocean earthquake (Dahdouh-Guebas et al. 2005;
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Stobutzki and Hall 2005). The Sumatra-Andaman earthquake occurred on December

th
26 2004, with an epicentre off the west coast of Sumatra, Indonesia. The earthquake

triggered a series of devastating tsunamis along the coasts of most land masses

bordering the Indian Ocean, killing large numbers of people and inundating coastal

communities across South and Southeast Asia, including parts of Indonesia, Sri

Lanka, India, and the six provinces along the Andaman Sea coast of Thailand

(UNDP 2004).

In Thailand, this disaster causes loss of life as well as major damage to property, the
environment and the economy. Around 58,550 people have been affected. Nearly
500 fishing villages along the Andaman coast were seriously affected: about 30,000
households dependent on fisheries have lost their means of livelihood with over
10,000 fishing boats and 7,000 sets of fishing gear destroyed or damaged (United
Nations Thailand 2008). The severe impact on the natural environment in turn had

serious consequences on the fishing and tourism industries and, therefore, thousands

of families' livelihoods.

In many affected areas traditional social communities were wiped out. Although
there have been many recovery and rehabilitation projects undertaken by the Thai

Government, international organizations and NGOs, the tsunami has created many

long-term difficulties for fishers (Panjarat 2008).

2.5 Study area: The Inner Gulf of Thailand and Mae Klong Estuary

2.5.1 The Inner Gulf of Thailand

2.5.1.1 Location
The Gulf of Thailand, situated between latitudes 5°00” and 13°00” N and longitudes

99°00” and 106°00° E (Cheevaporn and Menasveta 2003), is part of the Sundra
Shelf, located in the westernmost portion of the Pacific Ocean, covering an area of
about 320,000 km?®, a 1,840 km coastline (Chongprasith and Prackulvanich 2003). It

extends southeast from the Chao Phraya deltalic plain near Bangkok, approximately
200 kilometers to its mouth. The Gulf is a relatively flat basin with an average depth

of about 45 m, and a maximum depth of 85 m, and the average width 1s
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approximately 400 km. The Gulf drains parts of Malaysia, Thailand, Cambodia and
Vietnam and opens only to the South China Sea (Wattayakorn et al. 1998). It can be

divided geographically into two parts: the Inner Gulf (or the Upper Gulf) and the
Outer Gulf (or the Lower Gulf) (Robinson 1974).

The Inner Gulf has an inverted U-shape and is the catchment basin of four large
rivers on the northern side; Chao Phraya emptying into the Bight of Bangkok,
Bangpakong draining southeastern Thailand, Mae Klong and Tha Chin draining
Bilauktaung mountains on the western (Burmese) border of Thailand, all discharging

into the South China Sea with some influence on the lower Gulf (Brinton and

Newman 1974; Burnett et al. 2007).

2.5.1.2 Bottom topography
The Inner Gulf is a relatively shallow embayment. It is shallower than the Lower
Gulf with a maximum depth of about 40 m and average depth of about 15 m. The
bottom topography slopes gradually downward from the shallow northern coast to a
depth of 30 m at its mouth, which is between Sattahip and Hua Hin. The western side
of the bay (with an average depth approximately 15 m) is shallower than the eastern

side (with an average depth approximately 25 m) (Siripong 1985).

2.5.1.3 Climate
The climate of the Inner Gulf of Thailand is strongly influenced by two major Asiatic
monsoons, the southwest and northeast monsooon. The southwest monsoon 18
usually dominant during May-September. It brings warm moist air originating from
the Bengal Bay into the region, resulting in heavy rainfall. The northeast monsoon 18
usually dominant during November —February. Normally, the wind blows from the
east. It brings cool and dry air from the Siberian anticyclone into the Gulf, resulting
in cool weather and dry conditions. During February-May (the transition period), a
shift from the northeast monsoon to the southwest monsoon occurs. The northeast

monsoon starts shifting to east and southeast directions in the beginning of February

and is seen as a southeast wind with rough sea surface conditions. This wind

originates from the high pressure area in the South China Sea. In May, the southeast

50



wind shifts to the south and southwest to become the southwest monsoon. During the

monsoon transition period, wind patterns are highly variable and difficult to predict.

