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Abstract 

 

This thesis addresses the issue of how marine protected areas (MPAs) impact on the food 

security needs of communities residing in and around them. This topic is of high relevance, 

given the impetus to achieve the UN Convention on Biological Diversity’s Aichi targets 

relating to MPA coverage, and has been particularly significant in Indonesia. The country has 

a high proportion of its population in coastal areas, and is witnessing a rapid expansion of its 

MPA estate to meet the Aichi target of 20 million hectares designated as MPAs by 2020.  

 

The research focuses on Karimunjawa Marine National Park in the Java Sea, which has a 

resident population of around 9000 people and has been highlighted in the literature as an 

example of a ‘successful’ MPA on the basis of improved environmental quality indicators since 

the MPA was designated.  

 

The research utilised an amended version of the Sustainable Livelihoods framework and two 

measures of food security (the Household Food Insecurity Access Scale and the Household 

Dietary Diversity Scale) to examine the extent of food insecurity within villages and derive 

predictive relationships between household characteristics and food insecurity.  

 

Through detailed quantitative analysis of household level data, the results shed new light on 

how food security may be measured in marine resource-dependent communities and the extent 

to which regulations on resource access affect the capacity of households to maintain food 

security through a diverse suite of fishing and income-generating activities. The outcomes of 

the research can be applied to help tailor marine resource management decisions to better 

reflect the needs of local communities and thereby promote more effective marine conservation 

practices. 
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CHAPTER 1: Introduction 

1.1. Introduction 

Seventy percent of the total surface of the earth is oceans and seas, which are very 

important for people’s income and livelihoods. However, marine environments around the 

world are at risk from many threats (WWF 2016). For example, around 75% of coral reefs 

worldwide are rated as threatened (Burke et al. 2011), and there is a decline of fish populations 

with 31% of global fish stocks listed as overfished (WWF 2016). To combat these threats, 

marine protected areas (MPAs) are increasingly being implemented globally as a tool to protect 

marine ecosystems, with restrictions applied on human activities within MPAs (Alva et al. 

2016; Gallacher et al. 2016; Roberts, Valkan & Cook 2018; Teh, Teh & Jumin 2013).  

Dr. Cristiana Pașca Palmer, The Executive Secretary of the Convention on Biological 

Diversity (CBD), declared in June 2017 that governments worldwide have agreed to an 

expanded target of 10% of marine areas protected globally by 2020, contributing to Sustainable 

Development Goal 14. Furthermore, the CBD’s Aichi Target 11 stated that “by 2020, at least 

17 percent of terrestrial and inland water areas, and 10 percent of coastal and marine areas, 

especially areas of particular importance for biodiversity and ecosystem services, are 

conserved through effectively and equitably managed, ecologically representative and well 

connected systems of protected areas and other effective area-based conservation measures, 

and integrated into the wider landscape and seascapes” (CBD 2010). 

Achieving conservation success through MPAs depends on the compliance of the 

resource users to the MPA’s regulations and rules (Arias et al. 2015; Campbell et al. 2012; 

Marshall, Marshall & Abdulla 2009) particularly the fishers as they directly depend on marine 

resources. Therefore, maximising fishers’ compliance with MPA regulations is important to 

protect biological diversity and achieve associated flow-on impacts for human wellbeing such 

as food security (Arias et al. 2015; Campbell et al. 2012).  

Food security “exists when all people, at all times, have physical, social and economic 

access to sufficient, safe and nutritious food to meet their dietary needs and food preferences 

for an active and healthy life” (ACF 2010). Fisheries are essential for attaining food security 

of coastal communities. Communities can sell marine products in order to buy food items, and 

can also consume the catch directly (Foale et al. 2013).  

Research on the contribution of MPAs to food security is a relatively new field. A few 

studies have focused on the links between marine conservation and food security (Alva et al. 

2016; Aswani & Furusawa 2007; Darling 2014; Gjertsen 2005; Kamat & Woo Kinshella 2018; 
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Weiant & Aswani 2006). However, there have been few detailed assessments of the impact of 

rezoning MPAs on household food security, fishing livelihoods and fish utilisation, and 

alternative livelihoods in MPAs. Consequently, the research presented in this thesis will focus 

on one MPA to develop a deep contextual understanding of the potential impact of an MPA on 

household food security.  

The study considers the case of MPA management in Karimunjawa National Park 

(KNP), Indonesia to examine the links between MPAs and food security. KNP is an MPA that 

seems to achieve the desired ecological and socio-economic goals. The ecological goal of KNP 

is to protect the ecosystems within and surrounding Karimunjawa Island. There are five types 

of important ecosystems in KNP: coral reef, seagrass, mangrove, coastal forest, and tropical 

rain forest (BTNK 2012). KNP provides natural resources that hold high potential for tourism 

activities, providing access to alternative livelihoods (i.e., livelihoods not based primarily on 

fishing) for local people (Hafsaridewi et al. 2018). Local communities in KNP have adjusted 

their livelihoods by participating in tourism activities and practicing seaweed farming (Maillet 

2012).  

This research focuses on the socio-economic effects of the marine protected area in 

Karimunjawa National Park with a specific focus on household food security and livelihoods, 

and the use of detailed household questionnaires that measured indicators of food security. 

Additionally, the thesis identifies the interaction between food security and policy, providing 

guidance for decision makers and planners to take action on improving food security. 

 

1.2. Research aim and objectives 

The overarching aim of this research was to understand the links between the 

implementation of MPAs, food security and livelihood strategies, using the KNP in Indonesia 

as a case study. The study explored the impact of MPA rezoning, household food security, 

fishing livelihoods and fish utilisation, and alternative livelihoods of four contrasting coastal 

communities in KNP, with a more detailed focus on two communities (the villages of Parang 

and Karimunjawa). The guiding hypothesis behind the study was that the presence of a well-

managed MPA has a positive impact on food security and livelihood diversification for marine 

resource dependent communities.  

The specific objectives of the research were: 

1) To explore MPA management in Indonesia, and ascertain whether Karimunjawa 

National Park can be considered an example of a well-managed MPA; 
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2) To assess the differences in household food security between and within two 

contrasting villages within Karimunjawa National Park; 

3) To understand the degree to which fishers in the target communities were reliant 

on coral reef habitats and fish of different trophic levels for their livelihoods; 

4) To understand the impact of socio-economic factors on household food security, 

and understand the range of livelihood strategies pursued by community 

members in Karimunjawa National Park. 

5) To understand the main problem of household food security in the marine 

conservation area. 

It should be noted at this point that the research was focused on villages within the 

national park. It was not feasible to generate a research design which would enable a 

comparison of villages within and outside of the national park, given the obvious differences 

in population, socio-economic structure, historical development, government investment and 

so on which could influence such a comparsion. This research is therefore not attempting to 

utilise a ‘control group’ (i.e. studying differences between one village within a national park 

and one outside a national park) such as one would expect in an attempt to find a causal 

relationship behind any differences observed. Rather, the research adopts an observational 

approach common in the social sciences where the characteristics of the resident population 

are studied without any attempt to manipulate or change any influential variables. The findings 

are, therefore, ‘associative’ rather than ‘causative’, in that any observed relationships, whether 

statistically valid or not, cannot be taken as evidence of any causal relationship with external 

variables. 

In order to achieve these objectives, this research explored several research questions 

and sub-questions for each objective, which are detailed in turn in each of the chapters 

dedicated to answering the above objectives. 

 

1.3. Structure of the thesis 

The research is presented as a thesis, rather than as a series of papers. The key original 

results are presented in Chapters 5, 6, and 7. As the results are presented across three separate 

chapters, there is some degree of repetition in the descriptions of the study area and 

methodology in these chapters. An in-depth exploration of the methodology is given in 

Chapter 4. 
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Chapter 1 presents the background, purpose and justification of the research along 

with the overall research aim, research questions and the outline of the thesis structure. It also 

provides an overview of the links between MPAs and household food security.  

Chapter 2 functions as a literature review, providing a detailed discussion of the 

literature on food security and MPAs.  

Chapter 3 provides an in-depth case study analysis of KNP, the focal MPA for this 

research, which is thought to perform well for marine conservation. As this research is place-

based, it is necessary to describe the study area, performance of KNP, and characteristics of 

the villages. The research presented in Chapter 3 contributes towards Objective 1. 

Chapter 4 details the overall research approach and methodology, including the use of 

food security analysis as the overarching theoretical framework to the research. The 

development and origin of the framework are explained. Data collection, data analysis, and 

research challenges are also discussed in this chapter. 

Chapter 5 addresses Objective 2, to explore the differences in household food security 

between and within two villages in KNP. Differences in household dietary diversity, household 

food insecurity access scale (HFIAS) and demographic characteristics are discussed in this 

chapter.  

Chapter 6 relates to Objective 3, and includes an in-depth analysis of the fishing 

strategies and livelihoods of households engaged in fishing in two villages in KNP. The chapter 

explores the degree to which fishers in the target communities are reliant on coral reef habitats 

and fish of different trophic levels for their livelihoods.  

Chapter 7 examines Objective 4, exploring the impact of socio-economics factors on 

household food security, and providing descriptive information and analysis of the range of 

livelihood strategies pursued by community members in KNP.  

Chapter 8 is a general discussion chapter that concludes this thesis. The main research 

findings and recommendations are presented in this chapter, alongside recommendations for 

further research and a critical evaluation of the approach used in this research.  

 

1.4. Contribution of the research 

This research makes four key contributions to better understanding the impact of 

MPAs on household food security. Firstly, Chapter 3 contributes to scholarship on pathways 

to effective MPA management. Secondly, results from Chapter 5 contribute to the discussion 

on how MPAs impact on household food security, a topic rarely covered in the literature to 
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date. Thirdly, Chapter 6 contributes to scholarship on the impact of MPAs on fishing strategies 

in tropical seas, and teases out the different ways that households utilise fisheries resources in 

and around MPAs. Finally, Chapter 7 contributes quantitative and qualitative interpretations of 

the factors influencing dietary diversity and access to alternative livelihoods in MPA contexts. 

Chapter 8 explains all the results to understand how marine conservation can contribute to 

household food security.  
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CHAPTER 2: Literature Review 

2.1. Defining food security  

The Food and Agriculture Organization (FAO), defines food security as “when all 

people, at all times, have physical and economic access to sufficient, safe and nutritious food 

to meet their dietary needs, and food preferences for an active and healthy life” (ACF 2010). 

The nutritional component is a fundamental part of the multi-dimensional definition of food 

security. As the 1996 World Food Summit declared and consequently reconfirmed in 2002, 

food security consists of four important components including food availability, food access, 

food utilisation and food stability (Habiba, Abedin & Shaw 2016; Napoli, De Muro & 

Mazziotta 2011) (see Table 2.1 for a description of the components of food security). 

 

Table 2. 1: Core food security components 

Indicators of food 

security 

Description 

Food Availability: 

Food stocks Diversity and sufficiency of food production in the market and 

household 

Food imports Origin, diversity and availability of food in the market 

Market prices Prices of staple food and basic commodities, variation and 

trends 

Food Access: 

Food source Diversity and changes of food sources 

Income sources Diversity of income sources or livelihood sources 

Coping strategies Range of food consumption strategies done by households such 

as adaptive, coping, crisis, and survival. 

Food Utilisation: 

Dietary diversity Diversity of food consumed over a 24-hr period 

Malnutrition prevalence Global Acute Malnutrition/Severe Acute Malnutrition rates, 

aggravating factors and contextual elements 

Water access and 

availability 

Source of water and water quality 

Public health Quality of health care, incidence and majority of disease 

outbreaks 

Care practices Prevalence of and change in breastfeeding; food sharing 

practices based on age, gender, health or working status 

Food Stability: Food stability reach when people have stable food availability, 

food access and food utilisation at all times 

Source: (ACF 2010; Habiba, Abedin & Shaw 2016) 
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2.1.1. Food availability 

Food availability refers to the physical presence of food in a particular country, region 

or local area that is grown, traded, stocked or imported. Food is available when it can be found 

in the market or produced by famers or it has been available as part of food aid. The food that 

is available in a certain area can be fresh food or packaged food. The failure of food availability 

can be caused by some factors such as issues with transferring food because of transportation, 

failed crops, or changing of import and export tariffs. Food availability depends on seasonal 

patterns in food trades and production (IFRC 2007). Food production is food produced in a 

certain area. Food trade is food that is imported into the area by traders through market systems. 

Food stock is food that is stored by the traders and in government stocks. Food transfer is food 

supplied by the government or aid agency. Food availability can be classified at district, 

community, national and regional levels (WFP 2009). 

Indicators of food availability are defined as “the food production, reserve, stock, 

imports and exports along with resources necessary for production such as field and pasture 

conditions, and opportunities for gathering wild foods providing information about quantity 

and quality of the food supply”. Food supply is influenced by the presence of good market 

systems from international to local levels and consequently food availability indicators are 

crucial for measuring the food security status at population levels (ACF 2010). 

 

2.1.2. Food access 

Food access relates to a household’s ability to secure enough food. Households obtain 

food through a combination of ways including home production and stocks, purchase, barter, 

borrowing, gifts and food aid. For example, food can be obtained through household production 

from crops, livestock, hunting, fishing and gathering of wild food. Households also can buy in 

the marketplace or shop, barter or exchange for items of food and gifts from friends or relatives, 

community, government and aid agencies. The availability of food does not mean that they can 

access it if they cannot obtain sufficient quantity or diversity of food through this system (WFP 

2009). 

Furthermore, food access indicators refer to income, expenses/expenditure, loans, 

trade and market mechanisms providing information on the purchase of food (ACF 2010).  
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2.1.3. Food utilisation 

Food utilisation refers to the way households consume the food that they access and 

individuals’ consumption of food. Food utilisation can be summarised by four steps. First, the 

method of food storage, processing and preparation including water and fuel used and hygiene 

conditions. Second, feeding practices for specific people who need special nutrition such as 

babies, children, seniors, unhealthy people, pregnant and lactating women. Third, food sharing 

within the household, relating to the amount of nutrition needed individually such as for 

growth, pregnancy, lactation. The last refers to the health status of family members. The 

availability and accessibility of food can be hindered when households have insufficient food 

quantity or quality or when people cannot receive optimal nutrition due to poor food 

preparation or through poor health (WFP 2009). Furthermore, there are some factors that can 

impact a community’s ability to access nutritious food including endemic disease, poor 

sanitation, lack of nutritional knowledge or cultural beliefs related to age or gender, and lack 

of resources for food preparation such as fuel and cooking materials (IFRC 2007).  

Moreover, indicators of food utilisation include food consumption, sanitation 

conditions, and nutritional status, sickness and mortality and provide information about the use 

of food within households. The others are food distribution within household, feeding practices 

for specific people such as infant and children, food storage and food preparation (ACF 2010).  

 

2.1.4. Stability 

This component addresses the stability of the other three components. People can be 

categorised food secure when they reach stability of food availability, food access and food 

utilisation. Some factors that affect stability of food security are uncertainties surrounding 

staple food prices in the marketplace, natural disasters and changes in climate, instability of 

politics and also unemployment. Solutions to these issues may include building savings and 

loan capacity in communities through targeted policies, food exchanges among households and 

improved food storage (Habiba, Abedin & Shaw 2016).  

 

2.2. Food security in the literature 

To date, most research on food security has focussed on the agricultural sector, and 

on food security in extreme situations, with much research in African country contexts 

including Gambia, Nigeria, South Africa, Kenya, and South Africa. These studies have found 

that food security is influenced by the agricultural sector. 
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The research conducted by Waha et al. (2018) in measuring household food security 

and farming diversity found that there was an increase in household food availability with 

farming diversity (Waha et al. 2018). A similar study in Gambia investigated the impact of 

New Rice for Africa (NERICA) adoption on household health and food security. NERICA 

adoption significantly increased in average rice grain yield of 157 kg/ha. M’Kaibi et al. (2015) 

assessed the impact of agricultural biodiversity and seasonal rain on dietary adequacy and 

household food security in rural areas in Kenya. They found that the dietary intake of 

macronutrients and micronutrients were low and most of the pre-school children’s nutrient 

intake was inadequate. There was a significant relationship between agricultural biodiversity 

and dietary adequacy. There was also a significant relationship between agricultural 

biodiversity and food security, and between dietary adequacy and food security (M’Kaibi et al. 

2015). Another study in Kenya examined the household food insecurity and coping strategies 

among small-scale farmers. The results reveal that low food production was caused by 

droughts. Most of the households had low household dietary diversity (83.3%) and an 

acceptable household food consumption score (50.7%). The major coping strategy was 

reduction in portion size (Icheria 2012). A similar study examining smallholder farmers’ 

coping strategies to sustained household food insecurity in Southern Ethiopia showed that 

about half of total households experienced mild to severe food insecurity with 19% of 

households falling into the hunger category. In the coping strategies, households minimised the 

amount of meals and food consumption during food shortage (Regassa 2011).  

Furthermore, many earlier studies of food security were conducted in extreme areas 

where studies mainly focused on food security and coping strategies among rural households. 

Studies in Nigeria found that approximately half of households were food secure and 

households employed some coping strategies to cope with food security. Based on the rank, 

households employed coping strategies by selling animals, purchasing food on credit, 

borrowing money, purchasing cheap food, skipping food, allowing children to eat first, 

harvesting young crops, looking for employment in other areas and also consuming seed 

reserves (Olayiwola, Tashikalma & Giroh 2017). Research in Nigeria found that almost all 

households adopted coping strategies by relying on less preferred food (97%) and purchasing 

food on credit (82%), reducing the amount of food consumed in a day (81%) and relying on 

help from relatives (74%) (Ehebhamen et al. 2017). Studies in South Africa found that the most 

common household coping strategy employed was to rely on less expensive food (mean = 1.9), 

the second was buying necessities (mean = 1.7) followed by sticking to household budgets 

(mean = 1.1). Households with low mean scores had coping strategies which included sending 
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household members to beg (mean = 0.1), sending household members to eat elsewhere (mean 

= 0.2) and maintaining a food garden (mean = 0.4) (Grobler 2014). Another study in Nigeria 

found that the main effect of household food insecurity was reduction in household 

income/saving because of the high expenditure of food (mean = 3.58). Coping strategies 

included finding employment in the non-farming sectors (mean = 2.77) to increase household 

income (Ifeoma & Agwu 2014).  

In addition, there are also other studies that measure food security and household 

dietary diversity in extreme sites. Food security measurement in Nigeria found that most of the 

households were food insecure. Most households (44%) had a low dietary diversity score with 

mean = 3.42. Coping strategies adopted by households were consuming lower quality food 

(95% of households), off-farm income (92%), purchasing food on credit (87%) and selling of 

livestock to buy food (73%) (Fawole, Ozkan & Ayanrinde 2016). Assessment of food security 

in South Africa found that most households had high dietary diversity (62% of households) but 

there was a lack in the consumption of food groups that have important micronutrients. The 

factors that influence their dietary diversity were household head characteristics (age, gender, 

education, marital status and employment status), households who had pensions, meanwhile, 

households living in rural areas had less dietary diversity (Megbowon & Mushunje 2018). 

