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Knowledge of ecological impacts of fishing, especially in small-scale sector, is not always readily 

available, making it difficult to employ an ecosystem-based approach to fisheries management and to achieve 
sustainability. The topic of this dissertation was formulated with the aim to enhance this knowledge through 
conducting researches in Mu Ko Chang, Trat Province, the Eastern Gulf of Thailand. This study focuses on two 
main types of impacts, i.e. bycatch and habitat damages, consisting of three research modules: 1) assessing 
existing knowledge and analyzing the knowledge gap regarding bycatch and habitat impacts of fishing methods 
in Thai waters; 2) investigating fishing impacts in terms of bycatch and habitat damages, of some fishing gears in 
Ko Chang, Trat Province, and; 3) analyzing relative ecological impacts of fishing gears and to rank the levels of 
severity caused by different fishing gears. According to the literature review and gap analysis, a major gap of 
knowledge on the ecological impacts of fishing gears in Thailand was found, particularly the data on bycatch 
(retained and discarded) and habitat damages. The onboard surveys of bycatch for nine small-scale fishing gears 
in Ko Chang revealed that some of the gears, particularly trammel nets, crab traps, and gillnets, produced the 
higher number of bycatch in terms of biomass and species richness. A study on the impacts of fish traps on coral 
reefs revealed various possible impacts including physical damages on corals, impacts from sediment dispersion, 
ecosystem imbalance due to exploitation of reef fish, and marine debris. A comparative study on macrobenthic 
community between permanent and six-month closure areas exhibited the impacts of fishing activities (trawlers, 
push nets, and dredges) in terms of the reduction on macrobenthic abundance. An expert consultation workshop 
was also convened aiming to rate the impacts of fishing gears including large- and small-scale based on existing 
knowledge, surveyed data, and personal experience of the expert. It showed that otter-board trawls and pair-
trawls were rated with the highest score of bycatch and habitat impacts.  In terms of small-scale fishing gears, 
bycatch impacts caused by shrimp trammel nets and crab gill nets were mostly concerned. This dissertation 
enhances understandings of the ecological impacts of fishing gears on marine ecosystems in Thailand that are 
highly required for ecosystem-based fisheries management. 
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CHAPTER I 
INTRODUCTION 

 
1.1 Rationale  

 
Thailand has a coastline of about 3,000 kilometers spreading over 23 provinces 

in the Gulf of Thailand and the Andaman Sea with a total of Exclusive Economic Zone 
of about 323,488 km2 (NRSA, 2017). Thailand is rich with various marine and coastal 
ecosystems with about 240 km2 of coral reefs, 255 km2 of seagrass beds, 2,455 km2 of 
mangrove forests and other ecosystems contributing lots of goods and services to the 
society (DMCR, 2015). Thai waters are recognized as a high productive area with an 
average primary productivity of more than 300 gC.m-2.yr-1 (Piyakarnchana, 1999; TWAP, 
2015a, 2015b) which supports the abundance of fisheries resources making these areas 
an important fishing ground in this region. Coastal and marine fisheries are important 
to the local and national economies of Thailand and the country’s international trade 
and also play a very important role in food security (Juntarashote, 1998; Lymer et al., 
2008). Marine capture fisheries are considered as the main subsector of capture 
fisheries in Thailand. In 2015, the marine capture production contributed 1,317,217 
tons or 88 percent of the total capture production; most of them (about 72 percent 
of the marine capture production) were captured from the Gulf of Thailand while 
another 28 percent were from the Andaman Sea generating as much as 59,900 million 
Baht of national income (DoF, 2018a). 
 Due to the increased global demand of fisheries products, Thai fisheries were 
rapidly developed in terms of the number of fishing vessels and the introduction of 
new mechanized fishing gears such as trawls for catching demersal fish, purse seine 
fisheries for catching pelagic species (Pauly & Chuenpagdee, 2003). The number of 
fishing vessels had been increased rapidly since the mid-1960, contributing to high 
volume of landings. As a result, Thailand became one of the important global exporters 
of fisheries products (DoF, 2015c; Lymer et al., 2008). With a rapid increase in fishing 
intensity and lack of appropriate management, the long-lived fish with higher trophic 
level have been overexploited, transiting the fish stocks to short-lived species with 
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lower trophic level. The phenomenon that Pauly et al. (1998) called “Fishing down 
food webs” illustrating unsustainable fisheries system took place in the Gulf of 
Thailand (Pauly & Chuenpagdee, 2003). The official statistics revealed that from 1995 
to 2015 the quantity of marine fisheries production decreased from 2,827,400 to 
1,317,217 tons with an average declining rate of 3.8% per year (DoF, 2018a). In addition, 
the catch per unit effort (CPUE) has also reduced with an average declining rate of 
about 15% per year according to the trawling surveys, conducted by the Thai 
Department of Fisheries (DoF, 2015c).  
 While the heavy exploitation has occurred, the concerns on the sustainability 
of fisheries resources have been increased. Several studies show that fishing impacts 
on ecosystems include habitat destruction, mortality of non-target species, and change 
in population dynamics, function and structure of ecosystem (Chuenpagdee et al., 
2003b; Garcia et al., 2003; Pauly et al., 2005b; Pikitch et al., 2004; Rocchi et al., 2017; 
Zhang et al., 2018). These impacts need to be considered as an integral part of an 
ecosystem approach to fisheries management (Garcia et al., 2003), and also in 
accordance with the Code of Conduct for Responsible Fisheries which provides a 
framework for national and international efforts to mitigate fishing impacts on marine 
ecosystems (FAO, 1995). In 2002, the “Ecosystem Approach to Fisheries ” (EAF) concept 
was articulated (FAO, 2003; Garcia et al., 2003), as follows: “an ecosystem approach to 
fisheries strives to balance diverse societal objectives, by taking account of the 
knowledge and uncertainties about biotic, abiotic and human components of 
ecosystems and their interactions and applying an integrated approach to fisheries 
within ecologically meaningful boundaries.” EAF is also one of the basic principles 
found in the Voluntary Guidelines for Securing Sustainable Small-Scale Fisheries (SSF 
Guidelines), which consider the linkage between ecosystem health and associate 
biodiversity with livelihoods and well-being of the small-scale fisheries sector (FAO, 
2015).    
 Like many countries around the world, Thailand endorses several 
international fisheries instruments, such as the FAO Code of Conduct for Responsible 
Fisheries, Convention on Biological Diversity (CBD), Convention on International Trade 
in Endangered Species (CITES), and SSF Guidelines. Hence, the Department of Fisheries 
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(DoF), the main institution responsible for fisheries management in Thailand, has set 
rules and regulations, including conservation measures, and incorporated them into 
the fishery national plans. For instance, the DoF Strategic Plan for 2017–2021 illustrates 
strong efforts to contribute sustaining fisheries resources and biodiversity and 
complying with the international regulations and conventions (DoF, 2017a), while the 
Marine Fisheries Management Plan 2015–2019 has been drawn up to ensure 
sustainable management of marine fisheries in Thailand, by focusing on reducing fishing 
effort and mitigating illegal, unreported and unregulated fishing (IUU) (DoF, 2015c). As 
part of the latter plan, efforts to reduce catch of juveniles, restore critical habitats, and 
improve fisheries data information management are also mentioned (DoF, 2015c). In 
accordance with EAF, implementing these plans requires a broad set of supporting 
data, including those related to ecological impacts of fishing.   
 While numerous studies have been conducted to investigate various aspects 
of fisheries in Thailand, it is not clear what is currently known about fishing impacts. 
The comprehensive information and knowledge about the fishing impacts in Thailand 
is limited making it difficult to implement the EAF and to achieve sustainability. Hence, 
this dissertation is highly required to support the establishment of regulations and 
policies to mitigate the fishing impacts in Thailand.  
 
1.2 Research questions 

 Essentially, this research was inspired by a lack of comprehension on the 
environmental impacts generated by different fishing gears on marine and coastal 
resources in Thai waters. Hence, the core research question can be drawn as what are 
the ecological impacts of fishing gears in Thai waters? The supporting research 
questions can be established as follows: 

 1) What is the existing knowledge and gap regarding by-catches and habitat 
damages of fishing gears in Thai waters? 

2) What is the current state of by-catches and habitat damages of small-scale 
fishing gears in Ko Chang and the Strait of Ko Chang? 
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3) What are the relative ecological impacts and the levels of severity of 
ecological impacts caused by different fishing gears? 

 
1.3 Objectives 

 
In this study, several research objectives are established to answer the research 

questions above:  
1. To review existing knowledge and analyze knowledge gap regarding 

and habitat impacts of fishing methods in Thai waters. 
2. To investigate fishing impacts in terms of by-catches and habitat 

damages, of some fishing gears in Ko Chang and the Strait of Ko Chang, Trat Province.  
3. To analyze relative ecological impacts of fishing gears and to rank 

the levels of severity caused by different fishing gears and to suggest proper policies 
to mitigate the impacts. 

 
1.4 Scope of the Study 

 In regards with above research questions, the dissertation consists of three parts 
(Figure 1). Firstly, existing knowledge and knowledge gap were analysed regarding by-
catches and habitat impacts of fishing methods in Thai waters. Secondly, the 
estimation of by-catches and habitat damage of fishing gears were examined in Ko 
Chang and the Strait of Ko Chang, Trat Province with the following topics: 1) Analysis 
of small-scale fisheries bycatch in Mu Ko Chang, Trat Province; 2) An in-situ study of 
impact of fish traps fisheries on coral reefs in Ko Kut and Ko Mak, Trat Province; 3) the 
impacts of trawl, push net, and dredge fisheries on macrobenthic communities in the 
Strait of Ko Chang, Trat Province, Thailand. Finally, the expert-based gear impacts 
assessment was conducted to analyze and assess the relative ecological impacts of 
fishing gears using transdisciplinary approach.  
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Figure 1 Framework of the study 
 
1.5 Expected Benefits  

 
1. The knowledge and its gap regarding by-catch and habitat impacts of fishing 

methods in Thai waters. 
2. Understanding the ecological impacts in terms of bycatch and habitat 

damages of fishing gears in Ko Chang and the Strait of Ko Chang, Trat Province.  
3. The comprehension of ecological impacts of fishing gears and the levels of 

severity of different fishing gears. 
 
 
 
 
 
 
 
 
 
 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 20 

1.6 List of acronyms   
 
CBD   Convention on Biological Diversity 
CCCIF    Command Center for Combating Illegal Fishing 
CITES  Convention on International Trade in Endangered Species of 

Wild Fauna and Flora 
CPUEs   Catch per Unit Efforts 
DoF  Department of Fisheries, Thailand 
EAF  Ecosystem Approach to Fisheries  
EEZ   Exclusive Economic Zone 
EU   European Union  
FAO  Food and Agriculture Organization of the United Nations 
GRT   Gross register tonnage 
IUCN   International Union for Conservation of Nature 
IUU   Illegal, unreported and unregulated fishing 
NRSA  National Reform Steering Assembly 
SDGs   Sustainable Development Goals 
SEAFDEC  Southeast Asian Fisheries Development Center 
SSF Guidelines  Voluntary Guidelines for Securing Sustainable Small-Scale 

Fisheries in the Context of Food Security and Poverty 
Eradication 

TPSO  Trat Provincial Statistical Office, Thailand  
TWAP  Transboundary Waters Assessment Programme 
UNEP  United Nations Environment Programme 
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CHAPTER II 
LITERATURE REVIEWS 

 
2.1 Marine fisheries in Thailand 
  

2.1.1 Development of Thai marine captured fisheries 
 
With 323,488 km2 of the total economic zone (NRSA, 2017), Thai waters harbor 

diverse marine and coastal ecosystems with the high primary productivity of more than 
300 gC.m-2.yr-1 (Piyakarnchana, 1999; TWAP, 2015a, 2015b) which supports the 
abundance of fisheries resources making these areas an important fishing ground in 
this region. Like other countries, marine fisheries in Thailand has a long history with the 
periods of rapid development, stagnation, and declined.  

Before 1925, the marine fisheries in Thailand were totally artisanal or small-
scale and operated near the coasts. Simple fishing gears such as cotton net, harpoons 
or spears, and traps were created using materials found in their locality and operated 
with non-powered vessels. Wing set bag, set bag net and the bamboo stake trap were 
common stationary fishing gears found  during that time and those had been used 
since 1897 (Panayotou & Jetanavanich, 1987). The use of Chinese purse seine, 
recognized as ‘Uan tang-ke’, was introduced to Thailand in 1926 to catch pelagic fish 
such as anchovies, sardines, mackerels, etc. Before that, the Siamese purse seine or 
‘Uan Chon’, had been created by Chinese fishers, however no official record of this 
fishing gears was found (Yingyuad & Chanrachkij, 2010). Meanwhile, drive-in net, called 
‘Muro Ami’, was introduced to Thailand and other Southeast Asian countries by 
Japanese fishers to catch demersal fishes especially the Family Caesionidae in coral 
reefs and underwater pinnacles (G. R. Morgan & Staples, 2006).  

Although the paired trawl with motorized vessels had been firstly introduced 
in Thai marine fisheries in 1930, the use of this fishing gear was not much popular.  
During 1950 to 1980, several modern mechanized fishing gears were introduced, 
especially, a rapid growth number of trawlers in Thailand during 1950 – 1960. The 
otter-board trawlers were introduced by Germany (Nitithamyong, 2000; UNEP, 2007). 
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According to the fishing vessel statistics during 1960 – 1981, the number of trawlers 
was sharply increased from 99 vessels in 1960 to 3,114 and 6,633 in 1970 and 1981, 
respectively catching the demersal fishes as much as 1,058,000 tons (DoF, 1983). 
Trawling had been heavily operated in the Gulf of Thailand from shallow to the deeper 
areas with the maximum depth of 50 meters. The total catch in 1981 was about 4 
percent higher than the maximum sustainable yield estimated by the DoF.  It is 
estimated that the Gulf has been facing with overfishing since 1973 (Boonyubol & 
Pramokchutima, 1982). Both demersal and pelagic fishes were continuously and 
heavily caught in Thai Waters during this period. 

In early 1970s, push net fisheries, particularly the commercial ones, were 
developed and extensively operated in shallow water (lower 15 meter in depth) while 
light luring fisheries were developed to catch small pelagic fishes using traditional lamp 
and then some of the traditional lamps were later replaced with electric lamps in 1978 
contributing to the increases in landings of small pelagic fishes since 1978. In addition, 
other fisheries-related industries including ice production, cold storage, food 
processing, etc had been developed. However, without proper fisheries management, 
the total catch has been decreasing since 1995 as well as the catch rate, has 
continuously declined (Boonyubol & Pramokchutima, 1982; Pauly & Chuenpagdee, 
2003; UNEP, 2007).  

Since the rapid decrease of marine fish stocks as well as an increased number 
of fishing vessel operated in the Gulf of Thailand, Thai fishers seek for new fishing 
grounds in neighboring waters in the South China Sea, the Indian Ocean. However, the 
Thai fishing vessels had to return to fish in Thai waters because of the compliance 
according to the United Nations Convention on the Law of the Sea (UNCLOS) which 
has been effective since 1982. Each coastal country declared its own Exclusive 
Economic Zones (EEZs), for example, Cambodia (declared on 15 January 1978), India 
(declared on 15 January 1977), Indonesia (declared on 21 March 1980), Malaysia 
(declared on 25 April 1980), Myanmar (declared on 9 April 1977), Philippines (declared 
on 11 June 1978), and Singapore (declared on 15 September 1980). Thailand claimed 
its EEZ on 23 February 1981.  
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This declaration made the loss of previous fishing areas where Thai fishers had 
operated before resulting in the reduction of the national fisheries production  (UNEP, 
2007). Yet, the fishing gears and methods in large scale fisheries have still developed 
to catch more fishes using more advanced technology such as echo sounder, sonar, 
hydraulic hauler etc. Some historical timeline in regards with Thailand fisheries 
development are shown in Table 1. 
 
Table  1 Timeline and important events regarding marine fishing development in 

Thai waters 
 

Year Event 
Before 
1925 

Traditional fisheries were found in Thai coastal waters using simple 
fishing gears such as set net, set bag, wing set bag, traps, gill net etc. 
as well as collecting shells along the coasts.   

1925 Chinese purse seine with traditional vessel was introduced to catch 
Indian mackerels and Indo-Pacific Mackerels. Drive in net called 
“Muro Ami” was introduced to catch fish on rocky areas such as reefs 
and underwater pinnacles. 

1930 Paired trawl with motorized vessels was introduced in Thai marine 
fisheries 

1934 The Act of Fishing Right in Siam was enacted. 
1935 The number of fishing vessels using Chinese purse seine was 

increased to 200-300 vessels  
1947 The first Fisheries Act was established. 
1950 The survey on aquatic resources, in cooperation with the Kingdom of 

Denmark, was done during 1950 – 1952 using the vessel named 
“Galathea”.    

1952 Trawl fisheries were developed by introducing otter board trawl 
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Table  1 Timeline and important events regarding marine fishing development in 
Thai waters (Continued) 

 
Year Events 
1959 The NACA project was launching during 1959 – 1961 in order to 

conduct surveys on aquatic resources in the Gulf of Thailand using 
the vessel named “Stranger” of the Scripps Institution of 
Oceanography, USA.  

1964 With an increased number of large scale fisheries, the National 
Fisheries Association of Thailand was established. 

1965 The project on ‘Pacific mackerel investigation’ to study  the life 
history of Pacific mackerel (Rastrelliger spp.) in the Gulf of Thailand 

1971 Push net fisheries were extensively operated in shallow water (lower 
15 meter in depth). 

1974 Light luring fisheries were developed using traditional lamp and then 
some traditional lamps were replaced with electric lamp in 1978.  

1977 Neighboring countries (Burma, Vietnam, Cambodia, the Philippines, 
Indonesia, and Malaysia) stared claiming their exclusive economic 
zones (200 nm).  

1980 Electronic devices such as echo sounder, sonar, hydraulic hauler 
were applied in large scale fisheries.  

1981 Thailand announced its exclusive economic zones 
1999 The Revised version of Fisheries Act were initially drafted.  
2010 The Association of Thai Artisanal Fishers was registered.  
2011 The European Commission started evaluated the Thai’s fishery 

management system in relation to IUU fishing.  
2014 The European Commission has officially issued ‘yellow card’ for not 

taking sufficient measures in combating the Illegal, Unregulated and 
Unreported fishing problems. 

2015 Fisheries Act 2015 was taken into force in order to mitigate IUU fishing 
problem. 
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Table  1 Timeline and important events regarding marine fishing development in 
Thai waters (Continued) 

 
Year Event 
2015 The command center for combating illegal fishing (CCCIF) has been 

established.  
2015 The European Commission believed that the Fisheries Act 2015 does 

not have enough measures to combat the IUU fishing. Consequently, 
the DoF urgently drafted up the Royal Ordinance on Fisheries which 
has been taken into force since 2015. 

2015 Marine Fisheries Management Plan of Thailand: A National Policy for 
Marine Fisheries Management 2015 – 2019 was created.  

2017 The second amendment of the Royal Ordinance on Fisheries is taken 
into force. 

Sources: DoF (1965, 2011, 2015c); Nitithamyong (2000); UNEP (2007)  
 

 In summary, Thailand has a long history of fisheries development starting from 
artisanal to commercial purposes. With a high demand of seafood and the 
technological development of fishing gear and vessels, the fisheries resources in 
Thailand has been heavily exploited leading to a significant decline in fish stock. This 
reflects the imbalance between the rapid fisheries development and the suitability of 
fisheries management. Meanwhile, global concerns on food security as well as 
environmental impacts of fishing, has also been increased asking all countries to take 
measures to support the sustainability of fisheries resources. Thai government has paid 
much attention on these issues, particularly the IUU fishing. Several efforts have been 
done to support the implementation on combatting the IUU fishing.  However, more 
efforts and actions as well as researches are still required to comply with relevant 
international agreement and conventions to achieve the Sustainable Development 
Goals.  
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2.1.2 Thai marine captured fisheries production  
 
Coastal and marine fisheries have been recognized as one of the important 

sectors contributing to the local and national economies, local livelihoods, and food 
security (Juntarashote, 1998; Lymer et al., 2008). Particularly, marine capture fisheries 
are the major contribution to capture fisheries in Thailand. Considering  the statistics of 
fishery production since 1979 to 2012 (Figure 2), it can be divided into two phases; a 
significant increase of the marine fish caught were reported until 1995 because of the 
development of fishing in Thailand. Several fishing gears were introduced and modified 
to catch more fish. In 1995, a total landing of marine fish reached to 2,827,400 tons. 
Since then, declining phase was started exhibiting that the annual catches has been 
decreased with the average of 3.8% per year. In 2012, the total landings was only 
1,500,200 tons generating a value of 54,911,059 baht. Most of them were from the Gulf 
of Thailand (1,061,847 tons), while 438,353 tons of the total landings were from 
Andaman Sea. About 61.1 % of total landings are food fish, followed by trash fish 
(21.4%), squids and cuttlefishes (8%), shrimps (3%), crabs (2%), mollusks (1%), and 
other marine species (2.8%) (Department of Fisheries, 2014a). Importantly, about 40% 
of the trash fish were juveniles of economic species (Tossapornpitakkul et al., 2008). In 
2015, the marine capture production contributed 1,317,217 tons or 88 percent of the 
total capture production; most of them (about 72 percent of the marine capture 
production) were captured from the Gulf of Thailand while another 28 percent were 
from the Andaman Sea generating as much as 59,900 million Baht of national income 
(DoF, 2018a). 
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Figure  2 Marine Fisheries production in 1979-2012 
Source: Department of Fisheries (2005, 2014) 

 
The surveys on marine fisheries resources, continuously conducted by 

Department of Fisheries, also show reduction in Catch Per Unit Efforts (CPUEs) 
illustrating the critical state of Thailand’s fisheries resources. The DoF’s research 
vessels with otter-board trawl, which has a cod-end mesh size of 4 centimeters, have 
been used for assessing the CPUEs. The surveys are implemented annually at 85 
stations in the Gulf of Thailand and 64 stations in the Andaman Sea covering a total 
area of 115,270 and 60,327 square kilometers in the Gulf of Thailand and the Andaman 
Sea. 

In the Figure 3, CPUEs have declined from about 151  kg per hour in 1967  to 
about 25 kg per hour at present. As the reduction of the CPUEs reflecting a decline in 
fish stock, the fishing gears have been modified using small-mesh size net to catch 
more fish, or spend more time in each fishing trip as well as do fishing in the neighbors’ 
fishing areas. 
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Figure 3 Average catch per unit effort of Thai fisheries from the DoF research vessels 

with otter-board trawl 
Sources: Department of Fisheries Online Statistics 

 
2.1.3 Fishing vessels and gears in Thailand  

 
Like other countries, fishing gears in Thailand are very diverse ranging from 

large-scale with sophisticate operation to simple, small operation. Small-scale 
(artisanal) fisheries tend to operate inshore with smaller vessels, while large-scale 
(commercial) fisheries are conducted further offshore. According to the fishing vessel 
statistics of Thailand, as of April 2018, a total of 37,698 registered fishing vessels were 
reported. Of which about 70% (26,373 vessels) are small-scale while another 30% 
(11,325 vessels) are large scale. Most of small-scale fishing vessels (86%) are less than 
5 GRT in size. The fishing vessels with the size of 20 – 60 GRT were mostly found 
accounting for 48% of total large scale fishing vessels. Trawlers (3,601 vessels) were 
mostly found in large scale fishing vessels followed by falling nets (2,048 vessels), traps 
(1,089 vessels). Otter-board trawls (34%) are predominant in trawlers, followed by pair-
trawls (20%) and beam trawls (10%)  (DoF, 2018b). However, the number of registered 
fishing vessels is still below the real number of fishing vessels, particularly the small-
scale fishing vessels which have not yet registered with the Department of Fisheries.    
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The fishing gears in Thailand can be broadly classified into 12 categories 
including: trawl nets,  seine nets, surrounding nets, dredges, lift nets, falling nets, gill 
nets and entangling nets, push nets, traps and pots, pound nets or set nets, hook and 
lines, and miscellaneous gears (DoF, 1997; SEAFDEC, 2004). According to the Royal 
Ordinance on Fisheries B.E. 2558 (2015), artisanal and commercial fishing is classified 
by the gross tonnage of the fishing vessel. Commercial fishing generally refers to the 
fishing operations that use a mechanized fishing vessel with its size of ten gross tonnage 
or above. However, the commercial fishing can also be classified with the specific 
fishing gears according to the notifications of the Ministry of Agriculture and 
Cooperatives as listed in the Table 2.  

The use of some fishing gears were also prohibited in Thai waters, according 
the Royal Ordinance on Fisheries B.E. 2558 (2015) including (1) several types of set bag 
nets or any other gears that their characteristics and operation are similar to those set 
bag nets; (2) an elongated collapsible trap  (in Thai called ‘Ai Ngo’); (3) a trawl net with 
its cod-end mesh size of smaller than that announced by the Department of Fisheries 
and the Ministry of Agriculture and Cooperatives; and (4) a push net with a mechanized 
fishing vessel except a Acetes push net (Figure 5). The uses of fishing gears are also 
controlled spatially and seasonally in order to protect or reserve fish stocks from 
overexploitation, particularly in fragile habitats or during spawning periods.   
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Table  2 List of large- and small-scale fishing gears generally found in Thailand  
 

Large-scale fishing gears1 Small-scale fishing gears2 
1. All types of trawlers (otter board 

trawl, pair trawl, beam trawl etc) 
2. Purse seine 
3. Dredge  
4. Fish gillnet with its length of more 

than 2,500 meters  
5. Crab gillnet with its length of 

more than 3,000 meters 
6. Shrimp trammel net with its 

length of more than 2,500 meters 
7. Squid trammel net with its length 

of more than 2,500 meters 
8. Crab trap with its mesh-size of 2.5 

inches and the quantity of not 
greater than 200 units 

9. Squid trap with the quantity of 
not greater than 100 units 

10. Octopus trap with the quantity of 
not greater than 2,000 units 

11. Falling net, lift net or squid lift 
net with light luring  

12. Falling net, lift net or anchovy lift 
net with light luring  

13. All gears with light used to lure 
fish underwater  

 

1. Fish gillnet 
2. Crab gillnet 
3. Shrimp trammel net 
4. Squid trammel net 
5. Mackerel and mullet gill net 
6. Beach seine 
7. Acetes push net 
8. Lift net 
9. Squid falling net 
10. Anchovy falling net 
11. Cast net 
12. Long line 
13. Bottom long line 
14. Hand line and pole & line 
15. Trolling line 
16. water set net 
17. Fish trap 
18. Crab trap 
19. Squid trap 
20. Octopus trap 
21. Shrimp trap 
22. Long trap 
23. Bamboo stake trap 
24. Jellyfishes scoop net 
25. Shellfish collecting 
26. Harpoon 
27. Other gears 

Sources: 1Notifications of the Ministry of Agriculture and Cooperatives on the 
establishment of fishing gears, fishing methods, and fishing areas prohibited in coastal 
seas B.E. 2560 (2017), dated on  9th November 2017; 2 DoF (1997) 
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(a) (b) 

  
(c) (d) 

Figure  4 Fishing vessels in Thailand: (a) non-motorized vessel, (b) motorized vessel 
with outboard engine (c) motorized vessel with inboard engine, (d) 
motorized vessel with inboard engine (large-scale fishing vessel) 

Source: personal observation 
 

  
(a) (b) 

Figure 5 Photos of some illegal fishing gears in Thailand: (a) elongated collapsible 
trap, (b) push net 

Source: (a) http://www.samutsongkhram.go.t, (b) personal observation 
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2.2 Ecological impacts of fishing  
 

 Marine fisheries is one of the ecosystem services provided by marine and 
coastal ecosystems contributing an important food source to human worldwide (Bene 
et al., 2016; Pauly et al., 2005a). However, such exploitation also causes various 
negative impacts on marine ecosystem which have been a globally challenging issue 
in fisheries management and governance to sustain fisheries resources and maintain 
healthy ecosystem health (Bundy et al., 2017; Crespo & Dunn, 2017; Dayton et al., 
2002; Dayton et al., 1995). Fishing generates both direct and indirect impacts on 
ecosystems. Reduction of fish population due to overfishing can be seen as direct 
impacts. Indirect or collateral impacts are still existed but less attention has been paid 
to including habitat destruction and mortality of non-target species or bycatches. Both 
of the impacts could lead to the imbalance of the marine ecosystem resulting in 
negative consequences such as change in population dynamics, ecosystem function 
and structure as well as their services and goods (Chuenpagdee et al., 2003b; Corrales 
et al., 2015; Crespo & Dunn, 2017; Dayton et al., 1995; Jackson, 2008; Pitcher et al., 
2017; Stephenson et al., 2017).  
 

2.2.1 Bycatch  
 
 Bycatch becomes a significant issue on fisheries governance and marine 
biodiversity conservation (Brandini, 2014; Hall et al., 2000; Kelleher, 2005). Studies on 
fisheries bycatch and discards have been increased worldwide after that FAO promoted 
conversion from discards to utilization in 1982 (Matsuoka, 2008). Bycatch and discards 
have also been mentioned in various international regulations in order to actively 
mitigate bycatch impacts. In response to that, the issue on bycatch is involved in 
various international instruments such as:  

- the Code of Conduct for Responsible Fisheries in which the issues of 
bycatch and discards are mentioned in the section of fisheries research 
stating that “States should collect reliable and accurate data which are 
required to assess the status of fisheries and ecosystems, including data 
on bycatch, discards and waste. Where appropriate, this data should be 
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provided, at an appropriate time and level of aggregation, to relevant 
States and subregional, regional and global fisheries organizations” (FAO, 
1995); 

- International Guidelines on Bycatch Management and Reduction of Discards 
which were developed by relevant parties including fisheries experts, 
fishery managers from governmental bodies, related fishing industries, 
researchers and non-governmental and intergovernmental organizations. 
The guidelines aim to provide a management framework and measures to 
conserve target species, bycatch as well as natural habitats. These guideline 
are voluntary that States and Regional fishery bodies may applied them to 
formulate appropriate measures for managing bycatch and discards in the 
fishing activities (FAO, 2011);  

- Indicators for the Strategic Plan for Biodiversity 2011-2020 and the Aichi 
Biodiversity Targets in which bycatch and discards are focused in the target 
6 Sustainable management of marine living resources. The target aims to 
reduce adverse impacts of fishing activities on threatened species and 
vulnerable ecosystems including target stocks, bycatch and habitat 
damages (https://www.cbd.int/sp/targets/). 

 
Regional action plans regarding bycatch have been initiated, for example, the 

EU Action Plan on Cetacean Bycatch plays an important role in conserving cetacean 
bycatch (harbour porpoises, dolphins and whales) in Europe. The EU Member States 
formulated strategies aiming to reduce those bycatch towards zero (Dolman et al., 
2016). Beside the cetacean bycatch, EU also developed measures to reduce seabirds 
in fishing gears including avoiding fishing in critical areas and/or duration, limiting or 
deterring bird access to or taking baited hooks, and decreasing the baited hooks’ 
attractiveness and visibility (EU, 2012). In the Southeast Asian region, there were some 
efforts on bycatch management through the project on Strategies for Trawl Fisheries 
Bycatch Management (REBYC-II CTI). The project is financially supported by the Food 
and Agriculture Organization of the United Nations (FAO) and Global Environment 
Facility (GEF). Indonesia, Papua New Guinea, Philippines, Thailand and Viet Nam were 
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participated in while the Southeast Asian Fisheries Development Center (SEAFDEC) is a 
coordinating body. The main goal of this project is to encourage the responsible trawl 
fisheries to reduce retained and discarded bycatch as well as other possible fishing 
impacts on marine biodiversity in the Coral Triangle and Southeast Asian waters 
(http://www.rebyc-cti.org/). 

In a global context, FAO is currently working to address the issues of bycatch 
and discards to the International Guidelines on Managing Bycatch and Reduction of 
Discards. Global assessments of discards are an important projects that FAO is currently 
conducting to provide an up-to-date global status and information on the amount and 
rate of discards in various fisheries as well as the projection of discarding trends. In 
addition, best practices, fishing methods, guidelines strategies are also disseminated to 
mitigate bycatch, discards and other collateral impacts through various projects, for 
example, the strategies for trawl fisheries bycatch management in the Coral Triangle 
and Southeast Asian waters (REBYC-II CTI) and in Latin America and Caribbean (REBYC-
II LAC). Furthermore, the FAO’s efforts on fisheries bycatch and discards also aim to 
contributes to the Sustainable Development Goals (SDGs), particularly the 14th SDG 
(sustainably use and conserve the oceans) including the SDG14.1 (preventing and 
reducing marine pollution, particularly marine debris and nutrient pollution), SDG 14.2 
(avoiding significant adverse fishing impacts on and strengthening the  resilience of and 
restoring the marine ecosystems to achieve healthy oceans), and SDG14.4 (regulating 
fishing and terminating overexploitation, illegal, unreported and unregulated fishing 
and destructive fisheries and implementing science-based management plans for fish 
stock restoration) (FAO, 2018).  

The definition of bycatch varies on the objective of each research and study. 
Generally, catch consists of two components that are target and non-target catch 
(called bycatch) while the bycatch can be further divided to retained or discarded 
bycatch (Alverson, 1994; Hall et al., 2000). Discarded bycatch or discards is marine 
species discarded either at sea or land for whatever reasons. For example, the species 
has little or no economic value due to that they have less consumption preference or 
poor condition (spoilage). The catching of the species is prohibited due to management 
regulations, the species is undersize or poisonous etc (Chuenpagdee et al., 2003b; Hall 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 35 

et al., 2000). Discarded bycatch is commonly considered as a waste of fishery resources 
(Huang & Liu, 2010; Kelleher, 2005). Some other definitions of bycatch can be available, 
for example, Davies et al. (2009) suggests that bycatch can be simply defined as the 
catch that is either unused (consumption, selling, or use as bait) or unmanaged. 
According to the Magnuson Fishery Conservation and Management Act, bycatch is 
defined as “fish which are harvested in a fishery, but which are not sold or kept for 
personal use, and includes economic discards and regulatory discards” (Benaka & 
Dobrzynski, 2004).  
 The discard of the world’s marine fisheries was firstly assessed by Alverson 
(1994) and later updated by Kelleher (2005) revealing that the weighted discard rate 
(the proportion of catch discarded and total catch) is estimated at 8 percent. About 
7.3 million tons per year of discards are estimated during 1992-2001. Trawlers catching 
shrimp and demersal fish generate over 50% of the total estimated discards, especially 
the ones operating in tropical region which produce the highest discard rate (27% of 
total estimated discards) (Kelleher, 2005). Relative low discard rates can be found with 
purse seine, handline, jig, trap, and pot fisheries. Based on the study of Zeller et al. 
(2018), the amount of global discarded bycatch estimated from the reconstruction 
catch data varies through time. Before the year 2000, about 10 – 20 % of the total 
annual catch was discarded but after that it is dropped to about 10%. Large scale 
fisheries still contribute a majority of the global discards.  
 Marine mammal bycatch is one of the most concerns for the conservation of 
marine mammal. They have been threatened by anthropogenic impacts, especially 
fishing activities (Avila et al., 2018). They are incidentally caught or entangled by many 
fishing gears such as gillnets , trawlers, purse seine etc, resulting in injury and direct 
mortality. (Allen et al., 2017; Hamilton & Baker, 2016; Song, 2018). Also, sea turtles 
have been considered as one of the vulnerable species which are accidentally caught 
by various type of fishing gears, particularly longlines (Abdulqader et al., 2017; Carlson 
et al., 2016), trawls (Meyer et al., 2017), purse seine (Bourjea et al., 2014), and gillnets 
(Lucchetti et al., 2017). Elasmobranch bycatch (especially sharks and rays) have been 
investigated because they are one of the important meso and top predators playing 
important roles in regulating marine food web and trophic structure (Heupel et al., 
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2014). Besides other commercial fishing gears, elasmobranch species are important 
component bycatch in small-scale fisheries such as gillnets, shrimp trammel nets, 
longlines, etc (Baeta et al., 2010; Piovano & Gilman, 2017). A diverse range of benthic 
invertebrates including bivalves, gastropods, corals, sponges, echinoderms, sea pens 
and other invertebrate species are generally found as bycatch in fishing gears that 
touch seafloor, particularly bottom trawlers and dredges (Broadhurst et al., 2006; Prena 
et al., 1999; Salgado et al., 2018).  
  Although some studies reported that bycatch discarded at sea are food for 
other marine species such as fish, amphipods, isopods, cephalopods, ophiuroids, 
decapods (Bozzano & Sarda, 2002) seabirds (Bicknell et al., 2013), marine mammals 
(Heath et al., 2014), serious ecological concerns regarding bycatch are well perceived 
especially the impacts on entire marine ecosystems (Dayton et al., 1995; Kappel, 2005; 
Torres et al., 2013). 
 Knowledge on bycatch impacts in Thailand is limited. The study on bycatch in 
Thailand highly focused on trawl fisheries, particularly otter board trawls, reporting the 
amount of trash fish and undersized/juvenile. Shrimp trammel nets produces large 
proportion of discards (50 – 87% of total catch) as reported by Boutson et al. (2007b) 
and Preecha et al. (2011). Most of them being true trash fish and marine invertebrates. 
Crab gill nets is one of small-scale fishing gears that highly threatens crab diversity as 
69 – 82% of total species of crabs caught from this gear had no commercial value 
(Wisespongpand et al., 2013) . Whilst, the proportion of discarded species from crab 
gillnet fisheries in Pattani Bay, Southern Thailand, ranges from 26 % - 47 % (Fazrul et 
al., 2015). Gillnet fisheries is also illustrated that it threatens to marine mammals 
(dugong, dolphins) (Adulyanukosol, 2010; Hines et al., 2005a; Hines et al., 2015; Whitty, 
2014; Wongsuryrat et al., 2011). Boutson and Arimoto (2011a) reported that the discard 
rate of small-scale crab trap fisheries in the inner Gulf of Thailand (using less than 300 
traps) and large-scale fisheries (operating with 2,000 traps) was significantly different 
accounting for 22 % and 30 %, respectively.  Based on the study of crab trap fisheries 
in Kung Krabaen Bay, the eastern Gulf of Thailand, 49% of the total crabs were 
discarded and died. Besides, those are considered as trash crabs that has less 
consumption preference  (Kunsook & Dumrongrojwatthana, 2017). 
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 Recent studies mentioned above reveal considerable amount of bycatch 
generated by small-scale fisheries in Thailand which illustrates some potentially 
ecological impacts of the fishing gears on marine environment. However, no 
comparative study of bycatch across different fishing gears was found in Thailand. 
Lacking of such comparative data makes it very challenging for fisheries governance 
and impact mitigation to support the implementation of ecosystem-based fisheries 
management (Garcia & Cochrane, 2005; Hobday et al., 2011; Shester & Micheli, 2011).  

Bycatch types are varied from different fishing gears and method of fishing due 
to varying degrees of species and size selectivity of different fishing gears (Hall et al., 
2000; Shester and Micheli, 2011). Due to the recent declines of large marine vertebrates  
such as sea turtles, seabirds and marine mammals, have drove the attention on the 
ecological impacts of bycatch worldwide (Lewison et al., 2004). Also, studies on 
bycatch have increased during the past decade reflecting a growing concern on this 
issue (Soykan et al., 2008). However, lack of bycatch information, especially on small-
scale fisheries, is still occurred especially in developing countries (Komoroske & 
Lewison, 2015; Shester & Micheli, 2011). 

Ghost fishing refers to abandoned, lost, or discarded fishing gears but they still 
have potential to catch a wide range of marine species (Ozyurt et al., 2017; Stelfox et 
al., 2016; Wilcox et al., 2015). Ghost nets (microfilament lines and rope) cause the 
entanglement of cetaceans and turtles (Stelfox et al., 2016). Lost fishing nets can be 
laid on coral reefs resulted in limiting coral growth or mortality (Matsuoka et al., 2005). 
Abandoned and lost traps or pots can continue to catch fishes causing injury and 
mortality (Butler et al., 2018; Butler & Matthews, 2015; Renchen et al., 2014). Crabs and 
fish have mostly been reported in abandoned traps/pots. Abandoned fishing gears are 
also caused by interaction with mobile fishing gears, such as trawl fisheries (Gilman, 
2015). For examples, Broadhurst and Millar (2018) investigated the ghost fishing of crab 
trap in southeastern Australia. They found that about 60% of entrapped crabs were 
injured while 5% of them were died. Putsa et al. (2016) also suggests that escape vents 
should be established in crab trap to reduce impacts of the ghost fishing, especially 
the small crabs.  
 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 38 

2.2.2 Habitat damage  
 

Fishing is one of the critical threats to important marine habitats, especially the 
coastal and continental shelf. Benthic habitats are risky to towed fishing gear (trawls 
and dredges) which touch the seafloor resulting in destruction of the seafloor physical 
environment and biological structures.  

 
1. Changes in physical environment 

 
Bottom trawling disturbs the physical structure of sea floor and its complexity 

that is a unique structure for marine biota. However, the disturbance level depends 
on frequency and geographic scale of trawling (Jackson, 2008). (Martín et al., 2014). 
Hydraulic dredging seems to generate higher level of impacts on physical structure of 
seafloor as its penetrating depth (16.1 cm) is considerably higher than what observed 
in bottom trawling (2.4 cm) and the positive relationship between penetration depth 
and the disturbance level on macrofaunal community is found (Hiddink et al., 2017). 
The seafloor change by beam trawlers varied by the intensity of trawling as well as the 
trawling operation. It was reported that conventional tickler-chain trawl produced 
higher level of seabed alteration compared with pulse electric trawl (Depestele et al., 
2016). However, the use of pulse electric beam trawls is still controversial over the 
negative impacts of electrofishing (ICES, 2018).  

Bottom fisheries also cause the instability of sediment system and chemical 
change because of the fluctuation of carbon flux between anoxic and oxic 
compartments (Kaiser et al., 2002). Suspension of anoxic sediments may also cost 
anoxic condition which is harmful to some marine species. A study by Chanrachkij 
(2012), who investigated the environmental change due to calm dredging in Thailand, 
revealed that dredging significantly increases the high value of total suspended solid 
affecting water transparency and light penetration. Besides, overall concentration of 
nutrients such as Ammonium-Nitrogen, Silicate-Silicon, and Orthophosphate-
Phosphorus tended to be increased. An increased concentration of the nutrients 
generated by dredging activities may further encourage the occurrence of algal bloom 
(Anderson, 2009; Livingston, 2007).     
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2. Impacts on benthic community and biogenic structure  
 
Recent studies support the scientific evidence of the impact of towed bottom 

fishing on biogenic structures and benthic communities. Towed bottom fishing gears 
especially dredges, otter-board trawls, and beam trawlers have been mostly studied 
(Harris, 2012; Jackson, 2008; Kaiser et al., 2002; Martín et al., 2014). Hydraulic dredges 
showed that higher impacts on biological disturbance compared with trawlers. It was 
reported that hydraulic dredges and bottom trawlers destroyed 6% and 41% of biota 
in the disturbed areas, respectively (Hiddink et al., 2017). In the coast of southern 
Portugal, the impact of bivalve dredge fishing on macrobenthic community structure 
was found having less abundance and diversity in dredged areas compared to 
undredged areas. Crustacean is considered to be the most vulnerable species to 
dredging (Gaspar et al., 2009). Similarly, the abundance of some polycheates in soft-
bottom substrate in trawled area was less than what observed in untrawled areas, 
according to the study of (Romano et al., 2016).  

According to Turner et al. (1999), fish stocks are depending on the fertility of 
habitat structure and biological condition. Hence, the loss of large epibenthic 
organisms has the effects on fish species. Coral reefs are important marine ecosystem 
with high diversity and productivity and they have been facing with human and natural 
disturbances (Hughes et al., 2003). Coral reefs provide lots of ecosystem services to 
society especially fisheries resources and also highly interact with local livelihoods 
(Cinner, 2014). Fishing activities in or near coral reef, however, generate the impacts on 
coral reefs, particularly physical damage from trap/pot fisheries and exploitation of 
reef-associated organisms (Al-Jufaili et al., 1999; Mangi & Roberts, 2006; Samoilys et al., 
2017). Some reports illustrate that bottom trawling activity has an impact on the 
abundance of on coral reefs, deep-sea corals, sea anemones, sponges, and hydroids 
(Pierdomenico et al., 2018; Rooper et al., 2011). Destructive fishing practices like 
dynamite or blast fishing also cause destruction of reef structure and the impacted 
reefs show lots of rubble which is not suitable for new coral recruitment (Fox & 
Caldwell, 2006). Sediment suspension generated by trawling or dredging activities may 
cause impacts on coral growth (Erftemeijer et al., 2012).  

Due to the high sensitive of seagrass to sediment loading, the seagrass can also 
impacted by dredging activities. Plowing the soft sediment may also cause negative 
impacts on seagrass productivity (Erftemeijer & Lewis, 2006). Sediment resuspension 
caused by bottom trawling may induce the redistribution of dinoflagellate cysts which 
may lead to dinoflagellate blooms (Brown et al., 2013). 
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2.3 Methodology review on fishing impact assessment 
 

2.3.1 Field surveys 
 
 Bycatch data can be obtained from various methods such as sampling at 
landing sites, interviewing the fishers, fisheries logbook etc. However, the most reliable 
and accurate methods for collecting actual bycatch, especially discarded bycatch is 
onboard observation (Gray & Kennelly, 2018; Kelleher, 2005). This observation is useful 
for obtaining discarded bycatch, particularly discarded at sea. Onboard survey is also 
useful to observe the bycatch of marine mammals and reptiles because fishers usually 
release them into the sea as quick as possible (Gonzalez-But & Sepulveda, 2016; 
Kovacs & Cox, 2014; Machado et al., 2016). In some countries, those protected species 
cannot be caught and kept on board. Interview-based approach is also popular to 
collect data on rare marine species and historical data (Dmitrieva et al., 2013; Moore 
et al., 2010). 
 Ecological surveys are extensively applied in order to assess the impacts of 
fishing activities on natural habitat and benthic communities. Prior to conducting the 
ecological surveys, comprehensive review is conducted to understand the information 
of fishing activities and the characteristics of natural habitat (Grabowski et al., 2014; 
Pitcher et al., 2017). The change of biogenic structure and benthic community have 
been used as a bioindicator for assessing the fishing impacts (de Juan & Demestre, 
2012; Vergnon & Blanchard, 2006).  
 

2.3.2 Expert elicitation method  
 

Expert elicitation refers to a board range of methodologies to assess and gather 
knowledge and information from experts. Knol et al. (2010) describes it as “A structured 
approach of consulting experts on a subject where there is insufficient knowledge and 
seeks to make explicit the published and unpublished knowledge and wisdom of 
experts. Expert elicitation can serve as a means to synthesize the (limited) available 
knowledge in order to inform policies which have to be made before conclusive 
scientific evidence becomes available”. The expert elicitation deals with the complex 
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situation where scientific knowledge is limited (Cook et al., 2010) and also promotes 
collaboration between key scientists, policymakers, private sectors, and local 
communities. 