This monsoonal pattern gives rise to the 3 seasons in which sampling was undertaken
In this present study. The rainy (wet) season, or the southwest monsoon season
begins in mid-May and end in October. The winter (dry) season, or the northeast
monsoon season, begins in October and ends in February. The summer (hot) season,
or the transition period begins in February and ends in mid-May. (Meteorological

Department 1987)

2.5.1.3.1 Rainfall
During the period November —February, the northeast monsoon normally sits over
the Inner Gulf. It gradually develops during the transition period and reaches its
maximum during December and January. Cool and dry weather appears within the
area from the Gulf of Thailand northward. Thus, the November rainfall decreases
sharply relatively to that in the previous month. The following month, December,
rainfall further decreases to 20% of that in the previous month and is the driest

month, coinciding with the maximum development of the Siberian high. Rainfall

generally increases again 1n January.

The summer (hot) season starts from March to May, the transition period of shifting
from the northeast monsoon to the southwest monsoon season. The wetness within
the Inner Gulf during March-April begins to increase gradually, but 1s still less than

100 mm. By the end of this season, rainfall increases to 100-200 mm.

Patterns of rainfall in Thailand (Figure 2.8) are caused by the southwest monsoon
and tropical cyclones (Weerakul and Lowanichchai 2005). The southwest monsoon
normally begins to prevail over the Inner Gulf 1n May. The wind brings the moist air
‘o the Inner Gulf. The monsoon significantly affects the Inner Guli, particularly the
eastern part, much more than the western part. The intensity of the monsoon during

this period, together with topographic effects, means that the eastern part receives
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Figure

rainfall

2 8 Monsoon winds and tropical cyclones influence the occurrence of

in Thailand (modified from Weesakul and Lowanichchai 2005).
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much more substantial rain with the maximum rainfall occuring in August and

September.

October 1s the transition month of shifting from the southwest monsoon to the

northeast monsoon. Rainfall in the Inner Gulf begins to decrease, but still remaining

wet, with raintall in excess of 200 mm (Meteorological Department 1987).

2.5.1.3.2 Air temperature

The annual mean temperature along the coastlines varies slightly between 26 and 28"
C. The monthly mean temperatures in the Inner Gulf are lowest during the winter and
highest in the summer (April). The difference between the hottest and coolest months
is about 4° C. The mean monthly temperatures from January to April increase
rapidly, on average 1° C/month, due to the prevailing southeast wind. During the
rainy season, the temperatures tend to drop gradually from about 28-29° C at the
beginning of season to 27-28° C at the end of the season. This is because cloudiness
reduces the intense heating of the surface. The mean monthly temperatures for the
rest of the year, October to December, also decrease slightly to 26° C due to the

prevailing northeast monsoon (Meteorological Department 1987).

2.5.1.4 Oceanographic features

The Inner Gulf of Thailand is surrounded by land on its northern, eastern and western
sides, opening to the Lower Gulf via the southern border. The Gulf is atfected by the
freshwater of the four major rivers along the northern boundary. Thus, the

transportation of water mass is mainly controlled by the combined effect of river

runoff and tidal currents.

In the dry season (low river discharge), the water body is well mixed vertically, only

occasionally being slightly stratified, particularly in the beginning of the rainy

season. In the rainy season (high water discharge), the water is highly stratified, with

a strong halocline between the upper and deeper waters (Wiriwuttikorn 1996).
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2.5.1.5 Water current and tides

The tides in the Inner Gulf are mixed and dominated by semidiurnal tides. The mean

tidal range 1s highest at the Gulf head (about 1.5 m) and lowest near the mouth (about
1 m).

The surface circulation of the Gulf is influenced by the patterns of the monsoon
wind, the direction and magnitude of which change according to the northeast wind
(November to February) and the southwest wind (May to September) (Figure 2.8).
During the two transition periods (March-April and October- November), the
directions of currents are weak and variable. The strength of the surface current 1s
generally stronger in the northeast monsoon season compared to the southwest
monsoon season. However, water circulation in the Inner Gulf is driven by the

combined effects of river discharge, wind drift and tidal currents (Siripong 1985).

At high tide in the Inner Gulf, the direction of the tidal current 1s northerly, while
during the low tide period the direction of the cu<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>