In summary, there are clearly many strategies employed by households to increase 

food security which will vary according to the local economic, political, social and 

environmental circumstances. However, most literature focuses on food security in terrestrial 

villages and often in extreme conditions of drought. There is therefore a gap in the literature 

dealing with food security in maritime communities under everyday (i.e. non-extreme) 

conditions and this will therefore be addressed in this study.  

 

2.3. Marine protected areas 

MPAs are established as a management instrument to protect marine ecosystems and 

conserve biodiversity or cultural value for the next generations (D'Aloia et al. 2017; Foster et 

al. 2017; Smith & Metaxas 2018). MPAs have been demonstrated to be an important tool for 

sustainability of marine resources and biodiversity (Roberts, Valkan & Cook 2018) that are 

crucial for human welfare (OECD 2017).  

MPAs potentially give direct benefit to nearby communities as MPAs contribute to 

coastal communities’ income. Coastal community life highly depends on marine resources, 

with more than 100 million coastal communities drawing on marine resources as their income 
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(Foale et al. 2013). Communites can derive income from the ecotourism sector and businesses 

(Susan et al. 2010) and also fishing activities. Then, through greater income, communities can 

improve their food security (Alva et al. 2016).  

In Thailand, households living within or in proximity to MPAs have higher income 

security and lower economic vulnerability than the households located distant from MPAs 

(Ngoc 2018). They derive benefit from fishing activities because catch per unit effort (CPUE) 

is high and the landing price of the highest commercial species such as shrimp and demersal 

fish is also high. MPAs in Vietnam have a beneficial impact on coral reef health, fish abundance 

and community income. Communities get more opportunity to work in tourism related 

activities. Communities’ income within MPAs increase especially for communities that have 

homestays as they can offer their room to tourists (Ngoc 2018).  

In Kenya, fisheries closure and gear restriction increase CPUE by around 20%. Fisher 

revenue is 135% higher compared with areas without gear restriction (McClanahan 2010).   

In addition, from fisheries sector, MPAs can increase productivity of fish stocks inside 

and adjacent to MPAs. In the fish breeding zone, fish can mature, leading to increased 

reproduction and spillover of fish to connecting zones where fishing activities are permitted 

(Alva et al. 2016; Bennett & Dearden 2014). For example, in Apo Island Marine Reserve in 

the Philippines, fishermen from outside the reserve benefited from the spillover of the fish from 

the protected area (Weigel et al. 2014).  

MPAs also have the potential to increase food security, as fish are crucial for food 

security and food supply in coastal areas. Therefore, it is worth giving more attention to seafood 

in food policy because it is physically and culturally important in the food menu (Béné et al. 

2015). Furthermore, it is as a source of protein, with around one billion people dependent on 

fish as their protein source (Mascia, Claus & Naidoo 2010). Through MPAs, communities can 

catch more fish for consumption and obtain more income from selling the fish. Communities 

can allocate their higher income to buy food (Alva et al. 2016).  

However, many MPAs generate little or no benefit to the communities. This is often 

because of factors such as lack of community compliance with MPA regulations, no policy 

implementation of MPA boundaries, the small size of the no-take zone and destructive fishing 

practices. For instance, MPA management in Rio de Janeiro state, Brazil, after five years of 

MPA enforcement, resulted in high abundance in only one region out of six within the MPA 

(Lopes et al. 2013). From a biological perspective, MPAs from this study in Brazil have clearly 

not provided benefits to all communities through improved fish abundance. The fishing income 

of the community closest to the MPA was higher because their fishing methods used encircling 
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nets associated with spear diving and targeting fish with high economic value. Destructive 

fishing practices also caused conflict between communities. However, fishing yields of 

communities further from MPAs increased because they complied with their own regulations 

such as minimum distance among gill nets (Lopes et al. 2013). 

Another study in North Carolina and Florida showed that in the six years following 

MPA establishment, there was no increase in fish populations. The reasons were low 

compliance of the community with fishing regulations, the no-take zones were small in area 

and the reef fish area close to MPA borders that may impact on fish population within the MPA 

(Bacheler et al. 2016). In Belize, MPA has not been effective in restoring fish populations 

because of limited support for MPA implementation and no limitations on the access to the 

MPA (Cox et al. 2017).  

 

2.4. Marine protected areas and food security 

There have been many studies that focus on the effects and benefits of MPAs. 

However, there are limited studies that speficially focus on assessing the effect of MPA on 

household food security. Most literature indicates the effectiveness of marine management 

through the beneficial effects on biological resources but there is less discussion of whether the 

implementation of marine management affects human wellbeing particularly household food 

security.  

Understanding of MPAs for coastal communities’ food security is necessary to better 

inform stakeholders such as policy makers, governments and local communities. 

Understanding this can also contribute to finding appropriate ways to increase marine reserves 

and achieve the welfare of communities at the same time particularly food security.  

Information from 13 previous studies (Table 2.2) showed that not all studies provided 

information on all food security indicators (food security, food access and food utilisation). Six 

studies provided information about food availability in terms of fish production in MPAs. 

Based on data from previous studies, marine conservation improves the sustainability of fish 

production of commercial and recreational fish species (Wenzel et al. 2013), marine resources 

harvested may contribute to coastal communities’ income and diet (Weiant & Aswani 2006), 

and shark species also may be more abundant nside MPAs (Yates et al. 2016). Through MPA 

management, fishers receive greater income if they reside close to the MPA as fish catches 

increase and also if they are further away from the MPA since fish biomass was higher (Lopes 

et al. 2013).  
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However, findings from the previous study give no indication that implementing 

MPAs increases economically important demersal fish (Bacheler et al. 2016). In Belize, MPAs 

have not been effective in restoring fish production (Cox et al. 2017). In addition, livelihood 

diversification in MPAs gave no benefit for coastal communities who have lower adaptive 

capacity (Faraco et al. 2016). 

There is only one study that provided information about food access, obtained by 

using a household survey. The result was that households who live within or adjacent to MPAs 

have better income and are less vulnerable. The local people can focus on working in the 

fisheries sector and not have to find other work for livelihood diversification (Weigel et al. 

2015).  

The other two studies focused on food utilisation. They found that there were positive 

effects on children living in communities within 2 km of MPAs. Families who live near the 

MPA may have a more diverse diet for their children particularly children aged from 6-59 

months. The data was analysed from Demographic and Health Survey (Alva et al. 2016). 

Another study with almost the same result showed that MPAs have positive effects on food 

security, based on a survey in five MPA locations in the Solomon Islands (Aswani & Furusawa 

2007). Households living in the area with good MPA management mostly had highest protein 

consumption especially protein from marine resources and higher food security compared to 

the villages with no presence of MPA or ineffective MPA management (Aswani & Furusawa 

2007).  

However, the study of Gjertsen (2005) showed that there is no strong relationship 

between MPA design and children’s nutrition status. Alternative income from patrolling and 

tourism do not impact on nutritional food security (Gjertsen 2005). Another study also showed 

that there was no significant impact of a marine reserve on food consumption and coping 

stratregies. There was no difference in protein intake, dietary diversity and food coping 

strategies between households near or far from the marine reserve. This was because 

households with less access to protein from fish, obtain their protein needs from legumes, rather 

than from animals (Darling 2014). 

Literature about the effect of MPAs on food stability was not available. Therefore, 

there is no review on the food stability component. 
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Table 2. 2: Review of Food Security Literature 

Food security 

component 

Sample 

Population 

Data and method Key finding Reference 

Fish production  Annual Report to Congress on 

the Status of U.S. Fisheries-

2010. U.S. Department of 

Commerce 

MPAs increase the sustainable production of 

commercial and recreational fish species. 

(Wenzel et al. 

2013) 

Food availability/ 

Diet and income 

Household 

CB-MPA 

Qualitative and quantitative 

social impact assessment of the 

Baraulu and Bulelavata CB-

MPA 

In MPAs, marine resources harvested by women are 

very important for the well-being of households and 

they contribute significantly to their diet and income. 

(Weiant & 

Aswani 

2006) 

Fish production  
to 

Fishery-independent surveys of 

shark communities to 

investigate shark abundance 

and community structure in 

open and closed zone 

inside MPAs. 

Shark abundance on longlines was higher inside MPAs. 

Coastal MPAs may increase the survival of young 

sharks to maturity, or shelter parts of breeding stocks. 

 

(Yates et al. 

2016) 

Food production Island Twelve islands were sampled, 

six within and six outside the 

MPA 

The CPUE was higher in the fishing community that 

was further away from the MPA, fish biomass was 

higher in the islands located inside the MPA in the 

southern region and in the islands located outside the 

MPA in the northern region, while fishers were making 

the most money closest to the MPA. 

 

(Lopes et al. 

2013) 

Food 

availability/Fish 

production 

Reef Underwater ROV and 

submersible surveys 2001-

2014  

Six years after MPA establishment, there is no 

evidence of increased abundance of economically-

important demersal fish in MPAs. 

(Bacheler et 

al. 2016) 
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Food security 

component 

Sample 

Population 

Data and method Key finding Reference 

Food 

Availability/ 

Socio-economic 

condition 

Household 

surveys 

Interview with 213 households 

in nine villages  

Variability among households and villages.  

Restriction of mangrove resource use affected 

community adaptation. Less than 20% of households 

had high adaptive capacity. 

Livelihood diversification results in greater income, but 

is usually more accessible to those that are already 

better-off. 

MPAs further restrict the options of those that already 

have lower adaptive capacity. 

(Faraco et al. 

2016) 

Fish population Reef 

monitoring 

Sixteen reef sites (15−18 m 

depth) along the Belize Barrier 

Reef monitored from 2009-

2013 

Belizean MPA network has not been consistently 

effective in restoring both fish populations and benthic 

communities. 

(Cox et al. 

2017) 

Food Access 

(Socio-economic)  

and Availability 

(fish population) 

Survey 

questionnair

e and 

logbook 

program.  

Recorded trip-level data for 

fishing vessels and information 

on the type of fishing vessel 

such as power, length of 

vessel, fishing gear type 

There was an increase in coral cover between 2011 -

2015. 

Local community had better livelihoods because there 

was an increase in CPUE and it increased household 

income from fishing activities. 

                                                       

(Ngoc 2018) 

Food Access Household 

surveys 

123 fishing households 

surveyed twice a year 

Higher incomes and less economic vulnerability for 

households located within or adjacent to the MPA, and 

less equal income distribution among households 

located remote from the MPA. So, the households 

located within or adjacent to the MPA have more 

security, can stay focused on the most profitable fishing 

activities and not have to diversify outside of the fishing 

sector. 

(Weigel et al. 

2015) 
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Food security 

component 

Sample 

Population 

Data and method Key finding Reference 

Food 

consumption, 

Children’s dietary 

diversity 

Children 

aged 6 

months – 5 

years 

Data analysis from 

Demographic and Health 

Survey, a nationally 

representative household 

survey 

Positive effects for children living in communities 

within 2 km of an MPA. Families who live close the 

MPA, may get a more diverse diet for their children. 

 

(Alva et al. 

2016) 

 

Food 

utilisation/food 

consumption, 

Human Nutrition 

and Health  

Interviews 

and survey 

of village 

residents 

 

Survey five MPA locations MPA can have positive effect on people’s food 

security and health. 

(Aswani & 

Furusawa 

2007) 

Food utilisation/ 

food consumption 

Reef 

survey, 

interviews 

with fishers, 

local 

managers 

and key 

informants  

Analyse the improvement of 

ecosystem health and 

associated improvement in 

human wellbeing as measured 

by child nutritional status 

There is no strong relationship between the MPA 

related factors and child nutrition status.  

(Gjertsen 

2005) 

Food utilisation/ 

food consumption 

Household 

surveys 

with women 

heads-of 

households 

Comparing the weekly 

consumption of the seven major 

food groups (i.e. household 

diets) between households near 

and far from marine reserves 

and between fishing and non- 

fishing livelihoods 

 

 

There was no impact of marine reserves on food 

consumption and coping strategies. There was no 

difference in protein intake, dietary diversity and food 

coping strategies between households near or far from 

marine reserves.  

(Darling 

2014) 
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CHAPTER 3: Study Area  

3.1. Karimunjawa National Park, Indonesia  

The Karimunjawa National Park (KNP) is one of the marine conservation areas in 

Indonesia. It is located on the northern coast of Central Java, in an area of abundant marine 

biodiversity that must be maintained as a regional and national asset. Karimunjawa Island 

encompasses 27 islands but KNP only covers 22 islands (Campbell et al. 2013). Of the 27 islands, 

only five islands are inhabited with several Indonesian ethnic groups present including people with 

ethnic and cultural ties to Java, Bugis, Makassar, Banjar, Buton, Madura, and Bajau. The 

communities in the islands live in harmony even though they have different ethnicity, religion and 

social groups (Rochwulaningsih 2011). Of the total working population, 47% are fishers while the 

rest are farmers, industrial workers, traders, construction workers, civil cervants, on pensions or 

occupied in other services (Hafsaridewi et al. 2018). The KNP encompasses four villages which 

are Karimunjawa, Kemujan, Parang and Nyamuk. The capital of Karimunjawa sub-district is in 

Karimunjawa village. Most of the government offices, guesthouses, resorts, and ports are situated 

in Karimunjawa village (BTNK 2016). 

 

3.1.1. History of designation 

Initially, the Karimunjawa area was designed as a marine nature reserve in 9 April 1988 

by Minister of Forestry Decree No. 123/Kpts-II/1986 covering 111,625 ha in which 110,117,30 ha 

was marine area and 1.507,70 ha was land area. Then, the park was transformed from marine 

nature reserve to be Karimunjawa National Park by Minister of Forestry Decree No. 78/Kpts-

II/1999 in 22 February 1999. In 2001, the total marine area in KNP was declared as Karimunjawa 

National Park by Minister of Forestry No. 74/Kpts-II/2001 (BTNK 2012a). 

The zoning system is the basic management of KNP. At the beginning, Karimunjawa had 

four types of zones: core zone, protection zone, utilisation zone and supporting zone by Director 

General of Forest Protection and Nature Conservation Decree No.127/Kpts/DJ-VI/1989. In 2004, 

the existing zoning system changed. The rezoning was designed to address management problems 

particularly the ecological, socio-economic and cultural aspects including local customary law that 

caused overlapping policy in many sectors either in the provincial level or regency. In the rezoning 

process in 2005, the park authority organised a comprehensive approach, that was consultative 
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with a share vision and a planned coordination process (BTNK 2012a). The rezoned MPA is 

depicted in Figure 3.1. 

 

Figure 3. 1: Map of zoning for the Karimunjawa National Park in 2005.  

Source: (BTNK 2012a) 

 

The change of zonation was declared through Director General of Forest Protection and 

Nature Conservation Decree No: 79/IV/Set-3/2005 in 30 June 2005. There were seven zones: core 

zone, protection zone, utilisation zone, mariculture zone, rehabilitation zone, residential zone and 

traditional fisheries zone (Table 3.1).  
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Table 3. 1: Karimunjawa National Park zonation 2005 

No Zone Area (Ha)  % Location 

1  Core Zone  444,629  0.4  Some marine parts of Kumbang Island, Taka Menyawakan 

Island, Taka Malang Island, and Tanjung Bomang Island 

2  Protection 

Zone  

2,587,711  2.3  Lowland of tropical rain forest in Karimunjawa Island, 

mangrove forest in Kemujan Island, marine areas of Geleang 

Island, Burung Island, Tanjung Gelam Island, Sintok Island, 

Cemara Kecil Island, Katang Island, Gosong Selikur Island, 

and Gosong Tengah Island 

3  Tourism 

Utilisation 

Zone  

1,226,525  1.1  Marine area of Menjangan Besar Island, Menjangan Kecil 

Island, Menyawakan, Kembar Island, Tengah Island, Easten 

part of  Kumbang Island, Bengkoang Island, and  area in 

which Indonor Ship Sinking in 1960  

4  Residential 

Zone 

2,571,546  2.3  Karimunjawa Island, Kemujan Island, Parang Island, and 

Nyamuk Island  

5 Rehabilitati

on Zone  

122,514  0.1  Marine area in Eastern of Timur Island, Eastern of Parang 

Island, Eastern of Nyamuk Island, Western of Kemujan 

Island and Western of Karimunjawa Island  

6 Mariculture 

Zone  

788,213  0.7  Marine area of Karimunjawa Island, Kemujan Island, 

Menjangan Besar Island, Parang Island, and Nyamuk Island  

7 Traditional 

Fisheries 

Zone  

103,883,862  93.1  All marine areas outside of established zone in Karimunjawa 

National Park. 

Source: (BTNK 2012b) 

 

In 2009, there was another evaluation of the park’s management in which the zonation 

was found to require improvement. Therefore, in 2012, KNP was rezoned (Figure 3.2) to address 

economic, ecological and conservation, fishery, tourism and other problems (BTNK 2012b). 
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Figure 3. 2: Map of zoning for the Karimunjawa National park in 2012.  

Source: (BTNK 2012b) 

 

The area was divided into nine zones includes core zone, wilderness zone and protection 

zone, land zone utilisation, tourism utilisation zone, mariculture utilisation zone, religion, culture 

and history zone, rehabilitation zone and traditional fisheries zone (Table 3.2) (BTNK 2012b) 
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Table 3. 2: Zoning in Karimunjawa National Park 2012 

Zone Area 

(ha) 

%   Location 

Core Zone 444 0.4 Part of marine area including Kumbang Island, Taka 

Menyawakan Island, Taka Malang Island and Tanjung 

Bomang Island 

Wilderness 

Zone 

1452 1.3 Terrestrial low-lying tropical rain forest in Karimunjawa 

Island and mangrove forest in Kemujan Island 

Protection 

Zone  (marine 

area) 

 

2600 2.3 Waters of Sintok Island, Gosong Tengah, northern of 

Bengkoang island, southern of Cemara Besar island and 

northern of Cemara Kecil island, Geleang island, Burung 

island, southern part of Menjangan kecil island, east of  

Nyamuk island, waters of Karang Kapal, south of Karang 

Besi, northern of Krakal Besar, Gosong Kumbang, Kembar 

dan Gosong Selikur island 

Land  

Utilisation 

Zone 

56 0.05 Menjangan Kecil island, Cemara Besar island, Legon Lele, 

trekking mangrove area, Namplung Ragas area 

Tourism 

Utilisation 

Zone  

2734 2.4 Waters of Menjangan Besar Island, Menjangan Kecil Island, 

Menyawakan Island, Kembar Island, Tengah Island; waters 

east of Kumbang Island, south of Bengkoang Island and 

Indonor, and north of Cemara Besar, Tanjung Gelam, 

Cemara Kecil, Katang Island; south part of Krakal Besar, 

Krakal Kecil, Cilik Island  

Mariculture 

Utilisation 

Zone 

1371 1.2 Waters of Karimunjawa Island, Kemujan Island, Menjangan 

Besar Island, Parang Island, Nyamuk Island, Northern of 

Karang Besi Island 

Religion, 

Culture and 

History Zone  

0. 9 0.01 Cemetery of Sunan Nyamplungan in Karimunjawa Island 

Rehabilitation 

Zone 

 

68 0.06 Waters east of Parang island, Nyamuk Island, Western 

Kemujan Island, and waters west of Karimunjawa Island. 