 Expert elicitation is extensively applied to various disciplines. Expert 
knowledge is useful for environmental management (Burgman et al., 2011). In terms 
of marine and coastal management, expert elicitation was applied in policies and 
decision-making process. Expert knowledge are highly required not only for assessing 
the ecosystem vulnerability to human stressors to support ocean management (Kappel 
et al., 2012),  but also in determining uncertainty and vulnerability of ecosystem from 
natural disturbances (Teck et al., 2010). Expert knowledge also plays significant roles 
in fisheries management and governance. Irwin et al. (2008) used the expert elicitation 
as a part of decision analysis which further support stochastic simulation models to 
evaluate the policies for yellow perch fishing in southern Lake Michigan. Schuhbauer 
and Koch (2013) mentioned that information from expert opinions from different 
stakeholders are useful to understand the nature of the recreational fishery in the 
Galapagos Marine Reserve. In determining ecological impacts of fishing gears, 
Chuenpagdee et al. (2003a) assessed collateral impacts of fishing in the US using 
damage schedule approach as a tool for eliciting judgement and information on the 
severity of fishing gear impacts from relevant stakeholders including fishers, scientists 
and managers. The damage schedule approach consists of integrating the knowledge, 
expert elicitation, and pair comparison to rank the fishing gear impacts revealing that 
bottom fishing gears such as bottom trawlers, gillnets, dredges, and midwater gillnets 
were assessed as the high impact level. The authors suggested the use of those gears 
in the US should be prohibited in ecologically sensitive areas. Similarly, Fuller et al. 
(2008) also applied the expert elicitation in assessing ecological impact of fishing gear 
in Canada. Bottom trawls showed the highest severity of impacts in both west and east 
coasts of Canada, followed by bottom gillnets and dredges etc. In order to mitigate 
the impacts related to bycatch and habitat damages, spatial management was 
suggested to incorporate with fisheries management in order to protect sensitive areas 
from destructive fishing gears. Lately, Grabowski et al. (2014) assessed the vulnerability 
of marine benthos to fishing gears impacts in which expert knowledge is used to rate 
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susceptibility and recovery of marine benthos for each type of gears and substrates in 
case that scientific literature is shortage or inconsistent.   
 

2.3.3 Environmental damage schedule  
 
The Environmental damage schedule is one of the tools used for fishing impact 

analysis which is conceptually originated by Rutherford et al. (1998). The concept is 
mostly dependent on the judgements of relevant resource stakeholders including 
local communities, managers, and other related groups on the importance of resources 
and the preferences for changes in the environment. Participants are asked to select 
which option is least and most preferred. This exercise reflects the importance of 
resources based on local judgement which can be useful for formulating management 
policies and environmental decision-making process (Chuenpagdee, 1998). 

 
Quah et al. (2006)  applied the concept of environmental damage schedule to 

rank the relative importance of people’s opinion on the values of various 
environmental damages or losses of urban in Singapore. One aspect of this study was 
focused on the state of environmental quality for different resources revealing that 
the four most important environmental problems included deterioration of coastal 
and marine environment, air pollution, ozone depletion, and an unhygienic 
environment relating to food and water. 

Kukak (2009) also employed the damage schedule approach to exhibit the 
importance of natural resources in St. Paul's, a small outport community, 
Newfoundland, Canada. The findings revealed that lobster, forest, and herring were 
the most important natural resources according to the local residents and managers. 
Local residents and residents in surrounding communities agreed that oil development 
and exploration was the most beneficial activity to the area, closely followed by local 
research and management of fish stocks, the first choice of managers and tourists.  This 
study illustrates that this approach is a useful tool to assess the values of resource 
interest groups which is further useful for formulating policies and the success of 
implementation. 
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 Besides, the environmental damage schedule was used as a tool for 
determining ecological impacts of fishing gears in the United State (Chuenpagdee et 
al., 2003b)   and Canada (Fuller et al., 2008) during 2002 and 2008, respectively. Both 
works applied the environmental damage schedule to assess the ecological impacts 
of fishing gears by integrating scientific knowledge regarding ecological impacts of 
fishing gears, then rating such impacts of fishing gears through convening expert 
workshop and raking the severity of those impacts.  
 A relative scale of importance and a damage schedule offer advantages in 
various aspects of environmental management including resource allocation, 
restoration efforts, and conservation initiatives. Applications of this concepts in various 
environmental resources which have been conducted globally illustrate that it is a 
reliable method in exhibiting the importance of natural resources without considering 
monetary values. This damage schedule method would be one of the reliable 
assessment frameworks for identifying the severity of ecological impacts of fishing gears 
in Thai waters. The findings under this study are beneficial to decision-making and 
further effective management of fishing gears.  

 
2.4 Fisheries in Mu Ko Chang, Trat Province 
  
 Mu Ko Chang archipelago is located in Trat Province, the eastern Gulf of 
Thailand (Figure 6). Ko Chang is the largest island in the archipelago with its total area 
of about 212 km2 surrounded with about 40 islands. Ko Kut and Ko Mak are located 
southward of Ko Chang. The archipelago is influenced by with tropical climate. Wet 
season starts from May to October driven by the southwest monsoon while dry season 
covers December to April. In 2017, a total precipitation of 5,733 mm was recorded 
while the temperature ranged from 30.8 - 34.6 ˚C (TPSO, 2017). With diverse terrestrial 
and marine ecosystems such as tropical rainforest, mangroves, seagrass beds, and coral 
reefs, Mu Ko Chang serves an important tourist destination of Thailand. While intensive 
tourism is occurred in the west coast of the island, other parts of the island remain 
traditional local livelihoods. In 2017, there are 8,087 local people with 5,485 
households in Ko Chang (TPSO, 2017). Their occupations of the locals include 
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plantations of fruits, coconut, pineapple, para-rubber tree, fisheries and aquaculture, 
tourism business, retailers, general workers etc.  
 Most marine capture fisheries in Ko Chang is small-scale with about 220 small-
scale fishing vessels (Pers. Comm.). The fishing vessels are either non-motorized or 
motorized with outboard or inboard engine. Most of them operate in coastal water, 
generally 3 nautical miles. One or two crews who are family members or local people, 
or Cambodians are involved in fishing and other post-harvest process. Fishing gears 
generally found include drift nets, bottom nets, trammel nets, Acetes push nets, 
shellfish dredging, fish traps (reef and coastal fish traps), squid traps, crab traps, bottom 
longlines, trolling lines, pole and line  (Lunn & Dearden, 2006b; Songjitsawat et al., 
2011).  

Since Mu Ko Chang National Park was established in 1982 covering some 
terrestrial and marine areas of about 650 km2, all natural resources of both marine and 
terrestrial environment are belonged to Mu Ko Chang National Park, the Department 
of Wildlife and Plant Conservation. According to the National Park Act 1961, the 
national park is basically a no-take zone. However, about 95% of fishing activities in Ko 
Chang are still found in the national park boundary (Lunn & Dearden, 2006a). 
Department of Fisheries (DoF) is responsible for monitoring and managing fishing 
activities outside the national park boundaries.  

In the provincial level, as of 1st April 2018, a total of 1,445 fishing vessels with 
fishing licenses were registered to the Department of Fisheries consisting of 146 fishing 
vessels with its capacity of less than 10 GRT while the rest have its capacity of more 
than 10 GRT. A total of 614 fishing vessels are register with handline followed anchovy 
falling net (208 vessels) and otter-board trawl (135 vessels) (DoF, 2018b).  
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Figure  6 Map of Mu Ko Chang , Trat Province 
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Before conducting the field studies, preliminary surveys were done during 

December 2014 – February 2015 in eight fishing communities located along the Strait 
of Ko Chang to observe and collect some information on fishing gears in Trat Province. 
The fishing communities included Ban Prong Lam Pid, Ban Ao Krud, Ban Mai Rood, Ban 
Nam Chiew, Ban Yai Mom in main land; Ban Klongson, Ban Salak Kok, and Ban Salak 
Phet in Ko Chang during. At least 10 small-scale fishing gears were generally found in 
the eight fishing communities namely gill nets, crap net, shrimp trammel nets, fish 
traps, crab traps, squid traps, octopus traps, bottom longlines, hand lines and trolling 
lines, and Acetes push nets. Whilst, push nets and dredges are usually considered as 
large-scale because they usually use medium to large vessel with a length  of more 
than 10 meters. Some information of each fishing gears were summarized in the Table 
3.  
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Table  3 Some fishing gears in Trat province  
 

Gear type Target 
species 

Gear description Fishing 
operation 

Mesh 
size 
(cm) 

Bait General bycatch 
found 

Push net Shrimp and 
fish 

Consisting of a net 
and two poles 
that are generally 
made of bamboo 
or pine tree trunk 
or iron pipe. The 
net is opened by 
those poles like a 
V-shape.  

The net is 
pushed toward 
by motorized 
vessel, the skis 
usually touch 
seafloor.  

1 - 5 None Snakes, sharks, 
starfish, rays 
algae, juvenile 
fish, squids, 
forage fish, 
gastropods, 
bivalves, crabs; 
about 30% of 
catch was 
discarded. 

Acetes 
push net 

Acetes  The structure of 
the gear is similar 
to push net. The 
push net is 
simpler and it can 
also be used by 
human power.   

Fishers 
investigate a 
group of Acetes 
and then push 
them by 
pushing the net 
toward using 
either hand or 
motorized 
vessel. The skis 
are not 
touched 
seafloor. 

0.6 - 1 None Shrimp, juvenile 
fish and squid  

Dredge  Short-
necked 
clam, Blood 
cockle, 
Scallop  

A box-shave sieve 
with a dimension 
of 40x60x50 cm 
for blood-cockle 
dredge, and  
130x200x20 cm 
for short-necked 
clam.  

The operation 
is similar to 
trawler. The 
box-shave 
sieve is hauled 
fishing on 
muddy or 
sandy 
substrates. 

1-2  None Snakes, rays 
starfish, squids, 
other gastropods 
and bivalves, 
crabs 
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Table  3 Some fishing gears in Trat province (Continued) 
 

Gear type Target 
species 

Gear description Fishing 
operation 

Mesh 
size 
(cm) 

Bait General bycatch 
found 

Gillnet Mullets, 
Promfet  
Mackerels 

Single-layered of 
nylon filament 
with 1–3m deep 
and 20–1,000 m 
long. 

Fishers 
encircled 
school of fish 
with their nets, 
then the fish 
entangled into 
their nets  

1–5 None Shrimp, crabs, 
Rays, sharks, 
dolphins, mantis 
shrimp, forage 
fish 

Crab net Swimming 
crabs 

Nylon 
monofilament net 
with about 120 
cm high. The 
length could be 
from 200 – 2,000 
meters.  

The net is 
operated in 
shallow coastal 
waters ranging 
from 3- 30 
meters. 

10-12 None Mantis shrimps, 
shark, ray, 
gastropods, 
scallops, other 
bivalves, fish 

Shrimp 
trammel 
net 

Shrimp  Three-layered 
entangling net, 
measuring 1.5 m 
deep and 40–
1000 m long, with 
light-weight 
sinkers lining the 
base of the net 
and small floats 
spread across the 
top 

Designed to 
float vertically 
in the water 
column, nets 
were tied to 
bamboo poles 
at either end 
and left to drift 
in the current 
for 10–90 min 

4.2 for 
inner 
layer 
and 
14 cm 
for 
outer 
layers 

None Cuttlefish, mantis 
shrimps, shark, 
ray, gastropods, 
scallops, other 
bivalves, fish 
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Table  3 Some fishing gears in Trat province (Continued) 
 

Gear type Target 
species 

Gear description Fishing operation Mesh 
size 
(cm) 

Bait General 
bycatch 
found 

Collapsible 
crab trap 

Swimming 
crabs, Mud 
crabs, and 
Stone 
crabs 

Collapsible traps 
with the 
dimension of  
about 
35 x50x15 cm 
which is made 
with a metal 
frame and nylon 
mesh 

About 20 traps 
are attached on 
one set of main 
line at 5 m 
intervals, dropped 
close to the 
bottom and tied 
to buoy at the 
surface. 
The traps are 
hauled once or 
twice a day. 

2 Bait  fishes Mantis 
shrimps, 
fish 

Squid trap Big-fin reef 
squid and 
Cuttlefish 

Semi-cylindrical 
traps, made from 
wood and 
Polyethylene 
netting 

Held vertically in 
the water 
column, about 2-
4 m from the 
seafloor 
connected with 
rock and buoy.  

5 Squid eggs 
with white 
plastic bag. 
The trap is  
covered with  
palm leaves  

Fish, sea 
snakes, 
eels 

Fish trap Groupers 
and 
Snappers 

Semi-cylindrical or 
cubical traps, 
made with 
wooden frames 
covered with 
nylon mesh. The 
dimension is 
ranged from 0.5–
2.5 m long 2.2 –1 
m wide 0.2 –
0.8 m high. 

Traps were 
weighed to the 
bottom   

1.0 - 
2.5  

Small non-
commercial 
fishes or 
unbaited 

Other fish 
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Table  3 Some fishing gears in Trat province (Continued) 
 

Gear type Target 
species 

Gear description Fishing 
operation 

Mesh 
size 
(cm) 

Bait General 
bycatch 
found 

Octopus 
trap 
 

Octopus  About 200-600 
noble volute 
shells are 
attached on one 
line with at 2.0-6.5 
m intervals.  
 

The lines are 
dropped close 
to the bottom 
of sandy 
substrate with 
the depth of 
about 6-10 
meters. The 
traps are 
hauled once a 
day. 

- None None  

Hook-
and-line 

Spanish 
mackerel, 
barracuda, 
squid, 
trevallies, 
and 
fourfinger 
threadfin 

Still lines, 
measuring 10–
15 m, or trolling 
lines, measuring 
40–100 m, affixed 
with 1–3 large 
hooks (2.5 cm 
across, 7 cm long) 

Still lines were 
attached to 
floats and 
dropped 
directly below 
the surface, 
whereas 
trolling lines 
were attached 
to rods and 
extended 
behind fishers’ 
vessels 

- Artificial lures 
or Bait  fishes 

Sharks, rays 
sea turtles 

Bottom 
longlines 

Ray, 
Spanish 
mackerels,  
red 
snappers, 
bigeye 
snappers, 
groupers, 
threadfin 

The bottom 
longlines consists 
of a main line 
with many branch 
lines (40-60 cm 
long) attached 
with hooks. The 
interval between 
two branch lines 
is 2.0-2.5 m.  

The bottom 
longlines is 
placed on the 
seafloor for 
about two 
hours or more 
before hauling. 

- Bait  fishes or 
squid 

Shark, sea 
turtle, 
other fish 

  Sources: Personal observation, Lunn and Darden (2006) 
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(a)  (b) 

 

 

 
(c)  (d) 

Figure  7 Some bycatch caught from fishing (a) bivalves and gastropod shells from 
push net and dredge, (b) gastropods and trash fish from bottom nets, (c) 
some trash fish from push net, (d) fish caught from fish trap.  

Note: Photos taken from Ko Chang, Trat Province 
 

According to table 3, a board rage of non-target species can be caught with the 
fishing gears. Some species which are protected by law or regulation, or risky to 
extinction (whales, dolphins, sea turtles, dugongs etc.) are categorized as regulatory 
bycatch. Furthermore, juvenile economic species were also categorized as bycatch. 
Fishers also added that there was significant amount of trash fish and other non-target 
species accidentally caught in push net which may cause a drastic decline of fisheries 
resources and habitat damages. 
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CHAPTER III 
METHODOLOGY 

 
3.1 Analyzing existing knowledge and gap on ecological impacts of fishing gears 

in Thai waters 
  

3.1.1 Objective  
The objective of this part is to compile existing literatures and analyse 

knowledge gaps of ecological impacts of fishing gears in Thailand. The study involves 
a comprehensive review of existing literature, including scientific articles, technical 
papers, newsletters, theses and dissertations, project reports, government reports and 
unpublished documents, based primarily on information available on websites, 
coupled by personal contacts.  

 
3.1.2 Data collection 

The web search was conducted during January to April 2016, using 
international and national research databases such as Web of Science, SCOPUS, and 
Thai Library Integrated System (ThaiLIS). The main search words were ‘impacts’, 
‘fisheries’, ‘fishing gear’, ‘bycatch, ‘habitat’ and ‘trash fish.’ The search was done in 
English and Thai language. Known fisheries experts were contacted by email and 
telephone to inquire about additional data, especially those that can only be found 
in unpublished reports and other gray literature. Finally, visits to relevant organisations 
were made to obtain information not available online.  

 
3.1.3 Data treatment and analysis 

Internet search results were checked for relevance and to eliminate 
duplication. The final set of data was then categorised into bycatch and habitat 
damage based on fishing gears, before performing content analysis. For the purpose of 
the study, habitat and bycatch definitions provided by Morgan and Chuenpagdee 
(2003) Morgan and Chuenpagdee (2003) are used. Bycatch includes non-target catch, 
consisting of catch of low-value species and discards. Habitat damage refers to damage 
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to the living sea floor as well as alteration to geological structures including coral reefs, 
seagrass beds, and soft and hard bottom. Content analysis was done to extract the 
key information from each literature for analyzing existing knowledge and gap on 
ecological impacts of fishing gears in Thailand. 
 
3.2 Analysis of small-scale fisheries bycatch in Mu Ko Chang, Trat Province 
 

3.2.1 Objective 
The objective of this part is to comparatively study the quantity and 

diversity of bycatch from nine small-scale fishing gears to assess ecological impacts of 
fishing gears in Ko Chang, Trat Province 

 
3.2.2 Gear selection 

Nine small-scale fishing gears including drift nets, bottom nets (shrimp 
trammel nets, crap nets), mid-water trap (squid traps), bottom trap (crab traps and fish 
traps), Acetes push nets, bottom longlines, and trolling lines. These selected fishing 
gears were chosen based on their differences in their operating position in water 
column (surface/mid-water column and near sea floor). Drift nets, squid trap, Acetes 
push net, and trolling line are usually operated in surface/mid-water column; while 
shrimp trammel nets, crab nets, crab traps, fish traps, and push nets are operated near 
or on sea floor. Besides, these selected fishing gears are generally found in every fishing 
communities of the study site. Description of gears and illustrations used in this are 
shown in Table 4 and Figure 8. 

 
3.2.3 Sample collection and processing 

Onboard surveys were conducted during both wet and dry seasons with 
cooperation with small-scale fishers. At least three distinct fishing trips were surveys 
for each fishing gear and season starting from July 2015 – February 2016. Hence, a total 
of 54 data sets were obtained from the field surveys. In order to prevent the loss of 
discard data of which fisher might discard those bycatch at sea, data collection were 
done immediately after fishing. The information on gear description and fishing 
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operation is shown in Table 4. Small-scale fishing vessels, used in this study, range 
from 4 – 10 meters in length (Med = 4.5) with the engine of 6 – 50 hp (Med = 6).  

Each fishing trip, all species caught were sorted, weighed and identified. 
The species were photographed, preliminary identified with local name by fishers, then 
those specimens were further identified into the species level, if possible, using the 
FAO Species Identification Guide for Fishery Purposes (Carpenter & Niem, 1998) and 
other web-based reference databases such as FishBase, Marine Species Identification 
Portal, World Register of Marine Species etc. The fishers also helped specify the species 
whether it is target species, retained or discarded bycatch. 

 
3.2.4 Data treatment and analysis 

To calculate the catch rate of each fishing gear, a total catch, number of 
gears, length of nets, and soaking/fishing time of each fishing trips were used and the 
catch rate is expressed as kg per gear-unit per day. Seasonal variation of catch rate 
were tested with Student's t-test. Since the some of the selected small-scale fishing 
gears are operated seasonally, seasonal variation of species composition of catch is 
basically occurred. To reduce the seasonal variation, the data from six fishing trips 
(covering wet and dry season) were aggregated before calculating the proportions of 
target, non-target catches (retained and discarded bycatch) which were expressed as 
percentage of total wet weight.  

In terms of species diversity and diversity indices were calculated using 
abundance data to illustrate diversity of total catch, retained bycatch, and discarded 
bycatch of each fishing gear (Lezama-Ochoa et al., 2015) as the followings:  

Shannon–Wiener diversity index (H′) =-Σ(pi·log (pi)) 
Margalef’s species richness (d)  =(S-1)/log(N) 
Pielou’s eveness (J′)    = H′/log(S) 
N = Total number of individuals, s = Total number of taxa 

The higher species diversity may further imply the higher degree of 
bycatch generation of the certain fishing gears.  Utilization of the catch was also 
assessed using biomass data to illustrate how much of those catches were household 
consumed, sold, or discarded. 
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Table 4 Description of fishing gears used in this study 
 

Fishing 
Gears 

Gear dimension 
Mesh 

size (cm) 
Bait Fishing operation 

Fishing ground 
characteristic 

Crab 
Gillnets* 

Nylon filament 
with its 
dimension of 
1.2 x 900 m 

10.2 None  The net is set on 
the seafloor for 
about 12 – 24 
hours before 
hauling 

Muddy/sandy 
substrate with 2 
– 20 m deep 

Mullet 
Gillnets** 

Nylon filament 
with it 
dimension of 
2.5 x 400 m 

4 None School of fish was 
encircled and 
entangled with the 
net. 

Muddy substrate 
with 1 – 5 m 
deep 

Shrimp 
Trammel 
Nets** 

Three-layered 
net with its 
dimension of 
2 x 3,600 m 

4  and 9 
for inner 
and 
outer 
layers 

None The net is released 
and driven by 
current for 1/2 - 1 
hr before hauling.   

Muddy/sandy 
substrate with 2 
– 30 m deep 

Acetes 
push 
Nets** 

A conical bag 
net is fixed on 
scissors like 
cross-wooden 
sticks (6.5 m 
long) 

2 mm None When a school of 
Acetes is found, it is 
harvested by 
pushing the bag net 
toward and lifting 
the net.  

Muddy substrate 
with 2 – 4 m 
deep 

Crab 
Traps* 

Collapsible 
traps with its 
dimension of  
about 0.45 x 
0.3 x 0.15 m 

3 Small-
pelagic 
fish 

About 400 traps per 
trip are dropped on 
the seafloor for 12-
24 hrs before 
hauling. 

Muddy/sandy 
substrate with 3 
– 7 m deep 

Fish Traps* Semi-cylindrical 
traps with its 
dimension of 
0.5 x 1 x 0.3 m 

7.6 Small-
pelagic 
fish 

About 30 traps per 
fished were 
deployed to the 
seafloor for 24-48 
hr. before hauling. 

Coastal rocky 
habitat with 2 – 
10 m deep 

Squid 
Traps* 

Collapsible 
semi-cylindrical 
traps with its 
dimension of 1 
x 1 x 1.5 m 

5  Squid 
eggs  

About 50 traps 
were vertically 
positioned in the 
water, about 2-3 m 
from the seafloor 
for 48 hrs. 

Sandy substrate 
with 15 - 30 m 
deep 
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Table 4 Description of fishing gears used in this study 

Fishing 
Gears 

Gear dimension 
Mesh 

size (cm) 
Bait Fishing operation 

Fishing ground 
characteristic 

Bottom 
Longlines* 

A main line 
(200 m long) 
consists of 
about 130 
branching lines 
(50 cm long) 
with hooks. 

- Small 
pelagic 
fish or 
squid 

The bottom 
longlines were 
placed on the 
seafloor for about 
2-3 hours or more 
before hauling. 

Muddy substrate 
with 1 – 3 m 
deep 

Trolling 
Lines** 

Fishing rod is 2 
m long 
connected with 
a line (50 –100 
m) on which 2 
hooks with 
baits attached. 

- Artificia
l lures 
or 
small 
pelagic 
fish 

Two fishing rods are 
laid perpendicularly 
on both side of a 
vessel. Lines and 
hooks are 
submerged in the 
water. Towed 
speed is about 2 
knots 

Sandy substrate 
with 15 – 40 m 
deep 

Note: *Fixed gears, **Mobile gear 
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(a) (b) 

 

 
(c) (d) 

  
(e) (f) 

Figure  8 Photos of fishing gears used in this study: (a) crab gillnets, (b) mullet 
gillnets, (c) shrimp trammel nets, (d) Acetes push nets, (e) crab traps, (f) fish traps 
Note: Photos taken from Ko Chang, Trat Province 
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(g) (h) 

 
(i) 

Figure  8 Photos of fishing gears used in this study: (g) squid traps, (h) bottom 
longlines, (i) trolling lines (Continued) 
Note: Photos taken from Ko Chang, Trat Province 
 
3.3 An in-situ study of impacts of fish traps on coral reefs in Ko Kut and Ko Mak, 
Trat Province 
 

3.3.1 Objective 
This part aims to investigate the fishing impacts on natural habitat through 

an in-situ observation of a fishing operation, in this case fish trap fisheries in Ko Mak 
and Ko Kut was observed through underwater observation.  

 
3.3.2 Fishing operation and data collection 

A total of 82 fish traps in Ko Kut and Ko Mak, located in the south of Ko 
Chang, Trat Province (Figure 9) were investigated during January – October 2016. 
Generally, the fish trap is placed on the spaces between coral reefs or near underwater 
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pinnacle at an average depth of 15 meters. Fish traps are made of wooden frame (1.5 
x 2 x 1 m) with polyethylene and iron wire having a mesh-size of 2.5 cm. Fishing vessel 
with inboard engine of 150 hp was used in this study. A fisher who dive for placing and 
retrieving the fish traps used a mask with plastic air tube that connected to air supplier 
onboard. A few crew members were available onboard to facilitate the fisher who 
placed and retrieved the traps. The traps were submerged for about 1 – 2 weeks 
depending on climate condition.  

At each trap, a SCUBA diver underwater investigated the fish trap deployment 
from the surface to sea bottom as well as the retrieval of the trap. Number of traps 
that touched corals was counted and calculated as percentage of total traps. Other 
possible impacts of fish trap deployment were also investigated. After retrieving, all 
species found on each trap were counted, weighed, and photographed. In the 
laboratory, all of the species were identified to species level, if possible using the FAO 
Species Identification Guide for Fishery Purposes (Carpenter & Niem, 1998) and other 
web-based reference databases such as FishBase, Marine Species Identification Portal, 
World Register of Marine Species etc. The fishers also helped specify the species 
whether it is target species, retained or discarded bycatch. 

 
3.3.2 Data treatment and analysis 

To specify the target species, the fishers were asked to help specify which 
of the species target species, retained or discarded bycatch. The average CPUEs were 
calculated as the following formula (Butler and Heinrich, 2007): 

 

Average CPUE = 
∑ 𝐶𝑃𝑈𝐸𝑖
𝑛
𝑖=1

𝑛
 

 
CPUEi (kg/trap/day) = Weight of total catchi (kg)/soaking timei (days) 
n= a total number of trap investigated  
 
 The average catch rates of the fish traps operated during dry season (January 
– April) and wet season (May – October) was compared using non-parametric Mann-
Whitney U test in order to detect seasonal variation.  
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Figure  9 Locations of fish trap deployment in Ko Kut and Ko Mak (red line denotes 
coral reefs) 
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3.4 Impacts of trawl, push net and dredge fisheries on macrobenthic 
communities in the Strait of Ko Chang, Trat Province 

 
3.4.1 Objective 

This part aims to investigate the impacts of trawl, push net and dredge 
fisheries on macrobenthic communities in the Strait of Ko Chang, Trat Province. 

 
3.4.2 Sampling design and site selection 

 Abundance and composition of macrofauna community were 
investigated in two different zones in the Strait of Ko Chang where different fishing 
regulations were posed as the followings:  

The zone where trawls, push nets, and dredges with motorized vessel are 
completely prohibited, in which a total of six study sites including station A, B, C, D, E, 
and F were investigated (Figure 10). 

The zone where trawls, push nets, and dredges with motorized vessel 
were prohibited during June – November according to the Notification of Trat Province, 
in which four study sites including station G, H, I, and J were investigated.  
 

3.4.3 Sampling and sample processing 
Vann veen grab with the surface area of 900 cm2 was used for 

macrobenthos and sediment sampling. Six replicates were collected from each of ten 
permanent sampling sites in the Strait of Ko Chang. Sampling was done in both in wet 
and dry season.  

The samples were washed over a 0.5 mm mesh-sized sieve. Macrobenthic 
species retained on the sieve were fixed in 10% buffered formalin for further 
identification. Sediment samples were also collected and fixed in 10% buffered 
formalin to analyze organic matter content and particle size analysis.  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 62 

 
Figure  10 Sampling sites investigated for macrobenthic community in different 

fishing regulation 
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At each sampling station, some parameters such as depth, temperature, 
salinity, dissolved oxygen, pH, salinity, total dissolved solid (TDS) and conductivity, 
were measured using the YSI 556 MPS water quality monitoring device.  

In laboratory, the samples were stained with Rose Bengal before sorting and 
identification. The individuals of each taxon were counted and recorded under 
microscope. Content of organic matter in sediment sample was analyzed using loss on 
ignition method (Heiri et al., 2001). Dry-sieve method was used to find sand fraction in 
the sediment samples while particle-size fractionation was further used for determining 
silt and clay fraction (English et al., 1997).   
 

3.4.4 Data treatment and analysis 
Densities of each taxa were totaled to give total densities of in each 

replicate and sampling station. Since raw data were not normally distributed, all of the 
data were treated with square root transformation before testing the differences of the 
mean total densities between six-month closure zone and the permanent closure 
zone with two-way ANOVA while the spatial variation among site was tested by one-
way ANOVA with Tukey's HSD (honestly significant difference) test. All univariate data 
analyses were performed using SPSS version 22. 

In addition to these individual species, number of taxa (family level) and density 
data for all macrobenthic species was used to calculate diversity indices as the 
followings:   

Shannon–Wiener diversity index (H′) =-Σ(pi·log (pi)) 
Margalef’s species richness (d)  =(S-1)/log(N) 
Pielou’s eveness (J′)    = H′/log(S) 
N = Total number of individuals 
S = Total number of taxa 
Difference on total number of taxa in between six-month closure zone and the 

permanent closure zone was tested with Mann-Whitney U test.  
Similarity of species composition based on Bray-Curtis Similarity between zones 

and seasons was conducted with Permutational multivariate analysis of variance 
(PERMANOVA). The Similarity Percentage (SIMPER) was performed to identify which taxa 
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are responsible for major contribution to similarity or it could help identify the taxa 
that are generally found in a certain group. A distance-based linear model (DISTLM) 
and distance-based redundancy analysis with ordination (dbRDA) were done to find 
out the relationship of environmental gradients and similarities of sampling station. 
Diversity Indices, PERMANOVA, SIMPER, DISTLM and dbRDA were done using PRIMER 
version 7.0. Four-root transformation were required prior to conducting the multivariate 
data analyses. 
 
3.5 Expert-based gear impacts assessment: Transdisciplinary approach 
 

3.5.1 Objective 
In this study, expert elicitation approach was applied to assess relative 

severity of gear impacts in terms of bycatch and habitat damage of selected thirteen 
fishing gears used in Thailand. Within this approach, actual impacts of the thirteen 
fishing gears were analyzed and severities of fishing gear impacts were rated based on 
integration of existing knowledge (from both literature and the preliminary results of 
the research mentioned in the earlier parts) and experts’ knowledge and experiences. 
Another important objective of this part is to synthesise policy and measures to 
mitigate the ecological impacts of fishing gears. 
 

3.5.2 Gear selection and categorization of bycatch and habitats 
Gears are selected based on their importance (landing quantity, amount 

of gear units) and as the representatives of each gear types including large- and small-
scale fishing gears, mobile or fixed fishing gears, touching and non-touching the 
seafloor. Hence, four large-scale fishing gears and nine small-scale fishing gears were 
selected including pair trawls, otter board trawls, king mackerel drift gill nets, anchovy 
purse seines, mackerel gill nets, mullet gill nets, shrimp trammel nets, trolling lines, 
Acetes push nets, crab gill nets, crab traps, fish traps, and bottom longlines. In terms 
of bycatch and habitats, categories were made based on the information from 
literature reviews. Finally, ten categories of bycatch (demersal fish, forage fish, large 
pelagics, crabs, shrimps, shells, squids, epifauna, infauna, and marine mammals and 
sea turtles) and four categories of habitats (coral reefs, seagrass beds, soft and hard 
bottom were used for the workshop.  
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3.5.3 Selection of experts 
Experts were identified and selected using snowball technique (Davis & 

Wagner, 2003) with the consideration of their academic and experienced professional 
on gear experts, fisheries biology, fisheries management, and marine and coastal 
resources. This list of experts was come up with official staffs of governmental 
institutions, university professors and researchers, representative of NGOs, large- and 
small-scale fishers. The invitation letters were mailed out to the 35 selected experts 
and 21 experts were confirmed to attend the workshop. The workshop participants 
included 7 university professors and researchers, 5 large- and 4 small-scale fishers, 4 
official staffs of governmental institutions, a representative of NGOs. Based on the 
profession, 10 are gear and fishing experts, 7 are fisheries biologists and managers, and 
4 are marine scientists who are knowledgeable in marine habitats.  
 

3.5.4 Consultation workshop preparation   
A workshop document was prepared and mailed out to the confirmed 

participants to review before the workshop. The document was developed based on 
the literature review regarding the ecological impacts of fishing gears in Thailand, 
starting by introducing background of the study, definitions, list of fishing gears in 
Thailand, important fisheries statistics of each gear, and existing knowledge of bycatch 
and habitat damages. Two proper exercises were developed for the experts to rate 
fishing gear impacts on each category of bycatch and habitats. Moreover, poster 
exhibition was also convened to illustrate essential data of the selected fishing gears 
that participants are able to study before or during the workshop.  

 
3.5.5 Conducting consultation workshop 

A one-day workshop was convened in January 2016 at Ramkhamhaeng 
University, Bangkok, Thailand. The workshop was started with poster session that 
participants were able to study the summary of bycatch and habitat damages of the 
selected 13 gears. This could help enhance discussion and interaction among 
participants. Each expert was then asked to do self-introduction and to provide his/her 
background on fisheries. Next, the findings from literature analysis and some field 
surveys were presented to the workshop starting by reviewing the possible impacts of 
fishing gears on ecosystem in terms of bycatch and habitat damages, then providing 
some important of the Thai Fisheries Statistics, and providing the knowledge gaps of 
this study. After the presentation session, the experts were asked to review and discuss 
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on the knowledge gaps of ecological impacts of fishing gears in terms of bycatch and 
habitat damages and provide their knowledge to fulfill the gaps.    

Rating of fishing gears impacts through exercises was then started by 
introducing the exercises. The participants were informed with a brief of the objectives 
and how to do the exercises. Then experts are grouped to four groups where each 
group consist of experts on different fields. Exercise A is designed to elicit the severity 
of each fishing gear impact. At the small-group discussion, each group was asked to 
rate the main question “How much impacts of each fishing gear would you rate on 
each type of bycatch and habitat damages?” The experts were free to discuss among 
group members and make consensus score from 0 – 5 reflecting the fishing impacts 
on each category of bycatch and habitats, where the given score of zero means ‘no 
impact’ while five means ‘high impact’. Exercise B was also used for eliciting expert’s 
concerns on gear impacts on ecosystems through individual voting. Each expert had 
thirty dots that they could freely vote for any gears that they think such gear contribute 
serious concern to bycatch and habitat damages. After conducting those exercises, 
presentation and discussion of the preliminary results were convened. This session is 
organized to discuss the preliminary results of the exercises. Experts are freely to 
express their opinions and the reasons to support the rated scores. Experts are able 
to make suggestion or additional data. 

 
3.5.6 Post consultation workshop and data analyses   

Focus group meetings were conducted at three villages in Mu Ko Chang to 
gather some of relevant supporting data for further evaluation as well as cross-
validation of the data can be done through the post consultation workshop. 

 
3.5.7 Data Analysis 

Both quantitative and qualitative data were analyzed. The results of 
exercise A were tabulated and the overall impacts of each fishing gear were then rated 
using median while another results from preference voting through exercise B were 
normalized to rank severity of fishing gear impacts. Kendall's tau-b (τb) correlation 
coefficient was also calculated in order to detect the strength and direction of 
association between the ranks of rating and ranking results.  
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CHAPTER IV 
RESULTS AND DISCUSSIONS 

 

4.1 Analyzing existing knowledge and gap on ecological impacts of fishing gears 
in Thai waters 

 
In the first part of this dissertation, the results from the analysis of existing 

knowledge and gaps on ecological impacts of fishing gears in Thai waters is presented. 
The internet search yielded more than 400 publications on seemingly relevant topics 
during 1995 to 2015. Of these, 134 publications were considered pertinent to the study 
and thus retained for further analysis. These publications were evenly spread from 
1992–2015, with about 1–14 studies per year. An exception was found, however, in 
2006 when as many as 14 studies were found, accounting for 10 % of all publications. 
The majority of publications were technical papers (70 %), written in Thai and mostly 
produced by the DOF, Thailand. Content analysis revealed that studies about 
ecological impacts of fishing gear were highly skewed towards bycatch (93 %), 
especially in relation to trawl fisheries (43 %), as detailed below.  

4.1.1 Existing knowledge on ecological impacts of fishing   
 
As previously mentioned, only a small fraction of studies was about habitat 

damage (9 out of 134). Further, about 44 % of the studies were focused on large-scale 
fishing gear such as otter board trawl (22 %), purse seine (9 %), pair trawl (9 %), pelagic 
longlines (3 %) and encircling net (1 %). Among small-scale fishing gear, fish gillnets, 
followed by crab traps and crab gillnets, were most documented (9 %, 7 % and 7 %, 
respectively). The huge proportion of literature on bycatch is due largely to the 
mandate of DoF in regular stock assessment and catch composition analysis. The 
number of publications helps one to get an overview of issues at the national level; 
for example, many publications on otter board trawls and pair trawls can be used to 
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illustrate the general proportion of economic fish, true trash fish, and juvenile 
economic species from those gears.  

1) Bycatch impacts of fishing  
Among the literature related to bycatch, the majority of the studies (64 

%) concerned catch composition. Specifically, about 38 % of them provided 
information about the proportion of juvenile economic fish species in catch 
composition. Few studies (less than 10 %) mentioned fishing impacts on marine 
mammals and sea turtles, and only in qualitative terms (Figure 11). Details on bycatch 
from fishing are provided below for the eight main gear categories except dredge since 
no literature related to bycatch from dredging was found. 

 

Figure  11 Proportion of studies related to bycatch in Thai waters (by percentage of 
all studies)   

 
a)  Surrounding nets: Purse seines are mobile gear that target pelagic 

fish, especially mackerels, anchovies and tunas. Landings from purse seines constitute 
about 35 % of the total landings in Thai fisheries. According to 2013 landing statistics 
(DoF, 2014, 2015b), 70 % of the purse seine catches were pelagic fish, such as Indo-
Pacific and Indian mackerels, sardines, scads and tunas, while anchovy dominated 
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catches in the anchovy purse seine. Only 7 % and 2 % of trash fish were reported from 
purse seines and anchovy purse seines, respectively (DoF, 2014, 2015b). Light-luring 
purse seine operating at night produced a higher level of trash fish compared to day-
time purse seine fisheries using fish aggregating devices (FADs). In Thailand, FADs are 
made of bamboo poles with coconut leaves attached to lure schools of fish by floating 
the FADs on the sea surface and anchoring them with concrete blocks that are placed 
on the sea floor (Noranarttragoon et al. 2012). An average of close to 10 % of trash 
fish (with a range of 1 % to 30 %) was found in the light-luring purse seine operating 
at night (Loychuen et al., 2010; Sanitmajjaro et al., 2012), while the day-time purse 
seine fisheries using FAD had a lower average of less than 4 % (0.6 % to 8.8% in range) 
as reported in Noranarttragoon et al. (2006) and Sanitmajjaro et al. (2012). The tuna 
purse seine is another type of purse seine designed to catch mainly tunas. This gear is 
very selective with only about 3.5 % to 6.3 % of all catch being non-target species  
(Siripitrakool & Thapanand-Chaidee, 2009; Uttayamakul et al., 2010). A few studies 
reported that dugongs and sea turtles were accidentally caught in purse seine fisheries, 
especially when they operate closer to the shore (Hines et al., 2005a; Syed & Abe, 
2009). 

b) Trawls: Three types of trawls, i.e. otter board, pair, and beam 
trawls, are generally found in Thai waters, targeting demersal fish. The majority of them 
are otter board trawls and together, they contribute almost half of the total annual 
landings (DoF, 2015a). Trawls are mobile gear, which mostly touch the seafloor during 
operation. Species composition and trash fish from otter board and pair trawls were 
well documented in several studies, while none of them reported on beam trawls. 
Information on discards was also scarce. Based on the 2013 catch statistics, at least 
half of the catches from pair trawls were trash fish. The proportion of trash fish from 
otter board trawls was lower at 44 %, for vessels of 14–18 metres long. Some studies 
indicated that most of the low-value fish or trash fish from trawlers in Thailand are 
supplied to feed industries (Achavanuntakul et al., 2014; Kaewnern & Wangvoralak, 
2005; Supongpan & Boonchuwong, 2010). Trash fish composition in trawl catches poses 
a major ecosystem concern especially when they consist of juvenile economic species, 
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as studies show (Table 5).  
These data illustrate differences in bycatch depended on the type of 

trawls, size of fishing vessels, and fishing locations. In general, higher percentages of 
juvenile economic species are found in otter-board trawls and pair trawls operating in 
the Andaman Sea compared to those in the Gulf of Thailand (Supongpan & 
Boonchuwong, 2010). In addition, sharks and rays have been reported as bycatch in 
trawl fisheries (Deechum, 2009; Krajangdara, 2005), with other studies mentioning that 
sea turtles and marine mammals are at risk in areas where trawls operate 
(Adulyanukosol, 2010; Chanrachkij et al., 2010; Hines et al., 2005a; Kittiwattanawong, 
2004; Syed & Abe, 2009). For instance, Adulyanukosol (2010) reported four incidents 
of dugong being caught in trawlers operating within 3 km from the shore. These 
mammals later died even fishers had tried to release them from the nets.  

Table  5 The average percentages of economic fish, trash fish, and juvenile 
economic species from otter board trawls and pair trawls, by size of vessels 
(in metres).  

% of catch 

Gulf of Thailand Andaman Sea 

Otter board trawls Pair trawls Otter board trawls 
Pair 

trawls 
<14 m 14-18 m <=18 m >18 m <14 m 14–18 m All sizes 

% Economic fish 45.7 50.3 64.6 56.0 31.6 39.7 29.6 
% True trash 
fish 

30.6 32.2 17.0 13.1 31.9 28.5 18.0 

% Juvenile 
economic 
species 

23.7 17.5 18.4 30.9 36.5 31.8 52.4 

Sources: Roongratri et al. (2000); Isara and Phoonsawat (2002); Phoonsawat (2002); Auawithoothij 
(2003); Khamakorn (2004); Kongprom et al. (2004); Kaewpradit, (2005); Kaewnern and 
Wangvoralak, (2005); Chuapun (2006); Puteeka (2006); Sanitmajjaro and Khongchai (2006); 
Kongprom et al. (2006); Kongprom et al. (2007); Sanitmajjaro et al. (2007, 2012); Premruetai and 
Khianiam, (2008); Tossapornpitakkul et al. (2008); Sanitmajjaro et al. (2008); Chamason and 
Chuapun, (2009); Siripitrakool et al. (2011); Sinanun and Kaewmanee, (2012); Thongsila and 
Sinanun, (2013); Achavanuntakul et. al. (2014); Keereerut et al. (2014); Hoimuk et al. (2015) 
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c) Lift nets and falling nets are mobile gear, operating from vessels of 
about 14–18 metres in length, equipped with large nets or castnets, targetting mostly 
pelagic fish. Fishing is generally operated in coastal waters with no more than 45 metres 
depth or 3–40 nautical miles from the shore (Loychuen et al., 2010; Sinanun et al., 
2012). Similar to large-scale surronding net fisheries, lights may be used during the 
operation to aggregate fish before catching.  

At present, light-luring liftnets and light-luring falling nets for squid 
and anchovy are prohibited from operating in coastal waters (usually within 3 nautical 
miles from the shoreline), based on the announcement of the Ministry of Agriculture 
and Cooperatives on prohibition of the use of fishing gear and methods in fishing areas 
(Thailand Ministry of Agriculture and Cooperatives 2016a). Some fishers also use echo 
sounders to find schools of fish. There are various kinds of lift nets but squid lift nets, 
Acetes lift nets and anchovy lift nets are common. These gears are highly selective, 
with squids and Acetes dominating the catches. Nonetheless, about 13 % of the 
catches are trash fish (DoF, 2015a). Comparative studies of species composition 
between day-time anchovy purse seine and light-luring anchovy lift net fisheries 
showed that trash fish was found in higher percentage in the latter (1.2 % vs. 0.3 %) 
(Boonkerd et al., 2008; Boonkerd & Anugun, 2008). No report was found about marine 
mammals or other bycatch related to these gears. 

 
d) Gill nets and entangling nets can be either mobile or fixed. Drift nets 

and trammel nets are common mobile gill nets, while bottom nets and fixed nets are 
semi-stationary. Different mesh sizes are used in gill net fisheries to target a wide range 
of fish species. The majority of gill net fisheries in Thailand are king mackerel drift gill 
nets, with about 11 % of the total catch comprising trash fish (DoF, 2014, 2015b). 
Additional research showed that 93 % of catch from king mackerel drift gill net fisheries 
were fish of economic importance, while 0.5 % and 7.2 % were sharks and other non-
target species, respectively (Pramokchutima, 1993), and the rest was trash fish 
(Chantawong et al., 1994). Similarly, in mackerel encircling gill nets, less than 1 % of 
total catches were trash fish (DoF, 2014, 2015b). While the trash fish quantity is 
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generally low in net fisheries, the study by Nakrobru and Saikliang (2003) illustrated 
other ecosystem concerns. Specifically, they found that 65 % of Indo-Pacific mackerels 
caught by encircling nets in the western Gulf of Thailand were mature female fish with 
an estimated 6,360 thousand eggs, which could mean an increase of about 15,000 
metric tons of the mackerel stocks. This estimation was reported based on the 
assumption of the natural mortality factor of 3.53 per year and no encircling gillnet 
fisheries was found. Shrimp trammel nets are another mobile gear in this category. 
Consisting of three layers of nets, with decreasing mesh sizes from the outer to the 
inner layers, trammel nets catch shrimps while drifting with the currents. The bottom 
of the net often touches the sea floor when operating in shallow water.  

According to Boutson et al. (2007a), about 87 % of catch from shrimp 
trammel nets is discarded. The dominant discarded species were true trash fish, e.g. 
silver-biddy (Gerres sp.) and pony fish (Leiognathus sp.), as well as other species with 
no commercial value, such as sea urchins, tiny jellyfish, gastropods and starfish. They 
also suggested that increasing mesh size in the middle layer and reducing net height 
may reduce the catch of non-target species. A study by Preecha et al. (2011) revealed 
similar findings, with nine species reported as discards (50 % of total species caught), 
most of them being true trash fish (pony fish, Family Leiognathidae). Unlike shrimp gill 
nets, crab gill nets are semi-stationary and are normally set on the sea bottom for 1–
2 days before retrieving. According to several studies, 75 % of total catches from this 
gear, on average, are crabs (see, for instance, Loychuen et al. (2013); Petsalapsri et al. 
(2013). Another study showed, however, that a total of 55 crab species were caught in 
crab gill nets, 69 % of which had no commercial value (Jaingam et al., 2007). Thus, 
Wisespongpand et al. (2013) asserted that this group of fishing gear highly threatens 
crab biodiversity since as much as 82 % of the total number of species could be 
“trash”. With respect to non-fish bycatch, studies show that sea turtles can be possibly 
caught in drift nets operating in Southeast Asia (Syed & Abe, 2009). However, no official 
number of sea turtles caught by the drift nets was reported. Most of the entangled 
turtles die due to drowning while some are injured (Chanrachkij et al., 2010; 
Kittiwattanawong, 2004). Marine mammals such as dugongs and dolphins are also 
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threatened from gillnet fisheries (Hines et al., 2005b; Marsh et al., 2002; Whitty, 2014). 
Dugongs, for instance, are easily entangled in fishing nets and can die from drowning 
in a few minutes (Adulyanukosol, 2010; Wongsuryrat et al., 2011). While total landings 
from this group of gears is low (about 6 % of the total landings in 2013), their impacts 
on bycatch are well documented and raise concerns on ecosystem health.   

e) Push nets are mobile fishing gears, targeting mostly shrimp and 
Acetes, and can be either motorised or operated by hand. About 32 % of the catch is 
trash fish, followed by demersal fish (15 %), shrimps (15 %) and Acetes (14 %) (DoF, 
2014, 2015b). Sompong (2009) found at least 62 species in catches by these gears. 
Further, several studies (Suksumran & Thongsila, 2015; Thongsila & Sinanun, 2013) 
indicated that close to 30 % of the trash fish were juvenile economic species. 
Additionally, because push nets usually operate in coastal waters with 2–15 metres 
depth, they can have an impact on young crabs and other juvenile species.  

For instance, studies show that about 90 % of blue swimming crabs 
sampled from push nets, especially in Samut Prakan Province, were immature, with 
carapace width at under-maturity stage (Arunrojprapai et al., 2010; Jindalikit et al., 
2010). Hines et al. (2005) also expressed concern that these gears could be risky to 
dugongs when operating close to shore, especially in seagrass beds. On the other hand, 
Acetes push nets or Acetes push nets mainly catch Acetes (Acetes spp.), which 
comprised about 94.9 % of the total catch (Arunrojprapai et al. 2004).  

f) Traps and pots are semi-stationary gears developed to catch a range 
of species. Crab, fish, and shrimp traps are placed on the sea floor while squid traps 
are arranged in the water column. Petchkamnerd et al. (2004) reported that about 62 
% of female crabs from crab trap fisheries were under-matured. Boutson and Arimoto 
(2011b) highlighted that the discard rate of small-scale crab trap fisheries (using less 
than 300 traps) and large-scale fisheries (operating with 2,000 traps) was 22 % and 30 
%, respectively. Fourteen and 25 species caught respectively from small- and large-
scale crab fisheries were discarded although some of them were economically 
important species, such as Grunters (Terapon sp.), cuttlefish (Sepia sp.) etc., because 
there were too few of them in the catch which were also very small in size (Boutson 
and Arimoto 2011). Putsa et al. (2016) conducted experiments to assess impacts of 
‘ghost fishing’ of 12 crab traps throughout 454 observed days and found that 520 
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individuals (25 species) were trapped and 25 % of them died. High mortality was found 
in Japanese flathead fish Inegocia japonica (Cuvier 1829)), pony fish (Leiognathus spp.), 
catfish Plotosus lineatus (Thunberg 1787), and eel-catfish Plotosus canius (Hamilton 
1822).  

In the case of fish traps, which target demersal fish of high economic 
value, especially groupers (Cephalopholis spp., Epinephelus spp.) and red snappers 
(Lutjanus spp.), studies indicated a high level of selectivity of this gear, resulting in very 
small bycatch (Kalaya, 2007; Tunvilai & Suksumran, 2012). Similarly, squid trap fisheries 
show a low proportion of non-target species (Srikum & Binraman, 2008). However, the 
recent introduction of new octopus traps using noble volute shell Cymbiola nobilis 
(Lightfoot 1786) to catch octopus raises ecological concerns, both in terms of the 
decline of octopus and of the noble volute shell population (Petchkamnerd & 
Suppanirun, 2004).  

g) Bamboo stake traps and set bagnets are stationary fishing gears, 
located close to shore, especially near river mouths. The majority of landings from 
bamboo stake traps were pelagic fish (50 %) while trash fish constituted about 16 %. 
Landings from set bagnets generally include 50 % of shrimp, with 24 % trash fish and 
10 % Acetes (DoF, 2015a). Boonpukdee and Sujittosakul (2004) studied the species 
composition of bamboo stake traps in Trat province, Gulf of Thailand, and reported 
that the majority of the catch was adult fish (71 %), followed by juvenile economic 
fish (20 %), squid (7 %) and true trash fish (2 %). Another study on species composition 
in bamboo stake traps in the Andaman Sea showed that trash fish constituted as much 
as 50 % of the total catch and these were used as feed in coastal aquaculture 
(SEAFDEC, 2005). Some reports showed concerns about the risk of dugongs getting 
caught in bamboo stake traps. When the dugongs are trapped, they try to get out of 
the traps by hitting their bodies against the bamboo, nets and wires, thus causing 
injuries to themselves. Studies show that about 85 % of trapped dugongs died 
(Adulyanakosol et al. 2010; Wongsuryrat 2011), after being trapped for less than an 
hour, especially in shallow water or during low tide. In the case of set bagnets, about 
87–157 species are normally caught, the majority of which were fish (Chamason et al., 
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2015). Other studies show that the proportion of juvenile economic species can be 
high, ranging for instance, from 36 % to 43 % of total catch, reflecting ecological issues 
and economic loss of many juvenile species (Phoonsawat et al., 2009).  

h) Hooks and lines can be mobile (such as pelagic longline and trolling 
line) or semi-stationary (like bottom longline and pole and line). Hooks and lines are 
usually operated with small-scale vessels, except in tuna longline fisheries, which use 
larger vessels and operate offshore. The main bycatch of tuna longlines and bottom 
longline are sharks (Bunluedaj et al., 2010). Studies also report sea turtle bycatch in 
pelagic and bottom longlines (Syed and Abe 2009; Chanrachkij et al. 2010). 

2) Habitat damage from fishing gears 

As previously mentioned, there are significantly less studies on habitat 
damage from fishing gears than on bycatch. Studies on habitat impacts were related 
to seagrass beds (50 %), impacts on coral reefs (18 %), reduction of seawater quality 
(18 %), impacts on benthic communities (9 %), and seafloor destruction (5 %) (Figure 
12).  

 

Figure  12 Proportion of studies related to habitat damage in Thai waters (by 
percentage) 

 

In the South China Sea and Gulf of Thailand, demersal trawls were 
identified as threats to coral reefs and seagrass (Vo et al. 2013). Sediments generated 
during trawling or dredging near coral reefs also contribute to coral reef deterioration 
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(Sudara, 1999) and affect coral growth (Chansaeng et al. 1992). Further, push nets have 
been identified as one of the destructive fishing gears that destroy seagrass beds and 
benthic organisms(UNEP, 2004; Vo et al., 2013).  

In the case of beach seine nets, Wungkhahart (1994) found that they 
operate in a similar manner as trawlers and thus can cause negative effects on seagrass 
beds and marine benthic species. Several research studies have been conducted on 
environmental impacts of bivalve dredging fisheries. Dredging causes direct ecological 
impacts such as seafloor destruction (Chanrachkij 2012), affects water quality by 
increasing sediments and concentration of hydrogen sulphide (H2S), as well as raises 
the level of silicate-silicon in water (Chanrachkij, 2012; Jindalikit & Thaochalee, 2008; 
Supongpan & Jindalikit., 2015). In terms of the impacts on benthic communities, the 
study by Yeemin et al. (2010) revealed that after dredging, less polychaetes and brittle 
stars were observed in the soft sediment community, while Chanrachkij (2012) noted 
that the increased sediments and nutrients from dredging may cause temporary 
hypoxic conditions which further affect marine organisms.  

4.1.2 Gap analysis on bycatch and habitat damage   
1. Major knowledge gap on bycatch and habitat damage  

Although as many as 134 documents were found related to fishing gears 
in Thailand, few focused specifically on bycatch and habitat damage. As shown in this 
part, the data on bycatch are focused on trash fish and juvenile economic fish in 
trawling, especially otter board trawlers. Little is known about the proportion of 
juvenile economic species in catch composition, in different sizes of fishing vessels and 
fishing grounds. Scientific evidence of fishing gear impacts on marine mammals 
(dugongs and dolphins) and sea turtles is only available in qualitative form. Information 
about habitat damage from all gears is generally limited although there were a few 
studies qualitatively describing the impacts of seine nets, trawls, dredges, and push 
nets on seagrass beds, coral reefs and benthic communities.  

 
2. Trash fish and its ecological concerns 
Because trash fish are part of retained bycatch and some have commercial 

value, they are reported in the national fisheries statistics, with landing amount by 
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fishing gear. It is clear, however, that some of them are juvenile economically 
important fish, which raises concerns in both ecological and economic terms (Nunoo 
et al., 2014; Pikitch et al., 2012). This study reflects the importance of scientific studies 
for the implementation of EAF. For example, many publications on otter board trawls 
and pair trawls help illustrate the general proportion of economically important fish, 
true trash fish, and economically important juvenile species from those gears at the 
national level. Spatially, higher percentages of economically important juvenile species 
found in fisheries operating in the Andaman Sea compared to those in the Gulf of 
Thailand, could reflect that fisheries resources in the former are more abundant than 
in the latter, where fishing down the food web occurred because of heavy overfishing 
as mentioned by Pauly and Chuenpagdee (2003).  

Trawl fisheries, especially demersal trawlers, are an unselective gear, 
producing a high quantity of trash fish, resulting in a decline of mean trophic level in 
the Gulf of Thailand marine food web (Pauly and Chuenpagdee, 2003). In addition, 
only one-fifth of total trawlers in Thai waters are found in the Andaman Sea (DoF, 
2017b), reflecting the lower fishing effort in the Andaman compared to the Gulf of 
Thailand. The high number of trawlers is found in the Gulf of Thailand because the 
seafloor is shallower than the Andaman Sea. 

In general, true trash fish is composed of many small marine species 
including finfish, crabs, and shellfish (Hoimuk et al., 2015). Among small fish, 45 species 
from 21 families were identified as true trash fish caught by trawlers (Siripitrakool et 
al., 2011), dominated by pony fish (family Leiognathidae), which makes up as high as 
27–63 % of the true trash fish (Sanitmajjaro et al. 2012). High species diversity of 
economic juveniles in trash fish from trawl fisheries has been reported, including 72 
species of demersal fish, 23 species of pelagic fish, 12 species of squids, 11 species of 
shrimps, and 7 species of crabs (Hoimuk et al. 2015). The major component is demersal 
fish comprising 23–37 % of total economically important juveniles in trash fish (Hoimuk 
et al., 2015; Tossapornpitakkul, 2008). When the proportion of these juvenile trash fish 
is considerable, as in the case of trawl fisheries (e.g. Supongpan and Boonchuwong 
2010; Achavanuntakul et al. 2014), more awareness on the issue is needed. The study 
on the use of trash fish in fishmeal production is also pertinent, given the increasing 
concern over aquaculture development, especially shrimp farming in Thailand and 
elsewhere (Edwards et al., 2004; Funge-Smith et al., 2005). Only a handful of studies 
provide information about the amount of trash fish found in small-scale fishing gear. 
While it may be argued that the majority of catches from small-scale fisheries are 
utilised, lack of information on this topic may lead to inappropriate policies.  
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More research on the ecological impacts and economic losses of catching 
juvenile economically important fish and the utilisation of trash fish in Thailand is 
highly desirable. Discard issues have been of global concern as they pertain to a 
significant proportion of global catches and pose important challenges for sustainable 
fisheries (Kelleher, 2005; Matsuoka, 2008). Besides the impacts on the fish population, 
non-fish species such as benthic organisms, marine mammals, sea turtles, etc. may be 
threatened as a result of being caught and discarded.  

 
3. Discard problems 
 

The discarded species may not be valuable to market but they are still 
key components of marine ecosystems and might be the support for other species. 
Kelleher (2005) reported the global discard rate at 8 %, giving an estimated average 
discard of 7.3 million mt per year during 1992–2001. More than 50 % of the estimated 
discards were from trawl fisheries, especially tropical shrimp trawl fisheries, with discard 
rate as high as 62 %. He also argued that increased utilisation of bycatch for human 
and animal food could help reduce the quantity of discards (Kelleher, 2005). 
Supongpan and Boonchuwong (2010) supported the statement, saying that no marine 
fisheries discards in Thailand were found because all landings are utilised. However, 
Matsuoka (2008) argued that the estimation of global discards is not reliable and factual 
issues on discards should be more scientifically discussed.  

Discard rate can vary greatly in different locations and fishing periods as 
well as between fishers who may have different practices although the same fishing 
gear is used. For examples, Boutson et al. (2007) reported that the discard rate of 
shrimp trammel nets in Thailand was 87 %, which is very high compared to that 
reported by  Ean (2000) in Penang, Malaysia. Ean (2000) also reported that 69 % of 
total catch was bycatch, consisting of 53 % discards and 16 % retained bycatch, which 
is either sold or consumed by the household. Discard rates of trammel nets in the 
Mediterranean countries range from 10 % to 43 % (Tsagarakis et al., 2014).   

Finally, even within the same country, some variations are expected. For 
instance, the study of crab gillnet fisheries bycatch in Pattani Bay, Southern Thailand, 
reveals that the proportion of discarded species from the Bay (26 %) was lower than 
that from offshore (47 %) (Fazrul et al., 2015). Based on our analysis, lack of discard 
information shows a huge gap of knowledge on ecological impacts of fishing gears in 
Thailand. This is a major concern, especially in the context of IUU fishing, where 
discards contribute to unreported catches. As illustrated by Teh (Teh et al., 2015), 
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about 13 million MT or 5 % of Thailand’s reconstructed catch during 1950–2010 is 
unreported discards. Degraded fish caused by poor storage or handling during 
transportation, usually kept in buckets, is still valuable and can be sold directly to 
fishmeal producers. This could be categorised as unreported catch since these fish are 
not included in fisheries statistics as trash fish (Achavanuntakul et al. 2014).  

 
4. Marine megafauna as bycatch 
 
Fishing impacts on marine mammals (dugongs, dolphins) and sea turtles 

and impacts on habitats are mostly reported in qualitative terms. Trawlers, push nets, 
gill nets and bamboo stake traps have been reported as the main fishing gears 
threatening these marine mammals and sea turtles (Hines 2005; Kittiwattanawong 
2004; Adulyanakosol 2010). This implies that impacts on marine mammals and sea 
turtles can be generated from both large-scale and small-scale fishing gears. Impacts 
of fisheries on marine mammals and sea turtles have been reported globally (Moore 
et al., 2010). In the US, impacts of midwater gillnets on both marine mammals and sea 
turtles are of major concern, while pelagic longlines are also harmful to sea turtles 
(Chuenpagdee et al. 2003). In Canada, the gear impact study of Fuller et al. (2008) 
reveals that bottom gillnets cause ‘medium-high’ impact on marine mammals, while 
other gears generate ‘medium’ to ‘low’ impact. Besides trawlers, these studies 
emphasised the potential impacts of gillnets on marine mammals and sea turtles. In 
Thailand, laws have been issued with the aim of protecting marine mammals (dolphins, 
dugongs, whales) and sea turtles from fishing impacts (Thailand Ministry of Agriculture 
and Cooperatives 2016b). This measure supports Thailand’s efforts related to 
implementation of the CBD Aichi Targets on sustainable management of marine living 
resources, especially to mitigate fishing impacts on threatened species and vulnerable 
ecosystems (CBD undated).  

 
4. Habitat damage  
 
In terms of knowledge about habitat damage, large-scale fishing gears, 

especially demersal trawlers and push nets, have been well studied, particularly in 
terms of their threats to coral reefs and seagrass beds. However, no in situ research 
has been conducted to quantify the direct impacts of these gears on seagrass beds 
and coral reefs (UNEP 2004; Vo et al. 2013). Some studies mention the indirect effect 
of trawling on coral reefs through sediment generation, based also on research 
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conducted in other countries. Environmental impacts of dredging, in terms of changes 
in water quality and the sea floor, are well explained (for example, Chanrachkij (2012), 
while impacts on benthic communities are less understood. In conclusion, knowledge 
gaps exist with respect to the understanding of habitat damage caused by many 
bottom oriented fishing gears, particularly small-scale.  

 
The results obtained from this part provide a useful information on existing 

knowledge and research gaps on ecological impacts of fishing gears in Thailand. Limited 
existing information and a huge gap of knowledge on bycatch and habitat damage 
emphasize that the researches on these topics are highly needed to increase 
understandings and scientific evidence for the implementation of EAF, and to a lesser 
extent, the efforts to combat IUU fishing. The results highlights that the scientific data 
of both bycatch and habitat damage in most gears are limited, particularly small-scale 
fishing gears. Under the framework of this dissertation, the estimation of by-catches 
and habitat damage of fishing gears were examined in Ko Chang and the Strait of Ko 
Chang, Trat Province with the following topics: 1) Analysis of small-scale fisheries 
bycatch in Mu Ko Chang, Trat Province; 2) An in-situ study of impact of fish traps 
fisheries on coral reefs in Ko Kut and Ko Mak, Trat Province; 3) the impacts of trawl, 
push net, and dredge fisheries on macrobenthic communities in the Strait of Ko Chang, 
Trat Province, Thailand. Finally, the expert-based gear impacts assessment was 
conducted to analyze and assess the relative ecological impacts of fishing gears using 
transdisciplinary approach. 
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4.2 Analysis of small-scale fisheries bycatch in Mu Ko Chang, Trat Province 
 

4.2.1 Catch description  
More than 7,000 individuals of fish with the biomass of about 1,300 kg 

were caught during the 54 fishing trips with nine small-scale fishing gears in Mu Ko 
Chang. High variation of catch rate was detected among gears. In this study, the highest 
average catch rate was found with bottom longlines accounting for 16.67 kg.100 m-1 

longlines.day-1. About 30% of the total catch of this gear was catfish (Plotosus spp.). 
Acetes push nets caught mainly Acetes (Acetes sp.) with an average of 12.61 kg.day-1, 
accounting for 97% of the catch. The catch rate of mullet gillnets was 5.33 kg.100 m-

1net.day-1 and about 70% of the total catch was mainly mullets (Liza spp., Moolgarda 
spp.). The traps with different design and operation basically gave different catch rates 
and different target species, for examples, the catch rate of squid traps (3.64 kg.10 trap-

1.d-1) was lower than that of fish trap (8.44 kg.10 trap-1.d-1) while crab trap has an 
average catch rate of 0.96 kg.10 trap-1.d-1 (Table 6).  

In this observation, high seasonal variation of catch of target species were 
detected with bottom longlines, Acetes push nets, crab gillnets, and shrimp trammel 
nets. Bottom longlines, Acetes push nets, and shrimp trammel nets had the higher rate 
of the target species compared to those observed in dry seasons. (Figure 12). In terms 
of bycatch, seasonal variation was not detected because of the extremely high 
variation of bycatch rate among fishing trips whereas the rate of bycatch from bottom 
longlines was significantly different between seasons. However, the catch rate of 
bycatch species was influenced by the gear position (bottom and mid/surface) and 
different gear categories (fixed and mobile gears). The results showed that the gears 
placed near/on seafloor (1.94 kg.unit-1.day-1) tended to have higher catch rate of 
bycatch compared to those operated in the mid/surface of the water column (1.03 
kg.unit-1.day-1) (t=3.01, p<0.01). Similarly, fixed gears (generated higher catch rate of 
bycatch than those of mobile gears (t=2.18, p<0.05) due to that most of fixed gears 
are generally placed on/near seafloor). 
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Table  6 Average catch rates of total catch and target species of the nine small-scale 
fishing gears 

 

Gear 
Average catch 

rate  (SE) 
Units Target species* 

Crab gillnets 2.72 (0.62) kg.100 m net-1.day-1 Swimming crab (Portunus 
pelagicus) 

Mullet gillnets 5.33 (2.26) kg.100 m net-1.day-1 Mullets (Liza spp., 
Moolgarda spp.) 

Shrimp 
trammel nets 

0.89 (0.30) kg.100 m net-1.day-1 Shrimps (Penaeus spp., 
Metapenaeus spp. 
Litopenaeus spp.) 

Acetes push 
nets 

12.61 (6.13) kg.day-1 Acetes (Acetes sp.) 

Crab traps 0.96 (0.45) kg.10 traps-1.day-1 Swimming crab (Portunus 
pelagicus) 

Fish traps 8.44 (2.99) kg. 10 trap-1.day-1 Groupers (Epinephelus 
spp.) and snappers 
(Lutjanus spp.) 

Squid traps 3.64 (1.85) kg. 10 trap-1.day-1 Big-fin reef squid 
(Sepioteuthis spp.) and 
cuttlefish (Sepia spp.) 

Bottom 
longlines 

22.23 (9.29) kg.100 m line-1.day-1  Catfish (Plotosus spp.), 
groupers (Epinephelus 
spp. ) and snappers 
(Lutjanus spp.) 

Trolling lines 0.8 (0.23) kg.pole-1.day-1 Indo-Pacific king 
mackerels 
(Scomberomorus spp.) 
Needlescaled queenfish 
(Scomberoides tol) 

Note: *Target species are identified by the fishers.  
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Seasonal variability of marine species depends on various factors, 
particularly oceanographic condition and often shapes the patterns of small-scale 

fisheries worldwide (Cetra and Petrere, 2014). Globally, small‐scale fisheries, especially 
in tropical region, are often multispecies and multigear (Chuenpagdee and Jentoft, 
2015). The use of fishing gears is different spatially and seasonally and depends on 
preferable target species with fishing experience with traditional knowledge on 
weather, characteristics of currents, wind direction etc. Using multigear, particularly 
using the high selective gear with the right time may help reduce the number of 
bycatch (Werner et al., 2006). 
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Figure  13 Seasonal variability of catch rates of each fishing gear. Asterisk denotes 

significant different between wet and dry seasons (t-test, p<0.05). 
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Figure 14 Percent of target species, retained bycatch, and discarded bycatch (% of 

total weight). 
 

4.2.2 Catch composition   
 
The proportion of target species, retained and discarded bycatch greatly varied 

among gears. The highest proportion of target species was found with Acetes push nets 
accounting for 98% of the total catch biomass, followed by squid traps (90%), and 
mullet gillnets (71%), showing that these gears had relatively high selectivity. Bottom 
longlines showed the highest proportion of retained bycatch (70%) in which sharks and 
rays made up the highest proportion of the retained bycatch species. High percentages 
of retained bycatch was also recorded from fish traps (51%). Very little of retained 
bycatch (<1%) was found with Acetes push nets. In terms of discarded bycatch, crab 
gillnets exhibited the highest percentage (38%), followed by shrimp trammel nets (26% 
of the total catch) while no discarded bycatch was found with the catches of bottom 
longlines, squid traps, trolling lines. Acetes push nets, mullet gillnets, crab traps and 
fish traps fell in a low range of discarded bycatch, accounting for 2 – 7% of the total 
catch biomass (Figure 14). 
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Figure 15 Composition of total catch from nine small-scale fishing gears (% of total 

weight). 
 

  In terms of catch composition, as diverse as 138 species of total catches 
belonged to 66 families were recorded. Based on the biomass data, catch composition 
varied considerably among gears. Crab gillnets and shrimp trammel nets captured 
diverse taxa of marine species. However, crab (61% of the total biomass) and shrimp 
(43% of the total biomass) were still a majority of total biomass of crab gillnets and 
shrimp trammel nets, respectively. Small pelagics made up the most proportion in 
mullet gillnets (80% of the total biomass) and large pelagics contributed about 90% 
to the total biomass of trolling lines. Acetes push nets and crab traps were recorded 
as the gears with high selectivity to Acetes (Acetes spp.) and crabs (various species of 
crabs), respectively, constituted more than 95% of the total biomass. In addition, squid 
traps was also selective to capturing squids which was about 90% of the total catch 
biomass. Sharks and rays were mostly captured by bottom longlines although the 
fishers target catfish (Plotosus spp.), groupers (Epinephelus spp.) and snappers 
(Lutjanus spp.) (Figure 15). 
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4.2.3 Diversity of bycatch  
 
A total of 54 fishing trips captured about 413 kg of bycatch biomass 

consisting of 311 kg retained bycatch and 102 kg discarded bycatch, representing 75% 
and 25% of the total bycatch, respectively. Considering the number of individuals of 
bycatch, the proportion of retained (2,140 individuals or 45%) and discarded bycatch 
(2,643 individuals or 55%) was not much different. A total of 89 species of retained 
bycatch were recorded. Most of the retained bycatch were demersal fishes (35 species) 
followed by small pelagic fishes (19 species), crabs (8 species). About 55 species were 
considered as discarded bycatch dominating by 17 species of demersal fishes and 16 
species of crabs (Figure 16). 

In considering the diversity of total catch among gears, crab gillnet 
produced highest value of bycatch diversity (Shannon-Wiener Index (H') = 1.15), 
followed by shrimp trammel net (H' = 1.11) and mullet gillnet (H' = 1.05), while diversity 
of bycatch from Acetes push net (H' = 0.0095), squid trap (H' = 0.62), and bottom 
longlines (H' = 1.26) remained low. Mullet gillnet shows the high diversity of retained 
bycatch (Table 7). 

Diversity of bycatch depends on many factors including selectivity of fishing 
gear, fishing method and period, species composition, natural characteristics of fishing 
ground etc (Murawski 1993; Kelleher, 2007; Major et al., 2017). A wide range of bycatch 
was reported mostly with gillnet and shrimp trammel net, for examples, trash crab 
remains a concern on the impacts of crab gillnet on crab biodiversity. The species 
richness of crabs as trash fish was quite high comprising 81.93 percent of total numbers 
of species.  (Wisespongpand et al., 2013). In Pattani Bay, the southern Thailand, 95 and 
87 bycatch species were caught with crab gillnet in the bay and offshore, respectively. 
Additionally, Boutson (2007) reported a total of 38 species of were found as bycatch 
in shrimp trammel net in Rayong Province consisting of demersal fish, crab, gastropods, 
star fish, sea urchin, squid and octopus etc.  
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(a) 

 
(b) 

 

Figure 16 Composition of retained (a) and discarded bycatch (b) from nine small-scale 
fishing gears (% of total weight).  
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Table  7 Some diversity indices of total catch, retained and discarded bycatch from 
nine small-scale fishing gears. 

Fishing Gears 
Total catch 

(Target and non-target) 
Non-target 

Retained bycatch Discarded bycatch 
S d J' H' S d J' H' S d J' H' 

Crab gillnets 45 5.66 0.70 1.15 23 4.15 0.81 1.09 20 2.94 0.73 0.98 
Mullet 
gillnets 

31 4.84 0.70 1.05 20 3.74 0.84 1.10 9 2.06 0.90 0.86 

Shrimp 
trammel nets 

43 5.35 0.68 1.11 19 2.82 0.63 0.80 20 2.82 0.54 0.71 

Acetes push 
net 

11 0.64 0.00 0.01 5 0.99 0.75 0.53 5 0.69 0.83 0.58 

Crab traps 30 4.10 0.58 0.86 18 2.69 0.62 0.78 11 2.05 0.65 0.68 
Fish traps 17 2.92 0.78 0.96 9 1.65 0.71 0.68 5 1.41 0.80 0.56 
Squid traps 11 1.83 0.59 0.62 8 1.81 0.69 0.63 NA NA NA NA 
Bottom 
longlines 

12 2.08 0.84 0.91 9 1.56 0.84 0.80 NA NA NA NA 

Trolling lines 16 2.77 0.81 0.98 14 2.48 0.77 0.88 NA NA NA NA 
Notes: S, d, J', and H' denote total species, species richness (Margalef), Pielou’s eveness, and Shannon-Wiener Index, 
respectively. NA means no discarded bycatch was found.  

 
4.2.4 Catch utilization  

 
Overall, most fish (based on their total weight) were sold as fresh fish (52%) 

and processed fish (15%). Household consumption as food, preserved food, and use 
as baited fish were about 20%, while another 13% of that was discarded. Almost of 
the target species were sold as fresh fish, most catch from Acetes push net and crab 
trap were processed and sold as shrimp paste and crab meat, respectively (Figure 17). 
Like other parts of Thailand, Acetes paste production is generally found in every 
coastal province because it can be kept for a period of time and can be sold with high 
price.  

Retained bycatch were either sold as fresh fish or use as household 
consumption depending on what they caught. Edible fish were generally sold as fresh 
fish while forage fish (pony fish) were either sold or used as baited fish for other 
fisheries such as crab traps, longlines, etc. Non-target crabs were mostly processed and 
sold as crab meat (Figure 18). Some bycatch are high value such as mantis shrimp that 
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is sometime caught from bottom net and shrimp trammel net. The selling price could 
reach to 1,500 Baht/kg of live mantis shrimp. Most of bycatch are still sellable although 
they are inexpensive.  

The major groups of discarded bycatch were demersal fish, crustaceans, and 
gastropods. Discarded crabs or it is usually call ‘trash crab’ are dominant in crab gillnet 
and crab trap. Demersal fish were mostly found as discards in mullet gillnet, fish trap, 
and Acetes push net. Gastropod were found as a major discard in shrimp trammel nets 
(Fig 16b). 

This study reveals that the highest discard rate is found with crab gillnets (38%) 
and shrimp trammel nets (27%) while other gears remain low. Still, the discards of 
shrimp trammel net are quite low compared to other studies, for example, Boutson 
et al. (2007b) reported that the discard of shrimp trammel net in Rayong province was 
as high as 87% in which the dominant discarded species were true trash fish, e.g. silver-
biddy (Gerres sp.) and pony fish (Leiognathus sp.), as well as other species with no 
commercial value, such as sea urchins, tiny jellyfish, gastropods and sea stars. Ean 
(2000) also reported the high discard rate of shrimp trammel net in Malaysia as much 
as 53% of the total catch.  The discard rate in the use of shrimp trammel net in the 
Mediterranean ranged from 10-43% of total catch (Tsagarakis et al., 2014). Discard rate 
varies considerably through locations and consumption preferences. In Ko Chang, the 
discard rate was still relative low because of that the fishers utilize bycatch as much 
as possible, rather than discard them (Table 8).  

In this survey, non-marketable size, low consumer preferences, and low 
quantity were the reasons for discards. Clucas (1996) mentioned that the fishers 
discarded the fish with many reasons, for examples, the fish may be undesirable in 
terms of species and size; damaged; incompatible with catch; poisonous or non-edible; 
spoiled rapidly. Fishers do not have enough space on board to keep fish; overquotas; 
prohibition on species, season, and gear, closure of fishing grounds. For example, in 
Bay of Biscay (the Atlantic), the main reasons for discarding are, firstly, market-related 
issues are the main reasons for discarding, followed by quality-related issues while 
discards related to the application of regulations are minor consideration (Morandeau 
et al. 2014).  
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Figure  17 Utilization of target species (% of total weight) 

 

 
 
Figure  18 Utilization of retained bycatch (% of total weight) 
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Table  8 Discard rate of nine fishing gears  
Fishing Gears Discard rate (%) 

This study Other works 
Crab gillnets 38% Pattani: 26 - 47% (Fazrul et al., 2015) 
Shrimp trammel 
nets 

27% Rayong: 87% (Boutson, 2007) 
Malaysia: 53% (Ean, 2000) 
Mediterranean countries: 10% - 43%  
(Tsagarakis et al., 2013)  
Portugal, Spain, Greece: 15% – 49 %  
(Goncalves et al. 2007) 

Mullet gillnets 2.6% Turkey: 22. 8 - 77.8% (Aydın et al 
2008)  

Crab traps 6.3% Chantaburi: 49% (Kunsook  and 
Dumrongrojwatthana, 2017) 

Fish traps 6.1% Kenya: 3.1 – 6.5 (Mangi and Roberts, 
2006) 

Krill push nets 1.68% - 
Trolling lines 0% - 
Bottom longlines 0% Global estimate: 7.5% (Kelleher, 2005) 
Squid traps 0% Italy: 9% (Fabi and Grati , 2005)  

 
4.2.5 Ecological concerns on discarded bycatch 

 In this study, a total of 2,643 individuals were observed as discarded 
bycatch. Most discarded bycatch species have no economic value and less 
consumption preference. Those species are either discarded at sea or land depending 
on the fisher’s conveniences. According to the results, several discarded species 
should be considered as they might be more ecologically important although they has 
less or no market value.  
 The most dominant discarded bycatch was spine murex (Murex sp.) with a 
total of 765 individuals or about 29% of total discards. This was mostly caught by 
shrimp trammel nets and crab gillnets. Spine murex is a gastropod, belong to the 
Family Muricidae, and generally feeds on other molluscs and barnacles while the major 
predator of the spine murex are crabs. Some species of this genes consume particulate 
organic matter (POM) and polychaetes (Kwan et al., 2018). This illustrates that the 
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murex is important as a pray for crab and some other marine species.  In some 
localities, murex is used for decorations or even used as dye (Oliver, 2015). Besides 
discarding, overexploitation may cause the impacts on their population.  
 Trash crab has been concerned as fisheries bycatch (Kunsook & 
Dumrongrojwatthana, 2017; Wisespongpand et al., 2013). Three crabs were mostly 
discarded including anemone crab (Dorippoides facchino, Family Dorippidae), long-
eyed swimming crab (Podophthalmus vigil, Family Portunidae) and spider crabs (Family 
Majoidae). All of them were mostly caught by crab gillnets while only anemone crab 
was found as bycatch in trammel net. Generally, decapods are omnivore. According to  
Wisespongpand et al. (2014), only shell are found in the stomach of anemone crab, so 
their main food is shellfish. Several studies reveal that spider crab ranged from 
macroalgae to benthic invertebrate while some members of spider crab pray feed on 
seaweed and Coralline algae, mollusks, gastropods, bivalves, echinoderms etc 
(Bernárdez et al., 2000). A study also shows that spider crab food webs are quite 
complex as the bio-magnification of polychlorinated biphenyls along the food web is 
detected by stable isotope analysis (Bodin et al., 2008). This reveals an ecological 
importance of crabs since it connects to various species in the higher trophic levels.  
 Hammer oyster (Malleus albus, Family Malleidae) and spiny oyster 
(Spondylus sp., Family Spondylida) are filter feeding bivalve found in shallow water 
inhabiting in muddy-sandy to hard substrate. They feed on phytoplankton, plant 
detritus, bacteria, and algae. The main predator of hammer oyster is drilling predator, 
especially gastropods (Chattopadhyay & Baumiller, 2009). The predators of spiny 
oysters include the gastropod, spiny lobster, rays, porcupine fish, stomatopod (Feifarek, 
1987). Hammer oyster and spiny oyster were caught by crab gillnets and shrimp 
trammel net.  
 Four unidentified species of sea pens (marine cnidarians in the order 
Pennatulacea) were caught as discarded bycatch in crab trap and shrimp trammel net. 
Sea pens have root-like structure to stick themselves in sandy or muddy seafloor. They 
are filter feeders feed on plankton (Williams, 2011). They are an important food source 
on various marine species, particularly nudibranchs and sea stars. Sea pens provide 
important shelter and feeding ground for diverse marine fauna such as shrimps and 
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brittle stars (ophiuroids) (De Clippele et al., 2015).  Starfishes (Asteroidea) was also 
caught by shrimp trammel net and all of them were discarded. Generally, juvenile sea 
stars were fed by fish while the adult ones are active predators. They feed on marine 
invertebrates such as bivalves (Mah, 2013). 
 Ecological function and pray-predator relationship of those discarded 
bycatch illustrates the more ecological importance. Most of them are in the lower 
trophic level which means they are significant as a sources of food for other marine 
species in the higher level. Minimizing discards may enhance marine biodiversity and 
ecosystem integrity. Indeed, more research and studies are needed to generate 
understanding their ecological roles, particularly an endemic species whether they are 
a supporter for other fisheries resources. This study indicate the importance of bycatch 
study to support ecosystem approach to fisheries in Thailand.  
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Anemone crab (Dorippoides sp.) Spider crab (Family Majoidae) 

  
Long-eyed swimming crab 

(Podophthalmus vigil) 
Spine murex  

(Murex sp., Family Muricidae) 

  
Hammer oyster  

(Malleus albus, Family Malleidae)  
Spiny oysters  

(Spondylus sp, Family Spondylida) 

  
Starfishes (Asteroidea) Sea pens (Pennatulacea) 
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4.3 An in-situ study of impacts of fish traps on coral reefs in Ko Kut and Ko Mak, 
Trat Province 

Knowing gear-habitat interaction is important for analyzing the impact of fishing 
activities on sensitive natural habitats. In this study, an in-situ study on fish traps in Ko 
Kut and Ko Mak, Trat Province was conducted to investigate the possible impacts on 
coral reefs. The main findings show that there are two main impacts: direct impact on 
corals, impacts of reef fish exploitation. Besides, other possible impacts observed 
during the study were found e.g. the impacts on macrobenthos, fish, and an issue on 
marine debris.  

 
4.3.1 Impacts on corals 

The underwater observation of fish trap fisheries revealed that most of the 
fish traps were laid on sandy substrate near coral colonies or rocks and sometimes on 
reefs (Figure 19). About 24% of the fish traps studied touched juvenile corals and coral 
communities, such as mushroom corals Fungia spp., stony corals, Porites sp. Pebble 
corals Astreopora sp., Moon brain corals Favia spp., resulting in breakage and injury of 
some touched corals. A total of 20 out of 82 traps touch different species of corals. 
High possibility of touch fall on Fungia sp. (15%) followed by Porites sp. (10%) (Table 
10). 

Sheridan et al. (2005) reported that fish trap sets in shallow water (<30 m) 
actually contact hard corals gorgonians, or sponges and the damage is patchy (Sheridan 
et al., 2003). Physical damage to corals have been concerned as a directed fishing 
impacts as reported from several studies (Mangi & Roberts, 2006; Uhrin et al., 2014). 
Physical damage and injury may lead to negative impact of coral health. Lamb et al. 
(2014) reported that skeletal eroding band disease is strongly linked with coral damage 
and injuries. 

Sediment dispersion generated during setting and moving of traps was also 
observed, as another factor that could obstruct growth of corals (Erftemeijer et al., 
2012). Sediments generated during trawling or dredging near coral reefs also contribute 
to coral reef deterioration (Sudara, 1999) and affect coral growth  (Chansaeng et al. 
1992).  
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(a) (b) 

  
(c) (d) 

  
(e) (f) 

Figure  19 Illustrations of fish trap operation and the environmental characteristics of 
placement location in Ko Kut and Ko Mak, Trat, Thailand 
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Table  9 Percentage of fish traps that touch each coral species 
(n=82) 

Coral species Probability of coral species touched by fish traps 
Frequency  Percent  

Fungia sp. 13 15.85 
Favia sp. 6 7.32 
Porites sp. 9 10.98 
Astreopora sp. 3 3.66 

 
4.3.2 Harvesting reef fishes 

Based on the 82 fish traps investigated, the CPUEs of fish traps varied 
considerably ranging from 0 – 2.56 kg/trap/day with its mean of 1.49 kg/trap/day. The 
average CPUE observed in rainy season was 1.32±0.21 kg/trap/day (n=24) while the 
one observed in dry season was 1.71±0.16 kg/trap/day (n=58). No significant difference 
in the CPUEs between rainy and dry season was found (U = 511, p>0.05). About 60% 
of total catch were target species including groupers (Family Serranidae) and snappers 
(Family Lutjanidae) while another 40% of them were bycatch. About 5 – 15% of the 
bycatch were discarded at sea and 85-95% were retained for household consumption 
and used as baited fish.  

Of seven species of target species, three of them i.e. Duskytail groupers 
(Epinephelus bleekeri), Leopard grouper (Plectropomus leopardus) and Orange-
spotted grouper (Epinephelus coioides) were categorized as “Nearly threatened” while 
three of them i.e. Blue line grouper (Cephalopholis formosa), Blacktip grouper 
(Epinephelus fasciatus), and Longfin grouper (Epinephelus quoyanus), were 
categorized as “Least concern” and one species, John’s snapper (Lutjanus johnii), has 
not yet evaluated according to the IUCN status. This reflects that these species are 
being exploited worldwide because of high market value and likely to become 
endangered in the near future. Disappearance of groupers and other top predatory fish 
by overfishing might affect ecosystem food web especially the predator-prey 
relationship and changes in fish community as reported in the Caribbean Sea 
(Chiappone et al., 2000). 
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In terms of bycatch diversity, as many as 22 species of bycatch were found 
including 17 species of fish, 4 species of crustaceans and one species of sea cucumber 
as listed in Appendix E. Of which, 13 species of fish were retained for household 
consumption or sold as fresh fish while another 9 species were discarded at sea 
including 4 species of fish (Diodon liturosus, Acanthostracion polygonius, Chelmon 
rostratus, Cantherhines pardalis), 4 species of crabs (Charybdis hellerii, Atergatis 
integerrimus, Myomenippe hardwickii, Dardanus megistos) and a species of 
unidentified sea cucumber. Most bycatch (9 species) were carnivorous fish while five 
of them were herbivore fish (Figure 20).  

The intensities seen in this study, trap fisheries cause serious overfishing, reduce 
biodiversity, and alter ecosystem structure (Hawkin et al. 2007). Disappearance of 
groupers and other top predatory fish by overfishing might affect ecosystem food web 
especially the predator-prey relationship and changes in fish community as reported 
in the Caribbean Sea (Chiappone et al., 2000). Extensive studies reported that removing 
herbivore fish from the coral reef ecosystem may also alter coral reef and may further 
link to reef resilience. For example, coral recruitment process is benefited by these 
herbivorous fish as they help reduce macroalgal cover providing more substrates for 
coral larvae to recruit and also prevent coral–macroalgal phase shift (Cheal et al., 
2010). This can be used as one of the bioindicators for resilience-based monitoring  
(Heenan & Williams, 2013). 
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Diodon liturosus Acanthostracion polygonius 

  
Chelmon rostratus Cantherhines pardalis 

  
Myripristis hexagona Charybdis hellerii 

  
Myomenippe hardwickii Atergatis integerrimus 

  
Dardanus megistos Sea cucumber 

Figure  20 Illustrations of some bycatch species caught by fish traps, Trat Province 
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4.3.3 Other possible impacts 

1. Impact on marine benthic invertebrates 
In  this study, impacts marine benthic invertebrates were observed during 

trap movement and arrangement.  Several studies mentioned that the impacts on 
macrobenthic invertebrates caused by trap movement has also been concerned. In 
case of lobster fisheries, the movement of the trap, particularity by wind and storm, 
causes scraped, fragmented, and dislodged sessile fauna, leading to significant impacts 
on stony coral, octocoral, and sponges (Uhrin et al., 2014). 

 
2. Ghost fishing impacts and marine debris 

Abandoned fish traps have been concerned as a cause of fish mortality 
through unintentional fishing or ghost fishing (Gabrielle et al. 2014; Matsuoka et al., 
2005). A study of ghost fishing in Oman reveals that ghost fishing by fish trap causes 
fish mortality of about 1.34 kg/trap per day, decreasing over time. An exponential 
model trap ghost fishing mortality predicted that a mortality rate reaches to 67.27 and 
78.36kg/trap during 3 and 6 months, respectively (Al-Masroori et al., 2004). Beside 
mortality, skin abrasions were observed with the entrapped fish (Gabrielle et al., 2014). 
According to Clark et al. (2012). About 5% of all trapped fish were observed with skin 
wounds or abrasions, while 20% of those that died had abrasions. Ballesteros et al. 
(2018) reported that coral which is covered by the fishing gears in Ko Tao showed 
several damage, particularly tissue loss. Since most of the fish traps are made of 
plastics which is non-biodegradable, the issues on marine debris and plastic pollution 
have been concerned (Ballesterosa et al., 2018; APEC Fisheries Working Group, 2004).  

 
 
  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 102 

4.4 Impacts of trawl, push net and dredge fisheries on macrobenthic 
communities in the Strait of Ko Chang, Trat Province 

 

4.4.1 Abundance of macrobenthic invertebrates 
Macrobenthic communities are used as an ecological indicator to assess 

fishing impacts in the Strait of Ko Chang, where two different intensiveness of trawling 
and dredging are found, consisting of 1) the zone where trawling, push net fisheries, 
dredging are prohibited all year round (Station A to F), and 2) the zone where such 
fisheries are allowed to operate for 6 months (Station G to J).  

The results showed that the dominant groups of macrobenthos found in 
every sampling station included polycheates, bivalves, decapods, amphipods, 
ophiuroids etc. In an overall picture, the average abundances of benthic species in 
permanent closure zone (265.55 ind./m2) of trawling and dredging was significantly 
higher than those observed in a six-month closure zone (153.70 ind./m2) in wet season 
(p<0.05), while the surveys in dry season exhibited a significant lower abundance in 
six-month closure zone (125.93 ind./m2) compared to the permanent closure zone 
(252.11 ind./m2) (p<0.05). However, the spatial variation among stations were also 
detected (One-way ANOVA). The two-way ANOVA testing on the effect of zone and 
season on the abundance revealed only an effect of zone on their abundance was 
observed (F=43.31, p<0.01) and no interaction between factors was found (F = 0.44, 
p=0.83) (Figure 21). 

In an overall picture, the average abundance of macrobenthos in 
permanent closure zone (265.55 ind./m2) was significantly higher than those observed 
in a six-month closure zone (153.70 ind./m2). Those are higher than the previous studies 
by Jualaong (2007) reported that the average abundance of macrobenthos in Mu Ko 
Chang was  144.8 ind./m2  dominated by polycheates.  

According to the study of Putchakarn (2005), the average abundance of 
macrobenthos along the eastern gulf of Thailand (from Chonburi to Trat) was 554.47 
ind./m2 dominated by polycheates, crustaceans, bivalves, gastropods, and 
echinoderms.  

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 103 

 

 
Figure  21 Mean total density of macrobenthos (ind/m2) at each study sites 
Remark: Means sharing the same letter are not significantly statistical different 
(Tukey’s HSD test, p<0.05) 
 

 
Figure  22 Mean total density of macrobenthos (ind/m2) at each study sites in wet 

season 
Remark: Means sharing the same letter are not significantly statistical different 
(Tukey’s HSD test, p<0.05) 
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Figure  23 Mean total density of macrobenthos (ind/m2) at each study sites in dry 

season  
Remark: Means sharing the same letter are not significantly statistical different 

(Tukey’s HSD test, p<0.05) 
 

4.4.1 Diversity of macrobenthic invertebrates 
 In this study, a total of 72 taxa in 10 phyla was observed. In overall, higher 

diversity was observed in the permanent closure zone with as many of 20.66 taxa than 
that observed in the six-month closure zone (16.2 taxa). The statistical test showed 
statistical differences in terms of number of taxa, between permanent closure zone 
(n=12) and six-month closure zone (n=8) (Mann-Whitney U = 7.500; p<0.01). 

The species richness, Pielou’s eveness, and Shannon diversity index observed 
in the permanent were 2.73, 0.83, 1.08, and 2.25, 0.85, 1.02 for the six-month closure 
zone, respectively. The highest diversity was found at station D which is closed to Ko 
Chang exhibiting the species richness and Shannon diversity indices of 4.22 and 1.03 in 
dry season (Table 10).  

Besides, all diversity indices were different significantly between wet and dry 
season. However, when the observed data from every samplings were pooled, more 
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taxa were found in dry season (12 - 35 taxa) than wet season (15 - 22 taxa) (Figure 18-
19). 