Traditional 

Fisheries Zone  

102,8

99 

92.2 All waters outside of established zones inside KNP   

 

 Source: (BTNK 2012b) 
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Table 3.3 shows the comparison of the KNP zonation in 2005 and 2012. Of the total of 

KNP zonation, there was an increase of tourism utilisation zone from 1.1% in 2005 to 2.4% in 

2012. Meanwhile, there was a decrese in the traditional fisheries zone from 93.1% in 2005 to 

92.2% in 2012.  

 

Table 3. 3: Comparison of Karimunjawa National Park zonation. 

Zone 2005 2012 

Area (ha) % Area (ha) % 

Core Zone 444 0.4 444 0.4 

Wilderness Zone   1452 1.3 

Protection Zone (marine area) 2588 2.3 2600 2.3 

Land Utilisation Zone   56 0.05 

Tourism Utilisation Zone  1227 1.1 2734 2.4 

Mariculture Utilisation Zone 788 0.7 1371 1.2 

Religion, Culture and History Zone   0. 9 0.01 

Rehabilitation Zone  123 0.1 68 0.06 

Traditional Fisheries Zone 103,884 93.1 102,899 92.2 

Residential Zone 2572 2.3   

Total 111,625  111,625  

Source: (BTNK 2012a) 

 

3.1.2. Rezoning process of Karimujawa National Park in 2005 and 2012 

Rezoning in a national park is a process of spatial planning in changing the designation 

of zones. The process includes data collection, data analysis, draft arrangement, public 

consultation, planning, boundary management and implementation of rezoning. The rezoning 

process was based on assessment of ecology, socio-economic welfare, and community cultural 

aspects. Furthermore, the process involved stakeholders in order to get support from local 

communities, local leaders and local governments from village, district, regency and province 
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level. Academics from University of Diponegoro Semarang and NGOs (RARE, TAKA and WCS) 

also participated in the rezoning process. This collaboration was made to build synergy among 

stakeholders in the management of KNP (BTNK 2012a).  

 

3.1.3. Reasons for changing KNP management in 2005 

There were several reasons identified in the review conducted prior to the rezoning in 

2005 as resulting from shortcomings in MPA management. First, there was a weak compliance of 

the fishing community with the fishing regulations. This included overexploitation and destructive 

fishing practices that decrease fish populations such as muro ami, which is the use of very large 

small gauge nets that catch all sizes of fish, and cyanide fishing. The KNP authority initiated work 

collaboratively with the community to address the problems and to develop effective fishery 

regulations (BTNK 2004).  

Second, the performance of KNP governance was weak and there was a problem in KNP 

management. There was limited coordination and collaboration in management and limited 

community involvement leading to problems of surveillance. The authority was not able to monitor 

the area because of limited resources, so the security system was not effective nor strategic because 

of a lack of community participation. Furthermore, government bureaucracy was complicated 

which hampered the process of dealing with violations of MPA rules. There was also different 

perceptions between the KNP authority and the community about the management of the program 

because the KNP authority did not introduce the program sufficiently to the community. This had 

a negative impact on the compliance of the community with the program (BTNK 2004).   

Third, there was a lack of socialisation of KNP programs to the community that impacted 

on community participation, a lack of effort to build community awareness about the sustainability 

of natural resource and there was no two-way communication between the government and 

community so community mindset was “conservation means prohibition”. The community felt 

that if they had to change their fishing location, there would be a negative effect on their livelihood. 

Although alternative opportunities for income were created there were many obstacles to take up 

these opportunities such as a lack of access to capital, lack of training to undertake a new business 

and little motivation to start a new business (BTNK 2004).    

Finally, marine ecosystem destruction occurred in KNP. The park authority needed to 

manage the program for sustainable resource use. Since the area became a MPA, tourism has 
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developed, which can have an impact on the environment, on society, the economy and culture. 

For instance tourism can cause a decrease in water quality, increase in the need for land, increase 

in waste and pollution, increase in community income, introduction of foreign culture and social 

jealousy between tourism entrepreneurs and the community (BTNK 2004). Introduction of a 

foreign culture to local life can have a negative impact on tourism areas. For example, socio-

cultural degradation and disappearance of local norms and local wisdom (Priyanto & Pirastyo). 

Social jealousy is common as members of the community compete with each other to get benefit 

from ecotourism (Scheyvens 1999).  

For the development of tourism in KNP, some activities in the tourism utilisation zone 

include conservation, education, research and recreation. In addition, community participation in 

the tourism sector is important. This sector is expected to contribute economic benefit to the 

community (BTNK 2004).  

 

3.1.4. Reasons of changing KNP management in 2012  

Data collected between 2005 and 2009 indicated a range of changing ecological and 

socio-economic conditions in KNP. These changes contributed to the change in the KNP 

management. The first factor related to marine resource degradation, as fish biomass decreased 

significantly from 480,25kg/ha in 2004 to 20,030 kg/ha  in 2009, particularly fish with high 

economic value such as Serranidae (kerapu), Siganidae (baronang), Caesionidae (ekor kuning), 

and Lutjanidae (kakap). Furthermore, coral reef fish decreased from 6000 individual/ha in 2004 to 

4000 individual/ha in 2009 due to high fishing pressure and unsustainable fishing practices for 

example, cantrang (trawling), compressor and spear gun. However, illegal fishing practices such 

as cyanide fishing and human activities in MPA decreased over this period, reflected in the increase 

in percentage of hard coral cover from 45% in 2004 to 54% in 2009, although this did not impact 

on fish biomass (BTNK 2012a). 

The second driver of change related to the effect of zonation on local resource users. 

There was an increase in the community’s understanding of zonation because of information  about 

the program given by the KNPA. However, the increase of understanding about zonation did not 

increase their compliance with the regulations. Communities had a good perception of the effect 

of the MPA on natural resources. However, zonation did not have a good effect on their livelihood. 
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Many places as the source of fisheries but they became core and protection zone that fishers could 

not do fishing activities in these zones (BTNK 2012a). 

The third driver of change related to the rise of seaweed cultivation as an alternative to 

destructive fishing practices such as cyanide and muro ami which occurred in the KNP until 2010. 

The government supported local people to farm seaweed as this activity was considered an 

alternative livelihood to fishing activities. Therefore, most people mainly in Kemujan village 

changed from fishing to seaweed farming. Seaweed farming was also supported by international 

NGOs – Wildlife Conservation Service (WCS) and Rare. They worked in the strengthening of the 

seaweed farming program and seaweed farming group and also assisted the local people in 

assessing the supply chain of their product. Because of this, there was an expansion of the 

mariculture zone that was mainly used for seaweed farming. The mariculture zone area was only 

788,213 ha. However, all seaweed farming area become 1,258,969 ha in 2009, which exceeded 

the existing mariculture zone. Part of the traditional fisheries zone was used for mariculture 

extension since this zone was adjacent. In addition, the park authority was also concerned that 

there was the possibility of expansion into protection zone because this zone was also adjcanet to 

the mariculture zone. 

The last driver related to the need to change the tourism utilisation zone. The KNP is one 

of the best tourist destinations in Jepara Regency and Central Java. On a national level, this area 

has been a target for ecotourism development. For future development, there was a need to change 

some parts of the mangrove forest and tropical rain forest area (BTNK 2012a). 

Furthermore, some small islands in KNP area were owned by the local community. So, it 

was important to pay attention to the community’s accessibility. Each island needed to have a place 

to tie up a ship or boat and a place to build a jetty. Meanwhile, part of the water area of the 

community owned islands was a protection zone and core zone so building permanent tourism 

facilities would be forbidden by the park authority. Protection zone blocked the access to the 

islands belong to community. The protection zone surrounding those islands was changed to a 

tourism utilisation zone so that the community could access the islands, but outside of that zone 

was still surrounded by a protection zone. 

The access was used for building tourism facilities and infrastructure such as jetties with 

some considerations including the route of the ship, closure to coral reefs, water depth and existing 
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jetties. Therefore, in rezoning the protection zone, the boundaries of local community’s islands 

must be clear that communty’s  islands have to be outside of the KNP area (BTNK 2012a). 

 

3.2. Performance assessment of KNP 

MPA effectiveness can be evaluated by a set of performance indicators such as socio-

economic, ecological and governance (Pendred, Fischer & Fischer 2016). KNP has socio-

economic, ecological and governance objectives and recent research seems to show that KNP has 

good performance based on these indicators.  

 

3.2.1. Ecological performance 

The performance of Karimunjawa MPA from an ecological aspect reflects mixed 

outcomes, with a significant decline in fish abundance and biomass between 2005 and 2009. 

Unsustainable fishing practices such as cantrang (trawling), compressor and spear gun and weak 

compliance to the no take zone may have contributed to declining fish biomass (BTNK 2012b; 

Campbell et al. 2012).  

Nevertheless, during the evaluation in 2009 and after the second rezoning in 2012, there 

was an improvement in the KNP management so that the ecological objective was achieved. There 

was a significant increase in fish biomass after the second rezoning, including a significant increase 

in grouper mean biomass and stock size in 2012 (Yulianto et al. 2015). The increase in mean 

grouper biomass was ascribed to fishers’ compliance to the spear gun fisheries regulation and 

communities’ support and participation in the grouper fisheries management activities. There was 

also less pressure on the fish population because there was less use of Danish Seine fishing gear 

(Yulianto et al. 2015).  

In addition, from the ecological aspect, effective coral reef management can be seen as 

increasing or maintaining ecosystems indicators such as fish biomass or coral cover, maintaining 

ecosystem process (McClanahan et al. 2006).  

Result from the comparison of coral cover, fish abundance, and fish biomass were 

measured in 2010, 2013, and 2015 in KNP. There was an increase of coral cover in 2013, then, it 

was stable in 2015 in the Taka Malang (core zone). It seems that the coral was effectively 

managaed. However, a sharp decreased of coral cover occurred in the Geleang (protection zone) 

and Nirwana (traditional fisheries zone) in the period of 2012-2015. The decrease was due to 
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human activities in these areas such as fishing and tourism activities. On average, the percentage 

of coral cover in 2010 was 52.48% and in 2013 was 55.40%, showing that there was a rise of coral 

cover about 2.92%. In general, there was an increase of coral cover in 19 of the reseach locations 

around KNP, but not in the remaining seven research locations. It is likely that the increase of coral 

cover was because of a decrease in illegal fishing practices such as cynide and muro ami (Yuliana 

et al. 2017).  

In 2015, the highest proportion of fish abundance of all reef fisheries abundance was the 

family Pomacentridae (60.46 %). The second was Caesionidae (11.77%), and the third was 

Scaridae (6.27 %) (Yuliana et al. 2017). 

In terms of fish biomass in 2015, the highest fish biomass was the family Scaridae (122.33 

kg/ha), the second was Caesionidae (104.91 kg/ha), Serranidae (50.80 kg/ha), and the lowest was 

Balistidae (0.57 kg/ha) (Yuliana et al. 2017). There was an increase in total fish biomass from 

2010 to 2013 (206.55 kg/ha) and the average coral fish biomass was 392.46 kg/ha. However, the 

highest fish biomass in 2015 was Scaridae (122.33 kg/ha), the second was Caesionidae (104.91 

kg/ha) and the third Serranidae (50.80 kg/ha) (Yuliana et al. 2017).  

 

3.2.2. Socio-economic performance 

Research has indicated that fishers had good knowledge and understanding of the KNP 

management, reflected in the fishers’ compliance to the fishing regulations especially in gear 

restrictions (Campbell et al. 2012). Most of the fishers were small-scale fishers (artisanal fishers) 

who used fishing gear that was environmentally friendly (Wibowo, Aditomo & Prihantoko 2018). 

Nevertheless, they have low compliance to the spatial restrictions (Campbell et al. 2012), often 

due to the absence of marker buoys (Wibowo, Aditomo & Prihantoko 2018; Yuliana et al. 2016). 

There was a rise in compliance of fishers between 2010 and 2012 but decreased between 2012 and 

2014. Therefore, to increase awareness and compliance of fishers, clarity of the zone markers is 

important (Yuliana et al. 2016). 

In addition, communities in Karimunjawa and Kemujan villages had a higher awareness 

of the core zone (no-take zone) in comparison to Parang. The high awareness of these local 

communities about the gear restriction in the core zone was facilitated by their involvement in a 

group to help core zone surveillance. The use of mobile phones and SMS provided an effective 
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two-way communication between the KNP authority and communities (Widyatmoko, Purwanti & 

Suryanto 2012).   

Furthermore, there was a growth in tourism in KNP between 2008 and 2016. The increase 

in visitors is shown in Figure 3.3 (Baskara, Hendarto & Susilowati 2017). Because of this, local 

communities provided more complete facilities such as hotels, homestays, transportation, tour 

guides and trade (shop, kiosk). This improvement gives economic benefits for local people. This 

kind of business benefits local people who have good socio-economic capacity but people with 

low economic capacity still have the opportunity earning money through being tour guides or 

workers on inter-island boats (Rochwulaningsih 2011).  

 

Figure 3. 3: Number of Visitors in KNP between 2008 and 2016. 

Source: (Baskara, Hendarto & Susilowati 2017). 

 

Economic activity related to the tourism sector is concentrated in Karimunjawa village 

because the facilities for visitors are available in Karimunjawa village although the tourist 

attractions are in many islands around KNP (Rochwulaningsih, Sulistiyono & Masruroh 2014). 
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3.2.3. Governance performance 

Effective governance in a MPA is crucial to achieve the MPA goals. The key elements 

for achieving that are good integration between and within governing institutions, governance 

capacity, institutional sustainability and resilience, co-management and governance strategy for 

success (Charles & Wilson 2008).  

It has been noted that KNP had effective collaborative management arrangements 

involving many stakeholders from government department and local community (Campbell et al. 

2013). Stakeholders were invited to participate in the public consultation twice during the 

amending of zonation in 2005 and 2012. Local communities were also involved during public 

consultation where they participated in discussing the draft, sharing, and giving feedback with 

stakeholders for better management. The government also enabled fishers to undertake sea patrols 

to improve collaboration and supported the implementation of customary regulations determined 

by fishers within the traditional fishing zone (BTNK 2004; BTNK 2012b). 

Fishers reported the nest of turtles to the park authority and displaced the eggs from a nest 

to the hatchery location in other islands where the turtles are protected. For the compensation of 

their work, fishers get direct payment from the park authority. The payment system was based on 

the distance from the nest to the hatchery place (Sumaryati & Kuswadi 2017). 

 

3.3. Characteristics of study villages 

The research for this thesis was carried out in Karimunjawa sub-district, which includes 

four villages (Karimunjawa, Parang, Kemujan and Nyamuk). The study communities of 

Karimunjawa and Parang were chosen because their socio-economic characteristics differed 

considerably and hence the impacts of MPA regulations on food security within these communities 

may be expected to vary. Furthermore, the distant location of Nyamuk made it logistically difficult 

for the researcher to travel there. The study focused on the impact of the MPA on household food 

security measured by household dietary diversity and household hunger scale between two villages 

within the MPA.  

The total population in Karimunjawa sub-district in 2009 was 8,763 people and there were 

9,514 people in 2017 (BPS 2018) (Figure 3.4). The most densely inhabited village is Karimunjawa 

village while Nyamuk village has the lowest population.  
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Figure 3. 4: Village Population of Karimunjawa sub-district year 2009 – 2017.  

Source: BPS Kabupaten Jepara 2018 and BPS Kecamatan Karimunjawa 2009 and 2011-2016.  

 

3.3.1. Ethnic composition 

Javanese is the main ethnic group in Karimunjawa sub-district, most of whom are from 

Jepara district of Central Java Province. Other ethnic groups include Bugis, Madurese, Makassar, 

Mandar, Bajau, Banjar, Buton, Malay, and Batak. These ethnicities are mostly from the third or 

fourth generation of their families. Bugis is the second biggest ethnicity in Karimunjawa, most of 

whom reside in Kemujan where they account for a third of the community. Madurese is the third 

biggest ethnic group in Karimunjawa (Rochwulaningsih, Sulistiyono & Masruroh 2014).   

 

3.3.2. Livelihood activities 

Karimunjawa sub-district consists of 27 islands in the Java Sea. The area is rich in natural 

resources especially fisheries, which provide the main source of income for communities in the 

area. Almost half of total workers are fishers (47%), followed by farmers (27%), then government 

or army employees (9%) while others work in mining, industry, construction, transportation, 

pensioners and other services are in very low percentage (Hafsaridewi et al. 2018). Beside these, 

since the Central Java Government promoted the area as a tourist destination, many fishers have 

changed their work to the tourism sectors. There was a very significant growth of KNP visitors 
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from 9,986 in 2008 to 118,301 visitors in the eight year to 2016 (Baskara, Hendarto & Susilowati 

2017). 

Besides income from those sectors, communities in Karimunjawa sub-district generate 

income from seaweed farming (Wijayanto, Kurniani & Silitonga 2017). Most of this activity was 

in Kemujan village. The sector has experienced periodic growth and decline since 1992, reflecting 

problems in marketing and distribution. Between 2007 and 2012 the government also supported 

this farming activity because it was seen as a sustainable alternative livelihood. However, in 2012, 

seaweed production decreased because of ice-ice/white pest that attacked the seaweed steam and 

gotho moss pests that attack all parts of the seaweed. Due to this problem, most of farmers stopped 

farming activities but some communities still do cultivation. In fact, farmers also had other 

problems related to seaweed farming activities such as changing natural conditions (tidal waves 

and wind) that impact on pests spreading in the seaweed, access to the capital to improve their 

business and strict of government rules that limit the area for marine aquaculture (Satria et al. 

2017).  
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CHAPTER 4: Research Framework and Methodology 

4.1. Research framework 

A new framework for this research was developed which allowed food security in areas 

managed for marine conservation to be expressed. This was developed through adopting the 

sustainable livelihoods analysis (SLA) model developed by the UK Department of International 

Development (DFID 1999) (Figure 4.1).  

There were some reasons for choosing the SLA framework. First, the SLA framework 

builds the relationship between community and environmental assets clearly stated in the SLA 

assets. Second, the four main dimensions to sustainability in the SLA framework are 

environmental, economic, social and institutional sustainability. All of these dimensions are 

important and a balance must be found among these dimensions (Ashley & Carney 1999). 

Environmental sustainability occurs when environmental resources are conserved. Economic 

sustainability occurs when a baseline economic welfare level can be obtained and sustained. Social 

sustainability is achieved when social exclusion is minimised and social equity maximised. 

Institutional sustainability is attained when prevailing structures and processes have the capacity 

to continue to perform their functions over the long term (DFID 1999). Last, SLA helps to 

understand intereaction between the community and environment, and environmental management 

systems. The framework also helps to understand the community’s decisions and work to increase 

their welfare, income and food security and reduce their vulnerability (ACF 2010). 

The Department for International Development (DFID) model was adapted for this 

research by substituting livelihood assets for food security components and including food security 

components and marine conservation objectives in the framework. The reasons for adapting the 

framework was to allow broader understanding of the relationship between livelihood and food 

security.  

The arrows in the framework (see Figure 4.1) illustrate the relationship between 

governance and five household assets, so governance has a direct effect on drivers of insecurity, 

whilst marine conservation outcomes impact upon food security components. 
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Figure 4. 1: Conceptual framework for food security components. 