The diversity of macrobenthos observed in this study is relatively low 
compared with the study of Jualaong (2007) which reported that the diversity index of 
macrobenthos in Mu Ko Chang was 1.3.  Study of Putchakarn (2005) also shows the 
higher diversity of macrobenthos (H’=1.76) along the eastern Gulf of Thailand.  

 
Table  10 total taxa, richness, eveness, and diversity of macrobenthos at each site 

and season 

Sites 
Dry season Wet season 

S N d J' H' S N d J' H' 

A 17 1,089 2.29 0.86 1.06 20 1,333 2.64 0.91 1.19 
B 20 1,822 2.53 0.68 0.89 22 2,022 2.76 0.86 1.16 

C 35 2,533 4.34 0.66 1.02 16 1,544 2.04 0.80 0.97 
D 30 922 4.25 0.91 1.35 20 1,822 2.53 0.87 1.13 

E 20 944 2.77 0.79 1.03 19 1,167 2.55 0.85 1.09 
F 16 1,011 2.17 0.76 0.92 22 1,278 2.94 0.88 1.18 

G 14 722 1.98 0.82 0.94 18 844 2.52 0.87 1.09 
H 14 778 1.95 0.90 1.03 15 756 2.11 0.92 1.09 
I 13 678 1.84 0.89 0.99 19 1,144 2.56 0.89 1.14 

J 12 589 1.73 0.82 0.88 16 589 2.35 0.87 1.05 
Averag

e 
19.1 1,109 2.58 0.81 1.01 18.7 1,250 2.50 0.87 1.11 

Notes: S, d, J', and H' denote total taxa, species richness (Margalef), Pielou’s eveness, and Shannon-Wiener Index, 
respectively.  

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 106 

 
wet 

 

 
Dry  

Figure  24 Species composition of macrobenthos at each zone during wet season 
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Wet season 

 

 
Dry season 

Figure  25 Relative abundance of macrobenthos at each zone during dry season 
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(b) 

 

Figure 26 Total number of taxa and Shannon diversity index of macrobenthos in 
each sampling site 
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 (a) 

 

 

 (b) 

 

 
Figure 27 Species richness and eveness of macrobenthos in each sampling site 
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Amphipoda Alpheidae 
  

  

Anadara sp. Antigona sp. 
  

  

Cossuridae Nephtyidae 
 
Figure  28 Illustrations of some macrobenthic species in the Strate of Ko Chang 
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Spionidae Sternaspidae 
  

 
 

Scalopidia spinosipes Sea pen 
  

 
 

Ophiuroidea Paracaudina sp. 
 
 
Figure  29 Illustrations of some macrobenthic species in the Strate of Ko Chang 

(continued) 
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Based on a Bray-Curtis Similarity, Permutational Multivariate Analysis of Variance 
(PERMANOVA) indicated the statistically significant differences of benthic community 
composition between zones (Pseudo-F = 8.9813, p(perm)= 0.001) and season (Pseudo-
F = 10.267, p(perm)= 0.001). The Similarity Percentage (SIMPER) was performed to 
identify which taxa are responsible for major contribution to similarity or it could help 
identify the taxa that are generally found in a certain group. In the permanent closure 
zone, polycheates, bivalves, ophiuroids, and amphipods contribute 73% of a total 
similarity, while most similarity found in six-month closure zone were contributed 
mostly (80%) by bivalves, polycheates, amphipods and decapods.    

 
Figure  30 dbRAD plot based on the fourth-rooth transformed data (number of 
individuals) showing the similarity of specie composition of each samples 
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Table  11 The Similarity Percentage (SIMPER) showing the contribution of major 
macrobenthic invertebrates between zone groups and season groups.  

 

Examines Zone groups Examines Season groups 
Group Permanent closure zone Group Dry 
Average similarity: 66.13 Average similarity: 63.26 
       
Species Contrib% Cum.%  Species Contrib% Cum.% 
Polychaeta 26.58 26.58  Bivalvia 26.62 26.62 
Bivalvia 21.94 48.52  Polycheata 21.69 48.31 
Ophiuroidea 13.39 61.91  Amphipoda 17.67 65.99 
Amphipoda 12.01 73.92  Ophiuroidea 11.01 77 
       
Group Six-month closure zone  Group Wet  
Average similarity: 70.93  Average similarity: 71.80 
       
Species Contrib% Cum.%  Species Contrib% Cum.% 
Bivalvia 21.43 21.43  Polycheata 27.61 27.61 
Polycheata 21.41 42.85  Bivalvia 17.67 45.28 
Amphipoda 20.7 63.55  decapoda 17.36 62.64 
decapoda 16.97 80.52  Amphipoda 12.44 75.08 

 
 

4.4.3 Environmental factors 
 
Environmental parameters played important role in shaping community 

structure and their abundance. As observed, most environmental parameters between 
two zones were not statistically different except the percentage of sand and depth 
(p<0.05). The percentage of sand in permanent and six-month closure zones were 
22.68% and 14.45% and the average depth between two zones were 4.48 and 7.7 
meters, respectively (Figure 31).   
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(a) (b) 

  
(c) (d) 

  
(e) (f) 

Figure  31 Some environmental data recorded during sampling in two zones and two 
periods   
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(g) (h) 

  
(i) (j) 

 
(k) 

  
Figure  31 Some environmental data recorded during sampling in two zones and two 

periods 
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The PCA ordination reveals the similarity of environmental condition at each 
sampling site. A slightly separation between two zones was driven by the percentage 
of sand, silt, and depth. The DISTLM revealed that some parameters that can be used 
as predictors include %silt, %clay, %Organic matter, depth, temperature, dissolved 
oxygen, pH, and salinity. The dbRDA ordination plot explained with the first two axes 
explained 37.1% of the fitted variation and 10.6% of the total variation. The pattern of 
the macrofaunal samples in each station suggested two gradients of variation. The first 
gradient was driven by variable “depth” explaining that the benthic composition on 
the left of the quadrant, most of stations in the six-month closure zone, were more 
influenced by depth. The second gradient was driven by the variable “salinity”, 
clustering the sampling stations in the lower quadrant explaining that those sampling 
station are influenced more with salinity, especially during dry season (Figure 33).  

 

 
Figure  32 PCA plot showing the similarity of environmental condition of each 

samples 
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Figure  33 The relationships between the environmental parameters and the 

abundance of the benthic communities were examined using a distance-
based linear model (DISTLM) and distance-based redundancy analysis 
ordination (dbRDA). 

 
Table  12 The results from distance-based linear model (DISTLM) showing the fitted 
explanatory environmental variables  

Variable R2 SS(trace) Pseudo-F p-value 
Sand 0.02 1,705.30 2.38 0.042* 
Silt 0.04 1,917.50 2.72 0.023* 
Clay 0.05 612.74 0.87 0.421 
Organic matter 0.08 2,328.40 3.36 0.010* 
Depth 0.13 4,823.20 7.35 0.001* 
Temperature 0.16 2,582.40 4.04 0.002* 
Dissolved oxygen  0.18 1,573.60 2.50 0.050* 
pH 0.21 2,772.30 4.54 0.010* 
Salinity 0.27 5,014.40 8.79 0.001* 
TDS 0.28 456.97 0.80 0.553 
Conductivity 0.28 564.24 0.99 0.454 
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Our finding revealed that although there was no seasonal variability on the 

mean total density, the composition of macrobenthos varied seasonally. Generally 
macrobenthic communities are dynamic and seasonally changed within a year. It also 
relates to the recruitment process and predator-pray relationship (Lamptey & Armah, 
2008).   

Our results revealed that most environmental parameters observed between 
two zones were not significantly different except %sand, %silt, and depth. It may 
because of that those sampling stations are located in the same micro-region where 
smaller environmental fluctuation occurs.  A number of environmental variables 
including sediment structure, organic matter content, temperature, salinity, dissolved 
oxygen, nutrient concentrations, pH, turbidity, water transparency, and depth have 
been concerned as factors influencing on macrobenthic community (Lamptey & 
Armah, 2008; )  

Soheil et al. (2018)  mentioned that macrobenthic community was shaped by 
a combination of the factors and no single factor could be considered as a main 
influencing factor. According to the analysis, the results showed that depth, salinity, 
temperature, dissolved oxygen, organic matter content, pH, silt and clay content clay 
play important factor in the change of macrobenthic composition.  

In terms of fishing impacts, the difference in abundance of macrobenthos 
between two zones are significantly different and it may be probably caused by the 
combination of fishing activities and environmental factors. However, Sea pens were 
only found in permanent closure zone where no fishing activity is found while none 
of the sea pens was found in any sampling sites in six month closure zone. Sea pens, 
in this case may imply that disappearance of those sea pens in the six-month closure 
zone may link to the physical disturbance from trawling and dredging (Williams, 2011). 
However, it is still difficult to confirm that the change in composition of macrobenthos 
between such zones because of the strong influence of environmental factors. Studies 
on the recovery of benthic communities showed recovery periods ranging from 3 
months up to 25 years (Micheli et al., 2004). 
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4.5 Expert-based gear impacts assessment: Transdisciplinary approach 
 

4.5.1 Rating gear impacts 
Based on the expert judgment on the exercise A, trawlers generated impacts 

on forage fish, epifauna, infauna and various habitats (coral reefs, seagrass beds, soft 
bottom). Marine mammals and sea turtles were risky from pair trawls. In terms of 
artisanal fishing gears, most of the gears generate lower impacts on both bycatch and 
habitats. However, high impact scores of shrimp trammel nets were observed on 
demersal fish, forage fish, and crabs. Most judges concerned bottom longlines could 
affect on marine mammals and sea turtles. Among artisanal fishing gears, the impacts 
of crab traps on coral reefs were concerned (Figure 34).  

 
Figure  34 Rating of fishing gear impacts on bycatch and habitat damages 

 
4.5.2 Ranking gear impacts 

 
Severity rankings were performed using the normalized score obtained from 

the exercise B. In overall, otter board trawls and pair trawls were ranked as the most 
severe. The highest impact score concerning on forage fish caught as bycatch and 
damages on coral reefs, seagrass beds, and soft bottom. Shrimp trammel nets were 
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also concerned as they might cause impacts on forage fish, marine mammals, sea 
turtles, and seagrass beds. However, the severity scores of all observed small-scale 
fishing gears remain low (Figure 35-36).  

 
 

Figure 35 Overall severity ranking of fishing gear impacts (when the score on bycatch 
and habitat damages are pooled) 
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Figure  36  Overall severity ranking of fishing gear impacts and severity ranking of the 

impacts on bycatch and habitat damages (aggregated voting scores were 
normalized on a scale of 100) 

 

Kendall's tau-b correlation coefficient (τb) of 0.28 revealed that severity ranks 
of bycatch and habitat damage was not significantly correlated (p>0.05) although the 
first and second rank are similar. The result of post consultation workshop is consistant 
with the result from the expert workshop. Results of group discussion from three fishing 
communities in Ko Chang, Trat Province, Thailand regarding ecological impacts of the 
fishing gears are shown in Table 13. 
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In determining ecological impacts of fishing gears, Chuenpagdee et al. (2003) 
assessed collateral impacts of fishing in the US using damage schedule approach as a 
tool for eliciting judgement and information on the severity of fishing gear impacts 
from relevant stakeholders including fishers, scientists and managers. The damage 
schedule approach consists of integrating the knowledge, expert elicitation, and pair 
comparison to rank the fishing gear impacts revealing that bottom fishing gears such 
as bottom trawlers, gillnets, dredges, and midwater gillnets were assessed as the high 
impact level. The authors suggested the use of those gears in the US should be 
prohibited in ecologically sensitive areas.  

Similarly, Fuller et al. (2008) also applied the expert elicitation in assessing 
ecological impact of fishing gear in Canada. Bottom trawls showed the highest severity 
of impacts in both west and east coasts of Canada, followed by bottom gillnets and 
dredges etc.  

Experts highlighted that the knowledge on fishing impacts in Thailand is very 
limited. Experts also mentioned that the level and characteristics of fishing impacts 
depend on many factors such as fishing gears, operation, fishing period, seasonality, 
local environment. Overfishing also cause local extinction of some species. Semi-
grooved venus ( Paphia semirugata,) has been disappeared in Trat province. There is 
still a concern on a rapid decline in the population of Short-neck clam (Paphia 
undulate). Indirect impact of fishing on sensitive habitats should be also considered. 
Intensity of fishing gear used should be concerned because it directly relates to the 
impact level. 

This is an alternative method for assessing impacts during data limited situation. 
The method is not only relied on the expert judgement but also based on best 
available scientific information. Expert consultation workshop should be convened in 
the future to verify the results since the scientific information and fishing regulations 
are always developed while fishing gears  are also improved and replaced with the 
modern ones.  
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Table  13 Results of group discussion of three fishing communities in Ko Chang, Trat 
Province, Thailand regarding ecological impacts of the fishing gears  

 

Gears Bycatch Habitat damages 
Otter board trawl The trawl catch many species 

on the seafloor. They think 
that dolphin and sea turtles 
are also threaten from this 
gears.  

These fishing gears are able to destroy 
soft bottom since the trawl net will 
compact upper layer of soft bottom, 
and perhaps, the life at the seafloor. 
They also have conflict with other 
fishing gears, especially squid traps. 
Sometimes, pair trawls destroy artificial 
reefs. These trawls don’t operate in 
coral reefs so the impacts on coral reef 
is low. If these trawls operate within 
seagrass beds, higher impacts could be 
occurred on seagrass and marine life 
living within the seagrass beds.  

Pair trawl 

Anchovy Purse 
seine 

Small other forage fish Less damage on habitat 

King mackerel 
drift gill net 

Dolphin and sea turtles This gear can destroy other fishing 
gears. 

Mullet gill nets Forage fish Don’t have any damage on habitat 
because this gill nets do not touch 
seafloor during operation. 

Mackerel gill nets Forage fish Don’t know 
Crab traps Forage fish and gastropods, 

especially spine murex. Larger 
fishing vessel with a lot of crap 
traps cause reduction of crab 
population. At present, the 
blue swimming crabs with 
smaller size are caught.  

Habitat damages were less mentioned 
but they concerned that multiples crab 
traps may destroy other fishing gears.  
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Table  13 Results of group discussion of three fishing communities in Ko Chang, Trat 
Province, Thailand regarding ecological impacts of the fishing gears 

 

Gears Bycatch Habitat damages 
Fish traps Other non-target fish can be 

consumed so they don’t think 
that these gears cause bycatch 
impacts. Other small fish and 
other non-fish species can be 
caught but only a small 
amounts.  

Less damages on habitats 
Crab gill nets 
Shrimp trammel 
nets 

Bottom Longline Less bycatch but sea turtle was 
caught in the past. 

Trolling line Less bycatch. Other non-target 
fish can be consumed so they 
don’t think that this gear cause 
bycatch impacts 

Trolling lines do not to touch 
seafloor during operation. 

Acetes push net Acetes push net contributes 
less bycatch, nothing to 
concern. Other caught fish can 
be household consumed. 

Don’t have any damage on habitat 
because fishers prefer not to touch 
seafloor during operation. 
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CHAPTER V 

CONCLUSIONS AND SUGGESTIONS 

5.1 Conclusions  
 

According to the study on ecological impacts of fishing gears in Ko Chang, Trat 
Province, Thailand, general conclusions are the followings: 

 
5.1.1 Existing knowledge and gap  
1. A major gap of knowledge on the ecological impacts of fishing gears in 

Thailand was found, particularly the data on bycatch (retained and discarded) and 
habitat damages. 

2. The onboard surveys of bycatch for nine small-scale fishing gears in Ko 
Chang reveal some bycatch issues in small-scale fisheries. Some of the gears, 
particularly trammel nets, crab traps, and gillnets, produced the higher number of 
bycatch in terms of biomass and species richness.  

3. A study on the impacts of fish traps on coral reefs revealed various 
possible impacts including physical damages on corals, impacts from sediment 
dispersion, ecosystem imbalance due to an exploitation of reef fish, and marine debris.  

4. Heavily fishing activities (in this case trawlers, push nets, and dredges), 
may affect on the abundance of macrobenthic communities. The difference of the 
mean total densities observed in trawled and untrawled areas exhibit the possible 
impacts of fishing activities on the abundance of macrobenthic species in the Strait of 
Ko Chang. 

5. The results from expert consultation show that otter-board trawls and 
pair-trawls were rated with the highest score of bycatch and habitat impacts.  In terms 
of small-scale fishing gears, bycatch impacts caused by shrimp trammel nets and crab 
gill nets were mostly concerned.  

6. This dissertation enhances understandings of the ecological impacts of 
fishing gears on marine ecosystems in Thailand that are highly required for ecosystem-
based fisheries management. 
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5.1.2 Bycatch in small-scale fishing gears 
1. Higher catch rates are found with bottom longlines and krill push nets but 

low bycatch diversity. Most gears are seasonally used for examples, shrimp trammel 
nets, Acetes push net etc. Catch rate of each gear varies seasonally and spatially.  

2. The gears that touch seafloor while operating tend to produce more 
bycatch. 

3. Most of target catch and some retained bycatch are sold as fresh fish, while 
target catch from krill push nets are processed to be sold as shrimp paste.    

4. Overall, gastropods and crustaceans (trash crabs) are mostly discarded. 
5. Crab gillnets mullet gillnets and shrimp trammel nets produce highest 

diversity of bycatch. 
6. Diversity of bycatch from krill push net, squid trap, and bottom longline 

remained low.  
 
5.1.3 Impacts of fish trap fisheries on coral reefs 

1. Physical damage: About 24% of the fish traps studied touched juvenile 
corals and coral communities, such as Fungia spp., Porites sp., Astreopora sp, Favia 
spp., resulting in breakage of some touched corals, especially Fungia spp.  

2. Impact of fish trap fisheries on benthic organisms should also be 
considered. 

3. Sediment dispersion generated during setting and moving of traps was also 
observed, as another factor that could obstruct growth of corals.  

4. Taking out some reef fish, especially the herbivorous fish may alter the 
dynamics of reef ecosystems, particularly algal-coral dynamics.  

5. Fish traps fisheries are also risky to be as ghost fishing and marine debris.  
 

5.1.4 Impacts of commercial fishing on macrobenthic community 
1. A total of 35 taxa in 7 phyla of macrobenthic organisms were found in dry 

season while lower number of taxa was found in wet season (22 taxa in 5 phyla). 
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2. In an overall picture, the average abundances of macrobenthos in 
permanent closure zone (265.55 ind./m2) was significantly higher than those observed 
in a six-month closure zone (153.70 ind./m2) in wet season (p<0.05). 

3. Similarly, the surveys in dry season exhibited the higher abundance in the 
permanent closure zone (252.11 ind./m2) compared to what observed in six-month 
closure zone (125.93 ind./m2). 

4. The abundance of macrobenthos varied spatially while seasonal variability 
of its abundance is not detected. Species composition of macrobenthos was 
influenced by season and zone.  

5. The difference in abundance of macrobenthos between two zones are 
significantly different and it may be probably caused by the impacts of fishing activities.  

6. It is still difficult to confirm that the change in composition of macrobenthos 
between such zones because of the high seasonal and spatial variation as well as the 
different environmental condition between two zones.  
 
5.2.5 Expert-based gear impacts assessment: Transdisciplinary approach 

1. Trawl fisheries are mostly concerned on the bycatch (especially forage fish 
and macrobenthic species) and habitat damage such as coral reefs, seagrass, and soft 
bottom. 

2. Pair trawl and bottom longlines show significant impacts on marine 
mammals and sea turtles. 

3. Small-scale fishing gears such as crab gill nets and shrimp trammel nets 
illustrate the higher concerns of their impacts on ecosystems especially demersal fish, 
forage fish etc. 

4. This method could be the alternative method to assess impacts of fishing 
gears on ecosystem in other areas. 
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5.2 Suggestions 
 

 5.2.1 Bridging the gap 
 

The huge knowledge gap on bycatch (especially discard information) and 
habitat damage caused by small-scale fishing gears, illustrated by the study, will 
certainly pose difficulty in fisheries sustainability, given their importance. This study 
shows a significant gap in research and knowledge on the ecological impacts of fishing 
gears in Thailand. In-depth research is required on various topics related to both small- 
and large-scale fisheries including, but not limited to: (a) a detailed study on catch 
composition consisting of target species, retained and discarded bycatch, as well as 
the use of these data as a baseline for gear impact assessment; (b) a study on 
interactions of fishing gear and natural habitats such as coral reefs, seagrass beds, 
seafloor etc.; (c) modification of fishing gears and methods to minimise bycatch and 
damage to the natural habitats by incorporating local knowledge and local fishers in 
the research; and (d) bycatch and discards should be involved in the category in 
fisheries statistics or promoting monitoring program on monitoring fishing impacts. 

 
5.2.2 Governing fishing impacts 

Fishing impacts, particularly bycatch and habitat damage, have been 
mentioned in a global discourse making society to pay attention to. Bycatch issues 
have been mentioned since the Code of Conduct for Responsible Fisheries. In the 
Sustainable Development Goals also involve marine environment as one of the goals,   
SDG 14.4. where fishing impacts are highly concerned including “effectively regulate 
harvesting and end overfishing, illegal, unreported and unregulated fishing and 
destructive fishing practices and implement science-based management plans, in 
order to restore fish stocks in the shortest time feasible, at least to levels that can 
produce maximum sustainable yield as determined by their biological 
characteristics.” Not limit to just these, some other international conventions and 
agreements also link to the human impacts on ocean. Fishing impacts are highly 
needed to be governed. Minimizing the impacts, however, is not simple as that. 
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Governing this problem must consider all related dimensions with integrated approach. 
Not just only the environmental dimension, but also the impacts of policy implication 
on socio-economic dimension and local livelihoods. Additionally, all parties should be 
also participated when transdisciplinary approach will be useful. In order to minimize 
the impact of fishing gears in terms of bycatch and habitat damage, policies should 
falls on the following principles 

1) Reducing fishing impacts by modifying and developing fishing gears to 
minimize bycatch as well as finding the fishing techniques or season or period of time 
to increase selectivity and avoiding fishing during spawning season; promoting ‘zero 
discards’ as well as enhancing fishers to discard bycatch species at sea to increase  
survivability and less mortality.  

2) Effectively reserve fragile natural habitat that are sensitive or prone to 
having impacts from certain fishing gears.  

3) Effective use of bycatch, especially discarded bycatch, for examples 
Chitosan may be extracted from discarded trash crab, other value-added products 
from these discarded bycatch should be promoted.  

4) Promoting local stewardship by local fishers for sustainable fisheries 
along with maintaining marine biodiversity. Along with that, enhancing effective 
communication between local fishers and academicians, practitioners or even policy 
makers to exchange and integrate scientific and knowledge. Furthermore, Building up 
stewardship network in local level and scale up into provincial, regional, and 
international should be initiated.  

While more research on these topics is required in order to implement 
EAF in Thailand, public awareness about the ecological impacts of fishing gears should 
also be raised. As the responsible governing body in fisheries, the DOF should add 
research strategies and development plans into its implementation strategies and 
policy planning process. Also, a new information system and data collection process 
could be developed to help obtain systematic and regular data on bycatch and habitat 
impacts. Lastly, research collaboration among DOF and research and academic 
Institution , as well as funding agencies, should be promoted to increase capacity.  

 
REFERENCES 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 130 

 

REFERENCES 
 

 

Abdulqader, E. A. A., Miller, J., Al-Mansi, A., Al-Abdulkader, K., Fita, N., Al-Nadhiri, H., & 
Rabaoui, L. (2017). Turtles and other marine megafauna bycatch in artisanal 
fisheries in the Saudi waters of the Arabian Gulf. Fisheries Research, 196, 75-84. 

Achavanuntakul, S., Piromwarakorn, S., True, D. J., Yamla-Or, P., Khlongakkhara, S., & 
Tanangsnakool, K. (2014). Mapping shrimp feed supply chain in Songkhla 
province to facilitate feed dialogue. Oxfam Thailand. Bangkok. 151 pp. 

Adulyanukosol, K. (2010). Ecology of the dugong (Dugong dugong) in Thailand: 
Population characteristics, feeding habits and conservation. (Ph.D.), University 
of the Ryukyus,  

Al-Jufaili, S., Al-Jabri, M., Al-Baluchi, A., Baldwin, R. M., Wilson, S. C., West, F., & 
Matthews, A. D. (1999). Human impacts on coral reefs in the Sultanate of Oman. 
Estuarine Coastal and Shelf Science, 49, 65-74. 

Al-Masroori, H., Al-Oufi, H., McIlwain, J. L., & McLean, E. (2004). Catches of lost fish traps 
(ghost fishing) from fishing grounds near Muscat, Sultanate of Oman. Fisheries 
Research, 69(3), 407-414. 

Allen, S. J., Pollock, K. H., Bouchet, P. J., Kobryn, H. T., McElligott, D. B., Nicholson, K. E., 
Smith, J. N., & Loneragan, N. R. (2017). Preliminary estimates of the abundance 
and fidelity of dolphins associating with a demersal trawl fishery. Scientific 
Reports, 7. 

Alverson, D. L. F., M.H.; Pope, J.G.; Murawski, S.A. . (1994). A global assessment of 
fisheries bycatch and discards. Rome: FAO. 

Anderson, D. M. (2009). Approaches to monitoring, control and management of harmful 
algal blooms (HABs). Ocean & Coastal Management, 52(7), 342-347. 

Arunrojprapai, C., Loychuen, K., Srikum, T., Kongchai, T., Jindalikit, J., & Puteeka, S. 
(2010). Catch rate and size composition of blue swimming crab from trawl and 
push net fisheries in Thai waters. (8/2010). Department of Fisheries. Bangkok. 31 
pp. 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 131 

 

Avila, I. C., Kaschner, K., & Dormann, C. F. (2018). Current global risks to marine 
mammals: Taking stock of the threats. Biological Conservation, 221, 44-58. 

Baeta, F., Batista, M., Maia, A., Costa, M. J., & Cabral, H. (2010). Elasmobranch bycatch in 
a trammel net fishery in the Portuguese west coast. Fisheries Research, 102(1-2), 
123-129. 

Ballesteros, L. V., Matthews, J. L., & Hoeksema, B. W. (2018). Pollution and coral damage 
caused by derelict fishing gear on coral reefs around Koh Tao, Gulf of Thailand. 
Marine Pollution Bulletin, 135, 1107-1116. 

Benaka, L. R., & Dobrzynski, T. J. (2004). The National Marine Fisheries Service’s National 
Bycatch Strategy. Marine Fisheries Review, 66(2), 8. 

Bene, C., Arthur, R., Norbury, H., Allison, E. H., Beveridge, M., Bush, S., Campling, L., 
Leschen, W., Little, D., Squires, D., Thilsted, S. H., Troell, M., & Williams, M. 
(2016). Contribution of Fisheries and Aquaculture to Food Security and Poverty 
Reduction: Assessing the Current Evidence. World Development, 79, 177-196. 

Bernárdez, C., Freire, J., & González-Gurriarán, E. (2000). Feeding of the spider crab Maja 
squinado in rocky subtidal areas of the Ría de Arousa (north-west Spain). 
Journal of the Marine Biological Association of the United Kingdom, 80(1), 95-
102. 

Bicknell, A. W. J., Oro, D., Camphuysen, K., & Votier, S. C. (2013). Potential 
consequences of discard reform for seabird communities. Journal of Applied 
Ecology, 50(3), 649-658. 

Bodin, N., Le Loc'h, F., Caisey, X., Le Guellec, A. M., Abarnou, A., Loizeau, V., & Latrouite, 
D. (2008). Congener-specific accumulation and trophic transfer of 
polychlorinated biphenyls in spider crab food webs revealed by stable isotope 
analysis. Environmental Pollution, 151(1), 252-261. 

Boonkerd, S., Anugul, T., & Yamrungrueng, A. (2008). Anchovy resource survey in the 
Upper Gulf of Thailand. (3/2008). Thailand’s Department of Fisheries. Bangkok. 
17 pp. 

Boonkerd, S., & Anugun, T. (2008). Anchovy resource survey in the upper Gulf of 
Thailand in 1997. (2/2008). Department of Fisheries. Bangkok. 30 pp. 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 132 

 

Boonpukdee, S., & Sujittosakul, T. (2004). Bamboo stake trap fisheries in Trat Bay 
(9/2004). Department of Fisheries,. Bangkok. 41 pp. 

Boonyubol, M., & Pramokchutima, S. (1982). Trawl fisheries in the Gulf of Thailand. 
International Center for Living Aquatic Resources Management. Manila, the 
Philippines. 12 pp. 

Bourjea, J., Clermont, S., Delgado, A., Murua, H., Ruiz, J., Ciccione, S., & Chavance, P. 
(2014). Marine turtle interaction with purse-seine fishery in the Atlantic and 
Indian oceans: Lessons for management. Biological Conservation, 178, 74-87. 

Boutson, A., & Arimoto, T. (2011a). Catch comparison between small- and commercial 
scale of collapsible pot fishing targeting blue swimming crab (Portunus 
pelagicus) in the upper Gulf of Thailand. Kasetsart.  

Boutson, A., & Arimoto, T. (2011b, 2011). Catch comparison between small- and 
commercial scale of collapsible pot fishing targeting blue swimming crab 
(Portunus pelagicus) in the Upper Gulf of Thailand. Paper presented at the In 
49th Kasetsart University Annual Conference. 

Boutson, A., Mahasawasde, C., Mahasawasde, S., Tunkijjanukij, S., & Preecha, A. (2007a). 
Possibility to modify shrimp trammel net to reduce discard species. Kasetsart 
Journal (Natural Science), 41, 149–156. 

Boutson, A., Mahasawasde, C., Mahasawasde, S., Tunkijjanukij, S., & Preecha, A. (2007b). 
Possibility to modify shrimp trammel net to reduce discard species. Bangkok.  

Bozzano, A., & Sarda, F. (2002). Fishery discard consumption rate and scavenging activity 
in the northwestern Mediterranean Sea. Ices Journal of Marine Science, 59(1), 
15-28. 

Brandini, F. (2014). Marine biodiversity and sustainability of fishing resources in Brazil: a 
case study of the coast of Parana state. Regional Environmental Change, 14(6), 
2127-2137. 

Broadhurst, M. K., & Millar, R. B. (2018). Relative ghost fishing of portunid traps with and 
without escape gaps. Fisheries Research, 208, 202-209. 

Broadhurst, M. K., Suuronen, P., & Hulme, A. (2006). Estimating collateral mortality from 
towed fishing gear. Fish and Fisheries, 7(3), 180-218. 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 133 

 

Brown, L., Bresnan, E., Summerbell, K., & O'Neill, F. G. (2013). The influence of demersal 
trawl fishing gears on the resuspension of dinoflagellate cysts. Marine Pollution 
Bulletin, 66(1-2), 17-24. 

Bundy, A., Chuenpagdee, R., Boldt, J. L., Borges, M. D., Camara, M. L., Coll, M., Diallo, I., 
Fox, C., Fulton, E. A., Gazihan, A., Jarre, A., Jouffre, D., Kleisner, K. M., Knight, B., 
Link, J., Matiku, P. P., Masski, H., Moutopoulos, D. K., Piroddi, C., Raid, T., Sobrino, 
I., Tam, J., Thiao, D., Torres, M. A., Tsagarakis, K., van der Meeren, G. I., & Shin, Y. 
J. (2017). Strong fisheries management and governance positively impact 
ecosystem status. Fish and Fisheries, 18(3), 412-439. 

Bunluedaj, C., Nuangsang, C., Premkit, W., & Lirdwitayaprasit, P. (2010). Fish resources 
survey by tuna longline along the continental shelf in the Andaman Sea. 
(10/2010). Department of Fisheries. Bangkok. 29 pp. 

Burgman, M., Carr, A., Godden, L., Gregory, R., McBride, M., Flander, L., & Maguire, L. 
(2011). Redefining expertise and improving ecological judgment. Conservation 
Letters, 4(2), 81-87. 

Butler, C. B., Gutzler, B. C., & Matthews, T. R. (2018). Sublethal and lethal effects of 
confinement of Caribbean spiny lobsters, Panulirus argus, in ghost traps. Bulletin 
of Marine Science, 94(3), 1153-1169. 

Butler, C. B., & Matthews, T. R. (2015). Effects of ghost fishing lobster traps in the Florida 
Keys. Ices Journal of Marine Science, 72, 185-198. 

Carlson, J. K., Gulak, S. J. B., Enzenauer, M. P., Stokes, L. W., & Richards, P. M. (2016). 
Characterizing loggerhead sea turtle, Caretta caretta, bycatch in the US shark 
bottom longline fishery. Bulletin of Marine Science, 92(4), 513-525. 

Carpenter, K. E., & Niem, V. H. (1998). The living marine resources of the Western 
Central Pacific (Vol. 1 -6). Rome: FAO. 

Chamason, O., Kulanujaree, N., & Hussadee, P. (2015). Community structure of aquatic 
animal caught by stow nets in the Bang Pakong river mouth (3/2015). 
Thailand’s Department of Fisheries. Bangkok. 55 pp. 

Chanrachkij, I. (2012). Environmental impacts by undulated surf clam (Paphia spp.) 
dredge fishing: Case study in Paknam Pranburi estuary and adjacent areas, 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 134 

 

Pranburi district and Sam Roi Yot district, Prachaup Khiri Khan Province. Faculty 
of Fisheries, Kasetsart University, Bangkok.  

Chanrachkij, I., Yasook, N., Anantapongsuk, S., Petrasatien, P., & Wanchana., W. (2010). 
Survey of small-scale fishing gear and practices contributing to sea turtle 
mortalities along the coast of Rayong province, Eastern Gulf of Thailand. 
Training Department/Southeast Asian Fisheries Development Center. 
Samutprakan, Thailand. 55 pp. 

Chantawong, P., Chantawong, T., & Ubonsuwan, N. (1994). King mackerel gillnet fishery 
along the Andaman sea coast of Thailand. Department of Fisheries. Bangkok. 
47 pp. 

Chattopadhyay, D., & Baumiller, T. K. (2009). An Experimental Assessment of Feeding 
Rates of the Muricid Gastropod Nucella Lamellosa and Its Effect on a Cost-
Benefit Analysis. Journal of Shellfish Research, 28(4), 883-889. 

Cheal, A. J., MacNeil, M. A., Cripps, E., Emslie, M. J., Jonker, M., Schaffelke, B., & 
Sweatman, H. (2010). Coral-macroalgal phase shifts or reef resilience: links with 
diversity and functional roles of herbivorous fishes on the Great Barrier Reef. 
Coral Reefs, 29(4), 1005-1015. 

Chiappone, M., Sluka, R. D., & Sealey, K. (2000). Groupers (Pisces: Serranidae) in fished 
and protected areas of the Florida Keys, Bahamas and northern Caribbean. 
Marine Ecology-progress Series, 198, 261-272. 

Chuenpagdee, R. (1998). Damage Schedules for Thai Coastal Areas: An Alternative 
Approach to Assessing Environmental Values. Economy and Environmental 
Program for Southeast Asia. Bangkok. 77 pp. 

Chuenpagdee, R., Morgan, L. E., Maxwell, S. M., Norse, E. A., & Pauly, D. (2003a). Shifting 
gears: assessing collateral impacts of fishing methods in the U.S. waters. 
Frontiers in Ecology and the Environment, 1, 517–524. 

Chuenpagdee, R., Morgan, L. E., Maxwell, S. M., Norse, E. A., & Pauly, D. (2003b). Shifting 
gears: assessing collateral impacts of fishing methods in US waters. Frontiers in 
Ecology and the Environment, 1(10), 517-524. 

Cinner, J. (2014). Coral reef livelihoods. Current Opinion in Environmental Sustainability, 
7, 65-71. 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 135 

 

Clark, R., Pittman, S. J., Battista, T. A., & Caldow, C. (2012). Survey and impact 
assessment of derelict fish traps in St. Thomas and St. John, US Virgin Islands. 
National Oceanic and Atmospheric Administration. Silver Spring. pp. 

Cook, C. N., Hockings, M., & Carter, R. (2010). Conservation in the dark? The information 
used to support management decisions. Frontiers in Ecology and the 
Environment, 8(4), 181-186. 

Corrales, X., Coll, M., Tecchio, S., Bellido, J. M., Fernandez, A. M., & Palomera, I. (2015). 
Ecosystem structure and fishing impacts in the northwestern Mediterranean Sea 
using a food web model within a comparative approach. Journal of Marine 
Systems, 148, 183-199. 

Crespo, G. O., & Dunn, D. C. (2017). A review of the impacts of fisheries on open-ocean 
ecosystems. Ices Journal of Marine Science, 74(9), 2283-2297. 

Davies, R. W. D., Cripps, S. J., Nickson, A., & Porter, G. (2009). Defining and estimating 
global marine fisheries bycatch. Marine Policy, 33(4), 661-672. 

Davis, A., & Wagner, J. R. (2003). Who Knows? On the Importance of Identifying 
“Experts” When Researching Local Ecological Knowledge. Human Ecology, 
31(3), 463-489. 

Dayton, P. K., Thrush, S., & Coleman, F. C. (2002). Ecological Effects of Fishing in Marine 
Ecosystems of the United States. VA: Pew Oceans Commission. Arlington,. pp. 

Dayton, P. K., Thrush, S. F., Agardy, M. T., & Hofman, R. J. (1995). Environmental-Effects 
of Marine Fishing. Aquatic Conservation-Marine and Freshwater Ecosystems, 
5(3), 205-232. 

De Clippele, L. H., Buhl-Mortensen, P., & Buhl-Mortensen, L. (2015). Fauna associated 
with cold water gorgonians and sea pens. Continental Shelf Research, 105, 67-
78. 

de Juan, S., & Demestre, M. (2012). A Trawl Disturbance Indicator to quantify large scale 
fishing impact on benthic ecosystems. Ecological Indicators, 18, 183-190. 

Deechum, W. (2009). Species compositions and some biological aspects of sharks and 
rays from the Gulf of Thailand and Andaman landing sites. Faculty of Aquatic 
Science, Songkla University, Songkla,, Songkla.  

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 136 

 

Depestele, J., Ivanović, A., Degrendele, K., Esmaeili, M., Polet, H., Roche, M., 
Summerbell, K., Teal, L. R., Vanelslander, B., & O'Neill, F. G. (2016). Measuring 
and assessing the physical impact of beam trawling. Ices Journal of Marine 
Science, 73, i15-i26. 

DMCR. (2015). Handbook of marine and coastal resources of Thailand. Department 
and Marine and Coastal Resources. Bangkok. 245 pp. 

Dmitrieva, L., Kondakov, A. A., Oleynikov, E., Kydyrmanov, A., Karamendin, K., 
Kasimbekov, Y., Baimukanov, M., Wilson, S., & Goodman, S. J. (2013). Assessment 
of Caspian Seal By-Catch in an Illegal Fishery Using an Interview-Based 
Approach. Plos One, 8(6). 

DoF. (1965). The investigation of Pacific mackerel in Thailand during 1963 - 1965. 
Department of Fisheries, Ministry of Agriculture and Cooperatives. Bangkok. 192 
pp. 

DoF. (1983). Fisheries record of Thailand 1981. Department of Fisheries, Ministry of 
Agriculture and Coorperatives. Bangkok. 105 pp. 

DoF. (1997). Definitions and classification of fishing gears in Thailand. Department of 
Fisheries, Ministry of Agriculture and Cooperatives. Bangkok. 198 pp. 

DoF. (2011). A summary on Thailand's Progress in Combating IUU Fishing. Bangkok: 
Department of Fisheries, Ministry of Agriculture and Cooperatives. 

DoF. (2014). Marine fisheries statistics in 2012 based on the sample survey (14/2014). 
Department of Fisheries, Ministry of Agriculture and Cooperatives. Bangkok. 157 
pp. 

DoF. (2015a). Fisheries statistics of Thailand in 2013 (7/2015). Department of Fisheries, 
Ministry of Agriculture and Cooperatives. Bangkok. 110 pp. 

DoF. (2015b). Fishing community production survey in 2013. Department of Fisheries, 
Ministry of Agriculture and Cooperatives. Bangkok. 103 pp. 

DoF. (2015c). Marine fisheries management plan of Thailand: A national policy for 
marine fisheries management 2015–2019. Department of Fisheries, Ministry of 
Agriculture and Cooperatives. Bangkok. 89 pp. 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 137 

 

DoF. (2017a). A summary of the strategic plan of the Department of Fisheries 2017–
2021. Department of Fisheries, Ministry of Agriculture and Cooperatives. 
Bangkok. 38 pp. 

DoF. (2017b). Thai fishing vessels statistics 2016. Bangkok: Thailand Department of 
Fisheries, Ministry of Agriculture and Coorpreatives  

DoF. (2018a). Fisheries statistics of Thailand 2016. Department of Fisheries, Ministry of 
Agriculture and Cooperatives. Bangkok. 87 pp. 

DoF. (2018b). Thai fishing vessels statistics 2018 (11/2018). Department of Fisheries, 
Ministry of Agriculture and Cooperatives. Bangkok. 211 pp. 

Dolman, S., Baulch, S., Evans, P. G. H., Read, F., & Ritter, F. (2016). Towards an EU Action 
Plan on Cetacean Sycatch. Marine Policy, 72, 67-75. 

Ean, C. P. (2000). The trammel net fisheries for shrimps at Teluk Kumbar, Penang. 
Malaysian Fisheries Journal, 1, 101-108. 

Edwards, P., Le, P. A. T., & Allan, G. L. (2004, 2004). A survey of marine trash fish and 
fish meal as aquaculture feed ingredients in Vietnam. Paper presented at the 
ACIAR Working. 

English, S. A., Baker, V. J., & Wilkinson, C. R. (1997). Survey Manual for Tropical Marine 
Resources: Australian Institute of Marine Science. 

Erftemeijer, P. L., & Lewis, R. R. (2006). Environmental impacts of dredging on 
seagrasses: a review. Marine Pollution Bulletin, 52, 1553-1572. 

Erftemeijer, P. L., Riegl, B., Hoeksema, B. W., & Todd, P. A. (2012). Environmental 
impacts of dredging and other sediment disturbances on corals: A review. 
Marine Pollution Bulletin, 64(9), 1737-1765. 

EU. (2012). Communication from the Commission to the European Parliament and the 
Council: Action Plan for reducing incidental catches of seabirds in fishing gears 
(16.11.2012 COM(2012) 665 final). European Commission. Brussels. 16 pp. 

FAO. (1995). Code of conduct for responsible fisheries. Food and Agriculture 
Organization. Rome. 41 pp. 

FAO. (2003). Fisheries management: The ecosystem approach to fisheries. Food and 
Agriculture Organization. Rome. 112 pp. 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 138 

 

FAO. (2011). International Guidelines on Bycatch Management and Reduction of 
Discards. Rome: Food and Agriculture Organization of the United Nations. 

FAO. (2015). Voluntary guidelines for securing sustainable small-scale fisheries. Food 
and Agriculture Organization. Rome. 18 pp. 

FAO. (2018). Bycatch and discards: global and regional updates. Meeting of the FAO 
Committee on Fisheries (Thirty-third Session). FAO. Rome. 7 pp. 

Fazrul, H., Hajisamae, S., Ikhwanuddin, M., & Pradit, S. (2015). Assessing Impact of Crab 
Gill Net Fishery to Bycatch Population in the Lower Gulf of Thailand. Turkish 
Journal of Fisheries and Aquatic Sciences, 15(3). 

Feifarek, B. P. (1987). Spines and epibionts as antipredator defenses in the thorny oyster 
Spondylus americanus Hermann. Journal of Experimental Marine Biology and 
Ecology, 105(1), 39-56. 

Fox, H. E., & Caldwell, R. L. (2006). Recovery from blast fishing on coral reefs: A tale of 
two scales. Ecological Applications, 16(5), 1631-1635. 

Fuller, S. D., Ford, J., Tsao, C., Morgan, L. E., Hangaard, D., & Chuenpagdee, R. (2008). 
How we fish matters: Addressing the ecological impacts of Canadian fishing 
gear. Ecology Action Centre, Living Oceans Society and Marine Conservation 
Biology Institute. Canada. 25 pp. 

Funge-Smith, S., Lindebo, E., & Staples, D. (2005). The production and use of low 
value/trash fish from marine fisheries in the Asia-Pacific region. Regional Office 
for Asia and the Pacific, FAO. Bangkok. 38 pp. 

Garcia, S. M., & Cochrane, K. L. (2005). Ecosystem approach to fisheries: a review of 
implementation guidelines. Ices Journal of Marine Science, 62(3), 311-318. 

Garcia, S. M., Zerbi, A., Aliaume, C., Do Chi, T., & Lasserre, G. (2003). The ecosystem 
approach to fisheries. Issues, terminology, principles, institutional foundations, 
implementation and outlook. FAO. Rome. 71 pp. 

Gaspar, M. B., Carvalho, S., Constantino, R., Tata-Regala, J., Cúrdia, J., & Monteiro, C. C. 
(2009). Can we infer dredge fishing effort from macrobenthic community 
structure? Ices Journal of Marine Science, 66(10), 2121-2132. 

Gilman, E. (2015). Status of international monitoring and management of abandoned, 
lost and discarded fishing gear and ghost fishing. Marine Policy, 60, 225-239. 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 139 

 

Gonzalez-But, J. C., & Sepulveda, M. (2016). Incidental capture of the short-beaked 
common dolphin (Delphinus delphis) in the industrial purse seine fishery in 
northern Chile. Revista De Biologia Marina Y Oceanografia, 51(2), 429-433. 

Grabowski, J. H., Bachman, M., Demarest, C., Eayrs, S., Harris, B. P., Malkoski, V., Packer, 
D., & Stevenson, D. (2014). Assessing the Vulnerability of Marine Benthos to 
Fishing Gear Impacts. Reviews in Fisheries Science & Aquaculture, 22(2), 142-155. 

Gray, C. A., & Kennelly, S. J. (2018). Diversity and composition of catches and discards in 
a recreational charter fishery. Fisheries Research, 199, 44-52. 

Hall, M. A., Alverson, D. L., & Metuzals, K. I. (2000). By-catch: Problems and solutions. 
Marine Pollution Bulletin, 41(1-6), 204-219. 

Hamilton, S., & Baker, G. B. (2016). Current bycatch levels in Auckland Islands trawl 
fisheries unlikely to be driving New Zealand sea lion (Phocarctos 
hookeri)population decline. Aquatic Conservation-Marine and Freshwater 
Ecosystems, 26(1), 121-133. 

Harris, P. T. (2012). Anthropogenic Threats to Benthic Habitats. Elsevier. London. 900 
pp. 

Heath, M. R., Cook, R. M., Cameron, A. I., Morris, D. J., & Speirs, D. C. (2014). Cascading 
ecological effects of eliminating fishery discards. Nature Communications, 5. 

Heenan, A., & Williams, I. D. (2013). Monitoring Herbivorous Fishes as Indicators of Coral 
Reef Resilience in American Samoa. Plos One, 8(11). 

Heiri, O., Lotter, A. F., & Lemcke, G. (2001). Loss on ignition as a method for estimating 
organic and carbonate content in sediments: reproducibility and comparability 
of results. Journal of Paleolimnology, 25(1), 101-110. 

Heupel, M. R., Knip, D. M., Simpfendorfer, C. A., & Dulvy, N. K. (2014). Sizing up the 
ecological role of sharks as predators. Marine Ecology Progress Series, 495, 291-
298. 