Source: adapted from SLA: (DFID 1999) 



 

44 

 

4.1.1. Drivers of insecurity 

The starting point of the framework is the drivers of insecurity. It is part of the framework 

that aims to identify the important components that can affect food security, including socio-

economic (demographic and decrease in food production), ecological (environmental degradation) 

and institutional (ineffective governance) drivers. 

Growing populations impact on food demand. For example, population growth in Asia 

requires an increase in production of cereal grain of 344 million metric tons between 1997 and 

2020 (Hanjra & Qureshi 2010). Natural resource degradation and climate change impacts on food 

production, making it difficult to meet the demand for food (Fyles and (Madramootoo 2015). 

Appropriate and responsible institutions and governance are important to prevent environmental 

degradation that indirectly impacts food security (Fyles and Madramootoo 2015). 

 

4.1.2. Household assets  

Financial assets are the most flexible of all five household assets since this asset can 

directly contribute to food security when food is obtained by purchasing. In addition, financial 

assets also can assist people participating in formulating policy, legislation and govern access to 

resources. Yet, this asset is less available across rural areas in the developing world and particularly 

in coastal communities (Ferrol-Schulte et al. 2013). In addition, financial assets can be savings, 

credit, and insurance (Allison & Horemans 2006), debt (formal, informal), remittances, pensions 

and wages (Serrat 2017). 

Natural assets are vital because food security is from resources such as farming and 

fishing. Marine resources and biodiversity are assets for coastal communities. Natural assets can 

be conserved directly by protection and indirectly by changing the institutions that manage the 

access to resources, environmental legislation, and support market development to increase the 

value of fisheries produced (DFID 1999). Moreover, natural assets are the most important assets 

for coastal communities as fishing is central to coastal communities’ food security (Hanazaki et 

al. 2013). In addition, natural assets consist of fish stocks, areas of seabed leased or accessed by 

licence, land owned, crops cultivated etc. (Allison & Horemans 2006), water and aquatic 

resources, trees and forest products, wildlife, wild foods and fibers, biodiversity, environmental 

services (Serrat 2017). Natural assets also comprise of the natural resource stocks including soil, 
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water, air, genetic resources, and environmental services including hydrological cycle, pollution 

sinks (Scoones 1998). 

Social assets are important as they reflect good networks and relationships that can 

increase trust and ability to cooperate and develop the access to institutions. Because of social 

assets, people can have good collaboration for resources management and maintenance of 

infrastructure and sharing knowledge that is useful to support food security. Social capital such as 

kinship networks, associations, membership of organisations and peer-group networks (Allison & 

Horemans 2006). In addition, social capital incudes groups both formal and informal, connections 

of trust and shared understanding, support, values, and behaviors, share rules and sanctions, shared 

representation, mechanisms for being involving in decision making process, and leadership (Serrat 

2017). 

Physical assets comprise the basic infrastructure and enable goods to be more productive 

because of the availability of affordable infrastructure, transportation, good water supply, 

sufficient energy and access of information which may all support food security. Physical assets 

comprise boats, houses, bicycles, social status, access to infrastructure such as harbours, road 

networks, clinics, schools etc. (Allison & Horemans 2006). In addition, infrastructure includes 

transport, roads, vehicles, secure shelter and buildings, water supply and sanitation, energy, 

communications, and tools and technology such as equipment for production, seed, fertilizer, 

pesticides, traditional technology (Serrat 2017). 

Human assets are related to skills, knowledge, and the ability to work and have good 

health so people can achieve different livelihood strategies. Human assets can be improved by 

attending workshops, schools and health services (DFID 1999). Communities with more 

knowledge can become the agents of development. However, communities who lack adequate 

skills and knowledge of how to access and manage resources cannot improve their livelihood 

(Ferrol-Schulte et al. 2013). In addition, human capital includes people's capacity to work in terms 

of their health, labour, education, knowledge, skills and health (Allison & Horemans 2006; Serrat 

2017). 

 

4.1.3. Policies, institutions and processes 

The other variables are policies, institutions and processes. Policies include national or 

local policies such as environment policies, demographic policies and policies related to food price 
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that impact on marine conservation, while institutions regulate access to resources (DFID 1999). 

In addition, the success of coastal and marine management is determined by robust institutions 

that can implement proper resource management, regulations and policies (Ferrol-Schulte et al. 

2013). 

 

4.1.4. Marine conservation outcomes 

The last variable is marine conservation outcomes. Marine conservation outcomes would 

be measured through such measures as coral cover, fish biomass, fish abundance, governance, and 

socio-economic aspects including welfare of communities particularly households food security 

using household dietary diversity and household food insecurity access indices. These indices can 

be drivers to successful marine conservation outcomes.  

 

4.2. Field research process 

The initial permit for field research from Karimunjawa National Park Authority (KNPA) 

was obtained on 19 September 2016, following which an initial site visit was made in late 2016. 

During the visit, I introduced myself as one of the researchers and presented the research project 

to KNPA staff in Semarang. Then, before entering the research field area, I was required to report 

and deliver a copy of a permission letter from KNPA Semarang to the Head Section of KNP 

management in the two study villages. After this, I delivered a copy of the permission letter to the 

head of the sub-district of Karimunjawa, head of the marine and fishery agency Karimunjawa - 

Jepara Regency - Central Java, government village leaders, heads of organisations, religious 

leaders and community representatives. I explained that my visit was to conduct semi-structured 

interviews about marine management and food security in Karimunjawa.  

The permit for data collection field research was obtained from KNPA on 12 September 

2017 (see Appendix 1 for permission letter). Following this, the permit was distributed to all 

stakeholders as in the previous visit and the data collection programme was initiated. 

 

4.3. Methods  

4.3.1. Semi-structured interviews 

Semi-structured interviews with key informants were used to collect information about 

MPA management and livelihoods in Karimunjawa. This method allows the interviewer to ask 
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respondents specific questions face-to-face to collect information directly from specific sources. 

The method also allowed the interviewer to collect the information in structured interviews (using 

a set of specific questions and asking the questions in order) or unstructured interviews (more 

flexible in asking the question and the sequence of the questions can be changed) (Kothari 2004). 

There are many drawbacks of semi-structured interviews including that they are time 

consuming, labour intensive and need interviewer sophistication. The interviewer should be smart, 

energetic, sensitive, self-confident and have knowledge of the relevant basic issues. The interview 

process, setting up interviews, conducting interviews, and analysing the interviews can be difficult 

and time-consuming (Newcomer, Hatry & Wholey 2015). 

However, semi-structured interviews are suitable when some of the open-ended questions 

need follow-up questions. Some other specific advantages of using semi-structured interviews are  

 If the interviewers need to ask probing, open-ended questions and want to know the 

independent thoughts of each individual in a group; 

 If interviewers need to ask probing, open-ended questions on topics that respondents 

might not be candid about if sitting with peers in a focus group; 

 If interviewers need to conduct a formative program evaluation and want one-on-one 

interviews with key program managers, staff, and front-line service providers; and 

 If interviewers are examining uncharted territory with unknown but potentially 

momentous issues and interviewers need maximum latitude to spot useful leads and 

pursue them (Newcomer, Hatry & Wholey 2015). 

The sampling technique was purposive sampling. This technique allows the selection of 

specific samples to get suitable respondents (Daniel 2017). 

During semi-structured interviews, to lead the discussion on a topic, a list of questions 

were provided. This allowed the researchers to focus on the conversation and results in the data 

collected being more consistent from one key informant to another. The main aim in the interviews 

was exploring the MPA management in Karimunjawa. 

The key informants were the KNPA staff, staff of marine and fisheries agency for 

Karimunjawa district, Jepara Regency, Central Java province, NGO staff, village heads, religious 

leaders, heads of local organisations, tourism entrepreneurs, fishers, and community 

representatives (Table 4.1). All semi-structured interviews were conducted between 19 September 

and 1 October 2016. Interview questions are provided in Appendix 2. 
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Table 4. 1: List of Key Informants  

No of key 

informants 

Position 

1 Conservation Staff Karimunjawa National Park Office in Semarang (Provincial level) 

2 KNPA staff: section heads of KNP management (KSPTN I Kemujan village and head 

section of KNP management (KSPTN) II Karimunjawa village (District level) 

2 Staff of marine and fisheries agency of Karimunjawa, Jepara Regency, Central Java 

2 Wildlife Conservation Society (WCS) staff 

1 Head of Karimunjawa district 

3 Tourism entrepreneurs in Karimunjawa village 

1 Head of tourism organisation 

1 Leader of seaweed farming organization 

1 Head of Meniray organisation (mangrove trekking management group) 

5 Fishers from Karimunjawa, Kemujan, Nyamuk and Parang village 

4 Heads of religion of Karimunjawa, Kemujan, Parang, and Nyamuk village 

2 Heads of SPKP organisation in Karimunjawa and Kemujan village 

1 Youth organisation leader of Karimunjawa (Karang Taruna) 

3 Community representative in Karimunjawa 

1 Staff of Parang village office 

Total = 30  

 

The selection of the key informants was based on specific reasons. KNPA staff was chosen 

as they were directly involved in MPA management and they have the authority to manage based 

on government regulation. NGO staff particularly WCS were chosen because WCS are a NGO 

that have a lot of involvement in the MPA management such as encouraging community 

participation in KNP management, capacity building for the community, developing action plans 

in the tourism sector in Karimunjawa, conducting research and monitoring, assisting and 

encouraging the community in implementing community based fisheries management, and 

supporting in designing local customary/regulation about fisheries in Karimunjawa. Community 

representatives, fishers and heads of organisations, heads of religions and other key informants 

were chosen to get community perception on KNP management. The interviews with the key 

informants were done in the staff’s office and at the house of respondents. It took between one and 

two hours for each respondent. Almost all of the semi-structured interviews were conducted during 

face-to-face meetings. Only one key informant was interviewed by Skype (WCS-staff) as he was 

in Bogor (NGO office centre for Indonesia). 



 

49 

 

4.3.2. Household survey 

Surveys were conducted to collect data about food security and fisheries analysis. 

Through the survey method, researchers can get comprehensive information to understand the 

characteristics, views or perception patterns of the communities and a simple random sampling 

technique was used as it gives the same opportunity for all participants in the population to be 

involved in the research (Daniel 2017). 

The advantage of random sampling methods are  

 All participants in a population have an equal and independent chance of being 

involved; 

 This technique is the easiest to apply of all sampling method; and 

 The surveyer does not need to measure the true composition of the population 

before sampling. 

The disadvantages of this method are that complete accounting of a population is 

important and impractical because it is necessary to provide a unique designation to every 

population member (Jawale 2012). 

The household survey in Karimunjawa village and Parang village was conducted between 

September and October 2017. The number of households surveyed was 301 in Karimunjawa 

village and 196 in Parang village. The households were selected randomly and the respondents 

were either the head of households or their spouse. The head of a household has to be a living 

member of household and is determined by the household members themselves. The head of a 

household can be female.  

The respondents were asked about their activities that bring food or money into their 

house, fishing equipment, target fish catch, number of fish catch and total money that they got 

from fishing activities. The other main questions that respondents were asked were about the food 

security of the community and they covered all of the components of food security. The first 

component was about food availability: a list of vegetables, fruits and cereals or tubers that they 

were growing, a list of the livestock they were raising and a list of the fish product that they were 

catching or doing fish aquaculture. The second component was about food access that asked about 

food sources that they consume in their household. The third component was food utilisation that 

asked about the type of food that they ate in a 24 hour period in their household. The other question 
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was also related to food security. It was about coping strategies and household hunger scale. The 

question was about the household strategy in the past four weeks to have enough food.  

The household survey in Karimunjawa and Parang was conducted between September 

and October 2017. In order to obtain a sample to ensure a 95% probability with a 5% confidence 

interval, the following formula was used (Bernard 2006):  

n=(z^2 (P)(Q))/〖confidence interval〗^2  

where  

z = area under normal curve corresponding to confidence interval = 1.96 

P and Q = 0.5 

 

Following Bernard (2006), the finite population correction factor was then applied to 

determine the number of households necessary for the required probability and confidence 

intervals in the two villages of Karimunjawa (1378 households) and Parang (397 households): 

n^(i )=n/(1+(n-1/N)) 

where 

 N = size of total population 

 

The sample size for Karimunjawa and Parang necessary to ensure a 95% probability of 

accuracy with a 5% confidence interval was therefore 301 and 196 households respectively. 

The questionnaire is provided in Appendix 3. 

 

4.3.3. Observations 

In the observation method, information that is needed by researchers can be found by 

doing direct observation without asking the respondents. Participant observation involves the 

researcher obtaining up to date information about the respondents’ activities. The benefit of using 

this method is that subjected bias can be reduced when the observation can be done correctly, the 

information is up to date. In addition, this method does not depend on respondents’ willingness to 

respond and is less demanding compared to the interview method. However, this method has some 

restrictions. This method is expensive, and the information gained from this method is very limited. 

Furthermore, sometimes unexpected factors may interfere with the observational task and 
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sometimes the difficulty of meeting people becomes an obstacle to effective data collection. 

Therefore, while using this method, researchers should keep in mind some important things 

including what should be observed, how to record the observations, and how the accuracy of 

information can be ensured (Kothari 2004).  

Observations were conducted to observe the socio-economic activities and marine-

resource use practices of communities in KNP. This included participating in mangrove planting, 

checking coral reef rehabilitation progress, being present at fish landing and sales throughout the 

day and night and talking to fishers informally at these occasions. This also included participating 

in tourism activities, including observations of visitor behavior in and out of the water and the 

extent to which visitors were informed of what was permitted during a dive tour.  

 

4.4. Data analysis 

Household survey data was analysed using descriptive statistics analysis to understand 

the distribution of food groups consumed in a 24 hour recall by households, and compared to the 

least and most vulnerable of households based on Household Food Insecurity Access Scale 

(HFIAS). The Mann-Whitney U test was used to assess the median difference of Household 

Dietary Diversity Score (HDDS), dependency ratio, and HFIAS in Karimunjawa and Parang 

villages. Non parametric statistics, a Spearman’s rho, was used to explore the relationship between 

HDDS and dependency ratio, and dependency ratio and HFIAS. These data are reported and 

discussed in more detail in Chapter 5. 

Quantitative data mainly focused on fishing communities and was analysed using 

descriptive statistics to assess the information about number of years involving in fishing activities, 

temporal patterns in the fisheries, fishing gear used, percentage of fishers mentioning common fish 

species. The data about catch per unit effort (CPUE) was also analysed using descriptive statistics. 

Data of all main target fish species was used to compare the different trophic levels. The Mann-

Whitney U test was used to assess the median difference of trophic level in Karimunjawa and 

Parang village. These data are reported and discussed in more detail in Chapter 6. 

Furthermore, quantitative data was analysed using multiple linear regression to 

investigate the relationship between independent variables including village, fishing seasons or 

activities, education, ethnicity, total occupation, total food production, dependency ratio and 

dependent variables including HDDS. Multiple linear regression was also used to explore the 
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interaction among variables. Meanwhile the rank of livelihood diversity and the percentage of the 

livelihood diversity by village was analysed using descriptive statistics. These data are reported 

and discussed on in more detail in Chapter 7. 

 

4.5. Research challenges 

Transport to the study villages presented some challenges, as travel between villages is 

undertaken using fishing boats in the absence of any public transport services, which was both 

time-consuming and subject to weather conditions. Initial meetings with individuals were difficult 

in the early stages, as local people were often reluctant to meet an outsider but this was facilitated 

through the use of local research assistants. In particular, male heads of household were often 

unwilling to discuss household-related issues with a female researcher. It was also difficult to meet 

some individuals at a suitable time, as fishers were engaged in fishing activity at all times of the 

day and night, depending on their fishing livelihood practices. This required the research team to 

engage in data collection at flexible times that suited the fishers. 

However, some challenges were solved. The problem with transportation was solved by 

renting the fisher’s boat to travel among villages across the islands. The problem with meeting 

male heads of households was resolved by being accompanied by a male local assistant most of 

the time during data collection. The local assistant was actively involved in some local 

organisations, international-NGOs, and tourism activities making him very well known in 

Karimunjawa sub-district. This assistant also had experience in data collection. Before collecting 

the data from households, a local research assistant introduced the researcher and the other research 

assistant. It helped make the data collection process easier.  

 

4.6. Ethical considerations 

This research received approval from the Human Research Ethics Approval from The 

University of Western Australia (Ref: RA/4/1/8378) on 22 August 2016 before data collection was 

conducted. The ethical considerations were taken seriously during data collection by the steps 

described below (Appendices 4 and 5 contain the participant information and consent forms).  

Before doing interviews with key informants, I introduced myself and explained about 

the purpose of the research. I asked their permission to take part in the research. I explained the 

importance of having their opinion to complete my study. I also explained the aim of my study, 
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what the project was about and the length of the interview. I informed the key informants that there 

was no possible risk associated with this activity and their participation in my study and any 

information provide would be treated in a confidential manner. The data would be kept in a de-

identified format, in a password protected computer or secure server for a minimum seven years.  

I also informed the key informants that the benefit of participating in this study was that 

they could get information about the effect of the MPA on household food security in KNP. The 

information could be used as an evaluation of the implementation of the MPA program by the 

government. I also explained that their participation in my study was completely voluntary. In 

addition, before making audio, photographic or video recordings, I always asked their permission 

and also explained that the purpose of recording was to ensure that I did not miss any part of the 

conversation.  

All of the key informants agreed to be audiotaped/photographed during the semi-

structured interviews. None of them refused to be interviewed. The local research assistant helped 

me when meeting the key informants. Therefore, I got easy access to meet them and all of them 

wanted in participate in the research.  

However, during the survey of households, there were around 15 heads of households 

who refused to be surveyed. However, since the local research assistant accompanied the 

researcher and one other research assistant, the majority of heads of households agreed to be 

surveyed. 

 

4.7. References 

ACF 2010, Food Security And Livelihood Assessments A Practical Guide For Field Workers, ACF 

International. 

Allison, EH & Horemans, B 2006, 'Putting the principles of the sustainable livelihoods approach 

into fisheries development policy and practice', Marine policy, vol. 30, no. 6, pp. 757-

766. 

Ashley, C & Carney, D 1999, Sustainable livelihoods: Lessons from early experience, Department 

for International Development London. 

Bernard, HR, 2006, Research Methods in Anthropology: Qualitative and Quantitative 

Approaches, Rowman Altamira. 



 

54 

 

Daniel, BK & Harland, T 2017, Higher Education Research Methodology: A Step-by-Step Guide 

to the Research Process, Routledge. 

DFID 1999, Sustainable livelihoods guidance sheets, The Department for International 

Development (DFID), UK. 

Ferrol-Schulte, D, Wolff, M, Ferse, S & Glaser, M 2013, 'Sustainable Livelihoods Approach in 

tropical coastal and marine social–ecological systems: A review', Marine Policy, vol. 42, 

pp. 253-258. 

Fyles, H, Madramootoo, C 2015, Key Divers of Food Insecurity in Emerging Technologies for 

Promoting Food Security: Overcoming the World Food Crisis, Woodhead Publishing. 

Fyles, H, Madramootoo, C 2015, Water Management in Emerging Technologies for Promoting 

Food Security: Overcoming the World Food Crisis, Woodhead Publishing. 

Hanazaki, N, Berkes, F, Seixas, CS & Peroni, N 2013, 'Livelihood diversity, food security and 

resilience among the Caiçara of coastal Brazil', Human Ecology, vol. 41, no. 1, pp. 153-

164. 

Hanjra, MA & Qureshi, ME 2010, 'Global water crisis and future food security in an era of climate 

change', Food policy, vol. 35, no. 5, pp. 365-377. 

Jawale, KV 2012, 'Methods of sampling design in the legal research: Advantages and 

disadvantages', Online International Interdisciplinary Research Journal, vol. 2, no. 6, pp. 

183-190. 

Kothari, CR 2004, Research methodology: Methods and techniques, 2nd edn, New Age 

International, New Delhi. 

Newcomer, KE, Hatry, HP & Wholey, JS 2015, 'Conducting semi-structured interviews', 

Handbook of practical program evaluation, vol. 492. 

Scoones, I. (1998). Sustainable Rural Livelihoods: A Framework for analysis. IDS Working 

Paper 72 

Serrat, O 2017, 'The sustainable livelihoods approach', in Knowledge solutions, Springer, pp. 21-

26. 

 

 

 



 

55 

 

 

 

 

 

 

 

 

 



 

56 

 

CHAPTER 5: A comparative assessment of household food security 

in two villages in Karimunjawa National Park, 

Indonesia  

5.1. Introduction 

One of the global commitments that forms part of the Sustainable Development Goals 

(SDGs) is to end hunger, achieve food security and improve nutrition (UN 2015). However, there 

are many challenges to achieve food security. Many driving forces impact on communities’ food 

security including climate change and population growth. Changes associated with climate 

variables include higher frequency of natural disasters, challenges in accessing water and land, and 

reduced food production (Habiba, Abedin & Shaw 2016). Population growth is also a main cause 

of food insecurity because of increasing food demand and restricted supply (Chappell & LaValle 

2011). 

Food security is often reported at a population level, particularly where there is 

widespread hardship or other factors driving food insecurity among large groups of people or 

communities, and the information may be used to prioritise or stage urgent interventions. For 

example: there are studies at a national and population level such as Kenya, Sub-Saharan Africa, 

and Bangladesh that focus on the impact of population growth on food security. Population 

pressure may impact on population food security (Conelly & Chaiken 2000; Faisal & Parveen 

2004; Godber & Wall 2014). However, such reporting may not pick up on the subtle differences 

and nuances in food security that exist among households within a population.   

Research on food security may focus primarily on terrestrial food production (Becquey 

et al. 2012; Fawole, Ozkan & Ayanrinde 2016) or the ability of households to purchase food. In 

marine, coastal and riverine communities, households may also be able to access wild-caught food 

that contributes to food security but this may not be readily picked up in assessments of food 

security that are targeted at inland communities.  

MPAs impact on coastal communities’ food security. Fishing activities of households 

who live within MPAs or nearby to MPAs can contribute to increased food security and reduced 

economic vulnerability through relatively higher fish catch for consumption and sale (Weigel et 

al. 2015). MPAs may increase fish productivity inside MPAs and adjacent to MPAs. Inside MPAs, 

fish can mature, and increase reproduction, leading to a spillover of fish to the connecting zone 
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(Bennett & Dearden 2014; Halpern 2003; Mosqueira et al. 2000; Robb et al. 2011). Communities 

can catch more fish for consumption and use income from selling fish to purchase food (Alva et 

al. 2016; Gjertsen 2005). Through MPAs, coastal communities can access more diverse livelihoods 

not only from fishing but also from tourism activities (Ngoc 2018) and the income generated from 

those activities can increase communities’ food security (Susan et al. 2010). MPAs also impact on 

increased food security in children. In the Philippines, children in households living within 2 km 

of an MPA had greater dietary diversity and fish consumption, based on income from fishing and 

other activities linked to the MPA (Alva et al. 2016). Furthermore, through effective MPA 

management, households’ food security can be improved by increasing protein consumption 

(Aswani & Furusawa 2007).  

Food security exists “when all people, at all times, have physical and economic access to 

sufficient, safe and nutritious food to meet their dietary needs, and food preferences for an active 

and healthy life.” (WFP 2009). As discussed in Chapter 2, there are four components of food 

security: food availability, food access, food utilisation and food stability.  

Two indices that are commonly used to measure household food security are the 

household dietary diversity score (HDDS) and household food insecurity access scale (HFIAS). 

HDDS is used to measure household food access and utilisation (Jones et al. 2013) and HFIAS is 

used to measure the households experience of food insecurity access (Coates, Swindale & Bilinsky 

2007). In the measurement of HDDS, respondents are asked to nominate which of the following 

12 food groups have been consumed over a specified period of time: cereals; roots and tubers; 

vegetables; fruits; meat, poultry and offal; eggs; fish; pulses, legumes and nuts; milk and milk 

products; oils and fats; sugar and honey; and miscellaneous. HDDS variables are calculated for 

each household with the value of variables range from 0-12 (Swindale & Bilinsky 2006). HFIAS 

is an adaptation of the Household Food Security Survey Model (HFSSM) and is used to measure 

food access. Respondents are asked to assess the frequency of different types or degrees of food 

insecurity over a four week recall period. The questions include anxiety about food access, food 

preference satisfaction, food diversity and availability and the food shortage signs in everyday life 

(Headey & Ecker 2013).  

Dependency ratio is defined “as either the ratio of the young and the aged population to 

the working population, or as the ratio of the population which does not participate in the labor 

force to that which does” (Kleiman 1967). 
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KNP incorporates a number of villages that may have variable degrees of access and 

utilisation of different types of food. The villages of Karimunjawa and Kemujan have rice fields. 

In 2017, these villages produced around 65 tonnes of rice. However, the villages of Parang and 

Nyamuk have no rice production. Karimunjawa Island allows for the production of fruit such as 

mango, guava, and banana, and livestock include cows, goats and chickens. Most villages have 

limited production of tubers and vegetables (BPS 2018). Even though Karimunjawa Island 

produces a variety of foods, the food availability on this island is not sufficient for its coastal 

communities, prompting the question of whether these communities are food secure. Coastal 

communities in Karimunjawa are highly dependent on food supply from Jepara for their food 

availability, mainly of staple foods. During the monsoon from December to February (BTNK 

2012), food supply can be limited as high seas impact the access of ships and ferries to the islands. 

Therefore, during this season it may be difficult and food prices may increase which finally impact 

on food security. However, the government anticipated the monsoon and stocks staple foods for 

households in Karimunjawa Island (Nurhidayah & Alam 2017). Communities with access to 

fishing grounds and a high proportion of fishing households may be able to improve their food 

security through fishing activities, providing a source of protein and income to coastal 

communities. 

 

5.1.1. Objectives 

The purpose of the research presented in this chapter is to compare the status of household 

food security in two villages in KNP, namely Karimunjawa and Parang villages. Geographically, 

Karimunjawa village is closer to Jepara than other villages particularly Parang and Nyamuk 

village. Households in Karimunjawa village are therefore likely to have better access to food 

supply and multiple income earners within households, compared with Parang village. It is 

anticipated that these differences will be reflected in variations in measures of household food 

security in the two villages.  

The specific objectives of this chapter are: 

• To understand the differences in HDDS, the ratio of dependents to income earners 

(dependency ratio), and HFIAS in Karimunjawa and Parang  

• To understand the correlations among food security indicators across both villages 
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• To understand the relationship between HDDS and dependency ratio, HFIAS and 

dependency ratio, and HFIAS and HDDS in the two different villages 

• To understand the characteristics of low and high food insecurity access of households 

based on HFIAS in Karimunjawa and Parang 

 

5.2. Methods 

A description of the overall methodology and approach used in this research is given in 

Chapter 3. Methods that are specific to the analysis presented in this chapter are described below. 

 

5.2.1. Data collection 

The data used in this chapter were collected using household surveys (see Chapter 4 for 

details). 

 

5.2.1.1. Household Dietary Diversity Score (HDDS) 

Data on HDDS were collected by asking the respondents a series of yes or no questions 

on consumption of 12 different food groups by all members of the household over the previous 24 

hours. The respondents were also asked to indicate whether the previous 24 hours would be 

considered as ‘normal’ for the household. When there was a special occasion in the household 

such as a feast or funeral then the interviewers selected another household. The total value of 

HDDS for any household could range between 0 and 12 (Swindale & Bilinsky 2006). 

 

5.2.1.2. Household food insecurity access scale (HFIAS) 

Data was collected based on HFIAS guidance from the Food and Nutrition Assistance 

Project (FANTA). Each of the questions was asked with a recall period of four weeks (30 days). 

The first question asked whether the particular condition in the question happened in the past four 

weeks (yes or no). If the respondent answers “yes” to an occurrence question, a frequency-of-

occurrence question was asked to determine whether the condition happened rarely (once or 

twice), sometimes (three to ten times) or often (more than ten times) in the past four weeks. HFIAS 

occurrence questions from FANTA were nine questions (Coates, Swindale & Bilinsky 2007). 

However, to get a more detailed picture of experience of food insecurity in the two 

villages, the HFIAS questions from FANTA were adapted. This study focused on insufficient 
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quality including preference, and insufficient food supply and physical consequences. So, 

questions about limited diversity of food and anxiety about household food supply were not asked. 

The six questions in the survey were: 

1. In the past four weeks, did your family reduce the size and/or the number of meals 

eaten in a day because there was not enough food to eat? 

2. In the past four weeks, did your family change the family diet to cheaper or less-

preferred foods, in order to have enough food to eat? 

3. In the past four weeks, did your family eat wild food (e.g. berries, fruits, roots, leaves, 

insects, small animals etc.) more frequently than usual, in order to have enough food 

to eat? 

4. In the past four weeks, was there any time when there was no food to eat of any kind 

in your household? 

5. In the past four weeks, did you or any member of your household go to sleep at night 

hungry? 

6. In the past four weeks, did you or any member of your household go a whole day and 

night without eating? 

 

The HFIAS responses can be transformed into either continuous or categorical data. In 

calculating the HFIAS as a continuous indicator, each of 12 questions are scored between 0-2, with 

never or did not occur (0), rarely or sometimes (1) and often (2). 

HFIAS score variable was calculated for each household by summing the response for 

each frequency of occurrence question. The possible range of HFIAS was between 0 and 12. The 

higher the score, the more food insecurity the household experienced and the lower the score, the 

less food insecurity a household experienced. 

 

5.2.1.3. Dependency ratio 

Dependency ratio was calculated in the two villages of Karimunjawa and Parang. It was 

calculated by dividing the number of individuals who are dependent in the household by the 

number of individuals working in the household. The number of individuals who are dependent in 

the household is all non-working household members. Individuals working in the households are 

all household members who are contributing to the household income or having a job.  
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5.2.2. Data analysis 

All the descriptive and other statistical tests were conducted using SPSS software version 

25.  

The Mann-Whitney U test was used to test for the differences between two independent 

groups, in order to understand whether Karimunjawa and Parang differ in terms of household 

dietary diversity score (HDDS), dependency ratio and HFIAS. This test is non-parametric, which 

was necessary due to the non-normality of the data. Instead of comparing the means of the two 

groups, the Mann-Whitney U test compares medians. It converts the scores on the continuous 

variables to ranks across the two groups. It then evaluates whether the ranks for the two groups 

differ significantly. As the scores are converted to ranks, the actual distribution of the scores does 

not matter. The effect size (value of r) was calculated separately as SPSS does not provide an effect 

size statistic. To calculate an approximate value of r, the value of z that is reported in the output is 

used with the formula below: 

r = z / square root of N where N = total number of cases 

With the criteria of 0.1=small effect, 0.3=medium effect, 0.5=large effect. 

Source: (Pallant 2010). 

 

A non-parametric statistic, a Spearman’s rho, was used to explore the strength and 

direction of the relationship between pairwise comparisons of HDDS, dependency ratio and 

HFIAS, HFIAS and HDDS both within and between villages. The value of the correlation 

coefficient can be found in the output which can range from -1.00 to 1.00. The interpretation is 

small r = 0.10 to 0.29, medium r = 0.30 to 0.49, large r = 0.50 to 1.0. A correlation of 0 indicates 

no correlation at all, a correlation of 1.0 indicates a perfect positive correlation and -1.0 indicates 

a perfect negative correlation (Pallant 2010). 

 

5.3. Results 

5.3.1. Summary statistics 

Households in Karimunjawa have a slightly higher mean score for HDDS (8.39) than 

Parang (7.89). In terms of dependency ratio, Karimunjawa households have a lower dependency 

ratio (1.54) than Parang (2.06). Karimunjawa also had lower mean HFIAS (0.31) than Parang 
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(0.45), although it should be noted that both village's’ mean HFIAS scores were very low based 

on the total possible range of scores (Table 5.1). 

 

Table 5. 1: Mean value of three groups: HDDS, dependency ratio, and HFIAS 

Village HDDS Dependency 

Ratio  

HFIAS  

 

 

Karimunjawa 

Mean 8.39 1.54 0.31 

n 301 301 301 

Std. deviation 1.65 1.08 0.821 

Median 9.00 1.33 0.00 

 

Parang 

Mean 7.89 2.06 0.45 

n 196 196 196 

Std. deviation 1.59 1.14 0.957 

Median 8.00 2.00 .00 

 

Households from Karimunjawa and Parang consumed between 4 and 12 food groups 

during the 24 hour recall period. Households in Karimunjawa consumed more food groups than 

households in Parang, with a higher proportion of households consuming between 9 and 12 food 

groups. The most common number of food groups consumed by households in Karimunjawa were 

9 food groups (24%), and the second most common was 8 food groups (19 %), while 7 food groups 

and 10 food groups, were consumed by 18%  and 17% of total respondents. The most common 

total food group consumed by households in Parang was 7 food groups (26%). The second most 

common was 8 food groups (18%), and then followed by 9 food groups (17%) (Figure 5.1). 
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Figure 5. 1: The percentage of HDDS categories as a function of each HDDS in Karimunjawa and 

Parang. 

 

Figure 5.2 shows that households in both Karimunjawa and Parang had low scores of 

HFIAS. However, households in Karimunjawa scored slightly lower in food insecurity access than 

households in Parang. 83% of respondents in Karimunjawa reported 0 total HFIAS, while 77% of 

respondents in Parang reported 0 HFIAS. A small number of households in each village scored 2 

and 4 on the HFIAS scale. 
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Figure 5. 2: The percentage of total household food insecurity access score (HFIAS) of households 

in Karimunjawa and Parang. 

 

Figure 5.3 shows the food groups consumed in households in Karimunjawa and Parang 

villages during the study. Of the 497 households sampled in the study areas, almost 100% of 

households in both villages consumed rice, vegetables and fish. Oil, sugar and miscellaneous 

(spices, condiments, tea, coffee) were also highly consumed by households. However, there was a 

difference in the percentage of some food groups consumed by households such as fruits, eggs and 

milk/milk products in both villages.  

Households in Karimunjawa and Parang have high percentage of food group consumed. 

The food groups that were least consumed by households in the two villages were roots/tubers, 

poultry, and pulses/legumes/nuts. Households in Karimunjawa had a slighly higher percentage of 

food groups consumed mainly roots/tubers and poultry than households in Parang. Yet, households 

in Karimunjawa consumed more pulses/legumes/nuts than households in Parang. Generally, the 

distribution of food groups consumed by households is higher in Karimunjawa than Parang. It 

reveals that the households in Karimunjwa have more access to a variety of food groups than 

households in Parang. 
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 Figure 5. 3: The percentage of the distribution of food groups consumed in 24 hour recall. 

 

5.3.2. Correlations among food security indicators across both villages 

The correlation among food security indicators (HDDS and dependency ratio, HFIAS and 

dependency ratio, HFIAS and HDDS) across both villages were investigated using Spearman rho. 

There was a small, negative correlation between HDDS and dependency ratio, r = –0.12, 

n = 497, p = 0.004, with high  HDDS in both villages associated with lower dependency ratios. 

Two variables that correlate r = –0.12. So the value of R2 will be (–0.12)2 = 0.014 = 1% of their 

variance. So, in the Spearman rho correlation is -0.12, which square indicate 1% share variance. 

Dependency ratio helps to explain only 1% of the variance in HDDS across both villages. This is 

a very small amount of variance explained.  

The relationship between HFIAS and dependency ratio across both villages was a small, 

positive correlation between the two variables, r = –0.15, n = 497, p = 0.001, with high levels of 

HFIAS associated with high levels of dependency ratio. 

Two variables that correlate r = -0.15. So the value of R2 will be (–0.15)2 = 0.02 = 2% of 

their variance. So, in the Spearman rho correlation is 0.15, which square indicate 2% share 

variance. Dependency ratio helped to explain only 2% of variance in HFIAS. This is small amount 

of variance explained. 
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In contrast, the relationship between HFIAS and HDDS across both villages was a small, 

negative correlation between the two variables, r = -0.22, n =497, p <0.005, with high HFIAS 

across both villages associated with lower HDDS. Two variables that correlate r = -0.22. So the 

value of of R2 will be (–0.22)2 = 0.04 = 4% of their variance. So, in the Spearman rho correlation 

is 0.15, which square indicate 4% share variance. HFIAS helps to explain only 4% of variance in 

HDDS. This is small amount of variance explained (Table 5.2).  

 

Table 5. 2: The result of correlations among food security indicators across both villages. 

Correlations 

 HDDS  Depende

ncy ratio  

HFIAS  

 

Spearman's 

rho 

HDDS  Correlation 

Coefficient 

1.000 -.128** -.220** 

Sig. (2-tailed) . .004 .000 

N 497 497 497 

Dependency ratio Correlation 

Coefficient 

-.128** 1.000 .153** 

Sig. (2-tailed) .004 . .001 

N 497 497 497 

HFIAS  Correlation 

Coefficient 

-.220** .153** 1.000 

Sig. (2-tailed) .000 .001 . 

N 497 497 497 

**. Correlation is significant at the 0.01 level (2-tailed). 
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5.3.3. Pairwise correlations of food security indicators within villages 

5.3.3.1. HDDS and dependency ratio 

The relationship between HDDS and dependency ratio was assessed using a Spearman 

rho correlation for the data within each village. There was a very small, negative, non-statistically 

significant correlation between the two variables in both Karimunjawa (r = –0.09, n = 301, 

p=0.119) and Parang (r = –0.06, n = 196, p=0.374), with high HDDS associated with lower 

dependency ratios. Although the relationship returned a statistically significant result, the very low 

value of r indicates that the two variables are not closely related. 

 

5.3.3.2.  HFIAS and dependency ratio 

The relationship between HFIAS and dependency ratio in each village was investigated 

using Spearman rho correlation.  There was a weak, positive correlation between the two variables 

in Karimunjawa (r = 0.153, n = 301, p > 0.008) and Parang (r = 0.115, n = 196, p=0.109), with 

high HFIAS associated with high dependency ratios. The relationship was statistically significant 

for Karimunjawa, although the association was weak. 

 

5.3.3.3. HFIAS and HDDS 

The relationship between HFIAS and HDDS was assessed using a Spearman rho 

correlation for the data within each village. There was a very small, negative correlation between 

the two variables in Karimunjawa (r = -0.12, n =301, p = 0.035) with high HFIAS associated with 

lower HDDS. Meanwhile, there was a medium, negative correlation between the two variables in 

Parang (r = -.034, n = 196, p < 0.005), with high HFIAS associated with lower HDDS. The 

relationship was statistically significant for HFIAS and HDDS in Karimunjawa and also in Parang. 