Hiddink, J. G., Jennings, S., Sciberras, M., Szostek, C. L., Hughes, K. M., Ellis, N., Rijnsdorp, 
A. D., McConnaughey, R. A., Mazor, T., Hilborn, R., Collie, J. S., Pitcher, C. R., 
Amoroso, R. O., Parma, A. M., Suuronen, P., & Kaiser, M. J. (2017). Global analysis 
of depletion and recovery of seabed biota after bottom trawling disturbance. 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 140 

 

Proceedings of the National Academy of Sciences of the United States of 
America, 114(31), 8301-8306. 

Hines, E., Adulyanukosol, K., Duffus, D., & Dearden, P. (2005a). Community perspectives 
and conservation needs fog dugongs (Dugong dugon) along the Andaman coast 
of Thailand. Environmental Management, 36(5), 654-664. 

Hines, E., Adulyanukosol, K., Duffus, D., & Dearden, P. (2005b). Community perspectives 
and conservation needs for dugongs (Dugong dugon) along the andaman coast 
of Thailand. Environmental Management, 36(5), 654-664. 

Hines, E., Strindberg, S., Junchompoo, C., Ponnampalam, L., Ilangakoon, A. D., Jackson-
Ricketts, J., & Mananunsap, S. (2015). Line transect estimates of Irrawaddy 
dolphin abundance along the eastern Gulf Coast of Thailand. Frontiers in 
Marine Science, 2(63). 

Hobday, A. J., Smith, A. D. M., Stobutzki, I. C., Bulman, C., Daley, R., Dambacher, J. M., 
Deng, R. A., Dowdney, J., Fuller, M., Furlani, D., Griffiths, S. P., Johnson, D., 
Kenyon, R., Knuckey, I. A., Ling, S. D., Pitcher, R., Sainsbury, K. J., Sporcic, M., 
Smith, T., Turnbull, C., Walker, T. I., Wayte, S. E., Webb, H., Williams, A., Wise, B. 
S., & Zhou, S. (2011). Ecological risk assessment for the effects of fishing. 
Fisheries Research, 108(2-3), 372-384. 

Hoimuk, S., Nootmorn, P., Augsornpa-op, U., & Panjarat, S. (2015). Marine resources and 
commercial trawl fishery in the Andaman Sea. (6/2015). Thailand’s Department 
of Fisheries. Bangkok. 62 pp. 

Huang, H. W., & Liu, K. M. (2010). Bycatch and discards by Taiwanese large-scale tuna 
longline fleets in the Indian Ocean. Fisheries Research, 106(3), 261-270. 

Hughes, T. P., Baird, A. H., Bellwood, D. R., Card, M., Connolly, S. R., Folke, C., Grosberg, 
R., Hoegh-Guldberg, O., Jackson, J. B. C., Kleypas, J., Lough, J. M., Marshall, P., 
Nystrom, M., Palumbi, S. R., Pandolfi, J. M., Rosen, B., & Roughgarden, J. (2003). 
Climate change, human impacts, and the resilience of coral reefs. Science, 
301(5635), 929-933. 

ICES. (2018). Report of the Working Group on Electric Trawling (WGELECTRA). 
International Council for the Exploration of the Sea. the Netherlands. 155 pp. 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 141 

 

Irwin, B. J., Wilberg, M. J., Bence, J. R., & Jones, M. L. (2008). Evaluating alternative 
harvest policies for yellow perch in southern Lake Michigan. Fisheries Research, 
94(3), 267-281. 

Jackson, J. B. C. (2008). Ecological extinction and evolution in the brave new ocean. 
Proceedings of the National Academy of Sciences of the United States of 
America, 105, 11458-11465. 

Jaingam, W., Wisespongpand, P., & Thamrongnawasawat, T. (2007, 2007). Species 
diversity of crabs from bottom gill net fisheries in Thailand. Paper presented at 
the In 45th Kasetsart University Annual Conference. 

Jindalikit, J., Sereeruk, K., Treeerathran, M., Sriprapa, S., & Sengwong, A. (2010). Blue 
swimming crab (Portunus pelagicus) from small otter board trawl and push net 
in the inner Gulf of Thailand (2/2010). Department of Fisheries. Bangkok. 15 pp. 

Jindalikit, J., & Thaochalee, P. (2008). Survey on economic bivalve in Mahachai Bay, 
Samut Sakhon Province (4/2008). Thailand’s Department of Fisheries. Bangkok. 
64 pp. 

Juntarashote, K. (1998). Small-scale fisheries of Thailand. Thailand Research Fund. 
Bangkok. 54 pp. 

Kaewnern, M., & Wangvoralak, S. (2005). Status of trash fish and utilization for 
aquaculture in Thailand. Kasetsart Journal (Natural Science), 39, 70-77. 

Kaiser, M. J., Collie, J. S., Hall, S. J., Jennings, S., & Poiner, I. R. (2002). Modification of 
marine habitats by trawling activities: prognosis and solutions. Fish and Fisheries, 
3(2), 114-136. 

Kalaya, C. (2007). Status evaluation of reef fisheries in Phuket province. Faculty of 
Science, Chulalongkorn University, Bangkok.  

Kappel, C. V. (2005). Losing pieces of the puzzle: threats to marine, estuarine, and 
diadromous species. Frontiers in Ecology and the Environment, 3(5), 275-282. 

Kappel, C. V., Halpern, B. S., & Napoli, N. (2012). Mapping cumulative impacts of human 
activities on marine ecosystems. SeaPlan. Boston, MA: SeaPlan; 2012. pp. 

Kelleher, K. (2005). Discards in the world’s marine fisheries: an update. Rome: FAO. 
Kittiwattanawong, K. (2004). Biology and Conservation of Green Turtle Chelonia mydas 

in Thailand. Kyoto University, Japan.  

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 142 

 

Knol, A. B., Slottje, P., van der Sluijs, J. P., & Lebret, E. (2010). The use of expert 
elicitation in environmental health impact assessment: a seven step procedure. 
Environmental Health, 9(1), 19. 

Komoroske, L. M., & Lewison, R. L. (2015). Addressing fisheries bycatch in a changing 
world. Frontiers in Marine Science, 2(83). 

Kovacs, C., & Cox, T. (2014). Quantification of Interactions Between Common Bottlenose 
Dolphins (Tursiops truncatus) and a Commercial Shrimp Trawler near Savannah, 
Georgia. Aquatic Mammals, 40(1), 81-94. 

Krajangdara, T. (2005). Species, maturation and fishery of sharks in the Andaman Sea 
of Thailand (8/2005). Department of Fisheries. Bangkok. 31 pp. 

Kunsook, C., & Dumrongrojwatthana, P. (2017). Species Diversity and Abundance of 
Marine Crabs (Portunidae: Decapoda) from a Collapsible Crab Trap Fishery at 
Kung Krabaen Bay, Chanthaburi Province, Thailand. Tropical Life Sciences 
Research, 28(1), 45-67. 

Kwan, B. K. Y., Cheung, S. G., Chan, A. K. Y., & Shin, P. K. S. (2018). Trophic and growth 
baseline of dominant subtidal gastropods in contrasting subtropical marine 
environments. Marine Pollution Bulletin, 127, 396-405. 

Lamb, J. B., True, J. D., Piromvaragorn, S., & Willis, B. L. (2014). Scuba diving damage and 
intensity of tourist activities increases coral disease prevalence. Biological 
Conservation, 178, 88-96. 

Lamptey, E., & Armah, A. K. (2008). Factors Affecting Macrobenthic Fauna in a Tropical 
Hypersaline Coastal Lagoon in Ghana, West Africa. Estuaries and Coasts, 31(5), 
1006-1019. 

Lezama-Ochoa, N., Murua, H., Chust, G., Ruiz, J., Chavance, P., de Molina, A. D., 
Caballero, A., & Sancristobal, I. (2015). Biodiversity in the by-catch communities 
of the pelagic ecosystem in the Western Indian Ocean. Biodiversity and 
Conservation, 24(11), 2647-2671. 

Livingston, R. J. (2007). Phytoplankton bloom effects on a Gulf estuary: Water quality 
changes and biological response. Ecological Applications, 17(5), S110-S128. 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 143 

 

Loychuen, K., Kawmanee, P., Sangangm, C., & Arunrojprapai, C. (2010). Anchovy fisheries 
along the Andaman Sea, Coast of Thailand. (15/2010). Department of Fisheries. 
Bangkok. 43 pp. 

Loychuen, K., Panthakit, W., Boonsuk, S., Kaewmanee, P., & Suppapruek, T. (2013). 
Marine resources from small fisheries along the Andaman Sea Coast of 
Thailand (8/2013). Thailand’s Department of Fisheries. Bangkok. 66 pp. 

Lucchetti, A., Vasapollo, C., & Virgili, M. (2017). Sea turtles bycatch in the Adriatic Sea 
set net fisheries and possible hot-spot identification. Aquatic Conservation-
Marine and Freshwater Ecosystems, 27(6), 1176-1185. 

Lunn, K. E., & Dearden, P. (2006a). Fishers' needs in marine protected area zoning: A 
case study from Thailand. Coastal Management, 34(2), 183-198. 

Lunn, K. E., & Dearden, P. (2006b). Monitoring small-scale marine fisheries: An example 
from Thailand's Ko Chang archipelago. Fisheries Research, 77(1), 60-71. 

Lymer, D., Funge-smith, S., Khemakorn, P., Naruepon, S., & Ubolratana, S. (2008). A 
review and synthesis of capture fisheries data in Thailand – Large versus small-
scale fisheries (2008/17). Regional Office for Asia and the Pacific. Bangkok. 51 pp. 

Machado, R., Ott, P. H., Moreno, I. B., Danilewicz, D., Tavares, M., Crespo, E. A., Siciliano, 
S., & De Oliveira, L. R. (2016). Operational interactions between South American 
sea lions and gillnet fishing in southern Brazil. Aquatic Conservation-Marine and 
Freshwater Ecosystems, 26(1), 108-120. 

Mah, C. (2013). Starfish: Biology &amp; Ecology of the Asteroidea. J. Lawrence, editor. 
Integrative and Comparative Biology, 53(5), 871-873. 

Mangi, S. C., & Roberts, C. M. (2006). Quantifying the environmental impacts of artisanal 
fishing gear on Kenya's coral reef ecosystems. Marine Pollution Bulletin, 52(12), 
1646-1660. 

Marsh, H., Penrose, H., Eros, C., & Hugues, J. (2002). Dugong status reports and action 
plans for countries and territories. The World Conservation Union. Gland, 
Switzerland. 162 pp. 

Martín, J., Puig, P., Palanques, A., & Giamportone, A. (2014). Commercial bottom trawling 
as a driver of sediment dynamics and deep seascape evolution in the 
Anthropocene. Anthropocene, 7, 1-15. 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 144 

 

Matsuoka, T. (2008). A Review of Bycatch and Discard Issue: Toward Solution. In K. 
Tsukamoto, T. Kawamura, T. Takeuchi, T. D. Beard, & M. J. Kaiser (Eds.), Fisheries 
for Global Welfare and Environment (pp. 169–180). Tokyo: Terrapub. 

Matsuoka, T., Nakashima, T., & Nagasawa, N. (2005). A review of ghost fishing: scientific 
approaches to evaluation and solutions. Fisheries Science, 71(4), 691-702. 

Meyer, S., Robertson, B. C., Chilvers, B. L., & Krkosek, M. (2017). Marine mammal 
population decline linked to obscured by-catch. Proceedings of the National 
Academy of Sciences of the United States of America, 114(44), 11781-11786. 

Micheli, F., Halpern, B. S., Botsford, L. W., & Warner, R. R. (2004). Trajectories and 
correlates of community change in no-take marine reserves. Ecological 
Applications, 14(6), 1709-1723. 

Moore, J. E., Cox, T. M., Lewison, R. L., Read, A. J., Bjorkland, R., McDonald, S. L., 
Crowder, L. B., Aruna, E., Ayissi, I., Espeut, P., Joynson-Hicks, C., Pilcher, N., 
Poonian, C. N. S., Solarin, B., & Kiszka, J. (2010). An interview-based approach to 
assess marine mammal and sea turtle captures in artisanal fisheries. Biological 
Conservation, 143(3), 795-805. 

Morgan, & Chuenpagdee, R. (2003). Shifting gears: Assessing the collateral impacts of 
fishing methods in US waters. Island Press. USA. 41 pp. 

Morgan, G. R., & Staples, D. J. (2006). The history of industrial marine fisheries in 
Southeast Asia (2006/12). FAO Regional Office for Asia and the Pacific, Food and 
Agriculture Organization of The United Nations. Bangkok. 28 pp. 

Nakrobru, C., & Saikliang, P. (2003). The effect of mackerel encircling gill net fishery to 
Indo-Pacific mackerel parent stock in protected area, Prachuap Khiri Khan, 
Chumphon and Surat Thani provinces (14/2003). Department of Fisheries. 
Bangkok. 40 pp. 

Nitithamyong, C. (2000). History of Thai Fisheries. In T. Thapanand (Ed.), Fisheries Biology 
(pp. 146). Bangkok: Kasetsart University Press. 

Noranarttragoon, P., Mahasawasde, C., Saiklieng, P., & Jantrarotai, P. (2006). Species 
composition, size and catch per unit effort of marine fauna by luring purse 
seine gear in the Gulf of Thailand (44/2006). Thailand’s Department of Fisheries. 
Bangkok. 10 pp. 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 145 

 

NRSA. (2017). Report on proposed policies for the establishment of marine use 
zonation and marine protected areas. National Reform Steering Assembly, 
Secretariate of the House of Representatives. Bangkok. 67 pp. 

Nunoo, F. K. E., Asiedu, B., Amador, K., Belhabib, D., Lam, V., Sumaila, R., & Pauly, D. 
(2014). Marine Fisheries Catches in Ghana: Historic Reconstruction for 1950 to 
2010 and Current Economic Impacts. Reviews in Fisheries Science & 
Aquaculture, 22(4), 274-283. 

Oliver, A. V. (2015). An ancient fishery of Banded dye-murex (Hexaplex trunculus): 
zooarchaeological evidence from the Roman city of Pollentia (Mallorca, Western 
Mediterranean). Journal of Archaeological Science, 54, 1-7. 

Ozyurt, C. E., Buyukdeveci, F., & Kiyaga, V. B. (2017). Ghost Fishing Effects of Lost Bottom 
Trammel Nets in a Storm: A Simulation. Fresenius Environmental Bulletin, 
26(12a), 494-503. 

Panayotou, T., & Jetanavanich, S. (1987). The economics and management of Thai 
fisheries. . International Center for Living Aquatic Resources Management. 
Manila, the Philippines. 82 pp. 

Pauly, D., Christensen, V., Dalsgaard, J., Froese, R., & Torres, J. F. (1998). Fishing down 
marine food webs. Science, 279, 860-863. 

Pauly, D., & Chuenpagdee, R. (2003). Development of fisheries in the Gulf of Thailand 
large marine ecosystem: Analysis of an unplanned experiment. In G. Hempeland 
& K. Sherman (Eds.), Large marine ecosystem of the world: Change and 
Sustainability: Trends in Exploitation, Protection, and Research (pp. 337–354). 
USA: Elsevier Science. 

Pauly, D., Watson, R., & Alder, J. (2005a). Global trends in world fisheries: impacts on 
marine ecosystems and food security. Philosophical Transactions of the Royal 
Society B-Biological Sciences, 360(1453), 5-12. 

Pauly, D., Watson, R., & Alder, J. (2005b). Global trends in world fisheries: impacts on 
marine ecosystems and food security. Philosophical Transactions of the Royal 
Society. Biological Sciences, 360, 5–12. 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 146 

 

Petchkamnerd, J., Srichanngam, S., Kaewnuratchadasorn, P., & Arnupapboon, S. (2004). 
Crab fisheries in locally based coastal fisheries management, Pathew District, 
Chumphon Province (28/2004). Department of Fisheries. Bangkok. 26 pp. 

Petchkamnerd, J., & Suppanirun, T. (2004). Impacts of octopus pot fishers in the Middle 
Gulf of Thailand (12/2004). Department of Fisheries,. Bangkok. 54 pp. 

Petsalapsri, O., Panthakit, W., Boonsuk, S., & Sa-nga-ngam, C. (2013). Small-scale 
fisheries in the closed area during spawning and breeding season in the 
Andaman Sea (18/2013). Department of Fisheries. Bangkok. 56 pp. 

Phoonsawat, R., Chuapun, K., & Srisanga, S. (2009). Cost, return and financial loss from 
stow-net fishery at Klong Sanphasamit (5/2009). Department of Fisheries. 
Bangkok. 62 pp. 

Pierdomenico, M., Russo, T., Ambroso, S., Gori, A., Martorelli, E., D'Andrea, L., Gili, J.-M., 
& Chiocci, F. L. (2018). Effects of trawling activity on the bamboo-coral Isidella 
elongata and the sea pen Funiculina quadrangularis along the Gioia Canyon 
(Western Mediterranean, southern Tyrrhenian Sea). Progress in Oceanography. 

Pikitch, E., Boersma, P. D., Boyd, I. L., Conover, D. O., Cury, P., T., E., S.S., H., E.D., H., M., 
M., D., P., É., P., K., S., & R.S., S. (2012). Little fish, big impact: Managing a crucial 
link in ocean food webs. Lenfest Ocean Programme. Washington, DC. 108 pp. 

Pikitch, E., Santora, C., Babcock, E. A., Bakun, A., Bonfil, R., Conover, D. O., Dayton, P., 
Doukakis, P., Fluharty, D., Heneman, B., Houde, E. D., Link, J., Livingston, P. A., 
Mangel, M., McAllister, M. K., Pope, J., & Sainsbury, K. J. (2004). Ecosystem-based 
fishery management. Science, 305(5682), 346-347. 

Piovano, S., & Gilman, E. (2017). Elasmobranch captures in the Fijian pelagic longline 
fishery. Aquatic Conservation-Marine and Freshwater Ecosystems, 27(2), 381-
393. 

Pitcher, C. R., Ellis, N., Jennings, S., Hiddink, J. G., Mazor, T., Kaiser, M. J., Kangas, M. I., 
McConnaughey, R. A., Parma, A. M., Rijnsdorp, A. D., Suuronen, P., Collie, J. S., 
Amoroso, R., Hughes, K. M., & Hilborn, R. (2017). Estimating the sustainability of 
towed fishing-gear impacts on seabed habitats: a simple quantitative risk 
assessment method applicable to data-limited fisheries. Methods in Ecology 
and Evolution, 8(4), 472-480. 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 147 

 

Piyakarnchana, T. (1999). Changing state and health of the Gulf of Thailand Large 
Marine Ecosystem. In K. Sherman & Q. Tang (Eds.), Large Marine Ecosystems: 
Assessment, Sustainability and Management (pp. 240–250). Malden: Blackwell 
Science. 

Pramokchutima, S. (1993). Catch composition of fishes from king mackerel driftnet. 
Department of Fisheries, Ministry of Agriculture and Cooperatives. Bangkok. 28 
pp. 

Preecha, A., Boutson, A., & Tunkijjanukij, S. (2011). Comparative fishing of shrimp 
trammel net between conventional and modified nets. Kasetsart.  

Prena, J., Schwinghamer, P., Rowell, T. W., Gordon Jr, D. C., Gilkinson, K. D., Vass, W. P., 
& McKeown, D. L. (1999). Experimental otter trawling on a sandy bottom 
ecosystem of the Grand Banks of Newfoundland: Analysis of trawl bycatch and 
effects on epifauna. Marine Ecology Progress Series, 181, 107-124. 

Putsa, S., Boutson, A., & Tunkijjanukij, S. (2016). Comparison of ghost fishing impacts on 
collapsible crab trap between conventional and escape vents trap in Si Racha 
Bay, Chon Buri province. Agriculture and Natural Resources, 50, 125–132. 

Quah, E., Choa, E., & Tan, K. C. (2006). Use of damage schedules in environmental 
valuation: The case of urban Singapore. Applied Economics, 38, 1501-1512. 

Renchen, G. F., Pittman, S. J., Clark, R., Caldow, C., Gall, S., Olsen, D., & Hill, R. L. (2014). 
Impact of derelict fish traps in Caribbean waters: an experimental approach. 
Bulletin of Marine Science, 90(2), 551-563. 

Rocchi, M., Scotti, M., Micheli, F., & Bodini, A. (2017). Key species and impact of fishery 
through food web analysis: A case study from Baja California Sur, Mexico. 
Journal of Marine Systems, 165, 92-102. 

Romano, C., Fanelli, E., D'Anna, G., Pipitone, C., Vizzini, S., Mazzola, A., & Badalamenti, F. 
(2016). Spatial variability of soft-bottom macrobenthic communities in northern 
Sicily (Western Mediterranean): Contrasting trawled vs. untrawled areas. Marine 
Environmental Research, 122, 113-125. 

Rooper, C. N., Wilkins, M. E., Rose, C. S., & Coon, C. (2011). Modeling the impacts of 
bottom trawling and the subsequent recovery rates of sponges and corals in 
the Aleutian Islands, Alaska. Continental Shelf Research, 31(17), 1827-1834. 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 148 

 

Rutherford, M. B., Knetsch, J. L., & Brown, T. C. (1998). Assessing environmental losses: 
Judgements of importance and damage schedules. Harvard Law Review, 22, 51-
101. 

Salgado, E. J., Nehasil, S. E., & Etnoyer, P. J. (2018). Distribution of deep-water corals, 
sponges, and demersal fisheries landings in Southern California, USA: 
implications for conservation priorities. Peerj, 6. 

Samoilys, M. A., Osuka, K., Maina, G. W., & Obura, D. (2017). Artisanal fisheries on Kenya's 
coral reefs: Decadal trends reveal management needs. Fisheries Research, 186, 
177-191. 

Sanitmajjaro, W., Tossapornpitakkul, S., Vibunpant, K., & Songnui, J. (2012). Commercial 
fisheries status of Nakhon Si Thammarat province in 2009 (24/2012). 
Department of Fisheries. Bangkok. 102 pp. 

Schuhbauer, A., & Koch, V. (2013). Assessment of recreational fishery in the Galapagos 
Marine Reserve: Failures and opportunities. Fisheries Research, 144, 103-110. 

SEAFDEC. (2004). Fishing gear and methods in southeast Asia: Thailand (Revisional 
Ediction). Bangkok: Training Department. Southeat Asian Fisheries Development 
Center. 

SEAFDEC. (2005). Introduction of set-net fishing to develop the sustainable coastal 
fisheries management in Southeast Asia: case study in Thailand 2003–2005. 
Training Department/Southeast Asian Fisheries Development Center. Bangkok. 
402 pp. 

Sheridan, P., Hill, R., Matthews, G., & Appeldoom, R. (2003). The effects of trap fishing in 
coralline habitats: what do we know? How do we learn more? (Vol. 54). 

Sheridan, P., Hill, R., Matthews, G., Appeldoorn, R., & Kojis Matthews, B. T. (2005). Does 
trap fishing impact coral reef ecosystems? An update (Vol. 56). 

Shester, G. G., & Micheli, F. (2011). Conservation challenges for small-scale fisheries: 
Bycatch and habitat impacts of traps and gillnets. Biological Conservation, 
144(5), 1673-1681. 

Sinanun, P., Sinanun, T., Noranarttragoon, P., Boonjorn, N., & Tossapornpitakkul, S. 
(2012). Anchovy fisheries in the Gulf of Thailand (18/2012). Department of 
Fisheries. Bangkok. 61 pp. 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 149 

 

Siripitrakool, P., & Thapanand-Chaidee, T. (2009). Catch composition of fisheries 
resources by tuna purse seine in the Indian Ocean by R/V Mahidol (2/2009). 
Department of Fisheries. Bangkok. 9 pp. 

Siripitrakool, P., Uttayamakul, W., Lirdwitayaprasit, P., Chookong, C., Chuapun, K., 
Wongkeaw, A., & Chumchuen, W. (2011). Fish community structure in the 
middle Gulf of Thailand by otter board trawl during 2004-2005 (4/2011). 
Department of Fisheries. Bangkok. 38 pp. 

Soheil, B., Negarestan, H., Maghsoudlou, A., & Danehkar, A. (2018). The Relationship 
between Soft-Bottom Macrobenthic Assemblages and Environmental Variables 
of Boojagh Marine National Park, Southern Caspian Sea, Iran (Vol. 06). 

Sompong, P. (2009). Marine organisms caught by push net at Thungka-Sawi Bay, 
Chumphon province. Faculty of Science, Maejo University. Bangkok. 65 pp. 

Song, K. J. (2018). Bycatch of cetaceans in Korea fisheries in the East Sea. Fisheries 
Research, 197, 7-9. 

Songjitsawat, A., Srikum, T., & Chernbamrung, S. (2011). Small-scale fishing gear around 
Ko Chang and Ko Kut Districts, Trat Province in 2009. Bangkok: Department of 
Fisheries. 

Soykan, C. U., Moore, J. E., Zydelis, R., Crowder, L. B., Safina, C., & Lewison, R. L. (2008). 
Why study bycatch? An introduction to the Theme Section on fisheries bycatch. 
Endang Species Res, 5, 91-102. 

Srikum, T., & Binraman, P. (2008). Collapsible squid trap fisheries in Ban Jao-Lhao, 
Chantaburi Province (17/2008). Department of Fisheries. Bangkok. 26 pp. 

Stelfox, M., Hudgins, J., & Sweet, M. (2016). A review of ghost gear entanglement 
amongst marine mammals, reptiles and elasmobranchs. Marine Pollution 
Bulletin, 111(1), 6-17. 

Stephenson, F., Mill, A. C., Scott, C. L., Polunin, N. V. C., & Fitzsimmons, C. (2017). 
Experimental potting impacts on common UK reef habitats in areas of high and 
low fishing pressure. Ices Journal of Marine Science, 74(6), 1648-1659. 

Sudara, S. (1999). Who and what is to be involved in successful coastal zone 
management: a Thailand example. Ocean & Coastal Management, 42, 39–47. 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 150 

 

Suksumran, N., & Thongsila, K. (2015). Push net fisheries in the eastern Gulf of Thailand 
(11/2015). Department of Fisheries. Bangkok. 33 pp. 

Supongpan, M., & Boonchuwong, P. (2010). Bycatch management in trawl fisheries in 
the Gulf of Thailand. GEF. Bangkok. 108 pp. 

Supongpan, M., & Jindalikit., J. (2015). Short-necked clam fishery and jointly survey with 
fishers (9/2015). Department of Fisheries. Bangkok. 57 pp. 

Syed, S. A. K., & Abe, O. (2009). Report of the third regional technical consultation on 
research for stock Enhancement of sea turtles (Japanese Trust Fund IV 
Program). SEAFDEC-MFRDMD/RM/24. 203 pp. 

Teck, S. J., Halpern, B. S., Kappel, C. V., Micheli, F., Selkoe, K. A., Crain, C. M., Martone, 
R., Shearer, C., Arvai, J., Fischhoff, B., Murray, G., Neslo, R., & Cooke, R. (2010). 
Using expert judgment to estimate marine ecosystem vulnerability in the 
California Current. Ecological Applications, 20(5), 1402-1416. 

Teh, L. C. L., Zeller, D., & Pauly, D. (2015). Preliminary reconstruction of Thailand’s 
marine fisheries catches: 1950–2010 (2015–01). University of British Columbia. 
Vancouver. 14 pp. 

Thongsila, K., & Sinanun, P. (2013). Stock assessment of banana prawn (Penaeus 
merguiensis De Man, 1888) in the Eastern Gulf of Thailand. Department of 
Fisheries. Bangkok. 38 pp. 

Torres, M. A., Coll, M., Heymans, J. J., Christensen, V., & Sobrino, I. (2013). Food-web 
structure of and fishing impacts on the Gulf of Cadiz ecosystem (South-western 
Spain). Ecological Modelling, 265, 26-44. 

Tossapornpitakkul, S. (2008). Small otter board trawl fisheries in the area of Nakhon Si 
Thammarat and Songkhla province. Department of Fisheries. Bangkok. 35 pp. 

TPSO. (2017). Provincial Statistical Report: 2017. Bangkok: Trat Provincial Statistical 
Office, National Statistical Office. 

Tsagarakis, K., Palialexis, A., & Vassilopoulou, V. (2014). Mediterranean fishery discards: 
review of the existing knowledge. Ices Journal of Marine Science, 71(5), 1219-
1234. 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 151 

 

Tunvilai, R., & Suksumran, N. (2012). Status of small-scale fisheries before and after 
artificial reef installation in Nayai-am district, Chanthaburi province (1/2012). 
Department of Fisheries. Bangkok. 55 pp. 

Turner, S. J., Thrush, S. F., Hewitt, J. E., Cummings, V. J., & Funnell, G. (1999). Fishing 
impacts and the degradation or loss of habitat structure. Fisheries Management 
and Ecology, 6(5), 401-420. 

TWAP. (2015a). LME 34 – Bay of Bengal, 13. Retrieved from 
http://onesharedocean.org/public_store/lmes_factsheets/factsheet_34_Bay_of_
Bengal.pdf, Accessed on 16 June 2015 

TWAP. (2015b). LME 35 – Gulf of Thailand, 13. Retrieved from 
http://onesharedocean.org/public_store/lmes_factsheets/factsheet_35_Gulf_ofT
hailand.pdf, Accessed on 16 June 2015 

Uhrin, A. V., Matthews, T. R., & Lewis, C. (2014). Lobster Trap Debris in the Florida Keys 
National Marine Sanctuary: Distribution, Abundance, Density, and Patterns of 
Accumulation. Marine and Coastal Fisheries, 6(1), 20-32. 

UNEP. (2004). Seagrass in the South China Sea: Reversing environmental degradation 
trends in the South China Sea and Gulf of Thailand (3). UNEP/GEF/SCS. 
Bangkok. pp. 

UNEP. (2007). National report on the fish stocks and habitats of regional, global and 
transboundary significance in the South China Sea (15). UNPE/GEF/SCS. pp. 

Uttayamakul, W., Darumas, N., & Chookong, C. (2010). Tuna resource survey with purse 
seine in the eastern Indian Ocean by R.V. Mahido (9/2010). Department of 
Fisheries. Bangkok. 32 pp. 

Vergnon, R., & Blanchard, F. (2006). Evaluation of trawling disturbance on macrobenthic 
invertebrate communities in the Bay of Biscay, France: Abundance biomass 
comparison (ABC method). Aquatic Living Resources, 19(3), 219-228. 

Vo, S. T., Pernetta, J. C., & Paterson, C. J. (2013). Lessons learned in coastal habitat and 
land-based pollution management in the South China Sea. Ocean & Coastal 
Management, 85, 230-243. 

 

http://onesharedocean.org/public_store/lmes_factsheets/factsheet_34_Bay_of_Bengal.pdf
http://onesharedocean.org/public_store/lmes_factsheets/factsheet_34_Bay_of_Bengal.pdf
http://onesharedocean.org/public_store/lmes_factsheets/factsheet_35_Gulf_ofThailand.pdf
http://onesharedocean.org/public_store/lmes_factsheets/factsheet_35_Gulf_ofThailand.pdf


 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 152 

 

Whitty, T. S. (2014). Conservation-scapes: An interdisciplinary approach to assessing 
cetacean bycatch in small-scale fisheries. (Ph.D.), University of California, San 
Diego, San Diego.  

Wilcox, C., Heathcote, G., Goldberg, J., Gunn, R., Peel, D., & Hardesty, B. D. (2015). 
Understanding the sources and effects of abandoned, lost, and discarded fishing 
gear on marine turtles in northern Australia. Conservation Biology, 29(1), 198-
206. 

Williams, G. C. (2011). The Global Diversity of Sea Pens (Cnidaria: Octocorallia: 
Pennatulacea). Plos One, 6(7), e22747. 

Wisespongpand, P., Jaingam, W., Thamrongnawasawat, T., & Khaodon, K. (2014). Life 
history of porter crab (Dorippe quadridens Fabricius, 1793) and the carrying 
behavior. Paper presented at the Proceedings of the 52nd Kasetsart University 
Annual Conference, 4-7 February 2014, Kasetsart University, Thailand. , Bangkok.  

Wisespongpand, P., Sirivirintarat, T., Jaingam, W., Inbumrung, K., & Srichomngam, W. 
(2013, 2013). Diversity of crabs from bottom gill net, Rayong province. Paper 
presented at the Proceedings of the 51st Kasetsart University Annual 
Conference. 

Wongsuryrat, M., Chunkao, K., Prabuddham, P., & Daungsavat, M. (2011). Distribution, 
abundance and conservation status of dugong around Koh Talibong, Trang 
Province, Thailand. Journal of Sustainable Development, 4(3), 118–124. 

Wungkhahart, W. (1994). A survey on fishing gears in the restricted seagrass areas in 
Trang Province. Paper presented at the Seminar on Fisheries 1994, Bangkok, 
Thailand. 

Yeemin, T., Saenghaisuk, C., Yuchareon, M., Donsomjit, W., & Sutthacheep, M. (2010, 
2010). Effects of clam dredging on population density of the surf clam Paphia 
undulata in the eastern Gulf of Thailand. Paper presented at the the 25th 
International Congress for Conservation Biology. 

Yingyuad, W., & Chanrachkij, I. (2010). Purse Seine Fisheries of Thailand (TD/LN/121). 
Training Department, Southeast Asian Fisheries Development Center. Bangkok. 
69 pp. 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 153 

 

Zeller, D., Cashion, T., Palomares, M., & Pauly, D. (2018). Global marine fisheries 
discards: A synthesis of reconstructed data. Fish and Fisheries, 19(1), 30-39. 

Zhang, C., Chen, Y., Xu, B., Xue, Y., & Ren, Y. (2018). Evaluating fishing effects on the 
stability of fish communities using a size-spectrum model. Fisheries Research, 
197, 123-130. 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

APPENDIX 
  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ap
pe

nd
ix 

A:
 Q

ua
nt

ity
 o

f r
et

ain
ed

 b
yc

at
ch

 ca
ug

ht
 fr

om
 e

ac
h 

fis
hin

g g
ea

r 
No

te
: B

L 
= 

Bo
tto

m
 lo

ng
lin

es
, C

G 
= 

Cr
ab

 gi
lln

et
s, 

CT
 =

 C
ra

b 
tra

ps
, F

T 
= 

Fis
h 

tra
ps

, P
N 

= 
Ac

et
es

 p
us

h 
ne

t, 
MG

 =
 M

ul
le

t g
illn

et
s, 

TN
 =

 S
hr

im
p 

tra
m

m
el

 n
et

s, 
 

ST
 =

 S
qu

id 
tra

ps
, T

L 
= 

Tr
ol

lin
g l

ine
s 

G
ro

u
p

 
Fa

m
ily

 
Sp

ec
ie

s 
Qu

an
tit

y 
of

 re
ta

in
ed

 b
yc

at
ch

 (k
g)

 
BL

 
CG

 
CT

 
FT

 
PN

 
M

G 
TN

 
SQ

 
TL

 
To

ta
l 

Biv
alv

es
 

Pe
ct

ini
da

e 
Am

us
ium

 p
le

ur
on

ec
te

s 
0.0

0  
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
7.1

0 
0.0

0 
0.0

0 
7.1

0 
To

ta
l 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

7.1
0 

0.0
0 

0.0
0 

7.1
0 

Cr
ab

s 
Po

rtu
nid

ae
 

Ch
ar

yb
dis

 a
ffi

nis
 

0.0
0 

0.0
0 

6.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

6.0
0 

Ch
ar

yb
dis

 fe
ria

tu
s  

0.0
0 

0.0
0 

0.6
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

6.0
0 

0.0
0 

6.6
0 

Po
do

ph
th

al
m

us
 v

igi
l  

0.0
0 

0.0
0 

8.6
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

8.6
0 

Po
rtu

nu
s s

an
gu

ino
le

nt
us

 
0.0

0 
0.0

0 
2.3

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
2.3

0 
Sc

yll
a 

se
rra

ta
 

0.0
0 

0.3
0 

1.6
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

1.9
0 

Sp
ha

er
os

ius
 sp

. 
0.0

0 
0.0

0 
3.7

0 
0.2

5 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
3.9

5 
Sq

ua
re

 sh
el

l c
ra

b 
0.0

0 
0.0

0 
0.2

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.2

0 
Th

al
am

ita
 c

re
na

ta
 

0.0
0 

0.5
0 

5.6
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

6.1
0 

To
ta

l 
0.0

0 
0.8

0 
28

.60
 

0.2
5 

0.0
0 

0.0
0 

0.0
0 

6.0
0 

0.0
0 

35
.65

 
De

m
er

sa
l f

ish
 

Ar
iid

ae
 

Ar
ius

 sp
. 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.4
0 

0.0
0 

0.0
0 

0.0
0 

0.4
0 

Ca
es

ion
id

ae
 

Ca
es

io 
cu

nin
g  

0.0
0 

0.0
0 

0.0
0 

4.5
0 

0.0
0 

0.1
0 

0.0
0 

0.0
0 

2.1
0 

6.7
0 

Cy
no

glo
ss

ida
e 

Cy
no

glo
ss

us
 sp

. 1
 

0.0
0 

0.0
0 

0.2
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.2
0 

Cy
no

glo
ss

us
 sp

. 2
 

0.0
0 

0.3
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.3
0 

 
Dr

ep
an

eid
ae

 
Dr

ep
an

e 
pu

nc
ta

ta
 

0.0
0 

1.5
0 

0.0
0 

0.0
0 

0.0
0 

1.9
0 

0.0
0 

0.0
0 

0.0
0 

3.4
0 

 
Ep

hip
pid

ae
 

Pl
at

ax
 te

ira
 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.7
0 

0.0
0 

0.7
0 

 
Ge

rre
ida

e 
Ge

rre
s e

ry
th

ro
ur

us
 

0.0
0 

0.0
0 

0.1
5 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.1
5 

 
Ha

em
ul

ida
e 

Di
ag

ra
m

m
a 

pic
tu

m
 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.8
0 

0.0
0 

0.8
0 

 
Po

m
ad

as
ys

 m
ac

ul
at

us
 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

1.0
0 

0.0
0 

0.0
0 

1.0
0 

 
Le

th
rin

ida
e 

Le
th

rin
us

 cr
oc

ine
us

 
0.0

0 
0.0

0 
0.0

0 
0.3

0 
0.0

0 
0.0

0 
0.0

0 
0.1

0 
0.0

0 
0.4

0 
 

Le
th

rin
us

 le
nt

ja
n 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

4.8
0 

0.0
0 

0.0
0 

0.0
0 

4.8
0 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
15

6 

Ap
pe

nd
ix 

A:
 Q

ua
nt

ity
 o

f r
et

ain
ed

 b
yc

at
ch

 ca
ug

ht
 fr

om
 e

ac
h 

fis
hin

g g
ea

r (
Co

nt
inu

ed
) 

Gr
ou

p 
Fa

m
ily

 
Sp

ec
ie

s 
Qu

an
tit

y 
of

 re
ta

in
ed

 b
yc

at
ch

 (k
g)

 
BL

 
CG

 
CT

 
FT

 
PN

 
M

G 
TN

 
SQ

 
TL

 
To

ta
l 

De
m

er
sa

l f
ish

 
Lo

bo
tid

ae
 

Lo
bo

te
s s

ur
ina

m
en

sis
  

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.4
0 

0.0
0 

0.0
0 

0.0
0 

0.4
0 

Lu
tja

nid
ae

 
Lu

tja
nu

s a
rge

nt
im

ac
ul

at
us

 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
3.9

0 
0.0

0 
0.0

0 
0.0

0 
3.9

0 
Lu

tja
nu

s r
us

se
llii

 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.1

0 
0.0

0 
0.0

0 
0.0

0 
0.1

0 
Lu

tja
nu

s v
itt

a 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.8

0 
0.0

0 
0.0

0 
0.0

0 
0.8

0 
Mo

na
ca

nt
hid

ae
 

Pa
ra

m
on

ac
an

th
us

 sp
. 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.2
0 

0.0
0 

0.2
0 

Ne
m

ipt
er

id
ae

 
Ne

m
ipt

er
us

 h
ex

od
on

 
0.0

0 
0.3

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
7.2

0 
0.0

0 
0.0

0 
7.5

0 
Op

hic
ht

hid
ae

 
Un

ide
nt

ifie
d 

ee
l 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.1
0 

0.0
0 

0.0
0 

0.1
0 

Pl
at

yc
ep

ha
lid

ae
 

Pl
at

yc
ep

ha
lu

s i
nd

icu
s  

0.0
0 

5.2
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.2
0 

0.0
0 

0.0
0 

5.4
0 

Pl
ot

os
ida

e 
Pl

ot
os

us
 a

ng
uil

la
ris

 
0.0

0 
0.0

0 
0.5

0 
13

.20
 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

13
.70

 
Pl

ot
os

us
 c

an
ius

 
0.0

0 
0.0

0 
0.1

0 
0.0

0 
0.0

0 
0.0

0 
1.3

0 
0.0

0 
0.0

0 
1.4

0 
Po

lyn
em

ida
e 

El
eu

th
er

on
em

a 
sp

. 
0.0

0 
0.0

0 
0.2

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.2

0 
Ps

et
to

did
ae

 
Ps

et
to

de
s e

ru
m

ei 
0.0

0 
0.4

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.4

0 
Sc

iae
nid

ae
 

Ot
ol

ith
es

 ru
be

r 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.4

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.4

0 
Se

rra
nid

ae
 

Ce
ph

al
op

ho
lis

 F
or

m
os

a 
0.0

0 
0.0

0 
0.0

0 
0.3

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.3

0 
Ep

ine
ph

el
us

 q
uo

ya
nu

s 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.7

0 
0.0

0 
3.1

0 
0.0

0 
3.8

0 
Pl

ec
tro

po
m

us
 le

op
ar

du
s  

0.0
0 

0.0
0 

0.0
0 

0.4
5 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.4
5 

Sig
an

ida
e 

Sig
an

us
 ja

vu
s 

0.0
0 

0.0
0 

0.0
0 

0.7
0 

0.0
0 

0.0
0 

0.0
0 

1.7
0 

0.0
0 

2.4
0 

Sil
lag

ini
da

e 
Sil

la
go

 si
ha

m
a 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.4
0 

0.0
0 

0.0
0 

0.4
0 

 
Un

ide
nt

ifie
d 

fis
h 

sp
1 

1.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

1.0
0 

 
Un

ide
nt

ifie
d 

fis
h 

sp
2 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

1.0
0 

1.0
0 

 
Un

ide
nt

ifie
d 

fis
h 

sp
3 

0.0
0 

0.0
0 

0.0
0 

3.0
0 

0.0
0 

0.0
0 

0.5
0 

0.0
0 

0.0
0 

3.5
0 

 
Un

ide
nt

ifie
d 

fis
h 

sp
4 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.1
0 

0.0
0 

0.0
0 

0.0
0 

0.1
0 

 
To

ta
l 

1.0
0 

7.7
0 

1.1
5 

22
.45

 
0.4

0 
13

.20
 

10
.70

 
6.6

0 
3.1

0 
66

.30
 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
15

7 

Ap
pe

nd
ix 

A:
 Q

ua
nt

ity
 o

f r
et

ain
ed

 b
yc

at
ch

 ca
ug

ht
 fr

om
 e

ac
h 

fis
hin

g g
ea

r (
Co

nt
inu

ed
) 

Gr
ou

p 
Fa

m
ily

 
Sp

ec
ie

s 
Qu

an
tit

y 
of

 re
ta

in
ed

 b
yc

at
ch

 (k
g)

 
BL

 
CG

 
CT

 
FT

 
PN

 
M

G 
TN

 
SQ

 
TL

 
To

ta
l 

Ga
str

op
od

s 
Vo

lu
tid

ae
 

Cy
m

bio
la

 sp
. 

0.0
0 

0.2
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.2
0 

Me
lo

 m
el

o 
0.0

0 
7.2

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
7.2

0 
To

ta
l 

0.0
0 

7.4
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

7.4
0 

La
rge

 p
el

ag
ics

 
Be

lo
nid

ae
 

Ty
lo

su
ru

s c
ro

co
dil

us
 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

2.5
0 

2.5
0 

Ca
ra

ng
ida

e 
Al

ec
tis

 in
dic

a 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.3

0 
0.0

0 
0.0

0 
7.5

0 
7.8

0 
Ch

iro
ce

nt
rid

ae
 

Ch
iro

ce
nt

ru
s d

or
ab

 
0.0

0 
0.8

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.8

0 
Co

ry
ph

ae
nid

ae
 

Co
ry

ph
ae

na
 h

ipp
ur

us
 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

6.4
0 

6.4
0 

Po
lyn

em
ida

e 
El

eu
th

er
on

em
a 

te
tra

da
ct

ylu
m

 
1.6

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
1.6

0 
Sp

hy
ra

en
ida

e 
Sp

hy
ra

en
a 

fo
rst

er
i 

0.0
0 

2.2
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

2.2
0 

Sp
hy

ra
en

ida
e 

Sp
hy

ra
en

a 
ob

tu
sa

ta
 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.2
0 

0.0
0 

0.5
0 

0.7
0 

Sp
hy

ra
en

a 
qe

nie
 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

15
.30

 
15

.30
 

Sp
hy

ra
en

a 
fla

vic
au

da
 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

1.2
0 

0.0
0 

0.0
0 

0.0
0 

1.2
0 

Sp
hy

ra
en

a 
sp

1 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.9

0 
0.0

0 
0.0

0 
0.0

0 
0.9

0 
To

ta
l 

1.6
0 

3.0
0 

0.0
0 

0.0
0 

0.0
0 

2.4
0 

0.2
0 

0.0
0 

32
.20

 
39

.40
 

Sh
ar

ks
 a

nd
 

ra
ys

 
Ca

rch
ar

hin
ida

e 
Ca

rc
ha

rh
inu

s s
or

ra
h 

23
.40

 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
23

.40
 

Da
sy

at
ida

e 
Da

sy
at

is 
ge

rra
rd

i 
18

.90
 

3.1
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

22
.00

 
Da

sy
at

is 
im

br
ica

tu
s 

25
.00

 
7.8

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
1.2

0 
0.0

0 
0.0

0 
34

.00
 

Hi
m

an
tu

ra
 b

le
ek

er
i 

22
.40

 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
22

.40
 

Hi
m

an
tu

ra
 sp

. 
0.3

0 
0.6

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.5

0 
0.0

0 
0.0

0 
1.4

0 
Pa

sti
na

ch
us

 sp
. 

0.0
0 

0.6
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.6
0 

He
m

isc
yll

iid
ae

 
Ch

ilo
sc

yll
ium

 p
un

ct
at

um
 

0.0
0 

1.2
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

1.2
0 

 
 

To
ta

l 
90

.00
 

13
.30

 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
1.7

0 
0.0

0 
0.0

0 
10

5.0
0 

  
 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
15

8 

Ap
pe

nd
ix 

A:
 Q

ua
nt

ity
 o

f r
et

ain
ed

 b
yc

at
ch

 ca
ug

ht
 fr

om
 e

ac
h 

fis
hin

g g
ea

r (
Co

nt
inu

ed
) 

No
te

: B
L 

= 
Bo

tto
m

 lo
ng

lin
es

, C
G 

= 
Cr

ab
 gi

lln
et

s, 
CT

 =
 C

ra
b 

tra
ps

, F
T 

= 
Fis

h 
tra

ps
, P

N 
= 

Ac
et

es
 p

us
h 

ne
t, 

MG
 =

 M
ul

le
t g

illn
et

s, 
   

   
   

   
 

TN
 =

 S
hr

im
p 

tra
m

m
el

 n
et

s, 
ST

 =
 S

qu
id 

tra
ps

, T
L 

= 
Tr

ol
lin

g l
ine

s 

Gr
ou

p 
Fa

m
ily

 
Sp

ec
ie

s 
Qu

an
tit

y 
of

 re
ta

in
ed

 b
yc

at
ch

 (k
g)

 

BL 

CG 

CT 

FT 

PN 

MG 

TN 

SQ 

TL 

Total 

Sh
rim

ps
 

Pe
na

eid
ae

  
Un

ide
nt

ifie
d 

Sh
rim

p 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.1

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.1

0 
Sq

uil
lid

ae
 

Ha
rp

ios
qu

illa
 ra

ph
ide

a 
0.0

0 
0.4

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.4

0 
Or

at
os

qu
illa

 sp
. 1

 
0.0

0 
1.5

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
3.7

0 
0.0

0 
0.0

0 
5.2

0 
Or

at
os

qu
illa

 sp
. 2

 
0.0

0 
0.0

0 
0.2

4 
0.0

0 
0.0

0 
0.0

0 
1.9

0 
0.0

0 
0.0

0 
2.1

4 
Or

at
os

qu
illa

 sp
. 2

 
0.0

0 
0.0

0 
0.7

6 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.7

6 
  

To
ta

l 
0.0

0 
1.9

0 
1.0

0 
0.0

0 
0.1

0 
0.0

0 
5.6

0 
0.0

0 
0.0

0 
8.6

0 
Sm

all
 p

el
ag

ics
 

Ca
ra

ng
ida

e 
At

ul
e 

m
at

e 
0.6

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.9

0 
0.0

0 
0.0

0 
0.0

0 
1.5

0 
Ca

ra
ng

oid
es

 h
ed

la
nd

en
sis

 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
1.6

0 
2.6

0 
Ca

ra
ng

oid
es

 sp
. 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

1.5
0 

1.5
0 

Me
ga

la
sp

is 
co

rd
yla

 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
1.2

0 
0.0

0 
0.0

0 
1.2

0 
Sc

om
be

ro
ide

s l
ys

an
 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.9
0 

0.0
0 

0.0
0 

1.2
0 

2.1
0 

Se
la

r b
oo

ps
 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.3
0 

1.5
0 

1.8
0 

Se
la

r c
ru

m
en

op
ht

ha
lm

us
 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.7
0 

0.0
0 

0.0
0 

0.0
0 

0.7
0 

Se
la

ro
ide

s l
ep

to
le

pis
 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

5.2
0 

5.2
0 

Se
la

ro
ide

s s
p.

 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.1

0 
0.1

0 
At

ul
e 

m
at

e 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

2 
0.0

0 
0.0

0 
0.0

0 
0.0

2 
Le

iog
na

th
ida

e 
Ga

zz
a 

m
inu

ta
 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

2.2
0 

0.0
0 

0.0
0 

2.2
0 

Le
iog

na
th

us
 e

qu
ul

us
 

0.0
0 

1.0
0 

0.4
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

1.4
0 

 
 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
15

9 

Ap
pe

nd
ix 

A:
 Q

ua
nt

ity
 o

f r
et

ain
ed

 b
yc

at
ch

 ca
ug

ht
 fr

om
 e

ac
h 

fis
hin

g g
ea

r (
Co

nt
inu

ed
) 

  
 

Gr
ou

p 
Fa

m
ily

 
Sp

ec
ie

s 
Qu

an
tit

y 
of

 re
ta

in
ed

 b
yc

at
ch

 (k
g)

 
BL

 
CG

 
CT

 
FT

 
PN

 
M

G 
TN

 
SQ

 
TL

 
To

ta
l 

Sm
all

 p
el

ag
ics

 
Le

iog
na

th
ida

e 
Le

iog
na

th
us

 fa
sc

iat
us

 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.1

0 
0.0

0 
0.0

0 
0.0

0 
0.1

0 
Le

iog
na

th
us

 sp
. 

0.0
0 

1.4
0 

0.0
0 

0.0
0 

0.4
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

1.8
0 

Mu
gil

ida
e 

Va
la

m
ug

il 
bu

ch
an

an
i 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

3.0
0 

0.0
0 

0.0
0 

0.0
0 

3.0
0 

Sc
om

br
ida

e 
Ra

str
el

lig
er

 b
ra

ch
ys

om
a 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.2
0 

0.0
0 

2.5
0 

2.7
0 

Ra
str

el
lig

er
 ka

na
gu

rta
 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.7
0 

0.0
0 

0.0
0 

0.0
0 

0.7
0 

St
ro

m
at

eid
ae

 
Pa

m
pu

s a
rge

nt
eu

s 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.3

0 
0.0

0 
0.0

0 
0.3

0 
 

Un
ide

nt
ifie

d 
fis

h5
 

0.0
0 

0.0
0 

0.0
0 

5.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

5.0
0 

  
To

ta
l 

0.6
0 

3.4
0 

0.4
0 

5.0
0 

0.4
0 

6.3
2 

3.9
0 

0.3
0 

13
.60

 
33

.92
 

Sq
uid

 &
 

Cu
ttl

ef
ish

 
Lo

lig
ini

da
e 

Ur
ot

eu
th

is 
du

va
uc

el
ii 

1.0
0 

0.0
0 

0.0
0 

0.0
0 

0.7
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

1.7
0 

Oc
to

po
did

ae
 

Oc
to

pu
s s

p.
 

0.0
0 

0.0
0 

0.3
0 

0.0
0 

0.0
0 

0.0
0 

1.3
0 

0.0
0 

0.0
0 

1.6
0 

Se
pii

da
e 

Se
pia

 sp
.1 

0.0
0 

0.0
0 

0.2
5 

0.0
0 

0.2
0 

0.0
0 

1.4
0 

0.0
0 

0.0
0 

1.8
5 

Se
pia

 sp
.2 

0.0
0 

1.6
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

1.6
0 

 
To

ta
l 

1.0
0 

1.6
0 

0.5
5 

0.0
0 

0.9
0 

0.0
0 

2.7
0 

0.0
0 

0.0
0 

6.7
5 

To
ta

l  
94

.20
 

39
.10

 
31

.70
 

27
.70

 
1.8

0 
21

.92
 

31
.90

 
13

.81
 

48
.90

 
31

1.0
3 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
16

0 

Ap
pe

nd
ix 

B:
 N

um
be

r o
f i

nd
ivi

du
als

 o
f r

et
ain

ed
 b

yc
at

ch
 fo

un
d 

in 
ea

ch
 ge

ar
 

No
te

: B
L 

= 
Bo

tto
m

 lo
ng

lin
es

, C
G 

= 
Cr

ab
 gi

lln
et

s, 
CT

 =
 C

ra
b 

tra
ps

, F
T 

= 
Fis

h 
tra

ps
, P

N 
= 

Ac
et

es
 p

us
h 

ne
t, 

MG
 =

 M
ul

le
t g

illn
et

s, 
   

   
   

   
 

TN
 =

 S
hr

im
p 

tra
m

m
el

 n
et

s, 
 S

T 
= 

Sq
uid

 tr
ap

s, 
TL

 =
 T

ro
llin

g l
ine

s 

Gr
ou

p 
Fa

m
ily

 
Sp

ec
ie

s 
Nu

m
be

r o
f i

nd
ivi

du
al

s o
f r

et
ain

ed
 b

yc
at

ch
 

BL
 

CG
 

CT
 

FT
 

PN
 

M
G 

TN
 

SQ
 

TL
 

To
ta

l 
Biv

alv
es

 
Pe

ct
ini

da
e 

Am
us

ium
 p

le
ur

on
ec

te
s 

0 
0 

0 
0 

0 
0 

12
2 

0 
0 

12
2 

To
ta

l 
0 

0 
0 

0 
0 

0 
12

2 
0 

0 
12

2 
Cr

ab
s 

Po
rtu

nid
ae

 
Ch

ar
yb

dis
 a

ffi
nis

 
0 

0 
21

5 
0 

0 
0 

0 
0 

0 
21

5 
Ch

ar
yb

dis
 fe

ria
tu

s  
0 

0 
5 

0 
0 

0 
0 

6 
0 

11
 

Po
do

ph
th

al
m

us
 v

igi
l  

0 
0 

13
9 

0 
0 

0 
0 

0 
0 

13
9 

Po
rtu

nu
s s

an
gu

ino
le

nt
us

 
0 

0 
29

 
0 

0 
0 

0 
0 

0 
29

 
Sc

yll
a 

se
rra

ta
 

0 
1 

7 
0 

0 
0 

0 
0 

0 
8 

Sp
ha

er
os

ius
 sp

. 
0 

0 
29

 
2 

0 
0 

0 
0 

0 
31

 
Sq

ua
re

 sh
el

l c
ra

b 
0 

0 
5 

0 
0 

0 
0 

0 
0 

5 
Th

al
am

ita
 c

re
na

ta
 

0 
6 

75
 

0 
0 

0 
0 

0 
0 

81
 

To
ta

l 
0 

7 
50

4 
2 

0 
0 

0 
6 

0 
51

9 
De

m
er

sa
l f

ish
 

Ar
iid

ae
 

Ar
ius

 sp
. 

0 
0 

0 
0 

0 
5 

0 
0 

0 
5 

Ca
es

ion
id

ae
 

Ca
es

io 
cu

nin
g  

0 
0 

0 
11

 
0 

1 
0 

0 
23

 
35

 
Cy

no
glo

ss
ida

e 
Cy

no
glo

ss
us

 sp
. 1

 
0 

0 
1 

0 
0 

0 
0 

0 
0 

1 
Cy

no
glo

ss
us

 sp
. 2

 
0 

2 
0 

0 
0 

0 
0 

0 
0 

2 
Dr

ep
an

eid
ae

 
Dr

ep
an

e 
pu

nc
ta

ta
 

0 
3 

0 
0 

0 
8 

0 
0 

0 
11

 
Ep

hip
pid

ae
 

Pl
at

ax
 te

ira
 

0 
0 

0 
0 

0 
0 

0 
4 

0 
4 

Ge
rre

ida
e 

Ge
rre

s e
ry

th
ro

ur
us

 
0 

0 
2 

0 
0 

0 
0 

0 
0 

2 
Ha

em
ul

ida
e 

Di
ag

ra
m

m
a 

pic
tu

m
 

0 
0 

0 
0 

0 
0 

0 
1 

0 
1 

Po
m

ad
as

ys
 m

ac
ul

at
us

 
0 

0 
0 

0 
0 

0 
1 

0 
0 

1 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
16

1 

Ap
pe

nd
ix 

B:
 N

um
be

r o
f i

nd
ivi

du
als

 o
f r

et
ain

ed
 b

yc
at

ch
 fo

un
d 

in 
ea

ch
 ge

ar
 (C

on
tin

ue
d)

 
No

te
: B

L 
= 

Bo
tto

m
 lo

ng
lin

es
, C

G 
= 

Cr
ab

 gi
lln

et
s, 

CT
 =

 C
ra

b 
tra

ps
, F

T 
= 

Fis
h 

tra
ps

, P
N 

= 
Ac

et
es

 p
us

h 
ne

t, 
MG

 =
 M

ul
le

t g
illn

et
s, 

   
   

   
   

 
TN

 =
 S

hr
im

p 
tra

m
m

el
 n

et
s, 

 S
T 

= 
Sq

uid
 tr

ap
s, 

TL
 =

 T
ro

llin
g l

ine
s 

Gr
ou

p 
Fa

m
ily

 
Sp

ec
ie

s 
Nu

m
be

r o
f i

nd
ivi

du
al

s o
f r

et
ain

ed
 b

yc
at

ch
 

BL
 

CG
 

CT
 

FT
 

PN
 

M
G 

TN
 

SQ
 

TL
 

To
ta

l 
De

m
er

sa
l f

ish
 

Le
th

rin
ida

e 
Le

th
rin

us
 cr

oc
ine

us
 

0 
0 

0 
1 

0 
0 

0 
1 

0 
2 

Le
th

rin
us

 le
nt

ja
n 

0 
0 

0 
0 

0 
6 

0 
0 

0 
6 

Lo
bo

tid
ae

 
Lo

bo
te

s s
ur

ina
m

en
sis

  
0 

0 
0 

0 
0 

1 
0 

0 
0 

1 
Lu

tja
nid

ae
 

Lu
tja

nu
s a

rge
nt

im
ac

ul
at

us
 

0 
0 

0 
0 

0 
3 

0 
0 

0 
3 

Lu
tja

nu
s r

us
se

llii
 

0 
0 

0 
0 

0 
1 

0 
0 

0 
1 

Lu
tja

nu
s v

itt
a 

0 
0 

0 
0 

0 
4 

0 
0 

0 
4 

Mo
na

ca
nt

hid
ae

 
Pa

ra
m

on
ac

an
th

us
 sp

. 
0 

0 
0 

0 
0 

0 
0 

1 
0 

1 
Ne

m
ipt

er
id

ae
 

Ne
m

ipt
er

us
 h

ex
od

on
 

0 
1 

0 
0 

0 
0 

56
 

0 
0 

57
 

Op
hic

ht
hid

ae
 

Un
ide

nt
ifie

d 
ee

l 
0 

0 
0 

0 
0 

0 
1 

0 
0 

1 
Pla

tyc
ep

ha
lid

ae
 

Pl
at

yc
ep

ha
lu

s i
nd

icu
s  

0 
11

 
0 

0 
0 

0 
2 

0 
0 

13
 

Pl
ot

os
ida

e 
Pl

ot
os

us
 a

ng
uil

la
ris

 
0 

0 
3 

25
 

0 
0 

0 
0 

0 
28

 
Pl

ot
os

us
 c

an
ius

 
0 

0 
1 

0 
0 

0 
1 

0 
0 

2 
Po

lyn
em

ida
e 

El
eu

th
er

on
em

a 
sp

. 
0 

0 
1 

0 
0 

0 
0 

0 
0 

1 
Ps

et
to

did
ae

 
Ps

et
to

de
s e

ru
m

ei 
0 

4 
0 

0 
0 

0 
0 

0 
0 

4 
Sc

iae
nid

ae
 

Ot
ol

ith
es

 ru
be

r 
0 

0 
0 

0 
9 

0 
0 

0 
0 

9 
Se

rra
nid

ae
 

Ce
ph

al
op

ho
lis

 F
or

m
os

a 
0 

0 
0 

6 
0 

0 
0 

0 
0 

6 
Ep

ine
ph

el
us

 q
uo

ya
nu

s 
0 

0 
0 

0 
0 

6 
0 

5 
0 

11
 

Pl
ec

tro
po

m
us

 le
op

ar
du

s  
0 

0 
0 

1 
0 

0 
0 

0 
0 

1 
Sig

an
ida

e 
Sig

an
us

 ja
vu

s 
0 

0 
0 

9 
0 

0 
0 

27
 

0 
36

 
Sil

lag
ini

da
e 

Sil
la

go
 si

ha
m

a 
0 

0 
0 

0 
0 

0 
2 

0 
0 

2 

 
 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
16

2 

Ap
pe

nd
ix 

B:
 N

um
be

r o
f i

nd
ivi

du
als

 o
f r

et
ain

ed
 b

yc
at

ch
 fo

un
d 

in 
ea

ch
 ge

ar
 (C

on
tin

ue
d)

 
No

te
: B

L 
= 

Bo
tto

m
 lo

ng
lin

es
, C

G 
= 

Cr
ab

 gi
lln

et
s, 

CT
 =

 C
ra

b 
tra

ps
, F

T 
= 

Fis
h 

tra
ps

, P
N 

= 
Ac

et
es

 p
us

h 
ne

t, 
MG

 =
 M

ul
le

t g
illn

et
s, 

   
   

   
   

 
TN

 =
 S

hr
im

p 
tra

m
m

el
 n

et
s, 

 S
T 

= 
Sq

uid
 tr

ap
s, 

TL
 =

 T
ro

llin
g l

ine
s 

Gr
ou

p 
Fa

m
ily

 
Sp

ec
ie

s 
Nu

m
be

r o
f i

nd
ivi

du
al

s o
f r

et
ain

ed
 b

yc
at

ch
 

BL
 

CG
 

CT
 

FT
 

PN
 

M
G 

TN
 

SQ
 

TL
 

To
ta

l 
De

m
er

sa
l f

ish
 

 
Un

ide
nt

ifie
d 

fis
h 

sp
1 

52
 

0 
0 

0 
0 

0 
0 

0 
0 

52
 

 
Un

ide
nt

ifie
d 

fis
h 

sp
2 

0 
0 

0 
0 

0 
0 

0 
0 

6 
6 

 
Un

ide
nt

ifie
d 

fis
h 

sp
3 

0 
0 

0 
62

 
0 

0 
36

 
0 

0 
98

 
  

Un
ide

nt
ifie

d 
fis

h 
sp

4 
0 

0 
0 

0 
0 

2 
0 

0 
0 

2 
  

To
ta

l 
52

 
21

 
8 

11
5 

9 
37

 
99

 
39

 
29

 
40

9 
Ga

str
op

od
s 

Vo
lu

tid
ae

 
Cy

m
bio

la
 sp

. 
0 

1 
0 

0 
0 

0 
0 

0 
0 

1 
Me

lo
 m

el
o 

0 
7 

0 
0 

0 
0 

0 
0 

0 
7 

To
ta

l 
0 

8 
0 

0 
0 

0 
0 

0 
0 

8 
La

rge
 p

el
ag

ics
 

Be
lo

nid
ae

 
Ty

lo
su

ru
s c

ro
co

dil
us

 
0 

0 
0 

0 
0 

0 
0 

0 
1 

1 
Ca

ra
ng

ida
e 

Al
ec

tis
 in

dic
a 

0 
0 

0 
0 

0 
1 

0 
0 

5 
6 

Ch
iro

ce
nt

rid
ae

 
Ch

iro
ce

nt
ru

s d
or

ab
 

0 
4 

0 
0 

0 
0 

0 
0 

0 
4 

Co
ry

ph
ae

nid
ae

 
Co

ry
ph

ae
na

 h
ipp

ur
us

 
0 

0 
0 

0 
0 

0 
0 

0 
3 

3 
Po

lyn
em

ida
e 

El
eu

th
er

on
em

a 
te

tra
da

ct
ylu

m
 

8 
0 

0 
0 

0 
0 

0 
0 

0 
8 

Sp
hy

ra
en

ida
e 

Sp
hy

ra
en

a 
fo

rst
er

i 
0 

7 
0 

0 
0 

0 
0 

0 
0 

7 
Sp

hy
ra

en
a 

ob
tu

sa
ta

 
0 

0 
0 

0 
0 

0 
1 

0 
1 

2 
Sp

hy
ra

en
a 

qe
nie

 
0 

0 
0 

0 
0 

0 
0 

0 
3 

3 
Sp

hy
ra

en
a 

fla
vic

au
da

 
0 

0 
0 

0 
0 

3 
0 

0 
0 

3 
Sp

hy
ra

en
a 

sp
1 

0 
0 

0 
0 

0 
9 

0 
0 

0 
9 

To
ta

l 
8 

11
 

0 
0 

0 
12

 
1 

0 
13

 
46

 
  

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
16

3 

Ap
pe

nd
ix 

B:
 N

um
be

r o
f i

nd
ivi

du
als

 o
f r

et
ain

ed
 b

yc
at

ch
 fo

un
d 

in 
ea

ch
 ge

ar
 (C

on
tin

ue
d)

 
No

te
: B

L 
= 

Bo
tto

m
 lo

ng
lin

es
, C

G 
= 

Cr
ab

 gi
lln

et
s, 

CT
 =

 C
ra

b 
tra

ps
, F

T 
= 

Fis
h 

tra
ps

, P
N 

= 
Ac

et
es

 p
us

h 
ne

t, 
MG

 =
 M

ul
le

t g
illn

et
s, 

   
   

   
   

 
TN

 =
 S

hr
im

p 
tra

m
m

el
 n

et
s, 

 S
T 

= 
Sq

uid
 tr

ap
s, 

TL
 =

 T
ro

llin
g l

ine
s 

Gr
ou

p 
Fa

m
ily

 
Sp

ec
ies

 
Nu

m
be

r o
f i

nd
ivi

du
al

s o
f r

et
ain

ed
 b

yc
at

ch
 

BL
 

CG
 

CT
 

FT
 

PN
 

M
G 

TN
 

SQ
 

TL
 

To
ta

l 

Sh
ar

ks
 a

nd
 ra

ys
 

Ca
rch

ar
hin

ida
e 

Ca
rch

ar
hin

us
 so

rra
h 

18
 

0 
0 

0 
0 

0 
0 

0 
0 

18
 

Da
sy

at
ida

e 

Da
sy

at
is 

ge
rra

rd
i 

25
 

8 
0 

0 
0 

0 
0 

0 
0 

33
 

Da
sy

at
is 

im
br

ica
tu

s 
1 

26
 

0 
0 

0 
0 

3 
0 

0 
30

 
Hi

m
an

tu
ra

 b
le

ek
er

i 
19

 
0 

0 
0 

0 
0 

0 
0 

0 
19

 
Hi

m
an

tu
ra

 sp
. 

2 
4 

0 
0 

0 
0 

3 
0 

0 
9 

Pa
sti

na
ch

us
 sp

. 
0 

2 
0 

0 
0 

0 
0 

0 
0 

2 
He

m
isc

yll
iid

ae
 

Ch
ilo

sc
yll

ium
 p

un
ct

at
um

 
0 

1 
0 

0 
0 

0 
0 

0 
0 

1 
  

To
ta

l 
65

 
41

 
0 

0 
0 

0 
6 

0 
0 

11
2 

Sh
rim

ps
 

Pe
na

eid
ae

  
Un

ide
nt

ifie
d 

Sh
rim

p 
0 

  
0 

0 
2 

0 
0 

0 
0 

2 

Sq
uil

lid
ae

 

Ha
rp

ios
qu

illa
 ra

ph
ide

a 
0 

1 
0 

0 
0 

0 
0 

0 
0 

1 
Or

at
os

qu
illa

 sp
. 

0 
26

 
0 

0 
0 

0 
62

 
0 

0 
88

 
Or

at
os

qu
illa

 sp
. 1

 
0 

0 
3 

0 
0 

0 
29

 
0 

0 
32

 
Or

at
os

qu
illa

 sp
. 2

 
0 

0 
12

 
0 

0 
0 

0 
0 

0 
12

 
  

To
ta

l 
0 

27
 

15
 

0 
2 

0 
91

 
0 

0 
13

5 

Sm
all

 p
el

ag
ics

 
Ca

ra
ng

ida
e 

At
ul

e 
m

at
e 

10
 

0 
0 

0 
0 

24
 

0 
0 

0 
34

 
Ca

ra
ng

oid
es

 h
ed

la
nd

en
sis

 
0 

1 
0 

0 
0 

0 
0 

0 
2 

3 
Ca

ra
ng

oid
es

 sp
. 

0 
0 

0 
0 

0 
0 

0 
0 

20
 

20
 

Me
ga

la
sp

is 
co

rd
yla

 
0 

0 
0 

0 
0 

0 
3 

0 
0 

3 
Sc

om
be

ro
ide

s l
ys

an
 

0 
0 

0 
0 

0 
20

 
0 

0 
10

 
30

 
 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
16

4 

Ap
pe

nd
ix 

B:
 N

um
be

r o
f i

nd
ivi

du
als

 o
f r

et
ain

ed
 b

yc
at

ch
 fo

un
d 

in 
ea

ch
 ge

ar
 (C

on
tin

ue
d)

 
No

te
: B

L 
= 

Bo
tto

m
 lo

ng
lin

es
, C

G 
= 

Cr
ab

 gi
lln

et
s, 

CT
 =

 C
ra

b 
tra

ps
, F

T 
= 

Fis
h 

tra
ps

, P
N 

= 
Ac

et
es

 p
us

h 
ne

t, 
MG

 =
 M

ul
le

t g
illn

et
s, 

   
   

   
   

 
TN

 =
 S

hr
im

p 
tra

m
m

el
 n

et
s, 

 S
T 

= 
Sq

uid
 tr

ap
s, 

TL
 =

 T
ro

llin
g l

ine
s 

Gr
ou

p 
Fa

m
ily

 
Sp

ec
ie

s 
Nu

m
be

r o
f i

nd
ivi

du
al

s o
f r

et
ain

ed
 b

yc
at

ch
 

BL
 

CG
 

CT
 

FT
 

PN
 

M
G 

TN
 

SQ
 

TL
 

To
ta

l 
Sm

all
 p

el
ag

ics
 

Ca
ra

ng
ida

e 
Se

la
r b

oo
ps

 
0 

0 
0 

0 
0 

0 
0 

3 
23

 
26

 
Se

la
r c

ru
m

en
op

ht
ha

lm
us

 
0 

0 
0 

0 
0 

12
 

0 
0 

0 
12

 
Se

la
ro

ide
s l

ep
to

le
pis

 
0 

0 
0 

0 
0 

0 
0 

0 
60

 
60

 
Se

la
ro

ide
s s

p.
 

0 
0 

0 
0 

0 
0 

0 
0 

1 
1 

Ca
ra

ng
ina

e 
At

ul
e 

m
at

e 
0 

0 
0 

0 
0 

1 
0 

0 
0 

1 
Le

iog
na

th
ida

e 
Ga

zz
a 

m
inu

ta
 

0 
0 

0 
0 

0 
0 

23
9 

0 
0 

23
9 

Le
iog

na
th

us
 e

qu
ul

us
 

0 
33

 
16

 
0 

0 
0 

0 
0 

0 
49

 
Le

iog
na

th
us

 fa
sc

iat
us

 
0 

0 
0 

0 
0 

19
 

0 
0 

0 
19

 
Le

iog
na

th
us

 sp
. 

0 
2 

0 
0 

20
 

0 
0 

0 
0 

22
 

Mu
gil

ida
e 

Va
la

m
ug

il 
bu

ch
an

an
i 

0 
0 

0 
0 

0 
30

 
0 

0 
0 

30
 

Sc
om

br
ida

e 
Ra

str
el

lig
er

 b
ra

ch
ys

om
a 

0 
0 

0 
0 

0 
0 

3 
0 

30
 

33
 

Ra
str

el
lig

er
 ka

na
gu

rta
 

0 
0 

0 
0 

0 
6 

0 
0 

0 
6 

St
ro

m
at

eid
ae

 
Pa

m
pu

s a
rge

nt
eu

s 
0 

0 
0 

0 
0 

0 
1 

0 
0 

1 
un

ide
nt

ifie
d 

fis
h 

Un
ide

nt
ifie

d 
fis

h5
 

0 
0 

0 
10

 
0 

0 
0 

0 
0 

10
 

  
To

ta
l 

10
 

36
 

16
 

10
 

20
 

11
2 

24
6 

3 
14

6 
59

9 
Sq

uid
 &

 C
ut

tle
fis

h 
Lo

lig
ini

da
e 

Ur
ot

eu
th

is 
du

va
uc

el
ii 

32
 

0 
0 

0 
25

 
0 

0 
0 

0 
57

 
Oc

to
po

did
ae

 
Oc

to
pu

s s
p.

 
0 

0 
5 

0 
0 

0 
24

 
0 

0 
29

 
Se

pii
da

e 
Se

pia
 sp

.1 
0 

0 
3 

0 
1 

0 
7 

0 
0 

11
 

Se
pia

 sp
.2 

0 
6 

0 
0 

0 
0 

0 
0 

0 
6 

 
To

ta
l 

32
 

6 
8 

0 
26

 
0 

31
 

0 
0 

10
3 

To
ta

l 
16

7 
15

7 
55

1 
12

7 
57

 
16

2 
59

6 
48

 
18

8 
20

53
 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
16

5 

Ap
pe

nd
ix 

C:
 Q

ua
nt

ity
 o

f d
isc

ar
de

d 
by

ca
tc

h 
ca

ug
ht

 fr
om

 e
ac

h 
fis

hin
g g

ea
r 

No
te

: B
L 

= 
Bo

tto
m

 lo
ng

lin
es

, C
G 

= 
Cr

ab
 gi

lln
et

s, 
CT

 =
 C

ra
b 

tra
ps

, F
T 

= 
Fis

h 
tra

ps
, P

N 
= 

Ac
et

es
 p

us
h 

ne
t, 

MG
 =

 M
ul

le
t g

illn
et

s, 
TN

 =
 S

hr
im

p 
tra

m
m

el
 n

et
s, 

 
ST

 =
 S

qu
id 

tra
ps

, T
L 

= 
Tr

ol
lin

g l
ine

s 

Gr
ou

p 
Fa

m
ily

 
Sp

ec
ie

s 
Qu

an
tit

y 
of

 d
isc

ar
de

d 
by

ca
tc

h 
(k

g)
 

CG
 

CT
 

FT
 

PN
 

M
G 

TN
 

To
ta

l 
An

th
oz

oa
ns

 
Pe

nn
at

ul
ac

ea
 

Un
ide

nt
ifie

d 
se

a 
pe

n 
sp

1 
0.0

0 
0.0

1 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

1 
Un

ide
nt

ifie
d 

se
a 

pe
n 

sp
2 

0.0
0 

0.1
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.1
0 

Un
ide

nt
ifie

d 
se

a 
pe

n 
sp

3 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

2 
0.0

2 
Un

ide
nt

ifie
d 

se
a 

pe
n 

sp
4 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
5 

0.0
5 

To
ta

l 
0.0

0 
0.1

1 
0.0

0 
0.0

0 
0.0

0 
0.0

7 
0.1

8 
Biv

alv
es

 
Ma

lle
ida

e 
Ma

lle
us

 a
lb

us
 

4.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

4.0
0 

Pin
nid

ae
 

At
rin

a 
sp

. 
0.7

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.7

0 
Sp

on
dy

lid
ae

 
Sp

on
dy

lu
s s

p.
 

2.6
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

1.2
0 

3.8
0 

  
To

ta
l 

7.3
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

1.2
0 

8.5
0 

Cr
ab

s 
Ca

lap
pid

ae
 

Ma
tu

ta
 v

ict
or

 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.1

5 
0.0

5 
0.2

0 
Di

og
en

ida
e 

He
rm

it 
cra

b 
0.0

0 
3.6

0 
0.7

0 
0.0

0 
0.0

0 
0.3

0 
4.6

0 
Do

rip
pid

ae
 

Do
rip

po
ide

s f
ac

ch
ino

 
1.8

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
1.8

0 
3.6

0 
Ga

le
nin

ae
 

Ga
le

ne
 b

isp
ino

sa
 

1.3
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

1.3
0 

Le
uc

os
iid

ae
 

Se
ul

oc
ia 

sp
. 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
5 

0.0
5 

Lim
ul

ida
e 

Ca
rc

ino
sc

or
piu

s r
ot

un
dic

au
da

 
2.1

0 
0.8

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
2.9

0 
Ma

jo
ide

a 
Un

ide
nt

ifie
d 

sp
ide

r c
ra

b 
8.9

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
8.9

0 
Pa

gu
rid

ae
 

Dr
ad

an
us

 n
eg

ist
os

 
2.6

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
2.6

0 
Po

rtu
nid

ae
 

Ch
ar

yb
dis

 a
ffi

nis
 

1.5
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

1.5
0 

Ch
ar

yb
dis

 sp
. 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.4
5 

0.4
5 

Po
do

ph
th

al
m

us
 v

igi
l  

15
.10

 
0.0

0 
0.0

0 
0.0

0 
0.1

5 
0.0

0 
15

.25
 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
16

6 

Ap
pe

nd
ix 

C:
 Q

ua
nt

ity
 o

f d
isc

ar
de

d 
by

ca
tc

h 
ca

ug
ht

 fr
om

 e
ac

h 
fis

hin
g g

ea
r (

Co
nt

inu
ed

) 

No
te

: B
L 

= 
Bo

tto
m

 lo
ng

lin
es

, C
G 

= 
Cr

ab
 gi

lln
et

s, 
CT

 =
 C

ra
b 

tra
ps

, F
T 

= 
Fis

h 
tra

ps
, P

N 
= 

Ac
et

es
 p

us
h 

ne
t, 

MG
 =

 M
ul

le
t g

illn
et

s, 
TN

 =
 

Sh
rim

p 
tra

m
m

el
 n

et
s, 

 S
T 

= 
Sq

uid
 tr

ap
s, 

TL
 =

 T
ro

llin
g l

ine
s 

Gr
ou

p 
Fa

m
ily

 
Sp

ec
ie

s 
Qu

an
tit

y 
of

 d
isc

ar
de

d 
by

ca
tc

h 
(k

g)
 

CG
 

CT
 

FT
 

PN
 

M
G 

TN
 

To
ta

l 
Cr

ab
s 

Po
rtu

nid
ae

 
Po

rtu
nu

s g
la

dia
to

r 
3.6

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
3.6

0 
Po

rtu
nu

s p
el

ag
icu

s 
0.0

0 
0.0

0 
0.0

5 
0.0

0 
0.0

0 
0.0

0 
0.0

5 
Sp

ha
er

os
ius

 sp
. 

0.0
0 

0.0
0 

0.0
5 

0.0
0 

0.0
0 

0.0
0 

0.0
5 

Un
ide

nt
ifie

d 
sh

el
l c

ra
b 

sp
1 

0.1
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.1
0 

Xa
nt

hid
ae

 
De

m
an

ia 
sc

ab
er

rim
a 

0.1
5 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.1
5 

  
To

ta
l 

37
.15

 
4.4

0 
0.8

0 
0.0

0 
0.3

0 
2.6

5 
45

.30
 

De
m

er
sa

l f
ish

 
Ba

tra
ch

oid
ida

e 
Al

le
nb

at
ra

ch
us

 gr
un

nie
ns

 
0.0

0 
0.0

5 
0.0

0 
0.0

0 
0.1

0 
0.3

0 
0.4

5 

Go
bii

da
e 

Un
ide

nt
ifie

d 
go

by
 sp

1 
0.0

0 
0.0

0 
0.0

0 
0.0

5 
0.0

0 
0.0

0 
0.0

5 
Un

ide
nt

ifie
d 

go
by

 sp
2 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
5 

0.0
5 

Le
th

rin
ida

e 
Le

th
rin

us
 cr

oc
ine

us
 

0.0
0 

0.0
0 

0.0
5 

0.0
0 

0.0
0 

0.0
0 

0.0
5 

Lu
tja

nid
ae

 
Lu

tja
nu

s r
us

se
llii

 
0.0

0 
0.1

0 
0.0

0 
0.0

5 
0.0

0 
0.0

0 
0.1

5 
Lu

tja
nu

s v
itt

a 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.4

0 
0.0

0 
0.4

0 
Pa

ra
lic

ht
hy

ida
e 

Ps
eu

do
rh

om
bu

s a
rsi

us
 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.3
0 

0.2
0 

0.5
0 

Pl
at

yc
ep

ha
lid

ae
 

Pl
at

yc
ep

ha
lu

s i
nd

icu
s  

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.1
0 

0.1
0 

Ps
et

to
did

ae
 

Ps
et

to
de

s e
ru

m
ei 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

1.9
0 

Sc
iae

nid
ae

 
Ot

ol
ith

es
 ru

be
r 

0.0
0 

0.0
5 

0.0
0 

0.0
0 

0.0
0 

0.1
0 

0.1
5 

Sc
or

pa
en

ida
e 

Pt
er

ois
 m

ile
a 

0.3
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.3
0 

Sig
an

ida
e 

Sig
an

us
 gu

tta
tu

s  
0.0

0 
0.0

0 
2.5

0 
0.0

0 
0.0

0 
0.0

0 
2.5

0 
So

le
ida

e 
Un

ide
nt

ifie
d 

fla
tfi

sh
 sp

1 
0.1

5 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.1

5 
 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
16

7 

Ap
pe

nd
ix 

C:
 Q

ua
nt

ity
 o

f d
isc

ar
de

d 
by

ca
tc

h 
ca

ug
ht

 fr
om

 e
ac

h 
fis

hin
g g

ea
r (

Co
nt

inu
ed

) 
No

te
: B

L 
= 

Bo
tto

m
 lo

ng
lin

es
, C

G 
= 

Cr
ab

 gi
lln

et
s, 

CT
 =

 C
ra

b 
tra

ps
, F

T 
= 

Fis
h 

tra
ps

, P
N 

= 
Ac

et
es

 p
us

h 
ne

t, 
MG

 =
 M

ul
le

t g
illn

et
s, 

TN
 =

 
Sh

rim
p 

tra
m

m
el

 n
et

s, 
 S

T 
= 

Sq
uid

 tr
ap

s, 
TL

 =
 T

ro
llin

g l
ine

s 

Gr
ou

p 
Fa

m
ily

 
Sp

ec
ie

s 
Qu

an
tit

y 
of

 d
isc

ar
de

d 
by

ca
tc

h 
(k

g)
 

CG
 

CT
 

FT
 

PN
 

M
G 

TN
 

To
ta

l 
De

m
er

sa
l f

ish
 

Te
ra

po
nt

ida
e 

Te
ra

po
n 

jar
bu

a 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.2

0 
0.0

0 
0.2

0 
 

Te
ra

po
n 

th
er

ap
s 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.3
0 

0.0
0 

0.3
0 

Tr
iac

an
th

ida
e 

Tr
iac

an
th

us
 sp

. 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.1

0 
0.1

0 
Pe

m
ph

eri
da

e 
Pa

ra
pr

iac
an

th
us

 sp
.  

0.0
0 

0.0
0 

0.0
0 

5.0
0 

0.0
0 

0.0
0 

5.0
0 

  
To

ta
l 

2.3
5 

0.2
0 

2.5
5 

5.1
0 

1.3
0 

0.8
5 

12
.35

 
Ec

hin
od

er
m

s 
As

te
ro

ide
a 

Un
ide

nt
ifie

d 
sta

rfi
sh

 sp
1 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.3
0 

0.3
0 

Un
ide

nt
ifie

d 
sta

rfi
sh

 sp
2 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.4
0 

0.4
0 

Ho
lo

th
ur

iid
ae

 
Ho

lo
th

ur
ia 

im
pa

tie
ns

 
0.0

0 
0.0

5 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

5 
Un

ide
nt

ifie
d 

se
a 

cu
cu

m
be

r s
p1

 
0.0

0 
0.1

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.1

0 
Un

ide
nt

ifie
d 

se
a 

cu
cu

m
be

r s
p2

 
0.0

0 
0.1

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.1

0 
 

To
ta

l 
0.0

0 
0.2

5 
0.0

0 
0.0

0 
0.0

0 
0.7

0 
0.9

5 
Ga

str
op

od
s 

Mu
ric

ida
e 

Mu
re

x s
p.

 
10

.70
 

1.2
4 

0.0
0 

0.0
0 

0.0
0 

12
.10

 
24

.04
 

Un
ide

nt
ifie

d 
ga

str
op

od
 sp

1 
2.5

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
2.5

0 
Un

ide
nt

ifie
d 

ga
str

op
od

 sp
2 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

1.3
0 

1.3
0 

Vo
lu

tid
ae

 
Me

lo
 m

el
o 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.4
0 

 
To

ta
l 

13
.60

 
1.2

4 
0.0

0 
0.0

0 
0.0

0 
13

.40
 

28
.24

 
Se

ah
or

se
 

Sy
ng

na
th

ida
e 

Un
ide

nd
ifie

d 
se

ah
or

se
 sp

1 
0.1

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.1

0 
  

To
ta

l 
0.1

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.1

0 
  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
16

8 

Ap
pe

nd
ix 

C:
 Q

ua
nt

ity
 o

f d
isc

ar
de

d 
by

ca
tc

h 
ca

ug
ht

 fr
om

 e
ac

h 
fis

hin
g g

ea
r (

Co
nt

inu
ed

) 
No

te
: B

L 
= 

Bo
tto

m
 lo

ng
lin

es
, C

G 
= 

Cr
ab

 gi
lln

et
s, 

CT
 =

 C
ra

b 
tra

ps
, F

T 
= 

Fis
h 

tra
ps

, P
N 

= 
Ac

et
es

 p
us

h 
ne

t, 
MG

 =
 M

ul
le

t g
illn

et
s, 

TN
 =

 
Sh

rim
p 

tra
m

m
el

 n
et

s, 
 S

T 
= 

Sq
uid

 tr
ap

s, 
TL

 =
 T

ro
llin

g l
ine

s 

Gr
ou

p 
Fa

m
ily

 
Sp

ec
ie

s 
Qu

an
tit

y 
of

 d
isc

ar
de

d 
by

ca
tc

h 
(k

g)
 

CG
 

CT
 

FT
 

PN
 

M
G 

TN
 

To
ta

l 

Sm
all

 p
el

ag
ics

 
Le

iog
na

th
ida

e 
Eu

bl
ee

ke
ria

 jo
ne

si 
0.0

0 
0.0

0 
0.0

0 
0.9

0 
0.0

0 
2.6

0 
3.5

0 
Ga

zz
a 

m
inu

ta
 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.3
0 

0.0
0 

0.3
0 

Le
iog

na
th

us
 e

qu
ul

us
 

0.6
0 

0.0
0 

0.0
0 

0.1
0 

0.0
0 

0.0
0 

0.7
0 

Te
tra

od
on

tid
ae

 
La

go
ce

ph
al

us
 lu

na
ris

 
0.4

0 
0.0

0 
0.0

0 
0.0

0 
0.4

5 
0.8

0 
1.6

5 
  

To
ta

l 
1.0

0 
0.0

0 
0.0

0 
1.0

0 
0.7

5 
3.4

0 
6.1

5 
To

ta
l 

61
.50

 
6.2

0 
3.3

5 
6.1

0 
2.3

5 
22

.27
 

10
1.7

7 
  

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
16

9 

Ap
pe

nd
ix 

D:
 N

um
be

r o
f i

nd
ivi

du
als

 o
f d

isc
ar

de
d 

by
ca

tc
h 

No
te

: B
L 

= 
Bo

tto
m

 lo
ng

lin
es

, C
G 

= 
Cr

ab
 gi

lln
et

s, 
CT

 =
 C

ra
b 

tra
ps

, F
T 

= 
Fis

h 
tra

ps
, P

N 
= 

Ac
et

es
 p

us
h 

ne
t, 

MG
 =

 M
ul

le
t g

illn
et

s, 
TN

 =
 S

hr
im

p 
tra

m
m

el
 n

et
s, 

 
ST

 =
 S

qu
id 

tra
ps

, T
L 

= 
Tr

ol
lin

g l
ine

s 

Gr
ou

p 
Fa

m
ily

 
Sp

ec
ie

s 
Nu

m
be

r o
f i

nd
ivi

du
al

s o
f d

isc
ar

de
d 

by
ca

tc
h 

CG
 

CT
 

FT
 

PN
 

M
G 

TN
 

To
ta

l 
An

th
oz

oa
ns

 
Pe

nn
at

ul
ac

ea
 

Un
ide

nt
ifie

d 
se

a 
pe

n 
sp

1 
0 

7 
0 

0 
0 

0 
7 

Un
ide

nt
ifie

d 
se

a 
pe

n 
sp

2 
0 

35
 

0 
0 

0 
0 

35
 

Un
ide

nt
ifie

d 
se

a 
pe

n 
sp

3 
0 

0 
0 

0 
0 

10
 

10
 

Un
ide

nt
ifie

d 
se

a 
pe

n 
sp

4 
0 

0 
0 

0 
0 

29
 

29
 

To
ta

l 
0 

42
 

0 
0 

0 
39

 
81

 
Biv

alv
es

 
Ma

lle
ida

e 
Ma

lle
us

 a
lb

us
 

88
 

0 
0 

0 
0 

0 
88

 
Pin

nid
ae

 
At

rin
a 

sp
. 

5 
0 

0 
0 

0 
0 

5 
Sp

on
dy

lid
ae

 
Sp

on
dy

lu
s s

p.
 

60
 

0 
0 

0 
0 

80
 

14
0 

  
To

ta
l 

15
3 

0 
0 

0 
0 

80
 

23
3 

Cr
ab

s 
Ca

lap
pid

ae
 

Ma
tu

ta
 v

ict
or

 
0 

0 
0 

0 
12

 
3 

15
 

Di
og

en
ida

e 
He

rm
it 

cra
b 

0 
50

 
9 

0 
0 

4 
63

 
Do

rip
pid

ae
 

Do
rip

po
ide

s f
ac

ch
ino

 
14

0 
0 

0 
0 

0 
19

8 
33

8 
Ga

le
nin

ae
 

Ga
le

ne
 b

isp
ino

sa
 

20
 

0 
0 

0 
0 

0 
20

 
Le

uc
os

iid
ae

 
Se

ul
oc

ia 
sp

. 
0 

0 
0 

0 
0 

2 
2 

Lim
ul

ida
e 

Ca
rc

ino
sc

or
piu

s r
ot

un
dic

au
da

 
9 

4 
0 

0 
0 

0 
13

 
Ma

jo
ide

a 
Un

ide
nt

ifie
d 

sp
ide

r c
ra

b 
19

9 
0 

0 
0 

0 
0 

19
9 

Pa
gu

rid
ae

 
Dr

ad
an

us
 n

eg
ist

os
 

30
 

0 
0 

0 
0 

0 
30

 
Po

rtu
nid

ae
 

Ch
ar

yb
dis

 a
ffi

nis
 

34
 

0 
0 

0 
0 

0 
34

 
Ch

ar
yb

dis
 sp

. 
0 

0 
0 

0 
0 

3 
3 

Po
do

ph
th

al
m

us
 v

igi
l  

18
4 

0 
0 

0 
1 

0 
18

5 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
17

0 

Ap
pe

nd
ix 

D:
 N

um
be

r o
f i

nd
ivi

du
als

 o
f d

isc
ar

de
d 

by
ca

tc
h 

ca
ug

ht
 fr

om
 e

ac
h 

fis
hin

g g
ea

r (
Co

nt
inu

ed
) 

No
te

: B
L 

= 
Bo

tto
m

 lo
ng

lin
es

, C
G 

= 
Cr

ab
 gi

lln
et

s, 
CT

 =
 C

ra
b 

tra
ps

, F
T 

= 
Fis

h 
tra

ps
, P

N 
= 

Ac
et

es
 p

us
h 

ne
t, 

MG
 =

 M
ul

le
t g

illn
et

s, 
TN

 =
 

Sh
rim

p 
tra

m
m

el
 n

et
s, 

 S
T 

= 
Sq

uid
 tr

ap
s, 

TL
 =

 T
ro

llin
g l

ine
s 

Gr
ou

p 
Fa

m
ily

 
Sp

ec
ie

s 
Qu

an
tit

y 
of

 d
isc

ar
de

d 
by

ca
tc

h 
(k

g)
 

CG
 

CT
 

FT
 

PN
 

M
G 

TN
 

To
ta

l 
Cr

ab
s 

Po
rtu

nid
ae

 
Po

rtu
nu

s g
la

dia
to

r 
96

 
0 

0 
0 

0 
0 

96
 

Po
rtu

nu
s p

el
ag

icu
s 

0 
0 

1 
0 

0 
0 

1 
Sp

ha
er

os
ius

 sp
. 