The association was weak in Karimunjawa butwas medium in Parang. 

 

5.3.4. Pairwise comparison of food security indicators between villages 

The Mann-Whitney U test was used to test the difference between Karimunjawa and 

Parang villages in terms of their HDDS, their dependency ratio and their HFIAS.The HDDS was 

significantly different at p<0.000. The dependency ratio was also significantly different at 

p<0.000. The HFIAS was not significantly different at p<0.057 level (p=0.057) (Table 5. 3).  
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The r value for each comparison was 0.16 (HDDS), 0.23 (dependency ratio), and 0.08 

(HFIAS). The effect size for all measures were small for HDDS, small to medium for dependency 

ratio and very small for HFIAS. The r value equates to the proportion of variance in each dependent 

variable that can be explained by the independent variable. 

 

Table 5. 3: Results of Mann-Whitney U test between two villages for differences in HDDS, 

dependency ratio, and HFIAS. 

 HDDS of 

Karimunjawa and 

Parang village 

Dependency Ratio  

of Karimunjawa 

and Dependency 

HFIAS of 

Karimunjawa and 

Parang 

Mann-Whitney U 23860 21319 27467 

Wilcoxon W 43166 66770 72918 

Z -3.663 -5.304 -1.902 

Asymp. Sig. (2-tailed) .000 .000 .057 

a. Grouping Variable: Village 

 

5.3.5. Characteristics of households with higher scores on HFIAS 

The majority of households from Karimunjawa and Parang have 0 HFIAS. Karimunjawa 

had 252 households (83%) with 0 HFIAS while Parang has 151 households (77%) with 0 HFIAS. 

The number of households with low HFIAS (between 1 and 3) in Karimunjawa and 

Parang were 44 households in Karimunjawa and 40 in Parang. Of these, almost 43 household heads 

were males in Karimunjawa, and all household heads were male in Parang. Mean dependency 

ratios for households scoring 1-3 on the HFIAS was 1.8 for Karimunjawa and 2.2 for Parang, both 

of which were slightly above the average dependency ratio for each village.  
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The most common income source of households scoring 1-3 on the HFIAS from 

Karimunjawa and Parang was fishing. In Karimunjawa the second most common activity was 

informal economic activities (15) followed by tourism (14). The second most common activity for 

the households with higher HFIAS in Parang was construction (7), while informal economic 

activities and other activities, were both done by 6 heads of households or household members 

(Figure 5.4). 

 

Figure 5. 4: Income-generating activities undertaken by households scoring 1-3 on the HFIAS 

index. 

 

The number of households with the highest scores for HFIAS (between 4 and 6) in 

Karimunjawa and Parang were 5 households in each village. These households in Karimunjawa 

and Parang had varying characteristics. All of the heads of households for Karimunjawa and 

Parang were males, the mean score of dependency ratio for Karimunjawa (2.1) meanwhile Parang 

(2.8).  

In terms of income source, all of the households in Parang only have one income source 

while households in Karimunjawa have one or two income sources for each household. The results 

show that the most common of income source for households in both Karimunjawa and Parang 

was fishing which was practiced by 4 heads of households or household members in Karimunjawa 
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and 3 heads of households or household members in Parang. The second most common for 

Karimunjawa was informal economic activities (2) and tourism (2) of heads of households or 

household members. The other income sources were salaried employment and farming which were 

done by one head of household or households members. In contrast, for Parang households, the 

other income sources were construction and other activities (Figure 5.5).  

 

 

 

Figure 5. 5: Comparison of lowest HFIAS scores (between 4 and 6) in Karimunjawa and Parang. 
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5.4. Discussion and Conclusion 

5.4.1. Food security in both villages 

The main finding of the research is that food security of households in KNP was relatively 

good at the time of the survey, because households were able to have good dietary diversity and 

less food insecurity access. The indicators used for measuring food security were HDDS and 

HFIAS and an additional variable: dependency ratio. Dependency ratio is the ratio of the number 

of individuals who are dependent in the household to the number of individuals working in the 

household. 

The food security indicators show that there is a small correlation among these indicators 

across both villages. Households who have high HDDS were associated with having a lower 

dependency ratio or a lower HFIAS, and households who had a higher HFIAS correlated with a 

high dependency ratio. 

Furthermore, the HDDS indicator shows that households from both villages consumed a 

variety of food groups and a majority of the households consumed a minimum six food groups. 

The main food groups that wereconsumed by the households were rice, vegetable, fish/seafood, 

oil/fats, sugar, and miscellaneous (condiments). Most households purchased the food items. There 

was less meat consumption because most people consume meat only during special occasions or 

ceremonies. In addition, most people in KNP mentioned that they lacked energy in the absence of 

eating seafood. Fish is an important food for human health.  

Many countries including Indonesia, Bangladesh, and the Solomon Islands rely on fish 

for their animal protein intake (Khan, Aldosari & Hussain 2018). Fish is part of the traditional food 

in Asian countries (Maciel et al. 2019). It is low in saturated fatty acids and a good source of 

protein and selenium; especially oily fish that is a very good source of long-chain omega-3 fatty 

acids (Brunner et al. 2008). Furthermore, the households’ food consumption habits were supported 

by the access and the availability of food so, they can get sufficient nutrition.  

Households in Karimunjawa village have a slightly higher variation in other food groups 

such as fruits, poultry/offal, eggs, pulses/legumes/nuts, milk/milk product than households in 

Parang. It might be that households in Karimunjawa have better access to food since the village 

has a big market that provides several food groups which Parang does not have and Parang 

households sometimes get food from Karimunjawa. In addition, it is likely that households in 
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Parang have less access to food because of the distance between Parang and Jepara (the place 

supplying food) is greater than between Karimunjawa and Jepara.  

In terms of dependency ratio, households in Parang have a higher dependency ratio than 

households in Karimunjawa. It seems that many households in Parang were new households with 

most of the household members being young and the children being of school age. In contrast, 

most households in Karimunjawa had been established for a longer period of time so, the 

household members in Karimunjawa were mature and the children were of working age.  

The results show that HFIAS among households in KNP was low. It indicated that 

households in KNP have less food insecurity access. There were only five households in each 

village that had high food insecurity access score and less than 28 households had low food 

insecurity access scores. However, most households who had experience of food insecurity access 

with either low or high HFIAS were households who were fishers. It is likely that households who 

had those activities were living in with insecure food access compared to households who had 

other income sources such as salaried employment, tourism activities, and/or informal economic 

activities. To decrease food insecurity access, it seems fishing households need to have other 

income sources or change their livelihood to non-fishing activities. However, it is difficult as 

coastal communities’ livelihood relies on marine resources particularly for fishing activities.  

The overall results show that households in KNP have good food security. Therefore, 

MPA may be contributing to benefits for households’ food security in KNP. 

The result from this study is similar to a study in the Philippines in that households living 

near MPAs obtain benefits from fishing activities that may make them have diverse diets 

particularly for their children. Households who live far from MPAs did not obtain benefits from 

fisheries (Alva et al. 2016). A similar finding by Aswani and Furusawa (2007) showed that well-

governed MPAs have positive effects on people’s food security through access to fish protein from 

marine resources compared to the village with no MPA nearby or an ineffective MPA (Aswani & 

Furusawa 2007).  

However, another study in the Philippines indicated that MPA design gave no benefit for 

children’s nutrition but child nutrition status was affected by political stability as stable conditions 

can improve the investment that could lead to alternative sources of income to replace income lost 

as the fish catch was reduced (Gjertsen 2005). In addition, the result of a study conducted in East 

Africa suggested that marine conservation had no impact on dietary diversity, as the households 
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who have greater dietary diversity are the wealthier households (Darling 2014). Study in Tanzania 

also have divergent result, highlighting that MPAs have no effect food security. Since Mafia Island 

Marine Park establishment, villagers in Chole and Jibondo experienced changes such as fishing 

restrictions, decreased income, and changes in gender responsibility that had a negative impact on 

the nutritional status of children. Children under five years were underweight (Moshy, Masenge 

& Bryceson 2013). The living conditions of these communities worsened, number of daily food 

intake decreased, and there was a lack of access to marine resources and low productivity and low 

of the price of local products. Women have more responsibility for food security including loan 

seeking, skipping meals, fishing, livelihood diversification, changing or stopping fishing practice, 

and migration (Moshy, Bryceson & Mwaipopo 2015). In addition, since the presence of a MPA, 

the majority of the households were food insecure and only few households were food secure in 

the Mnazi Bay-Ruvuma Estuary Marine Park (MBREMP) located in rural Mtwara on Tanzania’s 

border with Mozambique (Kamat & Woo Kinshella 2018).  

It is likely that the prevalence of household food security in KNP was because they have 

good access to food. Households had purchasing power for food items as most of their food was 

from the market while the second most available food was from their food production. In addition, 

the dependency ratio of the households had less association to the food security indicators. It seems 

that a high level of dependence in the households did not decrease their food security as the 

households are able to get enough food. 

 

5.4.2. Limitation of the research 

HDDS of 24 hours recall of 12 food groups is a good indicator for measuring food 

security. Therefore, it is recommended that HDDS is used as a food security indicator when the 

purpose is to measure the adequacy of nutrition. However, this measurement is only one day of 

food data (24 hour recall). To have more frequency of food data such as 7 day recall would be 

better to get more understanding of household food security, or alternatively to undertake the 

survey during the period of the year when food supply is less secure (i.e. during the wet season 

monsoon).  

In terms of HFIAS, the research has less complete questions on HFIAS. HFIAS in this 

research only had a 6-item questionnaire. Diversity of food and anxiety about household food 

supply were not included in the HFIAS questions. To have the HFIAS 9-item questionnaire which 
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asks about a specific condition related to food insecurity access occurring in the past 30 days would 

be better to obtain a comprehensive understanding about food insecurity access of households. The 

limitation of HFIAS questions may impact the results on understanding households’ food 

insecurity access. 

 

5.4.3. Conclusion and further research 

The study revealed that the MPA contributed to household food security. It seems that 

various factors may contribute to household food security. These included geographical location, 

food access and populations with more children.  

Most households in both villages were food secure. Although there were indications in 

the HDDS, HFIAS, and the dependency ratio that some households in Parang may be 

demonstrating food insecurity relative to Karimunjawa village. Parang village is located in a 

remote area with populations with more children, and a lack of food access.  

Similar findings about geographical location impacting household dietary diversity were 

obtained in a study in the Eastern Cape Province of South Africa. Households living in urban 

areas had better dietary diversity compared to the households in rural areas (Megbowon & 

Mushunje 2018). In addition, the result of a study in Malawi found that 63% of the rural households 

were food secure as compared to 78% of the urban households. Households with or without market 

access had significantly different calorie consumption per capita. Rural households had no market 

access and mostly depended on their own production. Rural households consume more callories 

from their own production and gifts as compared to purchase. Meanwhile, urban households rely 

more on purchase than their own production (Tembo & Simtowe 2009). The increase of the 

distance from the market reduced food security. Therefore, market proximity is important for food 

security (Matchaya & Chilonda 2012) 

The results of this study are similar to the results of Matchaya & Chilonda (2012) that 

dependency ratio impacts food security. To increase food security, it is likely that policies need to 

decrease the dependency ratio via spacing of children or increasing life expectancy (Matchaya & 

Chilonda 2012). In contrast, Asghar & Muhammad (2013) found that dependency ratio variables 

affected food security in a way that was contrary to what is logical. The increase of dependency 

ratio increased household food security (Asghar & Muhammad 2013). 
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In future research, it is recommended to obtain more frequency of food data to have more 

comprehensive information on household food security access and food consumption. Households 

food consumption that is a frequency-weighted from HDDS that is using 7 day recall of 8 food 

groups is good to give a broad overview of food security. In term of HFIAS, using all of the food 

insecurity questionnaire would give more understanding of household food insecurity access.  
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CHAPTER 6: Fishing livelihoods and fish utilisation in two 

communities adjacent to Karimunjawa National Park 

6.1. Introduction 

Coral reefs are one of the most essential and most diverse ecosystems in the world, yet 

coral reef biodiversity is threatened because of pollution, overfishing, and climate change mainly 

in the tropical regions (Carpenter et al. 2008; Hilmi et al. 2017; Kittinger et al. 2012). The 

conservation of biodiverse coral reef habitats has often been a key concern in the design of MPAs 

(Ban et al. 2011; Nagelkerken, Grol & Mumby 2012; Strain et al. 2019) with possible benefits for 

increasing ecological and socio-economic welfare of coastal communities including food security 

and livelihood (Kittinger et al. 2015; Ngoc 2018). With regard to fishing livelihoods, the ‘spillover 

effect’ has been discussed as a means of achieving a ‘win-win’ scenario, where both coral reef 

ecosystems and small-scale/local/subsistence fishers benefit (Nagelkerken, Grol & Mumby 2012; 

Pomeroy et al. 2005; Strain et al. 2019). 

However, as discussed by Roeger et al. (2016), the preoccupation with biodiversity and 

habitat conservation often ignores the reality of fishing livelihoods, where fishers may 

predominantly exploit pelagic species or habitats with greater productivity than nutrient-poor coral 

reefs. Offshore habitats and pelagic species may bear relatively little ecological or oceanographic 

connection to the MPA network (Roeger, Foale & Sheaves 2016).  

A study of coral reef fisheries and fish catch characteristics in all villages in Karimunjawa 

National Park (KNP) found that all fishing grounds on Karimunjawa Island had different catch 

characteristics. Different gear types were also used to catch fish of different lengths and trophic 

levels (TLs) (Campbell et al. 2014). 

This chapter explores the finer dimensions of fishing livelihoods and fish utilisation in 

two communities that are associated with the KNP, one of which is at the ‘centre’ and the other at 

the ‘periphery’ of the MPA. The analysis focuses on the relative importance of coral reef habitats 

for fish catches, and compares the fishing strategies pursued within and between the two 

communities. The research is framed around the question of whether fishers are indeed reliant on 

fish from coral reef habitats for food security, and if they are engaged in ‘fishing down the food 

web’ (Pauly et al. 1998). 
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6.1.1. Coral reef fisheries and small-scale fishers 

Coral reefs are part of the most diverse and valuable marine ecosystems in the world 

(Muallil et al. 2015), which are essential to the livelihood and food security of millions of coastal 

communities whose livelihoods rely on fishing activities (Cinner et al. 2012; Souter & Lindén 

2000). The Coral Triangle is considered the center of global coral reef biodiversity. The Coral 

Triangle includes the seas of Indonesia, Malaysia, Papua New Guinea, the Philippines, Solomon 

Islands, and Timor-Leste (Muallil et al. 2015). Coastal populations in Indonesia and other Coral 

Triangle countries rely heavily on small-scale artisanal and subsistence fisheries (Campbell et al. 

2014), that is around 130 million people in these countries are supported by these resources. Fish 

production from fish catch and aquaculture in the Coral Triangle is 11.3% (19.1 million tonnes) of 

total fish production in the world (Cruz-Trinidad et al. 2014). Fish give direct contributions to the 

food security of fishers’ households as fish are the main source of animal protein. Fishing activities 

also give indirect contribution to food security by providing income that can be used to buy food 

(Foale et al. 2013).  

Unfortunately, coral reefs in the world are in danger (Muallil et al. 2015), with 25% of 

coral reef damaged globally and 60% threatened with extinction by 2050 (Burke et al. 2011). Coral 

destruction occurs due to multiple threats including climate change, destructive fishing practices, 

overfishing, unsustainable tourism, pollution, and coral mining (Hilmi et al. 2017; Magris, Grech 

& Pressey 2018). 

 

6.1.2. The concept of ‘fishing down the food web’ in small-scale fisheries 

The trend in fisheries catch worldwide between 1950 and 1994 was a change from being 

dominated by high TL fisheries to being dominated by lower TL fisheries. This phenomenon has 

been called ‘fishing down the food web’ (Pauly et al. 1998). There is an increased dependency on 

lower trophic level fisheries because high trophic level fisheries have declined globally especially 

in the northern hemisphere because of overexploitation (Hermida & Delgado 2016; Pauly et al. 

1998). TLs in marine systems can be placed on a scale ranging between 1 and 4.5. TL1 is algae at 

the bottom of the food web; TL2 is herbivorous zooplankton feeding on the algae; TL3 is large 

zooplankton or small fishes, feeding on the herbivorous zooplankton; and TL3.5-4.5 are large 

fishes (for example, cod, tuna and groupers) whose food tends to be a mixture of low- and high-

TL organisms (Pauly et al. 2002).  
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The impact of ‘fishing down the food web’ has been identified in some parts of the world 

such as in the tropical and subtropical Pacific. In Thailand, there was an increase of pelagic fish in 

catches from 1950-2010, but from 1988-2007 the mean TL of the fisheries catch decreased from 

3.28 to 3.10 (decline ~0.09/decade) (Palomares et al. 2014). The catch per unit effort (CPUE) along 

the eastern coast of Thailand declined over time (Juntaropakorn & Yakupitiyage 2014). In India, 

from 1985 to 2006, the mean TL of pelagic fisheries declined along the Tamil Nadu coast due to 

overexploitation (Murugan & Durgekar 2008).  

The lower TL fisheries are mostly plentiful and tend to include small pelagic fish such as 

anchovy, sardine, herring, mackerel and capelin and also invertebrate species such as krill (Smith 

et al. 2011). There is an increased catch at low TLs in marine food webs globally (Russ et al. 2017; 

Smith et al. 2011). Planktivorous fishes such as Clupeiformes, including anchovies, herrings, 

sardines, made up to 30% of global fish catches and on Indo-Pacific coral reefs they are an 

important part of total reef fish biomass. Therefore, planktivorous fishes are crucial in an 

ecological system of facilitating ecosystem connectivity by connecting resource pools in nearby 

habitats for example; linking between pelagic and reef habitats. Caesionidae, known as fusiliers or 

caesionids, is a common reef fish species of the Indo‐West Pacific (Russ et al. 2017).  

Furthermore, most fish catch (30%) is used for feeding livestock and aquaculture rather 

than for direct consumption. However, in developing countries, between 10 and 20% of the fish 

catch includes low TL fish that are consumed and therefore contribute to food security (Smith et 

al. 20Because lower trophic fisheries are in abundance, this could be a livelihood strategy that 

results in greater food security of small-scale fishers and is preferentially pursued.  

It should be noted that the term ‘fishing down the food web’ is a highly generalised term 

which aggregates data from many different fishing activities and utilises measures of TL which 

themselves are very simplified representations of a food web. It should, therefore, not be expected 

that research conducted over a relatively short timescale will yield conclusive evidence of whether 

or not fishers are progressively targeting lower TLs, nor identify with certainty the driving forces 

that may be behind this. The concept does, however, enable an overview across small-scale tropical 

fisheries that is useful for simple comparable analyses and the concept is used with these caveats 

in mind in this research. 
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6.1.3. Fishing livelihoods in Karimunjawa National Park 

This research focused on fishing communities in the villages of Karimunjawa and Parang 

village, situated within Karimunjawa MPA. Karimunjawa sub-district is administratively divided 

into four villages: Karimunjawa, Kemujan, Parang and Nyamuk villages. Karimunjawa village has 

the largest total land area (4,624,000 ha) and Parang village is the third largest total land area 

(731,000 ha) in Karimunjawa sub-district. The total population in Karimunjawa is 4,810 people 

(2,420 male and 2,390 female), and 1,139 people (567 male and 572 female) in Parang (BPS 2018). 