0 
0 

3 
0 

0 
0 

3 
Un

ide
nt

ifie
d 

sh
el

l c
ra

b 
sp

1 
2 

0 
0 

0 
0 

0 
2 

Xa
nt

hid
ae

 
De

m
an

ia 
sc

ab
er

rim
a 

1 
0 

0 
0 

0 
0 

1 
  

To
ta

l 
71

5 
54

 
13

 
0 

13
 

21
0 

10
05

 
De

m
er

sa
l f

ish
 

Ba
tra

ch
oid

ida
e 

Al
le

nb
at

ra
ch

us
 gr

un
nie

ns
 

0 
1 

0 
0 

2 
2 

5 

Go
bii

da
e 

Un
ide

nt
ifie

d 
go

by
 sp

1 
0 

0 
0 

28
 

0 
0 

28
 

Un
ide

nt
ifie

d 
go

by
 sp

2 
0 

0 
0 

0 
0 

3 
3 

Le
th

rin
ida

e 
Le

th
rin

us
 cr

oc
ine

us
 

0 
0 

1 
0 

0 
0 

1 

Lu
tja

nid
ae

 
Lu

tja
nu

s r
us

se
llii

 
0 

1 
0 

61
 

0 
0 

62
 

Lu
tja

nu
s v

itt
a 

0 
0 

0 
0 

9 
0 

9 
Pa

ra
lic

ht
hy

ida
e 

Ps
eu

do
rh

om
bu

s a
rsi

us
 

0 
0 

0 
0 

3 
1 

4 
Pl

at
yc

ep
ha

lid
ae

 
Pl

at
yc

ep
ha

lu
s i

nd
icu

s  
0 

0 
0 

0 
0 

1 
1 

Ps
et

to
did

ae
 

Ps
et

to
de

s e
ru

m
ei 

6 
0 

0 
0 

0 
0 

6 
Sc

iae
nid

ae
 

Ot
ol

ith
es

 ru
be

r 
0 

1 
0 

0 
0 

1 
2 

Sc
or

pa
en

ida
e 

Pt
er

ois
 m

ile
a 

1 
0 

0 
0 

0 
0 

1 
Sig

an
ida

e 
Sig

an
us

 gu
tta

tu
s  

0 
0 

3 
0 

0 
0 

3 
So

le
ida

e 
Un

ide
nt

ifie
d 

fla
tfi

sh
 sp

1 
3 

0 
0 

0 
0 

0 
3 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
17

1 

Ap
pe

nd
ix 

D:
 N

um
be

r o
f i

nd
ivi

du
als

 o
f d

isc
ar

de
d 

by
ca

tc
h 

ca
ug

ht
 fr

om
 e

ac
h 

fis
hin

g g
ea

r (
Co

nt
inu

ed
) 

No
te

: B
L 

= 
Bo

tto
m

 lo
ng

lin
es

, C
G 

= 
Cr

ab
 gi

lln
et

s, 
CT

 =
 C

ra
b 

tra
ps

, F
T 

= 
Fis

h 
tra

ps
, P

N 
= 

Ac
et

es
 p

us
h 

ne
t, 

MG
 =

 M
ul

le
t g

illn
et

s, 
TN

 =
 

Sh
rim

p 
tra

m
m

el
 n

et
s, 

 S
T 

= 
Sq

uid
 tr

ap
s, 

TL
 =

 T
ro

llin
g l

ine
s 

Gr
ou

p 
Fa

m
ily

 
Sp

ec
ie

s 
Nu

m
be

r o
f i

nd
ivi

du
al

s o
f d

isc
ar

de
d 

by
ca

tc
h 

CG
 

CT
 

FT
 

PN
 

M
G 

TN
 

To
ta

l 
De

m
er

sa
l f

ish
 

Te
ra

po
nt

ida
e 

Te
ra

po
n 

jar
bu

a 
0 

0 
0 

0 
4 

0 
4 

 
Te

ra
po

n 
th

er
ap

s 
0 

0 
0 

0 
9 

0 
9 

Tr
iac

an
th

ida
e 

Tr
iac

an
th

us
 sp

. 
0 

0 
0 

0 
0 

4 
4 

Pe
m

ph
eri

da
e 

Pa
ra

pr
iac

an
th

us
 sp

.  
0 

0 
0 

17
0 

0 
0 

17
0 

  
To

ta
l 

10
 

3 
4 

25
9 

27
 

12
 

31
5 

Ec
hin

od
er

m
s 

As
te

ro
ide

a 
Un

ide
nt

ifie
d 

sta
rfi

sh
 sp

1 
0 

0 
0 

0 
0 

7 
7 

Un
ide

nt
ifie

d 
sta

rfi
sh

 sp
2 

0 
0 

0 
0 

0 
1 

1 
Ho

lo
th

ur
iid

ae
 

Ho
lo

th
ur

ia 
im

pa
tie

ns
 

0 
1 

0 
0 

0 
0 

1 
Un

ide
nt

ifie
d 

se
a 

cu
cu

m
be

r s
p1

 
0 

1 
0 

0 
0 

0 
1 

Un
ide

nt
ifie

d 
se

a 
cu

cu
m

be
r s

p2
 

0 
2 

0 
0 

0 
0 

2 
 

To
ta

l 
0 

4 
0 

0 
0 

8 
12

 
Ga

str
op

od
s 

Mu
ric

ida
e 

Mu
re

x s
p.

 
32

7 
28

 
0 

0 
0 

41
0 

76
5 

Un
ide

nt
ifie

d 
ga

str
op

od
s s

p1
 

40
 

0 
0 

0 
0 

0 
40

 
Un

ide
nt

ifie
d 

ga
str

op
od

s s
p2

 
0 

0 
0 

0 
0 

45
 

45
 

Vo
lu

tid
ae

 
Me

lo
 m

el
o 

2 
0 

0 
0 

0 
0 

2 
 

To
ta

l 
36

9 
28

 
0 

0 
0 

45
5 

85
2 

Se
ah

or
se

 
Sy

ng
na

th
ida

e 
Un

ide
nt

ifie
d 

se
ah

or
se

 sp
1 

1 
0 

0 
0 

0 
0 

1 
  

To
ta

l 
1 

0 
0 

0 
0 

0 
1 

  
 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
17

2 

Ap
pe

nd
ix 

E: 
A 

lis
t o

f t
ar

ge
t a

nd
 b

yc
at

ch
 sp

ec
ies

 ca
ug

ht
 b

y 
fis

h 
tra

ps
 in

 K
o 

Ku
t a

nd
 K

o 
M

ak
  

Co
m

m
on

 
na

m
e 

Sc
ien

tif
ic 

na
m

e 
Fa

m
ily

 
IU

CN
 st

at
us

c  
Co

ns
um

pt
ion

 cl
as

sif
ica

tio
nd  

Tr
op

hic
 le

ve
l/v

ul
ne

ra
bil

ity
/p

ric
e 

ca
te

go
ry

d  

Du
sk

yt
ail

 
gro

up
er

a  
Ep

ine
ph

el
us

 
bl

ee
ke

ri 
Se

rra
nid

ae
 

Ne
ar

 
Th

re
at

en
ed

  
Ca

rn
ivo

re
, f

ee
d 

on
 fi

sh
 a

nd
 

cru
sta

ce
an

s. 
Tr

op
hic

 L
ev

el
: 3

.9 
±0

.6 
SE

; b
as

ed
 o

n 
siz

e 
an

d 
tro

ph
s o

f 
clo

se
st 

re
lat

ive
s 

Re
sil

ien
ce

: L
ow

 
Vu

ln
er

ab
ilit

y: 
Hi

gh
 v

ul
ne

ra
bil

ity
 (6

0 
of

 1
00

) 
Pr

ice
 ca

te
go

ry
: V

er
y 

hig
h.

 
Le

op
ar

d 
gro

up
er

a  
Pl

ec
tro

po
m

us
 

le
op

ar
du

s  
Se

rra
nid

ae
 

Ne
ar

 
Th

re
at

en
ed

 
Ca

rn
ivo

re
, a

du
lts

 fe
ed

 m
ain

ly 
on

 
fis

h. 
Ju

ve
nil

es
 fe

ed
 o

n 
sm

all
 fi

sh
 

an
d 

inv
er

te
br

at
es

 su
ch

 a
s 

cru
sta

ce
an

s a
nd

 sq
uid

. 

Tr
op

hic
 L

ev
el

: 4
.4 

±0
.7 

SE
; B

as
ed

 o
n 

die
t s

tu
die

s. 
Re

sil
ien

ce
: M

ed
ium

 
Vu

ln
er

ab
ilit

y: 
Mo

de
ra

te
 to

 h
igh

 v
ul

ne
ra

bil
ity

 (5
1 

of
 1

00
)  

Pr
ice

 ca
te

go
ry

: V
er

y 
hig

h.
 

Or
an

ge
-

sp
ot

te
d 

gro
up

er
a  

Ep
ine

ph
el

us
 

co
ioi

de
s 

Se
rra

nid
ae

 
Ne

ar
 

Th
re

at
en

ed
 

Ca
rn

ivo
re

, f
ee

d 
on

 sm
all

 fi
sh

es
, 

sh
rim

ps
, a

nd
 cr

ab
s. 

 
Tr

op
hic

 L
ev

el
: 4

.0 
±0

.0 
SE

; B
as

ed
 o

n 
die

t s
tu

die
s. 

Re
sil

ien
ce

: L
ow

 
Vu

ln
er

ab
ilit

y: 
Hi

gh
 v

ul
ne

ra
bil

ity
 (5

8 
of

 1
00

) 
Pr

ice
 ca

te
go

ry
: H

igh
 

Bl
ue

 li
ne

 
gro

up
er

a  
Ce

ph
al

op
ho

lis
 

fo
rm

os
a 

Se
rra

nid
ae

 
Le

as
t C

on
ce

rn
 

Ca
rn

ivo
re

, f
ee

d 
on

 sm
all

 fi
sh

, 
sq

uid
, a

nd
 cr

us
ta

ce
an

s. 
 

Tr
op

hic
 L

ev
el

: 4
.1 

±0
.7 

SE
; B

as
ed

 o
n 

siz
e 

an
d 

tro
ph

s o
f 

clo
se

st 
re

lat
ive

s 
Re

sil
ien

ce
: M

ed
ium

 
Vu

ln
er

ab
ilit

y: 
Lo

w 
to

 m
od

er
at

e 
vu

ln
er

ab
ilit

y 
(3

4 
of

 1
00

) 
Pr

ice
 ca

te
go

ry
: V

er
y 

hig
h 

a Ta
rge

t s
pe

cie
s; 

b By
ca

tc
h, 

c IU
CN

 R
ed

lis
t (

ww
w.

iuc
n.

or
g);

 d Fis
hB

as
e 

(w
ww

.fis
hb

as
e.o

rg)
 

  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
17

3 

Ap
pe

nd
ix 

E: 
A 

lis
t o

f t
ar

ge
t a

nd
 b

yc
at

ch
 sp

ec
ies

 ca
ug

ht
 b

y 
fis

h 
tra

ps
 in

 K
o 

Ku
t a

nd
 K

o 
Ma

k 
(C

on
tin

ue
d)

 

Co
m

m
on

 
na

m
e 

Sc
ien

tif
ic 

na
m

e 
Fa

m
ily

 
IU

CN
 st

at
us

c  
Co

ns
um

pt
ion

 cl
as

sif
ica

tio
nd  

Tr
op

hic
 le

ve
l/v

ul
ne

ra
bil

ity
/p

ric
e 

ca
te

go
ry

d  

Bl
ac

kt
ip 

gro
up

er
a  

Ep
ine

ph
el

us
 

fa
sc

iat
us

 
Se

rra
nid

ae
 

Le
as

t C
on

ce
rn

 
Ca

rn
ivo

re
, f

ee
d 

on
 c

ra
bs

, 
sto

m
at

op
od

s, 
fis

he
s, 

op
hiu

ro
ids

, 
oc

to
pu

s, 
an

d 
fis

h.
 

Tr
op

hic
 L

ev
el

: 3
.7 

±0
.4 

SE
; B

as
ed

 o
n 

die
t s

tu
die

s. 
Re

sil
ien

ce
: L

ow
 

Vu
ln

er
ab

ilit
y: 

Mo
de

ra
te

 to
 h

igh
 v

ul
ne

ra
bil

ity
 (5

3 
of

 1
00

)  
Pr

ice
 ca

te
go

ry
: H

igh
 

Lo
ng

fin
 

gro
up

er
a  

Ep
ine

ph
el

us
 

qu
oy

an
us

  
Se

rra
nid

ae
 

Le
as

t C
on

ce
rn

 
Ca

rn
ivo

re
, f

ee
ds

 o
n 

sh
rim

ps
, 

sm
all

 fi
sh

es
, w

or
m

s a
nd

 cr
ab

s 
Tr

op
hic

 L
ev

el
: 4

.0 
±0

.5 
SE

; B
as

ed
 o

n 
die

t s
tu

die
s. 

Re
sil

ien
ce

: M
ed

ium
 

Vu
ln

er
ab

ilit
y: 

Mo
de

ra
te

 v
ul

ne
ra

bi
lit

y 
(3

6 
of

 1
00

). 
Pr

ice
 ca

te
go

ry
: V

er
y 

hig
h.

 
Jo

hn
’s 

sn
ap

pe
ra  

Lu
tja

nu
s j

oh
nii

 
Lu

tja
nid

ae
 

No
t E

va
lu

at
ed

 
Ca

rn
ivo

re
, f

ee
d 

on
 fi

sh
es

 a
nd

 
be

nt
hic

 in
ve

rte
br

at
es

 in
clu

din
g 

sh
rim

ps
, c

ra
bs

 a
nd

 c
ep

ha
lo

po
ds

. 

Tr
op

hic
 L

ev
el

: 4
.2 

±0
.6 

SE
; B

as
ed

 o
n 

die
t s

tu
die

s. 
Re

sil
ien

ce
: M

ed
ium

 
Vu

ln
er

ab
ilit

y: 
Hi

gh
 v

ul
ne

ra
bil

ity
 (6

0 
of

 1
00

). 
Pr

ice
 ca

te
go

ry
: H

igh
. 

Bl
ac

k-b
lo

tc
he

d 
po

rc
up

ine
fis

h 
Di

od
on

 
lit

ur
os

us
 

Di
od

on
tid

ae
 

Le
as

t C
on

ce
rn

 
Ca

rn
ivo

re
, f

ee
d 

on
 h

ar
d-

sh
el

le
d 

be
nt

hic
 in

ve
rte

br
at

es
 w

hic
h 

ar
e 

cru
sh

ed
 w

ith
 p

ow
er

fu
l j

aw
s. 

Tr
op

hic
 L

ev
el

: 3
.5 

±0
.37

 S
E; 

Ba
se

d 
on

 fo
od

 it
em

s. 
Re

sil
ien

ce
: N

ot
 e

va
lu

at
e 

Vu
ln

er
ab

ilit
y: 

Lo
w 

to
 m

od
er

at
e 

vu
ln

er
ab

ilit
y 

(3
0 

of
 1

00
)  

Pr
ice

 ca
te

go
ry

: U
nk

no
wn

 
Bo

xfi
sh

 
Ac

an
th

os
tra

ci
on

 p
ol

yg
on

ius
 

Os
tra

cii
da

e 
Le

as
t C

on
ce

rn
 

Ca
rn

ivo
re

, f
ee

d 
on

 m
ar

ine
 

inv
er

te
br

at
es

 in
clu

din
g s

hr
im

p,
 

tu
nic

at
es

, a
nd

 sp
on

ge
s. 

Tr
op

hic
 L

ev
el

: 2
.0 

±0
.0 

se
; B

as
ed

 o
n 

die
t s

tu
die

s. 
Re

sil
ien

ce
: H

igh
 

Vu
ln

er
ab

ilit
y: 

Lo
w 

to
 m

od
er

at
e 

vu
ln

er
ab

ilit
y 

(2
6 

of
 1

00
)  

Pr
ice

 ca
te

go
ry

: H
igh

 
a Ta

rge
t s

pe
cie

s; 
b By

ca
tc

h, 
c IU

CN
 R

ed
lis

t (
ww

w.
iuc

n.
or

g);
 d Fis

hB
as

e 
(w

ww
.fis

hb
as

e.o
rg)

 
 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
17

4 

Ap
pe

nd
ix 

E: 
A 

lis
t o

f t
ar

ge
t a

nd
 b

yc
at

ch
 sp

ec
ies

 ca
ug

ht
 b

y 
fis

h 
tra

ps
 in

 K
o 

Ku
t a

nd
 K

o 
Ma

k 
(C

on
tin

ue
d)

 

Co
m

m
on

 
na

m
e 

Sc
ien

tif
ic 

na
m

e 
Fa

m
ily

 
IU

CN
 st

at
us

c  
Co

ns
um

pt
ion

 cl
as

sif
ica

tio
nd  

Tr
op

hic
 le

ve
l/v

ul
ne

ra
bil

ity
/p

ric
e 

ca
te

go
ry

d  

Bl
ue

ba
rre

d 
pa

rro
tfi

sh
 

Sc
ar

us
 

gh
ob

ba
n 

Sc
ar

ida
e 

Le
as

t C
on

ce
rn

 
He

rb
ivo

re
, f

ee
d 

on
 a

lga
e 

 
Tr

op
hic

 L
ev

el
: 2

.0 
±0

.0 
se

; B
as

ed
 o

n 
die

t s
tu

die
s. 

Re
sil

ien
ce

: M
ed

ium
 

Vu
ln

er
ab

ilit
y: 

Mo
de

ra
te

 v
ul

ne
ra

bi
lit

y 
(3

7 
of

 1
00

) 
Pr

ice
 ca

te
go

ry
: H

igh
. 

Tw
o-

ba
nd

ed
 

so
ap

fis
h 

Di
pl

op
rio

n 
bif

as
cia

tu
m

 
Se

rra
nid

ae
 

No
t E

va
lu

at
ed

 
Ca

rn
ivo

re
, f

ee
d 

m
ain

ly 
on

 fi
sh

es
. 

Tr
op

hic
 L

ev
el

: 4
.0 

±0
.65

 S
E; 

Ba
se

d 
on

 fo
od

 it
em

s. 
Re

sil
ien

ce
: M

ed
ium

 
Vu

ln
er

ab
ilit

y: 
Lo

w 
to

 m
od

er
at

e 
vu

ln
er

ab
ilit

y 
(2

9 
of

 1
00

) 
Pr

ice
 ca

te
go

ry
: U

nk
no

wn
 

Co
pp

er
ba

nd
ed

 
bu

tte
rfl

yfi
sh

 
Ch

el
m

on
 

ro
str

at
us

 
Ch

ae
to

do
nt

ida
e 

No
t E

va
lu

at
ed

 
Ca

rn
ivo

re
 

Tr
op

hic
 L

ev
el

: 3
.5 

±0
.37

 S
E; 

Ba
se

d 
on

 fo
od

 it
em

s. 
Re

sil
ien

ce
: H

igh
 

Vu
ln

er
ab

ilit
y: 

Lo
w 

vu
ln

er
ab

ilit
y 

(1
5 

of
 1

00
) 

Pr
ice

 ca
te

go
ry

: U
nk

no
wn

 
Tr

ipl
et

ail
 

wr
as

se
 

Ch
eil

inu
s 

tri
lo

ba
tu

s 
La

br
ida

e 
Le

as
t C

on
ce

rn
 

Ca
rn

ivo
re

, f
ee

d 
on

 h
ar

d 
sh

el
l 

inv
er

te
br

at
es

 
Tr

op
hic

 L
ev

el
: 3

.9 
±0

.2 
SE

; B
as

ed
 o

n 
die

t s
tu

die
s. 

Re
sil

ien
ce

: M
ed

ium
  

Vu
ln

er
ab

ilit
y: 

Mo
de

ra
te

 v
ul

ne
ra

bi
lit

y 
(4

3 
of

 1
00

). 
Pr

ice
 ca

te
go

ry
: V

er
y 

hig
h.

 
Do

ub
le

to
ot

h 
so

ld
ier

fis
h 

My
rip

ris
tis

 
he

xa
go

na
 

Ho
lo

ce
nt

rid
ae

 
Le

as
t C

on
ce

rn
 

Ca
rn

ivo
re

, f
ee

d 
on

 p
lan

kt
on

 
su

ch
 a

s c
ra

b 
lar

va
e 

Tr
op

hic
 L

ev
el

: 3
.1 

±0
.30

 S
E; 

Ba
se

d 
on

 fo
od

 it
em

s. 
Re

sil
ien

ce
: H

igh
,  

Vu
ln

er
ab

ilit
y: 

Lo
w 

vu
ln

er
ab

ilit
y 

(2
3 

of
 1

00
) 

Pr
ice

 ca
te

go
ry

: M
ed

ium
 

a Ta
rge

t s
pe

cie
s; 

b By
ca

tc
h, 

c IU
CN

 R
ed

lis
t (

ww
w.

iuc
n.

or
g);

 d Fis
hB

as
e 

(w
ww

.fis
hb

as
e.o

rg)
 

 
 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
17

5 

Ap
pe

nd
ix 

E: 
A 

lis
t o

f t
ar

ge
t a

nd
 b

yc
at

ch
 sp

ec
ies

 ca
ug

ht
 b

y 
fis

h 
tra

ps
 in

 K
o 

Ku
t a

nd
 K

o 
Ma

k 
(C

on
tin

ue
d)

 

Co
m

m
on

 n
am

e 
Sc

ien
tif

ic 
na

m
e 

Fa
m

ily
 

IU
CN

 st
at

us
c  

Co
ns

um
pt

ion
 cl

as
sif

ica
tio

nd  
Tr

op
hic

 le
ve

l/v
ul

ne
ra

bil
ity

/p
ric

e 
ca

te
go

ry
d  

Re
dc

oa
t 

Sa
rgo

ce
nt

ro
n 

ru
br

um
 

Ho
lo

ce
nt

rid
ae

 
Le

as
t C

on
ce

rn
 

Ca
rn

ivo
re

, f
ee

d 
m

ain
ly 

on
 

be
nt

hic
 cr

ab
s a

nd
 sh

rim
ps

 
Tr

op
hic

 L
ev

el
: 3

.6 
±0

.3 
SE

; B
as

ed
 o

n 
die

t s
tu

die
s. 

Re
sil

ien
ce

: H
igh

 
Vu

ln
er

ab
ilit

y: 
Lo

w 
vu

ln
er

ab
ilit

y 
(2

4 
of

 1
00

) 
Pr

ice
 ca

te
go

ry
: M

ed
ium

 
W

hit
ec

he
ek

 
m

on
oc

le
 

br
ea

m
 

Sc
ol

op
sis

 
vo

sm
er

i 
Ne

m
ipt

er
id

ae
 

No
t E

va
lu

at
ed

 
Ca

rn
ivo

re
, f

ee
d 

on
 in

ve
rte

br
at

es
 

an
d 

zo
ob

en
th

os
 

Tr
op

hic
 L

ev
el

: 3
.5 

±0
.37

 S
E; 

Ba
se

d 
on

 fo
od

 it
em

s. 
Re

sil
ien

ce
: H

igh
 

Vu
ln

er
ab

ilit
y: 

Lo
w 

vu
ln

er
ab

ilit
y 

(2
4 

of
 1

00
) 

Pr
ice

 ca
te

go
ry

: L
ow

 
Ye

llo
ws

po
tte

d 
ra

bb
itf

ish
 

Sig
an

us
 

gu
tta

tu
s 

Sig
an

ida
e 

No
t E

va
lu

at
ed

 
He

rb
ivo

re
 fe

ed
ing

 o
n 

be
nt

hic
 

alg
ae

 b
ut

 b
ec

om
es

 a
n 

om
niv

or
e 

wh
en

 h
el

d 
un

de
r c

ap
tiv

ity
. 

Tr
op

hic
 L

ev
el

: 2
.7 

±0
.30

 S
E; 

Ba
se

d 
on

 fo
od

 it
em

s. 
Re

sil
ien

ce
: H

igh
 

Vu
ln

er
ab

ilit
y: 

Lo
w 

vu
ln

er
ab

ilit
y 

(1
9 

of
 1

00
)  

Pr
ice

 ca
te

go
ry

: H
igh

 
W

hit
es

po
tte

d 
ra

bb
itf

ish
 

Sig
an

us
 

ca
na

lic
ul

at
us

 
Sig

an
ida

e 
No

t E
va

lu
at

ed
 

He
rb

ivo
re

, f
ee

d 
on

 b
en

th
ic 

alg
ae

 
an

d 
to

 so
m

e 
ex

te
nt

 o
n 

se
ag

ra
ss

.  

Tr
op

hic
 L

ev
el

: 2
.8 

±0
.31

 S
E; 

Ba
se

d 
on

 fo
od

 it
em

s. 
Re

sil
ien

ce
: M

ed
ium

 
Vu

ln
er

ab
ilit

y: 
Lo

w 
vu

ln
er

ab
ilit

y 
(1

5 
of

 1
00

)  
Pr

ice
 ca

te
go

ry
: H

igh
 

Ye
llo

w-
sp

ot
 

Go
at

fis
h 

Pa
ru

pe
ne

us
 

ind
icu

s 
Mu

llid
ae

 
No

t E
va

lu
at

ed
 

Ca
rn

ivo
re

, f
ee

d 
on

 b
en

th
ic 

inv
er

te
br

at
es

; in
clu

din
g s

m
all

 
cra

bs
, a

m
ph

ipo
ds

, s
hr

im
ps

, 
sm

all
 o

ct
op

us
es

, p
ol

yc
ha

et
e 

wo
rm

s, 
an

d 
sm

all
 fi

sh
es

 

Tr
op

hic
 L

ev
el

: 3
.5 

±0
.37

 S
E; 

Ba
se

d 
on

 fo
od

 it
em

s. 
Re

sil
ien

ce
: M

ed
ium

 
Vu

ln
er

ab
ilit

y: 
Mo

de
ra

te
 v

ul
ne

ra
bi

lit
y 

(3
6 

of
 1

00
) 

Pr
ice

 ca
te

go
ry

: M
ed

ium
 

a Ta
rge

t s
pe

cie
s; 

b By
ca

tc
h, 

c IU
CN

 R
ed

lis
t (

ww
w.

iuc
n.

or
g);

 d Fis
hB

as
e 

(w
ww

.fis
hb

as
e.o

rg)
 

 
 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
17

6 

Ap
pe

nd
ix 

E: 
A 

lis
t o

f t
ar

ge
t a

nd
 b

yc
at

ch
 sp

ec
ies

 ca
ug

ht
 b

y 
fis

h 
tra

ps
 in

 K
o 

Ku
t a

nd
 K

o 
Ma

k 
(C

on
tin

ue
d)

 

Co
m

m
on

 n
am

e 
Sc

ien
tif

ic 
na

m
e 

Fa
m

ily
 

IU
CN

 st
at

us
c  

Co
ns

um
pt

ion
 cl

as
sif

ica
tio

nd  
Tr

op
hic

 le
ve

l/v
ul

ne
ra

bil
ity

/p
ric

e 
ca

te
go

ry
d  

Pe
ar

ly 
m

on
oc

le
 

br
ea

m
 

Sc
ol

op
sis

 
m

ar
ga

rit
ife

ra
 

Ne
m

ipt
er

id
ae

 
No

t E
va

lu
at

ed
 

Ca
rn

ivo
re

, 
fe

ed
s m

ain
ly 

on
 sm

all
 b

en
th

ic 
inv

er
te

br
at

es
 a

nd
 sm

all
 fi

sh
es

 

Tr
op

hic
 L

ev
el

: 3
.6 

±0
.52

 S
E; 

Ba
se

d 
on

 fo
od

 it
em

s. 
Re

sil
ien

ce
: H

igh
 

Vu
ln

er
ab

ilit
y: 

Lo
w 

to
 m

od
er

at
e 

vu
ln

er
ab

ilit
y 

(2
6 

of
 1

00
)  

Pr
ice

 ca
te

go
ry

: L
ow

 
Re

d-
be

llie
d 

fu
sil

ier
 

Ca
es

io 
cu

nin
g 

Ca
es

ion
id

ae
 

No
t E

va
lu

at
ed

 
Ca

rn
ivo

re
, f

ee
ds

 o
n 

zo
op

lan
kt

on
. 

Tr
op

hic
 L

ev
el

: 3
.4 

±0
.45

 S
E; 

Ba
se

d 
on

 fo
od

 it
em

s. 
Re

sil
ien

ce
: M

ed
ium

 
Vu

ln
er

ab
ilit

y: 
Mo

de
ra

te
 v

ul
ne

ra
bi

lit
y 

(3
5 

of
 1

00
)  

Pr
ice

 ca
te

go
ry

: M
ed

ium
 

Fa
n-

be
llie

d 
le

at
he

rja
ck

et
 

Mo
na

ca
nt

hu
s 

ch
ine

ns
is 

Mo
na

ca
nt

hid
ae

 
Le

as
t C

on
ce

rn
 

Om
niv

or
e, 

fe
ed

s o
n 

alg
ae

, 
se

ag
ra

ss
, a

nd
 sm

all
 

inv
er

te
br

at
es

. 

Tr
op

hic
 L

ev
el

: 2
.4 

±0
.1 

SE
; B

as
ed

 o
n 

die
t s

tu
die

s. 
Re

sil
ien

ce
: M

ed
ium

 
Vu

ln
er

ab
ilit

y: 
Mo

de
ra

te
 v

ul
ne

ra
bi

lit
y 

(3
7 

of
 1

00
) 

Pr
ice

 ca
te

go
ry

: U
nk

no
wn

 
Do

ub
le

-b
ar

re
d 

ra
bb

itf
ish

 
Sig

an
us

 
vir

ga
tu

s 
Sig

an
ida

e 
No

t E
va

lu
at

ed
 

He
rb

ivo
re

, f
ee

d 
on

 b
en

th
ic 

se
aw

ee
ds

. 
Tr

op
hic

 L
ev

el
: 2

.7 
±0

.31
 S

E; 
Ba

se
d 

on
 fo

od
 it

em
s. 

Re
sil

ien
ce

: H
igh

 
Vu

ln
er

ab
ilit

y: 
Lo

w 
vu

ln
er

ab
ilit

y 
(1

9 
of

 1
00

)  
Pr

ice
 ca

te
go

ry
: H

igh
 

Ja
va

 ra
bb

itf
ish

 
Sig

an
us

 ja
vu

s 
Sig

an
ida

e 
No

t E
va

lu
at

ed
 

He
rb

ivo
re

, f
ee

din
g m

os
tly

 o
n 

alg
ae

 
Tr

op
hic

 L
ev

el
: 2

.4 
±0

.08
 S

E; 
Ba

se
d 

on
 fo

od
 it

em
s. 

Re
sil

ien
ce

: H
igh

 
Vu

ln
er

ab
ilit

y: 
Lo

w 
to

 m
od

er
at

e 
vu

ln
er

ab
ilit

y 
(2

9 
of

 1
00

) 
Pr

ice
 ca

te
go

ry
: H

igh
 

a Ta
rge

t s
pe

cie
s; 

b By
ca

tc
h, 

c IU
CN

 R
ed

lis
t (

ww
w.

iuc
n.

or
g);

 d Fis
hB

as
e 

(w
ww

.fis
hb

as
e.o

rg)
 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
17

7 

Ap
pe

nd
ix 

E: 
A 

lis
t o

f t
ar

ge
t a

nd
 b

yc
at

ch
 sp

ec
ies

 ca
ug

ht
 b

y 
fis

h 
tra

ps
 in

 K
o 

Ku
t a

nd
 K

o 
Ma

k 
(C

on
tin

ue
d)

 

Co
m

m
on

 
na

m
e 

Sc
ien

tif
ic 

na
m

e 
Fa

m
ily

 
IU

CN
 st

at
us

c  
Co

ns
um

pt
ion

 cl
as

sif
ica

tio
nd  

Tr
op

hic
 le

ve
l/v

ul
ne

ra
bil

ity
/p

ric
e 

ca
te

go
ry

d  

Sw
im

m
ing

 
cra

bs
 

Ch
ar

yb
dis

 
he

lle
rii 

Po
rtu

nid
ae

 
No

t E
va

lu
at

ed
 

Om
niv

or
e, 

fe
ed

 o
n 

cru
sta

ce
an

s, 
m

ul
lu

sc
s a

nd
 a

lga
e 

NA
 

St
on

e 
cr

ab
 

My
om

en
ipp

e 
ha

rd
wi

ck
ii 

Me
nip

pid
ae

 
No

t E
va

lu
at

ed
 

Om
niv

or
e, 

fe
ed

 o
n 

cru
sta

ce
an

s, 
m

ul
lu

sc
s a

nd
 a

lga
e 

NA
 

Sp
ot

te
d 

he
rm

it 
cra

b 
Da

rd
an

us
 

m
eg

ist
os

 
Di

og
en

ida
e 

No
t E

va
lu

at
ed

 
Om

niv
or

e, 
fe

ed
 o

n 
cru

sta
ce

an
s, 

m
ul

lu
sc

s a
nd

 a
lga

e 
NA

 

Re
d 

eg
g c

ra
b 

At
er

ga
tis

 
int

eg
er

rim
us

 
Xa

nt
hid

ae
 

No
t E

va
lu

at
ed

 
Om

niv
or

e, 
fe

ed
 o

n 
cru

sta
ce

an
s, 

m
ul

lu
sc

s a
nd

 a
lga

e 
NA

 

Se
a 

cu
cu

m
be

r 
 

Un
ide

nt
ifie

d 
se

a 
cu

cu
m

be
r  

Un
ide

nt
ifie

d 
se

a 
cu

cu
m

be
r 

NA
 

Sc
av

en
ge

rs,
 fe

ed
ing

 o
n 

or
ga

nic
 

m
at

te
r i

n 
th

e 
se

afl
oo

r  
NA

 

a Ta
rge

t s
pe

cie
s; 

b By
ca

tc
h, 

c IU
CN

 R
ed

lis
t (

ww
w.

iuc
n.

or
g);

 d Fis
hB

as
e 

(w
ww

.fis
hb

as
e.o

rg)
 

 
 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
17

8 

Ap
pe

nd
ix 

F: 
Ab

un
da

nc
e 

of
 m

ac
ro

be
nt

ho
s f

ou
nd

 in
 w

et
 se

as
on

 a
t s

ite
 A

 to
 E

 
 

 
Cl

as
s 

 
Or

de
r 

 
Fa

m
ily

 
 

Sp
ec

ie
s 

De
ns

ity
 (i

nd
ivi

du
al

s/
m

2 ) 
A 

B 
C 

D 
E 

M
ea

n 
SD

 
M

ea
n 

SD
 

M
ea

n 
SD

 
M

ea
n 

SD
 

M
ea

n 
SD

 
Ph

yl
um

 N
em

er
tin

ea
 

An
op

la 
 

 
 

7.4
1 

9.0
7 

9.2
6 

8.3
6 

3.7
0 

5.7
4 

0.0
0 

0.0
0 

3.7
0 

5.7
4 

Ph
yl

um
 A

nn
el

id
a 

Po
lyc

ha
et

a 
Ca

pit
el

lid
a 

Ca
pit

el
lid

ae
 

 
0.0

0 
0.0

0 
18

.52
 

11
.48

 
0.0

0 
0.0

0 
18

.52
 

11
.48

 
22

.22
 

12
.17

 
Co

ss
ur

ida
 

Co
ss

ur
ida

e 
 

0.0
0 

0.0
0 

7.4
1 

9.0
7 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

Eu
nic

ida
 

Lu
m

br
ine

rid
ae

 
 

0.0
0 

0.0
0 

3.7
0 

9.0
7 

3.7
0 

5.7
4 

18
.52

 
9.0

7 
18

.52
 

11
.48

 
Ma

ld
an

ida
 

Ma
ld

an
ida

e 
 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

18
.52

 
9.0

7 
0.0

0 
0.0

0 
3.7

0 
5.7

4 
Ne

ph
ty

ida
 

Ne
ph

ty
ida

e 
 

9.2
6 

8.3
6 

3.7
0 

5.7
4 

0.0
0 

0.0
0 

22
.22

 
7.0

3 
33

.33
 

15
.71

 
Or

bin
iid

a 
Or

bin
iid

ae
 

 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
3.7

0 
5.7

4 
Ph

yll
od

oc
ida

 
He

sio
nid

ae
 

 
1.8

5 
4.5

4 
1.8

5 
4.5

4 
0.0

0 
0.0

0 
3.7

0 
5.7

4 
0.0

0 
0.0

0 
Ph

yll
od

oc
ida

e 
 

0.0
0 

0.0
0 

16
.67

 
15

.32
 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

7.4
1 

9.0
7 

Sp
ion

ida
 

Sp
ion

ida
e 

 
11

.11
 

14
.05

 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
Sy

llid
a 

Sy
llid

ae
 

 
0.0

0 
0.0

0 
3.7

0 
5.7

4 
3.7

0 
5.7

4 
7.4

1 
9.0

7 
0.0

0 
0.0

0 
Sa

be
llid

a 
Sa

be
llid

ae
 

 
3.7

0 
5.7

4 
12

.96
 

8.3
6 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

3.7
0 

5.7
4 

Ow
en

iid
ae

 
 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

Te
re

be
llid

a 
St

er
na

sp
ida

e 
 

11
.11

 
7.0

3 
0.0

0 
0.0

0 
3.7

0 
5.7

4 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
Cir

ra
tu

lid
ae

 
 

22
.22

 
7.0

3 
11

.11
 

9.9
4 

5.5
6 

9.3
0 

3.7
0 

5.7
4 

3.7
0 

5.7
4 

Un
ide

nt
ifie

d 
po

lyc
ha

et
e 

sp
1 

 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
1.8

5 
4.5

4 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
Un

ide
nt

ifie
d 

po
lyc

ha
et

e 
sp

2 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
3.7

0 
5.7

4 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
Un

ide
nt

ifie
d 

po
lyc

ha
et

e 
sp

3 
7.4

1 
9.0

7 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
17

9 

Ap
pe

nd
ix 

F: 
Ab

un
da

nc
e 

of
 m

ac
ro

be
nt

ho
s f

ou
nd

 in
 w

et
 se

as
on

 a
t s

ite
 A

 to
 E

 (C
on

tin
ue

d)
 

 
Cl

as
s 

 
Or

de
r 

 
Fa

m
ily

 
 

Sp
ec

ie
s 

De
ns

ity
 (i

nd
ivi

du
al

s/
m

2 ) 
A 

B 
C 

D 
E 

M
ea

n 
SD

 
M

ea
n 

SD
 

M
ea

n 
SD

 
M

ea
n 

SD
 

M
ea

n 
SD

 
Ph

yl
um

  M
ol

lu
sc

a 
Biv

alv
ia 

 
Me

so
cle

sm
at

ida
e 

 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
My

ida
 

Co
rb

ul
ida

e 
Co

rb
ul

a 
sp

. 
3.7

0 
5.7

4 
7.4

1 
9.0

7 
0.0

0 
0.0

0 
11

.11
 

14
.05

 
1.8

5 
4.5

4 
Nu

cu
lan

ida
 

Nu
cu

lan
ida

e 
Nu

cu
la

na
 sp

. 
5.5

6 
9.3

0 
27

.78
 

15
.32

 
0.0

0 
0.0

0 
3.7

0 
5.7

4 
40

.74
 

31
.16

 
Ca

rd
iid

a 
Te

llin
ida

e 
Te

llin
a 

sp
. 

11
.11

 
14

.05
 

11
.11

 
14

.05
 

25
.93

 
16

.73
 

14
.81

 
9.0

7 
3.7

0 
5.7

4 
Te

llin
ida

e 
Ma

co
m

as
 sp

. 
9.2

6 
10

.92
 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

7.4
1 

9.0
7 

Ve
ne

rid
a 

Ve
ne

rid
ae

 
Ph

ap
hia

 u
nd

ul
at

a 
5.5

6 
9.3

0 
14

.81
 

11
.48

 
18

.52
 

9.0
7 

9.2
6 

8.3
6 

7.4
1 

5.7
4 

Ar
cid

a 
Ar

cid
ae

 
An

ad
ar

a 
sp

. 
7.4

1 
5.7

4 
0.0

0 
0.0

0 
3.7

0 
5.7

4 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
Un

ide
nt

ifie
d 

biv
alv

e 
sp

1 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
3.7

0 
5.7

4 
Ph

yl
um

 A
rth

ro
po

da
 

Ma
lac

os
tra

ca
 

St
om

at
op

od
a 

Sq
uil

lid
ae

 
 

3.7
0 

5.7
4 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

3.7
0 

5.7
4 

0.0
0 

0.0
0 

De
ca

po
da

 
Un

ide
nt

ifie
d 

de
ca

po
d 

sp
1 

0.0
0 

0.0
0 

7.4
1 

11
.48

 
0.0

0 
0.0

0 
18

.52
 

9.0
7 

1.8
5 

4.5
4 

Un
ide

nt
ifie

d 
de

ca
po

d 
sp

2 
5.5

6 
9.3

0 
0.0

0 
0.0

0 
3.7

0 
9.0

7 
0.0

0 
0.0

0 
3.7

0 
5.7

4 
Sc

alo
pid

ida
e 

Sc
al

op
ida

 
sp

ino
sip

es
 

31
.48

 
19

.14
 

25
.93

 
11

.48
 

61
.11

 
27

.89
 

37
.04

 
19

.46
 

0.0
0 

0.0
0 

Pil
um

nid
ae

 
Ty

ph
lo

ca
rc

ino
ps

 
ca

na
lic

ul
at

a 
0.0

0 
0.0

0 
7.4

1 
9.0

7 
0.0

0 
0.0

0 
22

.22
 

15
.71

 
0.0

0 
0.0

0 

Am
ph

ipo
da

 
 

 
29

.63
 

19
.46

 
85

.19
 

73
.59

 
61

.11
 

15
.32

 
62

.96
 

13
3.0 9 

0.0
0 

0.0
0 

Ta
na

ida
ce

a 
 

 
5.5

6 
9.3

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
1.8

5 
4.5

4 
0.0

0 
0.0

0 

  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
18

0 

Ap
pe

nd
ix 

F: 
Ab

un
da

nc
e 

of
 m

ac
ro

be
nt

ho
s f

ou
nd

 in
 w

et
 se

as
on

 a
t s

ite
 A

 to
 E

 (C
on

tin
ue

d)
 

 
Cl

as
s 

 
Or

de
r 

 
Fa

m
ily

 
 

Sp
ec

ie
s 

De
ns

ity
 (i

nd
ivi

du
al

s/
m

2 ) 
A 

B 
C 

D 
E 

M
ea

n 
SD

 
M

ea
n 

SD
 

M
ea

n 
SD

 
M

ea
n 

SD
 

M
ea

n 
SD

 
Ma

lac
os

tra
ca

 
Co

pe
po

da
 

 
 

16
.67

 
26

.06
 

20
.37

 
17

.43
 

7.4
 

14
.81

 
1.8

5 
4.5

4 
9.2

6 
18

.37
 

Cu
m

ac
ea

 
 

 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
Ph

yl
um

 E
ch

in
od

er
m

at
a 

Op
hiu

ro
ide

a 
Op

hiu
ra

e 
Op

hio
tri

ch
ida

e 
Op

hio
tri

x s
p.

 
14

.81
 

9.0
7 

35
.19

 
16

.36
 

25
.93

 
20

.69
 

31
.48

 
8.3

6 
14

.81
 

13
.46

 
As

te
ro

ide
a 

Pa
xil

lo
sid

a 
As

tro
pe

ct
ini

da
e 

As
tro

pe
ct

en
 sp

. 
5.5

6 
9.3

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
Ho

lo
th

ur
oid

ea
 

 
 

 
0.0

0 
0.0

0 
7.4

1 
9.0

7 
0.0

0 
0.0

0 
3.7

0 
5.7

4 
0.0

0 
0.0

0 
Ho

lo
th

ur
oid

ea
 

Mo
lp

ad
ida

 
Ca

ud
ini

da
e 

Ac
au

din
a 

m
olp

ad
ioi

de
s 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

11
.11

 
12

.17
 

7.4
1 

9.0
7 

0.0
0 

0.0
0 

 
 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
18

1 

Ap
pe

nd
ix 

G:
 A

bu
nd

an
ce

 o
f m

ac
ro

be
nt

ho
s f

ou
nd

 in
 w

et
 se

as
on

 a
t s

ite
 F

 to
 J 

 

 
Cl

as
s 

 
Or

de
r 

 
Fa

m
ily

 
 

Sp
ec

ie
s 

De
ns

ity
 (i

nd
ivi

du
al

s/
m

2 ) 
F 

G 
H 

I 
J 

M
ea

n 
SD

 
M

ea
n 

SD
 

M
ea

n 
SD

 
M

ea
n 

SD
 

M
ea

n 
SD

 
Ph

yl
um

 N
em

er
tin

ea
 

An
op

la 
 

 
 

0.0
0 

0.0
0 

3.7
0 

5.7
4 

0.0
0 

0.0
0 

1.8
5 

4.5
4 

0.0
0 

0.0
0 

Ph
yl

um
 A

nn
el

id
a 

Po
lyc

ha
et

a 
Co

ss
ur

ida
 

Co
ss

ur
ida

e 
 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

7.4
1 

18
.14

 
0.0

0 
0.0

0 
Ca

pit
el

lid
a 

Ca
pit

el
lid

ae
 

 
0.0

0 
0.0

0 
7.4

1 
13

.46
 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

1.8
5 

4.5
4 

Eu
nic

ida
 

Lu
m

br
ine

rid
ae

 
 

5.5
6 

6.0
9 

0.0
0 

0.0
0 

7.4
1 

9.0
7 

0.0
0 

0.0
0 

3.7
0 

9.0
7 

Ma
ld

an
ida

 
Ma

ld
an

ida
e 

 
3.7

0 
5.7

4 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
9.2

6 
8.3

6 
5.5

6 
6.0

9 
Ne

ph
ty

ida
 

Ne
ph

ty
ida

e 
 

12
.96

 
8.3

6 
7.4

1 
11

.48
 

0.0
0 

0.0
0 

22
.22

 
17

.21
 

5.5
6 

6.0
9 

Or
bin

iid
a 

Or
bin

iid
ae

 
 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

3.7
0 

5.7
4 

1.8
5 

4.5
4 

1.8
5 

4.5
4 

Ph
yll

od
oc

ida
 

 
He

sio
nid

ae
 

 
0.0

0 
0.0

0 
11

.11
 

9.9
4 

9.2
6 

8.3
6 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

Ph
yll

od
oc

ida
e 

 
0.0

0 
0.0

0 
3.7

0 
9.0

7 
0.0

0 
0.0

0 
5.5

6 
13

.61
 

0.0
0 

0.0
0 

Sa
be

llid
a 

Sa
be

llid
ae

 
 

12
.96

 
14

.77
 

1.8
5 

4.5
4 

0.0
0 

0.0
0 

3.7
0 

5.7
4 

0.0
0 

0.0
0 

Ow
en

iid
ae

 
 

0.0
0 

0.0
0 

14
.81

 
11

.48
 

0.0
0 

0.0
0 

1.8
5 

4.5
4 

11
.11

 
7.0

3 
Sp

ion
ida

 
Sp

ion
ida

e 
 

0.0
0 

0.0
0 

3.7
0 

9.0
7 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

Sy
llid

a 
Sy

llid
ae

 
 

3.7
0 

5.7
4 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

3.7
0 

5.7
4 

3.7
0 

5.7
4 

Te
re

be
llid

a 
Cir

ra
tu

lid
ae

 
 

11
.11

 
9.9

4 
7.4

1 
9.0

7 
16

.67
 

9.3
0 

16
.67

 
20

.79
 

3.7
0 

9.0
7 

St
er

na
sp

ida
e 

 
5.5

6 
13

.61
 

0.0
0 

0.0
0 

12
.96

 
10

.92
 

1.8
5 

4.5
4 

1.8
5 

4.5
4 

Un
ide

nt
ifie

d 
po

lyc
he

at
es

 sp
1 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

Un
ide

nt
ifie

d 
po

lyc
he

at
es

 sp
2 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

Un
ide

nt
ifie

d 
po

lyc
he

at
es

 sp
3 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
18

2 

Ap
pe

nd
ix 

G 
Ab

un
da

nc
e 

of
 m

ac
ro

be
nt

ho
s f

ou
nd

 in
 w

et
 se

as
on

 a
t s

ite
 F

 to
 J 

(C
on

tin
ue

d)
 

 
Cl

as
s 

 
Or

de
r 

 
Fa

m
ily

 
 

Sp
ec

ie
s 

De
ns

ity
 (i

nd
ivi

du
al

s/
m

2 ) 
F 

G 
H 

I 
J 

M
ea

n 
SD

 
M

ea
n 

SD
 

M
ea

n 
SD

 
M

ea
n 

SD
 

M
ea

n 
SD

 
Ph

yl
um

  M
ol

lu
sc

a 
Biv

alv
ia 

 
Me

so
cle

sm
at

ida
e 

 
11

.11
 

12
.17

 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
My

ida
 

Co
rb

ul
ida

e 
Co

rb
ul

a 
sp

. 
5.5

6 
6.0

9 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
3.7

0 
5.7

4 
1.8

5 
4.5

4 
Nu

cu
lan

ida
 

Nu
cu

lan
ida

e 
Nu

cu
la

na
 sp

. 
29

.63
 

36
.29

 
7.4

1 
9.0

7 
7.4

1 
9.0

7 
16

.67
 

20
.79

 
1.8

5 
4.5

4 
Ca

rd
iid

a 
Te

llin
ida

e 
Te

llin
a 

sp
. 

0.0
0 

0.0
0 

3.7
0 

5.7
4 

7.4
1 

11
.48

 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
Te

llin
ida

e 
Ma

co
m

as
 sp

. 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
Ve

ne
rid

a 
Ve

ne
rid

ae
 

Ph
ap

hia
 u

nd
ul

at
a 

9.2
6 

12
.99

 
1.8

5 
4.5

4 
0.0

0 
0.0

0 
11

.11
 

12
.17

 
5.5

6 
6.0

9 
Ar

cid
a 

Ar
cid

ae
 

An
ad

ar
a 

sp
. 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

Un
ide

nt
ifie

d 
biv

alv
e 

sp
1 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

Ph
yl

um
 A

rth
ro

po
da

 
Ma

lac
os

tra
ca

 
St

om
at

op
od

a 
Sq

uil
lid

ae
 

 
3.7

0 
5.7

4 
0.0

0 
0.0

0 
3.7

0 
5.7

4 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
De

ca
po

da
 

Un
ide

nt
ifie

d 
De

ca
po

d1
 

1.8
5 

4.5
4 

7.4
1 

11
.48

 
7.4

1 
11

.48
 

0.0
0 

0.0
0 

14
.81

 
11

.48
 

Un
ide

nt
ifie

d 
De

ca
po

d2
 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

1.8
5 

4.5
4 

Sc
alo

pid
ida

e 
Sc

al
op

ida
 

sp
ino

sip
es

 
35

.19
 

24
.76

 
14

.81
 

11
.48

 
3.7

0 
9.0

7 
31

.48
 

21
.56

 
11

.11
 

9.9
4 

Pil
um

nid
ae

 
Ty

ph
lo

ca
rc

ino
ps

 
ca

na
lic

ul
at

a 
1.8

5 
4.5

4 
1.8

5 
4.5

4 
1.8

5 
4.5

4 
0.0

0 
0.0

0 
0.0

0 
0.0

0 

Am
ph

ipo
da

 
 

 
18

.52
 

18
.14

 
37

.04
 

36
.29

 
14

.81
 

11
.48

 
25

.93
 

16
.73

 
22

.22
 

12
.17

 
Ta

na
ida

ce
a 

 
 

3.7
0 

5.7
4 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

7.4
1 

9.0
7 

0.0
0 

0.0
0 

  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
18

3 

Ap
pe

nd
ix 

G:
 A

bu
nd

an
ce

 o
f m

ac
ro

be
nt

ho
s f

ou
nd

 in
 w

et
 se

as
on

 a
t s

ite
 F

 to
 J 

(C
on

tin
ue

d)
 

 
Cl

as
s 

 
Or

de
r 

 
Fa

m
ily

 
 

Sp
ec

ie
s 

De
ns

ity
 (i

nd
ivi

du
al

s/
m

2 ) 
F 

G 
H 

I 
J 

M
ea

n 
SD

 
M

ea
n 

SD
 

M
ea

n 
SD

 
M

ea
n 

SD
 

M
ea

n 
SD

 
 

Co
pe

po
da

 
 

 
11

.11
 

18
.15

 
5.5

5 
10

.28
 

0.0
0 

0.0
0 

7.4
1 

9.0
7 

0.0
0 

0.0
0 

Cu
m

ac
ea

 
 

 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
3.7

0 
5.7

4 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
Ph

yl
um

 E
ch

in
od

er
m

at
a 

Op
hiu

ro
ide

a 
Op

hiu
ra

e 
Op

hio
tri

ch
ida

e 
Op

hio
tri

x s
p.

 
22

.22
 

23
.31

 
0.0

0 
0.0

0 
22

.22
 

12
.17

 
11

.11
 

14
.05

 
0.0

0 
0.0

0 
As

te
ro

ide
a 

Pa
xil

lo
sid

a 
As

tro
pe

ct
ini

da
e 

As
tro

pe
ct

en
 sp

. 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
Ho

lo
th

ur
oid

ea
 

 
 

Un
ide

nt
ifie

d 
se

a 
cu

cu
m

be
r s

p1
 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

3.7
0 

5.7
4 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

Ho
lo

th
ur

oid
ea

 
Mo

lp
ad

ida
 

Ca
ud

ini
da

e 
Ac

au
din

a 
m

olp
ad

ioi
de

s 
3.7

0 
5.7

4 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 

 
 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
18

4 

Ap
pe

nd
ix 

H:
 A

bu
nd

an
ce

 o
f m

ac
ro

be
nt

ho
s f

ou
nd

 in
 d

ry
 se

as
on

 a
t s

ite
 A

 to
 E

  

Cl
as

s 
Or

de
r 

Fa
m

ily
 

Sp
ec

ie
s 

De
ns

ity
 (i

nd
ivi

du
al

s/
m

2 ) 
A 

B 
C 

D 
E 

M
ea

n 
SD

 
M

ea
n 

SD
 

M
ea

n 
SD

 
M

ea
n 

SD
 

M
ea

n 
SD

 
Ph

yl
um

 C
ni

da
ria

 
An

th
oz

oa
 

Pe
nn

at
ul

ac
ea

 
Pe

nn
at

ul
ida

e 
  

0.0
0 

0.0
0 

0.0
0 

0.0
0 

1.8
5 

4.5
4 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

Ph
yl

um
 P

lat
yh

el
m

int
he

s 
Tu

rb
el

lar
ia 

  
  

  
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
1.8

5 
4.5

4 
0.7

6 
1.8

5 
Ph

yl
um

 N
em

er
tin

ea
 

An
op

la 
  

  
  

5.5
6 

9.3
0 

9.2
6 

10
.92

 
5.5

6 
6.0

9 
11

.11
 

14
.05

 
7.9

0 
9.3

9 
Ph

yl
um

 S
ip

un
cu

lid
a 

Sip
un

cu
la 

  
  

  
1.8

5 
4.5

4 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
1.8

5 
4.5

4 
0.7

6 
1.8

5 
Ph

yl
um

 A
nn

el
id

a 
Po

lyc
ha

et
a 

Or
bin

iid
a 

Or
bin

iid
ae

 
  

0.0
0 

0.0
0 

0.0
0 

0.0
0 

1.8
5 

4.5
4 

0.0
0 

0.0
0 

1.8
5 

4.5
4 

Co
ss

ur
ida

 
Co

ss
ur

ida
e 

  
38

.89
 

41
.43

 
0.0

0 
0.0

0 
5.5

6 
13

.61
 

3.7
0 

9.0
7 

1.5
1 

3.7
0 

Te
re

be
llid

a 
Cir

ra
tu

lid
ae

 
  

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

5.5
6 

9.3
0 

7.1
0 

8.9
5 

Ca
pit

el
lid

a 
Ca

pit
el

lid
ae

 
  

0.0
0 

0.0
0 

0.0
0 

0.0
0 

5.5
6 

13
.61

 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
Ma

ld
an

ida
 

Ma
ld

an
ida

e 
  

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

9.2
6 

12
.99

 
5.8

7 
9.5

5 
Ph

yll
od

oc
ida

 
He

sio
nid

ae
 

  
0.0

0 
0.0

0 
0.0

0 
0.0

0 
1.8

5 
4.5

4 
3.7

0 
5.7

4 
0.9

6 
2.3

4 
Ph

yll
od

oc
ida

 
Ne

ph
ty

ida
e 

  
11

.11
 

27
.22

 
22

.22
 

15
.71

 
12

.96
 

12
.99

 
1.8

5 
4.5

4 
2.6

1 
4.5

4 
Sp

ion
ida

 
Sp

ion
ida

e 
  

0.0
0 

0.0
0 

5.5
6 

13
.61

 
7.4

1 
13

.46
 

5.5
6 

6.0
9 

2.8
7 

4.7
2 

Ph
yll

od
oc

ida
 

Ph
yll

od
oc

ida
e 

  
0.0

0 
0.0

0 
0.0

0 
0.0

0 
1.8

5 
4.5

4 
1.8

5 
4.5

4 
0.7

6 
1.8

5 
Eu

nic
ida

 
Lu

m
br

ine
rid

ae
 

  
0.0

0 
0.0

0 
0.0

0 
0.0

0 
3.7

0 
5.7

4 
5.5

6 
9.3

0 
1.5

5 
3.8

0 
Ph

yll
od

oc
ida

 
Sig

ali
on

ida
e 

  
0.0

0 
0.0

0 
0.0

0 
0.0

0 
1.8

5 
4.5

4 
1.8

5 
4.5

4 
0.7

6 
1.8

5 
Te

re
be

llid
a 

St
er

na
sp

ida
e 

  
0.0

0 
0.0

0 
9.2

6 
17

.80
 

0.0
0 

0.0
0 

1.8
5 

4.5
4 

8.1
6 

8.5
0 

Sa
be

llid
a 

Ow
en

iid
ae

 
  

0.0
0 

0.0
0 

0.0
0 

0.0
0 

7.4
1 

13
.46

 
3.7

0 
9.0

7 
1.5

1 
3.7

0 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
18

5 

Ap
pe

nd
ix 

G:
 A

bu
nd

an
ce

 o
f m

ac
ro

be
nt

ho
s f

ou
nd

 in
 d

ry
 se

as
on

 a
t s

ite
 A

 to
 E

 (C
on

tin
ue

d)
 

Cl
as

s 
Or

de
r 

Fa
m

ily
 

Sp
ec

ie
s 

De
ns

ity
 (i

nd
ivi

du
al

s/
m

2 ) 
A 

B 
C 

D 
E 

M
ea

n 
SD

 
M

ea
n 

SD
 

M
ea

n 
SD

 
M

ea
n 

SD
 

M
ea

n 
SD

 
Po

lyc
ha

et
a 

Ph
yll

od
oc

ida
 

Pil
ar

gii
da

e 
  

27
.78

 
31

.23
 

1.8
5 

4.5
4 

3.7
0 

9.0
7 

1.8
5 

4.5
4 

0.7
6 

1.8
5 

Te
re

be
llid

a 
Am

ph
ar

et
ida

e 
  

1.8
5 

4.5
4 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

Ph
yll

od
oc

ida
 

Go
nia

did
ae

 
  

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

7.4
1 

9.0
7 

1.5
1 

3.7
0 

Te
re

be
llid

a 
Tr

ich
ob

ra
nc

hid
ae

 
  

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

Ph
yll

od
oc

ida
 

Po
lyn

oid
ae

 
  

0.0
0 

0.0
0 

1.8
5 

4.5
4 

0.0
0 

0.0
0 

3.7
0 

9.0
7 

1.5
1 

3.7
0 

Ma
ge

lo
nid

ae
 

Ma
ge

lo
nid

ae
 

  
11

.11
 

14
.05

 
0.0

0 
0.0

0 
3.7

0 
5.7

4 
1.8

5 
4.5

4 
2.6

1 
4.5

4 
Te

re
be

llid
a 

Te
re

be
llid

ae
 

  
0.0

0 
0.0

0 
1.8

5 
4.5

4 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
Ph

yl
um

 M
ol

lu
sc

a 
Biv

alv
ia 

Ar
cid

a 
Ar

cid
ae

 
An

ad
ar

a 
sp

. 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
7.4

1 
9.0

7 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
Ca

rd
iid

a 
Te

llin
ida

e 
Te

llin
a 

sp
. 

0.0
0 

0.0
0 

5.5
6 

6.0
9 

0.0
0 

0.0
0 

3.7
0 

9.0
7 

1.5
1 

3.7
0 

Ar
co

pe
lla

 c
as

ta
 

1.8
5 

4.5
4 

0.0
0 

0.0
0 

1.8
5 

4.5
4 

5.5
6 

9.3
0 

1.5
5 

3.8
0 

Ma
co

m
as

 sp
. 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

1.8
5 

4.5
4 

2.6
1 

4.5
4 

Ma
co

m
on

a 
ph

ilip
ina

ru
m

 
3.7

0 
5.7

4 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 

Lu
cin

ida
 

Lu
cin

ida
e 

Ch
av

an
ia 

str
iat

a 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
1.8

5 
4.5

4 
1.8

5 
4.5

4 
13

.72
 

26
.30

 
Nu

cu
lan

ida
 

Nu
cu

lan
ida

e 
Nu

cu
la

na
 sp

. 
22

.22
 

18
.59

 
12

.96
 

14
.77

 
9.2

6 
8.3

6 
5.5

6 
9.3

0 
53

.40
 

39
.16

 
My

ida
 

Co
rb

ul
ida

e 
Co

rb
ul

a 
sp

. 
0.0

0 
0.0

0 
3.7

0 
9.0

7 
18

.52
 

11
.48

 
1.8

5 
4.5

4 
2.6

1 
4.5

4 
Ve

ne
rid

a 
Ve

ne
rid

ae
 

Ph
ap

hia
 u

nd
ul

at
a 

9.2
6 

14
.77

 
3.7

0 
5.7

4 
3.7

0 
5.7

4 
5.5

6 
9.3

0 
7.1

0 
5.5

5 
Un

ide
nt

ifie
d 

Biv
alv

ia 
sp

1 
0.0

0 
0.0

0 
12

.96
 

31
.75

 
24

.07
 

34
.01

 
1.8

5 
4.5

4 
0.7

6 
1.8

5 
Un

ide
nt

ifie
d 

Biv
alv

ia 
sp

2 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
3.7

0 
5.7

4 
5.5

6 
9.3

0 
1.5

5 
3.8

0 
Un

ide
nt

ifie
d 

Biv
alv

ia 
sp

3 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
3.7

0 
9.0

7 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
Un

ide
nt

ifie
d 

Biv
alv

ia 
sp

4 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
18

6 

Ap
pe

nd
ix 

H:
 A

bu
nd

an
ce

 o
f m

ac
ro

be
nt

ho
s f

ou
nd

 in
 d

ry
 se

as
on

 a
t s

ite
 A

 to
 E

 (C
on

tin
ue

d)
 

Cl
as

s 
Or

de
r 

Fa
m

ily
 

Sp
ec

ie
s 

De
ns

ity
 (i

nd
ivi

du
al

s/
m

2 ) 
A 

B 
C 

D 
E 

M
ea

n 
SD

 
M

ea
n 

SD
 

M
ea

n 
SD

 
M

ea
n 

SD
 

M
ea

n 
SD

 
Sc

ap
ho

po
da

 
Ar

cid
a 

Ar
cid

ae
 

De
nt

al
ium

 sp
. 

0.0
0 

0.0
0 

1.8
5 

4.5
4 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

Ga
str

op
od

a 
  

 
 U

nid
en

tif
ied

 
Ga

str
op

od
a1

 
16

.67
 

15
.32

 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
1.8

5 
4.5

4 
0.7

6 
1.8

5 

Ph
yl

um
 A

rth
ro

po
da

 
Ma

lac
os

tra
ca 

 
   

De
ca

po
da

 
Un

ide
nt

ifie
d 

de
ca

po
d 

sp
1 

1.8
5 

4.5
4 

3.7
0 

5.7
4 

1.8
5 

4.5
4 

0.0
0 

0.0
0 

3.7
0 

5.7
4 

Sc
alo

pid
ida

e 
Sc

al
op

ida
 

sp
ino

sip
es

 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 

Un
ide

nt
ifie

d 
Cr

ab
 sp

1 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
1.8

5 
4.5

4 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
Un

ide
nt

ifie
d 

Cr
ab

 sp
2 

0.0
0 

0.0
0 

11
.11

 
14

.05
 

12
.96

 
21

.56
 

3.7
0 

5.7
4 

2.8
1 

4.6
7 

Un
ide

nt
ifie

d 
Cr

ab
 sp

3 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
1.8

5 
4.5

4 
 

Ch
am

oc
ar

ini
da

e 
Ch

as
m

oc
ar

cin
op

s 
ge

la
sim

ide
s 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

5.5
6 

9.3
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

Pil
um

nid
ae

 
Ty

ph
lo

ca
rc

ino
ps

 
ca

na
lic

ul
at

a 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 

Am
ph

ipo
da

 
  

  
7.4

1 
18

.14
 

14
6.3 0 

97
.48

 
19

6.3 0 
14

1.0 1 
18

.52
 

30
.36

 
14

.32
 

16
.10

 

Lu
cif

er
 

  
  

0.0
0 

0.0
0 

1.8
5 

4.5
4 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

Iso
po

da
 

  
  

5.5
6 

9.3
0 

11
.11

 
18

.59
 

5.5
6 

13
.61

 
3.7

0 
9.0

7 
1.5

1 
3.7

0 
Cu

m
ac

ea
 

  
  

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

Os
tra

co
da

 
Os

tra
co

da
 

  
  

0.0
0 

0.0
0 

0.0
0 

0.0
0 

1.8
5 

4.5
4 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

He
xa

na
up

lia
 

Co
pe

po
da

 
  

  
12

.96
 

22
.68

 
7.4

1 
9.0

7 
5.5

5 
10

.28
 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

Un
ide

nt
ifie

d 
Ar

th
ro

po
d 

sp
1 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

9.2
6 

14
.77

 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
18

7 

Ap
pe

nd
ix 

H:
 A

bu
nd

an
ce

 o
f m

ac
ro

be
nt

ho
s f

ou
nd

 in
 d

ry
 se

as
on

 a
t s

ite
 A

 to
 E

 (C
on

tin
ue

d)
 

Cl
as

s 
Or

de
r 

Fa
m

ily
 

Sp
ec

ie
s 

De
ns

ity
 (i

nd
ivi

du
al

s/
m

2 ) 

A 
B 

C 
D 

E 

M
ea

n 
SD

 
M

ea
n 

SD
 

M
ea

n 
SD

 
M

ea
n 

SD
 

M
ea

n 
SD

 
Ph

yl
um

 E
ch

in
od

er
m

at
a 

Op
hiu

ro
ide

a 
Am

ph
ile

pid
ida

 
Op

hio
tri

ch
ida

e 
Op

hio
tri

x s
p.

 
1.8

5 
4.5

4 
29

.63
 

28
.69

 
40

.74
 

43
.70

 
18

.52
 

15
.18

 
26

.60
 

17
.55

 
Ho

lo
th

ur
oid

ea
 

Mo
lp

ad
ida

 
Ca

ud
ini

da
e 

Ac
au

din
a 

m
olp

ad
ioi

de
s 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

9.2
6 

10
.92

 

Ho
lo

th
ur

oid
ea

 
 U

nid
en

tif
ied

 se
a 

cu
cu

m
be

r s
p1

 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
1.8

5 
4.5

4 
0.0

0 
0.0

0 
3.7

0 
5.7

4 
 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
18

8 

 Ap
pe

nd
ix 

I: 
Ab

un
da

nc
e 

of
 m

ac
ro

be
nt

ho
s f

ou
nd

 in
 d

ry
 se

as
on

 si
te

 F
 to

 J 

Cl
as

s 
Or

de
r 

Fa
m

ily
 

Sp
ec

ie
s 

De
ns

ity
 (i

nd
ivi

du
al

s/
m

2 ) 
F 

G 
H 

I 
J 

M
ea

n 
SD

 
M

ea
n 

SD
 

M
ea

n 
SD

 
Me

an
 

SD
 

Me
an

 
SD

 
Ph

yl
um

 C
ni

da
ria

 
An

th
oz

oa
 

Pe
nn

at
ul

ac
ea

 
Pe

nn
at

ul
ida

e 
  

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

Ph
yl

um
 P

lat
yh

el
m

int
he

s 
Tu

rb
el

lar
ia 

  
  

  
0.0

0 
0.0

0 
1.8

5 
4.5

4 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
Ph

yl
um

 N
em

er
tin

ea
 

An
op

la 
  

  
  

1.8
5 

4.5
4 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

3.7
0 

5.7
4 

0.0
0 

0.0
0 

Ph
yl

um
 S

ip
un

cu
lid

a 
Sip

un
cu

la 
  

  
  

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

Ph
yl

um
 A

nn
el

id
a 

Po
lyc

ha
et

a 

Or
bin

iid
a 

Or
bin

iid
ae

 
  

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

Co
ss

ur
ida

 
Co

ss
ur

ida
e 

  
0.0

0 
0.0

0 
0.0

0 
0.0

0 
1.8

5 
4.5

4 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
Te

re
be

llid
a 

Cir
ra

tu
lid

ae
 

  
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
Ca

pit
el

lid
a 

Ca
pit

el
lid

ae
 

  
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
5.5

6 
13

.61
 

0.0
0 

0.0
0 

Ma
ld

an
ida

 
Ma

ld
an

ida
e 

  
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
Ph

yll
od

oc
ida

 
He

sio
nid

ae
 

  
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
Ph

yll
od

oc
ida

 
Ne

ph
ty

ida
e 

  
3.7

0 
5.7

4 
14

.81
 

11
.48

 
9.2

6 
10

.92
 

9.2
6 

8.3
6 

7.4
1 

9.0
7 

Sp
ion

ida
 

Sp
ion

ida
e 

  
0.0

0 
0.0

0 
3.7

0 
5.7

4 
5.5

6 
6.0

9 
5.5

6 
13

.61
 

1.8
5 

4.5
4 

Ph
yll

od
oc

ida
 

Ph
yll

od
oc

ida
e 

  
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
Eu

nic
ida

 
Lu

m
br

ine
rid

ae
 

  
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
Ph

yll
od

oc
ida

 
Sig

ali
on

ida
e 

  
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
Te

re
be

llid
a 

St
er

na
sp

ida
e 

  
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
18

9 

Ap
pe

nd
ix 

I: 
Ab

un
da

nc
e 

of
 m

ac
ro

be
nt

ho
s f

ou
nd

 in
 d

ry
 se

as
on

 si
te

 F
 to

 J 
(C

on
tin

ue
d)

 

Cl
as

s 
Or

de
r 

Fa
m

ily
 

Sp
ec

ie
s 

De
ns

ity
 (i

nd
ivi

du
al

s/
m

2 ) 
F 

G 
H 

I 
J 

M
ea

n 
SD

 
M

ea
n 

SD
 

M
ea

n 
SD

 
Me

an
 

SD
 

Me
an

 
SD

 
Po

lyc
ha

et
a 

Sa
be

llid
a 

Ow
en

iid
ae

 
  

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

Ph
yll

od
oc

ida
 

Pil
ar

gii
da

e 
  

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

Te
re

be
llid

a 
Am

ph
ar

et
ida

e 
  

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

Ph
yll

od
oc

ida
 

Go
nia

did
ae

 
  

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

Te
re

be
llid

a 
Tr

ich
ob

ra
nc

hid
ae

 
  

1.8
5 

4.5
4 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

1.8
5 

4.5
4 

0.0
0 

0.0
0 

Ph
yll

od
oc

ida
 

Po
lyn

oid
ae

 
  

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

Ma
ge

lo
nid

a 
Ma

ge
lo

nid
ae

 
  

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

Te
re

be
llid

a 
Te

re
be

llid
ae

 
  

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

Ph
yl

um
 M

ol
lu

sc
a 

Biv
alv

ia 
Ar

cid
a 

Ar
cid

ae
 

An
ad

ar
a 

sp
. 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

3.7
0 

9.0
7 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

Ca
rd

iid
a 

Te
llin

ida
e 

Te
llin

a 
sp

. 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
Ar

co
pe

lla
 c

as
ta

 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
3.7

0 
5.7

4 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
Ma

co
m

as
 sp

. 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
Ma

co
m

on
a 

ph
ilip

ina
ru

m
 

7.4
1 

13
.46

 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
3.7

0 
9.0

7 
1.8

5 
4.5

4 
Lu

cin
ida

 
Lu

cin
ida

e 
Ch

av
an

ia 
str

iat
a 

1.8
5 

4.5
4 

0.0
0 

0.0
0 

3.7
0 

5.7
4 

0.0
0 

0.0
0 

1.8
5 

4.5
4 

My
ida

 
Co

rb
ul

ida
e 

Co
rb

ul
a 

sp
. 

1.8
5 

4.5
4 

3.7
0 

5.7
4 

7.4
1 

9.0
7 

0.0
0 

0.0
0 

1.8
5 

4.5
4 

Nu
cu

lan
ida

 
Nu

cu
lan

ida
e 

Nu
cu

la
na

 sp
. 

18
.52

 
22

.95
 

24
.07

 
10

.92
 

18
.52

 
13

.46
 

24
.07

 
10

.92
 

22
.22

 
9.9

4 
Ve

ne
rid

a 
Ve

ne
rid

ae
 

Ph
ap

hia
 u

nd
ul

at
a 

1.8
5 

4.5
4 

1.8
5 

4.5
4 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

Un
ide

nt
ifie

d 
Biv

alv
ia 

sp
1 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

9.2
6 

12
.99

 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
Un

ide
nt

ifie
d 

Biv
alv

ia 
sp

2 
7.4

1 
18

.14
 

12
.96

 
12

.99
 

11
.11

 
17

.21
 

7.4
1 

11
.48

 
14

.81
 

16
.73

 
Un

ide
nt

ifie
d 

Biv
alv

ia 
sp

3 
0.0

0 
0.0

0 
1.8

5 
4.5

4 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
Un

ide
nt

ifie
d 

Biv
alv

ia 
sp

4 
0.0

0 
0.0

0 
5.5

6 
13

.61
 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

1.8
5 

4.5
4 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
19

0 

Ap
pe

nd
ix 

I: 
Ab

un
da

nc
e 

of
 m

ac
ro

be
nt

ho
s f

ou
nd

 in
 d

ry
 se

as
on

 si
te

 F
 to

 J 
(C

on
tin

ue
d)

 

Cl
as

s 
Or

de
r 

Fa
m

ily
 

Sp
ec

ie
s 

De
ns

ity
 (i

nd
ivi

du
al

s/
m

2 ) 
F 

G 
H 

I 
J 

M
ea

n 
SD

 
M

ea
n 

SD
 

M
ea

n 
SD

 
Me

an
 

SD
 

Me
an

 
SD

 
Sc

ap
ho

po
da

 
Ar

cid
a 

Ar
cid

ae
 

De
nt

al
ium

 sp
. 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

Ga
str

op
od

a 
 U

nid
en

tif
ied

 G
as

tro
po

da
1 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

Ph
yl

um
 A

rth
ro

po
da

 
Ma

lac
os

tra
ca 

 
   

De
ca

po
da

 
Un

ide
nt

ifie
d 

de
ca

po
d 

sp
1 

3.7
0 

5.7
4 

3.7
0 

9.0
7 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

5.5
6 

13
.61

 
Sc

alo
pid

ida
e 

Sc
al

op
ida

 sp
ino

sip
es

 
3.7

0 
9.0

7 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
3.7

0 
5.7

4 
0.0

0 
0.0

0 
Un

ide
nt

ifie
d 

Cr
ab

 sp
1 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

Un
ide

nt
ifie

d 
Cr

ab
 sp

2 
22

.22
 

35
.14

 
3.7

0 
5.7

4 
3.7

0 
5.7

4 
12

.96
 

8.3
6 

1.8
5 

4.5
4 

Un
ide

nt
ifie

d 
Cr

ab
 sp

3 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
Ch

am
oc

ar
ini

da
e 

Ch
as

m
oc

ar
cin

op
s 

ge
la

sim
ide

s 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
7.4

1 
9.0

7 
0.0

0 
0.0

0 
0.0

0 
0.0

0 

Pil
um

nid
ae

 
Ty

ph
lo

ca
rc

ino
ps

 
ca

na
lic

ul
at

a 
1.8

5 
4.5

4 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 

Am
ph

ipo
da

 
  

  
35

.19
 

30
.97

 
33

.33
 

22
.22

 
31

.48
 

14
.77

 
20

.37
 

14
.77

 
25

.93
 

16
.73

 
Lu

cif
er

 
  

  
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
Iso

po
da

 
  

  
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
Cu

m
ac

ea
 

  
  

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

Os
tra

co
da

 
Os

tra
co

da
 

  
  

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

He
xa

na
up

lia
 

Co
pe

po
da

 
  

  
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
Un

ide
nt

ifie
d 

Ar
th

ro
po

d 
sp

1 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 

   



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
19

1 

Ap
pe

nd
ix 

I: 
Ab

un
da

nc
e 

of
 m

ac
ro

be
nt

ho
s f

ou
nd

 in
 d

ry
 se

as
on

 si
te

 F
 to

 J 
(C

on
tin

ue
d)

 
 

Cl
as

s 
Or

de
r 

Fa
m

ily
 

Sp
ec

ie
s 

De
ns

ity
 (i

nd
ivi

du
al

s/
m

2 ) 
F 

G 
H 

I 
J 

M
ea

n 
SD

 
M

ea
n 

SD
 

M
ea

n 
SD

 
Me

an
 

SD
 

Me
an

 
SD

 
Ph

yl
um

 E
ch

in
od

er
m

at
a 

Op
hiu

ro
ide

a 
Am

ph
ile

pid
ida

 
Op

hio
tri

ch
ida

e 
Op

hio
tri

x s
p.

 
51

.85
 

64
.66

 
7.4

1 
9.0

7 
12

.96
 

12
.99

 
12

.96
 

16
.36

 
11

.11
 

7.0
3 

Ho
lo

th
ur

oid
ea

 
Mo

lp
ad

ida
 

Ca
ud

ini
da

e 
Ac

au
din

a m
olp

ad
ioi

de
s 

0.0
0 

0.0
0 

1.8
5 

4.5
4 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

0.0
0 

Ho
lo

th
ur

oid
ea

 
Un

ide
nt

ifie
d 

se
a 

cu
cu

m
be

r s
p1

 
3.7

0 
9.0

7 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
0.0

0 
   

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
19

2 

Ap
pe

nd
ix 

J: 
En

vir
on

m
en

ta
l d

at
a 

re
co

rd
ed

 d
ur

ing
 m

ac
ro

be
nt

hic
 sa

m
pl

ing
 in

 w
et

 se
as

on
  

  
Sa

m
pl

in
g 

sit
es

 
  

Sa
nd

 (%
) 

Sil
t (

%
) 

Cl
ay

 (%
) 

Or
ga

ni
c 

m
at

te
r (

%
) 

De
pt

h 
(m

) 
Te

m
p.

 
(C

) 
DO

  
(m

g/
L)

 
pH

 
Sa

lin
ity

 
(p

pt
) 

TD
S 

(g
/L

) 
Co

nd
uc

tiv
ity

 
(m

S/
cm

) 

St
at

ion
 A

 
Me

an
 

21
.19

 
62

.31
 

16
.51

 
13

.48
 

3.5
5 

28
.79

 
5.7

5 
7.6

5 
21

.28
 

30
.01

 
49

.55
 

SD
 

4.3
3 

8.9
7 

4.8
7 

0.5
5 

0.0
8 

0.0
2 

0.0
1 

0.0
1 

0.6
8 

0.0
3 

0.0
1 

St
at

ion
 B

 
Me

an
 

26
.01

 
63

.73
 

10
.26

 
13

.5 
5.6

1 
28

.86
 

6.2
3 

7.7
1 

25
.55

 
30

.17
 

50
.21

 
SD

 
3.5

8 
7 

3.9
3 

0.1
8 

0.2
5 

0.0
7 

0.0
4 

0.3
5 

0.5
6 

0.4
1 

0.3
9 

St
at

ion
 C

 
Me

an
 

18
.66

 
66

.4 
14

.94
 

12
.25

 
6.9

7 
28

.7 
6.3

5 
7.4

8 
29

.74
 

29
.79

 
49

.82
 

SD
 

0.6
6 

1.3
3 

0.7
5 

0.1
8 

0.0
8 

0.1
5 

0.1
2 

0.1
4 

0.1
9 

0.0
9 

0.1
4 

St
at

ion
 D

 
Me

an
 

28
.87

 
62

.89
 

8.2
4 

11
.81

 
3.9

3 
28

.6 
6.2

 
7.9

6 
28

.74
 

28
.98

 
47

.7 
SD

 
6.1

1 
9.3

 
4.0

5 
0.8

9 
0.0

5 
0.0

5 
0.0

1 
0.3

6 
0.4

1 
0.5

 
1.2

4 

St
at

ion
 E

 
Me

an
 

22
.87

 
70

.48
 

6.6
6 

12
.13

 
4.3

4 
26

.69
 

6.1
8 

7.2
7 

28
.74

 
29

.25
 

47
.87

 
SD

 
4.6

7 
4.9

2 
0.2

5 
0.3

1 
0.1

2 
1.7

 
0.0

3 
0.0

9 
1 

1.2
 

1.4
4 

St
at

ion
 F

 
Me

an
 

18
.5 

71
.89

 
9.6

1 
12

.16
 

2.5
4 

28
.78

 
5.8

1 
7.7

4 
29

.66
 

30
.08

 
49

.61
 

SD
 

10
.24

 
7.6

4 
4.3

7 
1.5

2 
0.0

8 
0.0

1 
0.0

4 
0.0

8 
0.4

6 
0.0

4 
0.0

3 

St
at

ion
 G

 
Me

an
 

14
.57

 
74

.5 
10

.94
 

11
.64

 
7.1

3 
28

.81
 

5.9
1 

7.3
4 

29
.87

 
30

.05
 

49
.57

 
SD

 
1.9

5 
3.4

7 
5.1

 
0.3

 
0.2

 
0.0

1 
0.0

1 
0 

0.0
1 

0.0
1 

0 

St
at

ion
 H

 
Me

an
 

14
.29

 
72

.61
 

13
.09

 
12

.94
 

7.4
3 

28
.68

 
6.2

8 
7.5

4 
30

.02
 

30
.56

 
49

.78
 

SD
 

1.5
5 

3.6
5 

5.2
 

0.9
8 

0.0
9 

0.1
8 

0.1
2 

0.2
5 

0.0
7 

0.2
5 

0.1
7 

St
at

ion
 I 

Me
an

 
15

.98
 

74
.89

 
9.1

3 
13

.74
 

8.1
8 

28
.51

 
6.4

3 
7.7

5 
30

.66
 

30
.51

 
50

.43
 

SD
 

5.9
9 

6.5
6 

2.8
3 

0.5
3 

0.1
1 

0.1
1 

0.0
1 

0.0
4 

0.2
6 

0.2
6 

0.3
2 

St
at

ion
 J 

Me
an

 
12

.77
 

79
.54

 
7.6

9 
11

.88
 

8.2
3 

28
.34

 
6.3

3 
7.7

9 
30

.06
 

30
.58

 
50

.45
 

SD
 

3.8
7 

3.1
5 

0.7
2 

0.4
1 

0.1
 

0.1
1 

0.1
 

0.0
7 

0.0
5 

0.3
5 

0.4
5 

Av
er

ag
e 

Me
an

 
19

.37
 

69
.92

 
10

.71
 

12
.55

 
5.7

9 
28

.47
 

6.1
5 

7.6
2 

28
.43

 
30

 
49

.5 
SD

 
6.8

8 
7.9

6 
4.5

9 
1 

1.9
9 

0.8
 

0.2
4 

0.2
7 

2.8
 

0.6
7 

1.1
 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
19

3 

Ap
pe

nd
ix 

K:
 E

nv
iro

nm
en

ta
l d

at
a 

re
co

rd
ed

 d
ur

ing
 m

ac
ro

be
nt

hic
 sa

m
pl

ing
 in

 d
ry

 se
as

on
  

Sa
m

pl
in

g 
sit

es
 

Sa
nd

 (%
) 

Sil
t (

%
) 

Cl
ay

 (%
) 

Or
ga

ni
c 

m
at

te
r (

%
) 

De
pt

h 
(m

) 
Te

m
p.

 
(C

) 
DO

  
(m

g/
L)

 
pH

 
Sa

lin
ity

 
(p

pt
) 

TD
S 

(g
/L

) 
Co

nd
uc

tiv
it

y 
(m

S/
cm

) 

St
at

ion
 A

 
Me

an
 

34
.68

 
58

.43
 

6.8
9 

11
.54

 
3.6

3 
28

.66
 

5.7
5 

4.9
1 

30
.8 

31
.77

 
53

.02
 

SD
 

8.1
3 

8.0
9 

0.9
5 

0.1
7 

0.2
7 

0.3
1 

0.2
3 

3.5
3 

0.1
9 

0.6
9 

0.9
2 

St
at

ion
 B

 
Me

an
 

30
.93

 
59

.65
 

9.4
2 

12
.82

 
5.5

 
27

.68
 

5.3
 

7.8
1 

33
.24

 
32

.88
 

54
.06

 
SD

 
7.7

5 
8.5

9 
4.3

7 
0.3

5 
0.2

 
0.5

3 
0.1

6 
0.1

1 
0.1

2 
0.3

2 
0.2

3 

St
at

ion
 C

 
Me

an
 

20
.97

 
66

.52
 

12
.51

 
12

.38
 

7.3
9 

28
.05

 
5.2

4 
7.8

5 
33

.34
 

33
.13

 
54

.13
 

SD
 

3.7
6 

1.1
7 

3.8
2 

0.7
5 

0.4
5 

0.0
8 

0.1
8 

0.1
3 

0.0
5 

0.1
5 

0.2
6 

St
at

ion
 D

 
Me

an
 

27
.91

 
63

.38
 

8.7
1 

7.6
3 

3.8
5 

27
.92

 
5.7

6 
8.1

5 
33

.52
 

33
.13

 
54

 
SD

 
5.2

1 
8.9

 
3.8

1 
0.1

6 
0.0

6 
0.0

4 
0.0

2 
0.0

3 
0.0

7 
0.0

8 
0.5

1 

St
at

ion
 E

 
Me

an
 

19
.22

 
70

.04
 

10
.74

 
13

.03
 

4.4
3 

27
.96

 
5.5

5 
7.9

8 
33

.51
 

33
.8 

53
.75

 
SD

 
7.6

 
6.4

4 
5.1

9 
1.7

2 
0.3

1 
0.0

3 
0.6

5 
0.0

6 
0.4

1 
0.1

6 
0.6

 

St
at

ion
 F

 
Me

an
 

21
.8 

69
.95

 
8.2

5 
10

.56
 

2.7
7 

27
.62

 
4.1

7 
7.3

7 
32

.77
 

32
.97

 
56

.06
 

SD
 

10
.87

 
8.3

 
4.1

4 
0.1

7 
0.1

4 
0.2

 
0.6

 
0.4

2 
0.2

4 
0.1

2 
1.9

1 

St
at

ion
 G

 
Me

an
 

21
.87

 
70

.84
 

7.2
8 

12
.32

 
7.4

7 
27

.78
 

4.5
1 

7.5
5 

33
.03

 
33

.45
 

54
.94

 
SD

 
8.4

5 
6.7

2 
3.1

2 
0.8

2 
0.2

9 
0.2

4 
0.6

8 
0.3

7 
0.4

1 
0.4

5 
2 

St
at

ion
 H

 
Me

an
 

15
.8 

71
.75

 
12

.45
 

12
.33

 
7.6

9 
27

.49
 

5.2
6 

7.3
4 

32
.76

 
33

.24
 

54
.74

 
SD

 
4.2

6 
6.2

2 
4.8

2 
1.6

4 
0.1

3 
0.3

8 
0.6

7 
0.3

5 
0.6

9 
0.2

9 
0.8

2 

St
at

ion
 I 

Me
an

 
16

.12
 

75
.39

 
8.4

9 
13

.73
 

8.6
3 

28
.5 

5.5
8 

7.7
4 

33
.41

 
33

.61
 

54
.35

 
SD

 
8.1

 
6.7

 
2.7

9 
0.6

4 
0.5

1 
0.5

5 
0.5

4 
0.2

7 
0.3

5 
0.2

4 
0.7

4 

St
at

ion
 J 

Me
an

 
13

.21
 

76
.25

 
10

.54
 

12
.65

 
8.3

 
27

.01
 

5.7
7 

7.1
3 

32
.34

 
32

.01
 

52
.65

 
SD

 
5.4

3 
7.3

3 
3.4

5 
0.8

6 
0.3

4 
0.0

1 
0.1

8 
0.0

5 
0.5

1 
1.5

5 
2.0

6 

Av
er

ag
e 

Me
an

 
22

.25
 

68
.22

 
9.5

3 
11

.9 
5.9

6 
27

.87
 

5.2
9 

7.3
8 

32
.87

 
33

 
54

.17
 

SD
 

9.4
3 

8.8
2 

3.9
9 

1.8
5 

2.1
 

0.5
4 

0.6
7 

1.3
7 

0.8
6 

0.8
2 

1.4
5 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

VITA 
 

 
 

NAME  

DATE OF BIRTH 27 November 1981 

PLACE OF BIRTH Tak Province 

INSTITUTIONS ATTENDED B.S. (Environmental Science) Ramkhamhaeng University  
M.S. (Environmental Science) Kasetsart University 

HOME ADDRESS 473/102 Soi Phrayaprasert, Plabpla Sub-District, 
Wangthonglang District, Bangkok, 10310, Thailand 

PUBLICATION Suebpala, W., Chuenpagdee, R., Nitithamyong, C., & 
Yeemin, T. (2017). Ecological Impacts of Fishing Gears in 
Thailand: Knowledge and Gaps. Asian Fisheries Science 
Journal, 30(4), 284–305. 

AWARD RECEIVED - 
  

 

 


	ABSTRACT (THAI)
	ABSTRACT (ENGLISH)
	ACKNOWLEDGEMENTS
	TABLE OF CONTENTS
	LIST OF TABLES
	LIST OF FIGURES
	CHAPTER I INTRODUCTION
	1.1 Rationale
	1.2 Research questions
	1.3 Objectives
	1.4 Scope of the Study
	1.5 Expected Benefits
	1.6 List of acronyms

	CHAPTER II LITERATURE REVIEWS
	2.1 Marine fisheries in Thailand
	2.1.1 Development of Thai marine captured fisheries
	2.1.2 Thai marine captured fisheries production
	2.1.3 Fishing vessels and gears in Thailand

	2.2 Ecological impacts of fishing
	2.2.1 Bycatch
	2.2.2 Habitat damage

	2.3 Methodology review on fishing impact assessment
	2.3.1 Field surveys
	2.3.2 Expert elicitation method
	2.3.3 Environmental damage schedule

	2.4 Fisheries in Mu Ko Chang, Trat Province

	CHAPTER III METHODOLOGY
	3.1 Analyzing existing knowledge and gap on ecological impacts of fishing gears in Thai waters
	3.1.1 Objective
	3.1.2 Data collection
	3.1.3 Data treatment and analysis

	3.2 Analysis of small-scale fisheries bycatch in Mu Ko Chang, Trat Province
	3.2.1 Objective
	3.2.2 Gear selection
	3.2.3 Sample collection and processing
	3.2.4 Data treatment and analysis

	3.3 An in-situ study of impacts of fish traps on coral reefs in Ko Kut and Ko Mak, Trat Province
	3.3.1 Objective
	3.3.2 Fishing operation and data collection
	3.3.2 Data treatment and analysis

	3.4 Impacts of trawl, push net and dredge fisheries on macrobenthic communities in the Strait of Ko Chang, Trat Province
	3.4.1 Objective
	3.4.2 Sampling design and site selection
	3.4.3 Sampling and sample processing
	3.4.4 Data treatment and analysis

	3.5 Expert-based gear impacts assessment: Transdisciplinary approach
	3.5.1 Objective
	3.5.2 Gear selection and categorization of bycatch and habitats
	3.5.3 Selection of experts
	3.5.4 Consultation workshop preparation
	3.5.5 Conducting consultation workshop
	3.5.6 Post consultation workshop and data analyses
	3.5.7 Data Analysis


	CHAPTER IV RESULTS AND DISCUSSIONS
	4.1 Analyzing existing knowledge and gap on ecological impacts of fishing gears in Thai waters
	4.1.1 Existing knowledge on ecological impacts of fishing
	4.1.2 Gap analysis on bycatch and habitat damage

	4.2 Analysis of small-scale fisheries bycatch in Mu Ko Chang, Trat Province
	4.2.1 Catch description
	4.2.2 Catch composition
	4.2.3 Diversity of bycatch
	4.2.4 Catch utilization
	4.2.5 Ecological concerns on discarded bycatch

	4.3 An in-situ study of impacts of fish traps on coral reefs in Ko Kut and Ko Mak, Trat Province
	4.3.1 Impacts on corals
	4.3.2 Harvesting reef fishes
	4.3.3 Other possible impacts

	4.4 Impacts of trawl, push net and dredge fisheries on macrobenthic communities in the Strait of Ko Chang, Trat Province
	4.4.1 Abundance of macrobenthic invertebrates
	4.4.1 Diversity of macrobenthic invertebrates
	4.4.3 Environmental factors

	4.5 Expert-based gear impacts assessment: Transdisciplinary approach
	4.5.1 Rating gear impacts
	4.5.2 Ranking gear impacts


	CHAPTER V CONCLUSIONS AND SUGGESTIONS
	5.1 Conclusions
	5.2 Suggestions

	REFERENCES
	APPENDIX
	Appendix A: Quantity of retained bycatch caught from each fishing gear
	Appendix B: Number of individuals of retained bycatch found in each gear
	Appendix C: Quantity of discarded bycatch caught from each fishing gear
	Appendix D: Number of individuals of discarded bycatch
	Appendix E: A list of target and bycatch species caught by fish traps in Ko Kut and Ko Mak
	Appendix F: Abundance of macrobenthos found in wet season at site A to E
	Appendix G: Abundance of macrobenthos found in wet season at site F to J
	Appendix H: Abundance of macrobenthos found in dry season at site A to E
	Appendix I: Abundance of macrobenthos found in dry season site F to J
	Appendix J: Environmental data recorded during macrobenthic sampling in wet season
	Appendix K: Environmental data recorded during macrobenthic sampling in dry season
	VITA