Karimunjawa village is the most developed village in Karimunjawa sub-district. Parang village is 

situated in a remote area; it takes about two hours by fishing boat to reach Parang village from 

Karimunjawa village. The distance between Karimunjawa  and Parang village is 32 km (BPS 

2018). 

Fisheries activities are the main livelihood of the people in both Karimunjawa and Parang 

villages. However, people in Karimunjawa have more diverse economic opportunities than people 

in Parang, because Karimunjawa village is a centre for tourism development. For example, most 

of the tourism facilities are concentrated in Karimunjawa village with 11 hotels and 73 homestays, 

and just one homestay available in Parang. Therefore, Karimunjawa people can have alternative 

jobs in tourism related activities such as tour guides, boat drivers, traders, hotel employees, and 

catering for tourists, but there are fewer opportunities for Parang residents to be involved in 

tourism. 

 

6.1.4. Objectives 

The main aim of this chapter is to understand the degree to which fishers in the target 

communities are reliant on coral reef habitats and fish of different TLs for their livelihoods. This 

is pursued through the following specific objectives: 

 To describe in broad terms the nature of fishing activities pursued by fishers in both 

communities, including length of trip, seasonality and other patterns of activity.  

 To identify and compare the main target species and habitats for fishers in both 

communities. 

 To understand the variability in CPUE among different gear types, and communities. 
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 To examine the implications for food security of the different fishing strategies 

pursued by the two communities, and whether there is evidence of ‘fishing down the 

food web’. 

 To compare the TL of species caught by fishers in both communities 

 

6.2. Methods 

Qualitative and quantitative methods were used in this research. Data was collected 

directly from the respondents through surveys, participatory observation and semi-structured 

interviews. To meet the objectives of this chapter, household survey data was used for the 

quantitative analysis. The dataset included respondents who had activities as fishers from 

Karimunjawa and Parang village. Responses to the questions about type of gear used, rank 

importance of the gear, time period used for fishing per day or per week, target of fish, fishing 

season, and fishing effort were included in the analysis presented here. Chapter 4 contains further 

detail on the methodology and approach for the research. 

 

6.2.1. Data collection and observation 

The data were collected as part of the household survey on food security. Respondents 

were choosen randomly as described in Chapter 4. This chapter uses only information from the 

159 fishers in Karimunjawa (53% of survey respondents) and 121 fishers in Parang (62% of survey 

respondents).  

Participant observation was combined with answers from semi-structured interviews with 

30 key informants including; KNPA staff, village leaders, religious leaders, non-governmental 

organisation staff (WCS), and local marine and fisheries officers of KNP. Key informants were 

selected by using purposive sampling as decribed in Chapter 4. The information was used to 

understand the broader socio-economic context as well as daily and seasonal rhythms of the fishers 

and the two villages. 

 

6.2.2. Data analysis 

6.2.2.1. Fishing strategies including temporal variability 

Fishers in the two villages recognise different fishing seasons based on regular monsoon 

and dry season cycles. Respondents were asked to describe and report on fishing effort in each of 
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the seasons (described here as peak season, shoulder season, and low season). Fishers were also 

asked to describe their vessel types and motor capacity. 

Data on the duration of fishing trips in each season was obtained from the survey of fishers 

in which they were asked about their fishing effort, in either hours per day, or days per week. 

Fishers from Karimunjawa tend to depart and return within 24 hours, and their fishing effort was 

reported in hours per day. Fishers in Parang tend to undertake extended, multi-day fishing trips, 

and reported their fishing effort in days per week.  

Data on fishing gear utilised in each season were obtained through surveys with fishers. 

Fishers were presented with a list of 14 types of gear, and asked to nominate the most important, 

second most important, and third most important gear that they used for fishing in each season; in 

some cases fishers nominated only one or two types of gear in each season. Descriptive statistics 

were used to summarise the frequency of gear use. 

Data on gear and target fish species was obtained through surveys with respondents. 

Respondents were asked to mention the type of fish caught  and what gear they used to catch the 

fish. Data of different gear used and target fish species was analysed using descriptive statistics 

and cross tabulation to calculate the frequency of different combinations. 

 

6.2.3. Fish species and habitat 

The Bahasa Indonesia names of fish used by fishers were matched with scientific names 

and English common names using FishBase (http://www.fishbase.org). Information on fish 

habitat, ecology and life history was extracted from FishBase for each species mentioned. 

Common names of fish species mentioned were obtained from the survey of fishers in 

which they were asked about the target fish species caught. Descriptive statistics were used to 

summarise the fish caught throughout the year.  

Information on TL was found using FishBase by searching for the genus of the fish, then 

checking the diet information of species to determine its TL. When there was no information on 

fish species diet, the ecology information was checked to find the TL of the species. All 

information about the TL from the fish species diet or ecology are listed in Appendices 6, 7, and 

8. Then, the mean TL was calculated by the sum of the TL of each individual fish species in a 

genus divided by the sum of fish species in each genus.   
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6.2.3.1. Catch per unit effort  

Survey respondents were asked to estimate their average catch per trip in each of the three 

seasons (peak season, shoulder season, and low season). Respondents gave an estimate of the 

average weight of landed fish in a catch, and the total time used for fishing per trip in each season. 

The estimated average fish weight was based on the information that the fishermen obtained from 

the middlemen when their catches were weighed. 

CPUE data were calculated separately in each season for each village. Estimated CPUE 

data for Karimunjawa were calculated from the average of respondents perceived fish catch (kg) 

per hour. Estimated CPUE data for Parang were calculated by the average of the perceived fish 

catch (kg) per day. 

 

6.2.3.2. Trophic level (TL) 

Survey respondents were asked to rank the importance the gear used and target fish. Data 

of TL of fish species was found by searching the genus of all fish targeted by fishers in 

Karimunjawa and Parang using FishBase. Data of TL was recorded from ecology information. If 

the type of ecology data was absent then diet information was used. In addition, the mean TL of 

each fish genus was calculated by summing all the TLs of each fish species in that genus, then 

dividing it by the total number of fish species in that genus.  

 

6.2.4. Statistical analysis 

The Mann-Whitney U test was used to test for differences between two independent 

groups, in order to understand whether Karimunjawa and Parang differed in terms of target fish 

species. This test is non-parametric, which was necessary due to the non-normality of the data. 

Instead of comparing means of the two groups, the Mann-Whitney U test compares medians. It 

converts the scores of the continuous variable to ranks across the two groups. It then evaluates 

whether the ranks for the two groups differ significantly. As the scores are converted to ranks, the 

actual distribution of the scores does not matter. The effect size (value of r) was calculated 

separately as SPSS does not provide an effect size statistic. To calculate an approximate value of 

r, the value of z that is reported in the output is used with the formula below: 

r = z / square root of N where N = total number of cases 

With the criteria of 0.1=small effect, 0.3=medium effect, 0.5=large effect. 

Source: (Pallant 2010). 
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6.3. Results 

6.3.1. Socio-demographic characteristics of fishers 

All communities around the KNP are comprised of immigrants from many areas around 

Indonesia with different ethnicities including Javanese, Buginese, Makassarese, Madurese, Bajo, 

Banjar, Buton and other ethnicities. The people come largely from maritime traditions with a 

common life dependency on marine resources. People of any ethnic origin or cultural background 

have the right to access marine resources, as the marine area is an open access space that can be 

used by all people. A common property rights regime is considered to apply to the sea. In addition, 

the communities hold that all people have the same rights to gain benefits from fisheries, and 

access the transportation and communication systems (Suliyati et al., 2017).  

However, since the implementation of the MPA, there is a regulation that manages the 

sea. Coastal communities in Karimunjawa have a right to access the sea and its resources based on 

the zoning management. The community does not have full, open access but it is likely that the 

zoning management provides fisheries benefit to the local people. Up to 90% of total marine 

conservation is allocated for traditional fisheries activities (BTNK 2012). 

Most of the fishers in Karimunjawa Islands are small-scale fishers who usually use their 

fish catch to support their livelihood and for household consumption. Most fishers use their own 

boat with a capacity less than 10 GT.  

Two-thirds of respondents in Karimunjawa village and half of Parang respondents owned 

their boats. Over 95% of fishers in both villages used inboard engines, with the remainder of the 

vessels having no engine. A large proportion of fishers in both villages have many years of 

experience (i.e. more than 10 years) in fishing practice (Figure 6.1). Almost one quarter (23%) of 

fishers in Karimunjawa had 16-20 years experience, with 18% having 6-10 years experience. In 

Parang, 21% of fishers had 6-10 years experience, and 19% had 16-20 years eperience. 
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Figure 6. 1 The percentage of respondents with the distribution of years of experience of fishers 

surveyed in two villages. 

 

6.3.2. Target fish species within the fisheries of Karimunjawa and Parang 

The full list of all species mentioned by fishers in Karimunjawa and Parang are presented 

in Table 6.1 and Table 6.2. Around 70% of the fish species mentioned in both villages are most 

often associated with coral reef habitats. 

 

Table 6. 1: Fish species mentioned by fishers in Karimunjawa.  

Family Scientific name Bahasa 

Indonesia/ 

Local Name 

English Fish Habitat 

(from FishBase) 

Belonidae Tylosurus crocodilus Todak Hound needlefish Reef-associated; 

oceanodromous 

Caesionidae Caesio cuning Ekor kuning Redbelly 

yellowtail fusilier 

Reef-associated; 

non-migratory 

Pterocaesio digramma Pisang-

pisang 

Double-lined 

fusilier 

Reef-associated; 

non-migratory 

     

https://en.wikipedia.org/wiki/Needlefish
https://nl.wikipedia.org/wiki/Fuseliers
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Family Scientific name Bahasa 

Indonesia/L

ocal Name  

Common Name Fish Habitats 

(from FishBase) 

Carangidae  

  

Carangoides 

malabaricus 

Kuweh Malabar trevally Reef-associated; 

amphidromous 

Caranx sexfasciatus Selar Bigeye trevally Reef-associated 

Decapterus russelli Layang  Indian scad Benthopelagic 

Elagatis bipinnulata Sulir Rainbow runner Reef-associated 

Gnathanodon speciosus Badong Golden trevally Reef-associated 

Selaroides leptolepis Benthong Yellowstripe scad Reef-associated 

Clupeidae  Sardinella lemuru Juwi/Sero Bali sardinella Pelagic-neritic; 

oceanodromous 

Spratelloides gracilis Teri Silver-stripe 

round herring 

Pelagic-neritic 

Dasyatidae Urogymnus polylepis 

 

Pari Giant freshwater 

whipray 

Benthopelagic 

Lethrinidae Lethrinus erythropterus Tambak 

karang 

Longspine 

Emperor 

Reef-associated; 

non-migratory 

Lethrinus harak Tambak 

pelong 

Thumbprint 

emperor 

Reef-associated 

Lutjanidae  Lutjanus 

argentimaculatus 

Kakap merah Red snapper Reef-associated; 

oceanodromous 

Lutjanus russellii Tambak pasir Russell's snapper Reef-associated 

Mugilidae Crenimugil seheli Belanak Bluespot mullet Freshwater; 

brackish; pelagic-

neritic 

Nemipterid

ae 

Nemipterus japonicus Kerisi Japanese 

threadfin bream 

Demersal; non-

migratory 

Scaridae  

  

Hipposcarus harid Kakak tua Candelamoa 

parrotfish 

Reef-associated; 

non-migratory 

Scarus ghobban Mutan ijo Blue-barred 

parrotfish 

Brackish; reef-

associated 

Scarus prasiognathos Betet Singapore 

Parrotfish 

Reef-associated 

Scombridae

  

  

Euthynnus affinis Tongkol/sem

bak 

Mackerel tuna Pelagic-neritic; 

oceanodromous 

Rastrelliger kanagurta Kembung/ba

njar 

Indian mackerel Pelagic-neritic; 

oceanodromous 

Scomberomorus 

commerson 

Tenggiri Narrow-barred 

Spanish mackerel 

Pelagic-neritic; 

oceanodromous 

Serranidae  

  

  

  

Cephalopholis 

cyanostigma 

Klekeh abang Bluespotted hind Reef-associated; 

non-migratory 

Epinephelus fasciatus Klekeh 

tengah 

Blacktip grouper Reef-associated 

https://en.wikipedia.org/wiki/Carangidae
https://en.wikipedia.org/wiki/Clupeidae
https://en.wikipedia.org/wiki/Dasyatidae
http://researcharchive.calacademy.org/research/ichthyology/catalog/fishcatget.asp?genid=1443
http://researcharchive.calacademy.org/research/ichthyology/catalog/fishcatget.asp?spid=27251
https://en.wikipedia.org/wiki/Lethrinidae
https://en.wikipedia.org/wiki/Lutjanidae
https://en.wikipedia.org/wiki/Mullet_(fish)
https://en.wikipedia.org/wiki/Nemipteridae
https://en.wikipedia.org/wiki/Nemipteridae
https://en.wikipedia.org/wiki/Scombridae
https://en.wikipedia.org/wiki/Scombridae
https://en.wikipedia.org/wiki/Serranidae
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Family Scientific name Bahasa 

Indonesia/L

ocal Name  

Common Name Fish Habitats 

(from FishBase) 

Serranidae  

 

Epinephelus 

hexagonatus 

Klekeh 

karang 

Starspotted 

Grouper 

Reef-associated 

Epinephelus tauvina Kerapu 

Kayu/Ikan 

Balong 

Greasy grouper Reef-associated; 

oceanodromous 

Plectropomus leopardu

s 

Kerapu 

Sunuk 

Leopard 

coralgrouper 

Reef-associated 

Siganidae 

  

  

Siganus javus Baronang 

angin/Smadar 

Streaked 

spinefoot 

Reef-associated 

Siganus punctatus Smadar 

cabang 

Goldspotted 

spinefoot 

Reef-associated 

Siganus virgatus Smadar 

Kuning 

Barhead spinefoot Reef-associated 

 

 

Sphyraena jello Barrakuda Pickhandle 

barracuda 

Reef-associated 

Zenarchopt

eridae 

Dermogenys pusilla Julun julun Wrestling 

halfbeak 

 

Freshwater; 

brackish; pelagic-

neritic 

Source (FishBase): https://www.fishbase.de 

 

 

Table 6. 2: Fish species mentioned by fishers in Parang.  

Family Scientific name Bahasa 

Indonesia/Local 

Name  

Common Name Fish Habitats 

(from FishBase) 

Belonidae Tylosurus crocodilus Todak Hound needlefish Reef-associated; 

oceanodromous 

Caesionidae Caesio cuning Ekor kuning Redbelly 

yellowtail fusilier 

Reef-associated 

Carangidae  

  

Carangoides 

malabaricus 

Kuweh Malabar trevally Reef-associated; 

amphidromous 

Elagatis bipinnulata Sulir Rainbow runner Reef-associated 

Gnathanodon speciosus Badong Golden trevally Reef-associated 

Clupeidae Sardinella lemuru Juwi/Sero Bali sardinella Pelagic-neritic; 

oceanodromous 

Coryphaenidae Coryphaena hippurus Mladang Common 

dolphinfish 

Brackish; pelagic-

neritic 

Cyprinidae Rutilus rutilus Gordon Roach Brackish; 

benthopelagic 

https://en.wikipedia.org/wiki/Serranidae
https://en.wikipedia.org/wiki/Rabbitfish
https://en.wikipedia.org/wiki/Zenarchopteridae
https://en.wikipedia.org/wiki/Zenarchopteridae
https://www.fishbase.de/
https://en.wikipedia.org/wiki/Needlefish
https://en.wikipedia.org/wiki/Caesionidae
https://en.wikipedia.org/wiki/Carangidae
https://en.wikipedia.org/wiki/Clupeidae
https://en.wikipedia.org/wiki/Coryphaena
https://en.wikipedia.org/wiki/Cyprinidae
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Family Scientific name Bahasa 

Indonesia/Local 

Name  

Common Name Fish Habitats 

(from FishBase) 

Lethrinidae  Lethrinus erythropterus Tambak karang Longspine 

Emperor 

Reef-associated 

Lethrinus harak Tambak pelong Thumbprint 

emperor 

Reef-associated 

Lutjanidae  Lutjanus 

argentimaculatus 

Kakap merah Mangrove Red 

snapper 

Reef-associated; 

oceanodromous 

Lutjanus russellii Tambak pasir Russell's snapper Reef-associated 

Nemipteridae  Nemipterus japonicus Kerisi Japanese threadfin 

bream 

Demersal; non-

migratory 

Scaridae Hipposcarus harid Kakak tua Candelamoa 

parrotfish 

Reef-associated 

Scombridae  

  

Euthynnus affinis Tongkol Mackerel tuna Pelagic-neritic; 

oceanodromous 

Rastrelliger kanagurta Kembung/banjar Indian mackerel Pelagic-neritic; 

oceanodromous 

Scomberomorus 

commerson 

Tenggiri Narrow-barred 

Spanish mackerel 

Pelagic-neritic; 

oceanodromous 

Serranidae  

  

  

  

  

Cephalopholis 

cyanostigma 

Klekeh abang Bluespotted hind Reef-associated 

Epinephelus fasciatus Klekeh tengah Blacktip grouper Reef-associated 

Epinephelus 

hexagonatus 

Klekeh karang Starspotted 

Grouper 

Reef-associated 

Epinephelus merra  Klekeh buthek Honeycomb 

Grouper 

Reef-associated 

Epinephelus tauvina Kerapu 

Kayu/Ikan 

Balong 

Greasy grouper Reef-associated; 

oceanodromous 

Plectropomus leopardus Kerapu Sunuk Leopard 

coralgrouper 

Reef-associated 

Siganidae  Siganus punctatus Smadar cabang Goldspotted 

spinefoot 

Reef-associated 

Siganus virgatus Smadar Kuning Barhead spinefoot Reef-associated 

Source (FishBase): https://www.fishbase.de 

 

Fishers from Parang target fewer species (approximately 25 species) than fishers from 

Karimunjawa. The most common fish caught by fishers in Karimunjawa was mackerel tuna, which 

was mentioned by 44% of respondents from that village. The second most common was narrow-

barred spanish mackerel (33%), followed by leopard coralgrouper and redbelly yellowtail fusilier, 

both of which mention by 26% and 25% of respondents.  

 

https://en.wikipedia.org/wiki/Lethrinidae
https://en.wikipedia.org/wiki/Lutjanidae
https://en.wikipedia.org/wiki/Nemipteridae
https://en.wikipedia.org/wiki/Scaridae
https://en.wikipedia.org/wiki/Scombridae
https://en.wikipedia.org/wiki/Serranidae
https://en.wikipedia.org/wiki/Rabbitfish


 

92 

 

The most common fish caught by fishers in Parang was red snapper, which was mentioned 

by 81% of respondents from that village. The second most common was leopard coralgrouper 

(57%), and then followed by mackerel tuna (41%), while greasy grouper and golden trevally were   

both mentioned by 23% of respondents (Figure 6.2). 

Figure 6. 2: Percentage of fishers mentioning common fish species in Karimunjawa and Parang. 

 

The most common fish species caught by fishers in the study (both villages combined) 

were narrow-barred spanish mackerel, mackerel tuna, red snapper, redbelly yellow fusilier, greasy 

grouper, malabar trevally and leopard coral grouper. The size, ecological habitat, TL, and an image 

of each fish are shown in Table 6.3. 
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Table 6. 3: The most common fish species and their life history characteristics. 

Fish Size Ecological 

habitat 

Mean 

Trophic 

level  

 

Image Max 

length 

Max 

weight 

Narrow-barred 

spanish mackerel 

(Scomberomorus 

commerson) 

240 cm 70.0 kg pelagic 4.4 

 
Mackerel tuna 

(Euthynnus affinis) 

100 cm 14.0 kg pelagic 4.3 

 
Mangrove Red 

snapper 

(Lutjanus argentima

culatus) 

 

150 cm 8.7 kg reef-

associated 

4.0 

 

Redbelly yellowtail 

fusilier 

(Caesio cuning) 
 

60 cm 
 

reef-

associated 

3.4 

 
Greasy grouper 

(Epinephelus tauvina

) 

 

100 cm 
 

reef-

associated 

4.0 

 
Malabar trevally 

(Carangoides 

malabaricus) 

60 cm 
 

reef-

associated 

4.2 

 
Leopard coral 

grouper 

(Plectropomus leopa

rdus) 

 

120 cm 23.6 kg reef-

associated 

 

4.3 

 

Source (FishBase): https://www.fishbase.de  

 

https://www.fishbase.se/summary/SpeciesSummary.php?genusname=Scomberomorus&speciesname=commerson
https://www.fishbase.se/summary/SpeciesSummary.php?genusname=Scomberomorus&speciesname=commerson
https://www.fishbase.se/summary/SpeciesSummary.php?genusname=Euthynnus&speciesname=affinis
http://researcharchive.calacademy.org/research/ichthyology/catalog/fishcatget.asp?genid=357
http://researcharchive.calacademy.org/research/ichthyology/catalog/fishcatget.asp?spid=15550
http://researcharchive.calacademy.org/research/ichthyology/catalog/fishcatget.asp?spid=15550
http://researcharchive.calacademy.org/research/ichthyology/catalog/fishcatget.asp?genid=475
http://researcharchive.calacademy.org/research/ichthyology/catalog/fishcatget.asp?spid=15607
http://researcharchive.calacademy.org/research/ichthyology/catalog/fishcatget.asp?genid=366
http://researcharchive.calacademy.org/research/ichthyology/catalog/fishcatget.asp?spid=15961
http://researcharchive.calacademy.org/research/ichthyology/catalog/fishcatget.asp?spid=15961
https://www.fishbase.se/summary/SpeciesSummary.php?genusname=Carangoides&speciesname=malabaricus
https://www.fishbase.se/summary/SpeciesSummary.php?genusname=Carangoides&speciesname=malabaricus
http://researcharchive.calacademy.org/research/ichthyology/catalog/fishcatget.asp?genid=900
http://researcharchive.calacademy.org/research/ichthyology/catalog/fishcatget.asp?spid=16006
http://researcharchive.calacademy.org/research/ichthyology/catalog/fishcatget.asp?spid=16006
https://www.fishbase.de/
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6.3.3. Major fishing grounds of Karimunjawa and Parang fishers 

Figure 6.3 shows maps for the fishing grounds of Karimunjawa and Parang fishers. The 

fishing grounds of most fishers from Karimunjawa is around KNP and few of fishers do 

fishing around Kalimantan. Meanwhile, most fishers from Parang village fish outside KNP 

around Kalimanatan Island.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. 3: Major fishing ground of Karimunjawa and Parang fishers.
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6.3.4. Temporal patterns in the fisheries of Karimunjawa and Parang 

Based on the Indonesian monsoon, from December to February west to northwest winds 

blow over southern hemisphere Indonesia, including southern Sumatera, Java, Bali, Lombok, Nusa 

Tenggara up to Papua. This is the boreal winter monsoon that is called the west monsoon. In 

contrast, in the boreal summer, the wind blows from the Australian continent towards the Asian 

continent. The wind direction is from east to west and this is called the east monsoon. The division 

of the seasons based on the monsoon in southern hemisphere Indonesia is: west monsoon (Dec-

Feb), first transition (Mar-May), east monsoon (Jun-Aug), and second transition (Sep-Nov) 

(Bayong Tjasyono et al. 2008). 

Fishing seasons in Karimunjawa were divided into three categories; low season is from 

December to February (west monsoon), shoulder season is from March to May (first transition – 

dry season) and from June to August (east monsoon), while the peak season is from September to 

November (second transition – wet season). According to the fishers, during the west monsoon, 

fish are still abundant, however the presence of large waves results in reduced fishing activities 

during that time. 

Most of the fishers surveyed in Karimunjawa and Parang have a similar strategy in fishing 

activities. They fish from four to six days a week with a group of between three and six people in 

a boat. However, the fishing locations used by fishers in the two villages was different. Fishers 

from Karimunjawa fish daily, relatively close to shore and around KNP. The most commonly 

reported daily fishing effort was between 10 and 16 hours per day during shoulder and peak 

seasons. During the low season, fishing effort was lower (between 0 to 12 hours per day). Fishers 

from Parang engage in fishing trips of between four to six days length (most commonly five days) 

and travel up to 400 kilometres away from their village, targeting particular high-value species. 

 

6.3.5. Fishing effort in Karimunjawa village 

Figure 6.4 shows boxplots for the fishing effort by season in Karimunjawa. Fishing trip 

length was consistently similar for the shoulder and peak seasons, but was much reduced during 

the low season, with a high degree of variation among respondents. The median fishing trip length 

during the shoulder and peak seasons was 12 hours per day, but in the low season was 5 hours per 

day. The interquartile ranges were different for each fishing season, with the greatest variability in 

the low season. The overall range of the data set was similar for all seasons.  
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Figure 6. 4: Fishing effort by season in Karimunjawa village.  

Low season is from December to February, shoulder season is from March to May and from June 

to August, while peak season is from September to November. Tinted boxes = inter-quartile range, 

in the middle of tinted box, a thicker horizontal line is the median (middle of the data set/50% of 

scores for the group), the top edge of the tinted boxes are the upper quartiles/25% of scores above 

the upper quartile, the bottom edge of the tinted boxes are the lower quartiles/25% of scores fall 

below the lower quartile, the upper and lower whiskers represent scores outside the middle 50%. 

○ = outlier, * = extreme outlier (Field 2009).  

 

In Parang, the length of fishing trips and the degree of variation were similar among all 

three fishing seasons, with a median trip length of 5 days per week for low, shoulder and peak 

seasons. The interquartile ranges are similar for all three fishing seasons, as are the ranges (Figure 

6.5).  
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Figure 6. 5: Fishing effort by season in Parang.  

Tinted boxes = inter-quartile range, in the middle of the tinted box, a thicker horizontal line is the 

median (middle of the data set/50% of scores for the group), the top edge of the tinted boxes are 

the upper quartiles/25% of scores above the upper quartile, the bottom edge of the tinted boxes 

are the lower quartiles/25% of scores fall below the lower quartile, the upper and lower whiskers 

represent scores outside the middle 50%. ○ = outlier, * = extreme outlier (Field 2009).  

 

6.3.6. Fishing gear used in the fisheries of Karimunjawa and Parang 

The most common fishing gear utilised by fishers in Karimunjawa and Parang are 

presented in Table 6.4. Karimunjawa fishers utilised a greater variety of fishing gear types than 

those from Parang village. In Karimunjawa, 70% of all respondents used just one fishing 

technique, with the remainder employing fourteen different combinations. The most common 

practice in Karimunjawa was hand line (offshore/blue water), which was used by 39% of 

respondents from that village. The second most common was spear gun (16%). Whereas, the most 

common combination of gear utilised by fishers in Karimunjawa were fish traps and hand lines 

(offshore/blue water), which were utilised by 11% of respondents. The remaining 34% of 

respondents employed a total of 22 different combinations of single, double and triple fishing 

practices.  



 

98 

 

In Parang, 27% of respondents employed one fishing technique, with the majority using 

three different combinations of techniques. The most common practice was the combination of 

hand lines (offshore/blue water) and fish traps, which was practiced by 56% of fishers. The next 

most common was fish traps alone employed by 20% of the sample, and the combination of hand 

lines (offshore/blue water), fish traps, and longlines (bottom, drift) which was used by 16% of the 

sample. The remaining 26% of respondents employed a total of eight different combinations of 

single, double and triple fishing practices. 

 

Table 6. 4: Fishing gear used in Karimunjawa and Parang villages. 

Single gear types % of all fishers 

using this gear type 

Combinations of gear % of all 

fishers using 

this gear type 

Karimunjawa village (n=159) 

Hand line 

(offshore/blue water) 

39 Fish trap and Hand line 

(offshore/blue water) 

11 

Spear gun 16 Hand line (offshore/blue 

water) and Spear gun 

3 

Fish trap 6 Small mesh gill net and 

Hand line (inshore/reef) 

3 

Hand line (inshore/reef) 4 Hand line (offshore/blue 

water) and Longline 

(bottom drift) 

2 

Small mesh gill net 3 Small/beach seine net and 

Hand line (offshore/blue 

water) 

2 

Small/beach seine net 1 Fish trap and Small mesh 

gill net 

1 

Large mesh gill net 1 Fish trap and Spear gun 1 

Purse seine net 1 Hand line (offshore/blue 

water) and Hand line 

(inshore/reef) 

1 

  Hand line (offshore/blue 

water) and Small mesh gill 

net 

1 

  
Spear gun and Hand line 

(inshore/reef) 

1 
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Single gear types % of all fishers 

using this gear type 

Combination gears % of all 

fishers using 

this gear type 
  

Fish trap and Hand line 

(inshore/reef) 

1 

  
Hand line (inshore/reef) 

and Small/beach seine net 

1 

  Longline (bottom drift) 

and Small mesh gill net 

1 

  Small mesh gill net and 

Fish Trap 

1 

Total 70 Total 30 

 

Parang village (n=121) 

Fish trap 20 Hand line (offshore/blue 

water) and Fish trap 

56 

Hand line 

(offshore/blue water) 

3 Hand line (offshore/blue 

water), Fish trap, and 

Longline (bottom, drift) 

16 

Hand line (inshore/reef) 2 Small mesh gill net, Fish 

trap, and Hand line 

(offshore/blue water) 

1 

Longline (bottom, drift) 1   

Small mesh gill net 1 
  

Total 27 Total 73 

 

6.3.7. Target fish species and gear used for catches 

The most common targeted fish species using a combination of fishing gear in 

Karimunjawa were leopard coralgrouper, mackerel tuna, red snapper, narrow-barred spanish 

mackerel, and redbelly yellowtail fusilier. The most common gear used was fish traps and hand 

lines (offshore/blue water) that was used to catch leopard coralgrouper (16 respondents), mackerel 

tuna (10 respondents), red snapper (20 respondents), and narrow-barred spanish mackerel (8 

respondents) (Table 6.5). 

The most common fish species targeted using a single type of fishing gear were narrow-

barred spanish mackerel, mackerel tuna, leopard coral grouper, red snapper and redbelly yellowtail 



 

100 

 

fusilier. The most common gear used was hand lines (offshore/blue water), which was used to 

catch narrow-barred spanish mackerel (56 respondents), mackerel tuna (45 respondents), leopard 

coral grouper (16 respondents), and red snapper (24 respondents). The next most common gear 

used was spear guns used to catch redbelly yellowtail fusilier (19 respondents) (Table 6.5). 

  

Table 6. 5: The most common combinations of gear types and the most common single gear types  

used  in Karimunjawa 

The most common combination gears 

 

 

Type of Fish 

Trap & 

Hand 

line 

(offshor

e/blue 

water) 

Trap 

& 

Small 

mesh 

gill 

net 

Trap &  

Spear 

gun 

Hand line 

(offshore/

blue 

water) & 

Hand line 

(inshore/re

ef) 

Hand 

line 

(offsh

ore/bl

ue 

water) 

& 

Spear 

gun 

Small 

mesh 

gill net 

& Fish 

Trap 

Small 

mesh 

gill 

net & 

Hand 

line 

(insho

re/reef

) 

Small/be

ach seine 

net & 

Hand 

line 

(offshore

/blue 

water) 

Total 

Leopard 

coralgrouper 

16 2 0 2 0 2 2 0 24 

Mackerel tuna 10 0 0 0 2 0 2 4 18 

Red snapper 20 0 0 0 0 0 0 0 20 

Narrow-barred 

Spanish mackerel 

8 0 0 0 2 0 2 0 14 

Redbelly yellowtail 

fusilier 

0 0 2 2 6 0 2 0 12 

The most common single gear 

  Trap Hand 

line 

(insho

re/reef

) 

Hand 

line 

(offshor

e/blue 

water) 

Small 

mesh gill 

net 

Spear 

gun 

Trollin

g line 

   

Narrow-barred 

Spanish mackerel 

0 5 56 1 2 0   64 

Mackerel tuna 1 6 45 0 2 0   54 

Leopard 

coralgrouper 

10 0 16 1 14 0   41 

Red snapper 4 1 23 0 3 0   31 

Redbelly yellowtail 

fusilier 

3 0 7 0 19 0   29 

          

The most common single gear 
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Hand line 

(inshore/reef) 

Hand 

line 

(offshor

e/blue 

water) 

Small 

mesh 

gill 

net 

Spear 

gun 

Trolling 

line 

 
 

  16 

Candelamoa 

parrotfish 

1 0 1 0 13 0   15 

Indian mackerel 1 0 14 0 0 0   15 

Russell's snapper 0 1 5 3 6 0   15 

Golden trevally 0 0 10 1 2 1   14 

Longspine 

Emperor 

0 1 4 3 6 0   14 

Malabar trevally 0 0 10 1 2 0   13 
 

The most common fish species targeted using a combination of gears types in Parang 

were red snapper, leopard coral grouper, mackerel tuna, golden trevally, malabar trevally and 

greasy grouper. The most common gear used was hand lines (offshore/blue water) and fish traps 

to catch red snapper (58 respondents), leopard coral grouper (54 respondents), mackerel tuna (43 

respondents) and greasy grouper (17 respondents). Whilst hand lines (offshore/blue water), fish 

traps, and longlines (bottom, drift) were used to catch golden trevally and malabar trevally by 16 

respondents.  

The most common fish species targeted using a single type of gear were the leopard coral 

grouper, red snapper and greasy grouper. The most common gear used was fish traps to catch 

leopard coral grouper (23 respondents), red snapper (22 respondents) and greasy grouper (11 

fishers) (6.6). 
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Table 6. 6: The most common combinations of gear types and the most common single gear 

typesused in Parang.  

 

The most common combination gear and target of fish species 

Type of Fish Hand line 

(offshore/blue 

water) and 

Fish trap 

Hand line 

(offshore/blue 

water), Fish trap, 

and Longline 

(bottom, drift) 

Small mesh gill 

net, Fish trap, 

and Hand line 

(offshore/blue 

water) 

  
Tota

l 

Red snapper 58 17 1 
  

76 

Leopard 

coralgrouper 

54 17 0 
  

71 

Mackerel tuna 43 9 0 
  

52 

Golden trevally 12 16 0 
  

28 

Malabar trevally 12 16 0 
  

28 

The most common single gear and target of fish species 

Type of Fish Fish trap Hand line 

(inshore/reef) 

Hand line 

(offshore/blue 

water) 

Longlin

e 

(bottom

,drift) 

Small 

mesh 

gill 

net 

20 

Rainbow runner 3 12 0 
  

15 

Narrow-barred 

Spanish mackerel 

6 6 0 
  

12 

Red snapper 22 2 4 1 1 30 

Leopard 

coralgrouper 

23 2 3 0 1 29 

Greasy grouper 11 0 2 1 0 14 

Mackerel tuna 6 2 3 0 0 11 

 

 

6.1.3.1. Motor power and vessel capacity 

The most common single motor power used by fishers in Karimunjawa was 16 Hp, and 

the second most common was 23 Hp. Some fishers also used <8 Hp. A number of fishers had boats 

equipped with motors of different horsepower for different conditions. The most common single 

motor power used by fishers in Parang was 23 Hp. The second most common was 100 Hp. 

Similarly, some fishers used more than one motor of different power. 

Just under half the respondents in Karimunjawa had a vessel capacity between 0.1 and 

0.5 GT (63 respondents), while 55 respondents had a vessel capacity between 0.6 and 1 GT and a 

further 29 had vessel capacity between 1.1 and 2.0 GT. The most common vessel capacity in 

Parang was between 0.6 and 1.0 GT (29 respondents). The second was between 1.1 and 2.0 GT 



 

103 

 

(23 respondents). The third was between 0.1 and 0.5 GT, and also 4.1 and 5.0 GT (17 respondents). 

Whilst, 14 respondents had a vessel with capacity above 5.1-12.0 GT. 

 

 

6.3.8. Catch per unit effort (CPUE) 

6.3.8.1. Karimunjawa 

Figure 6.6 shows that fishers obtained more fish per unit effort during the high season 

than the shoulder and low seasons. Fishers obtained the highest mean CPUE when using large 

mesh gill nets. The highest mean CPUE using a single type of gear was attained by fishers from 

Karimunjawa during the high season, obtaining 20 kg/hour using large mesh gill nets. The second 

was using spear guns (7 kg/hour), whilst small/beach seine nets managed an average of 6 kg/hour.  

 

Figure 6. 6: Mean CPUE by single fishing during high, low and shoulder seasons in Karimunjawa. 

  

Figure 6.7 shows that fishers obtained the higest mean CPUE using combinations of gear 

during the peak season in Karimunjawa. In the peak season, the highest CPUE was 17 kg/hour 

utilising a combination of hand lines (offshore/blue water) and small beach seines. The second 
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highest was combinations of fish traps and spear guns (12 kg/hour), while combinations of hand 

lines (offshore/blue water) and longlines (bottom, drift), obtained 11 kg/hour.  

 

 

 

Figure 6. 7: Mean catch per unit effort (CPUE, kg/hour) by combinations of gear during high, 

shoulder and low seasons in Karimunjawa.  

 

6.3.8.2. Parang 

The mean CPUE using a single type of gear in Parang is presented in Figure 6.8. The 

mean CPUE were attained by fishers in Parang in the high season, when fishers obtained 20 kg/day 

using only small mesh gill nets. The second highest mean CPUE was when fishers used only fish 

traps (15kg/day), whilst using only handlines (inshore), and handlines (offshore/blue water), 

obtained 12 kg/day, and 11 kg/day.  
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Figure 6. 8: Mean catch per unit effort (CPUE, kg/day) by four types of single fishing gear during 

high, shoulder and low seasons in Parang. 

 

The results show the mean CPUE of fishers in Parang using combinations of gear was 

higher in the high season than the shoulder and low seasons (Figure 6.9). The highest mean CPUE 

attained by fishers was when in the high season, when fishers obtained 16 kg/day using fish traps 

and small mesh gill nets. The next highest CPUE with a combination of fish traps, hand lines 

(offshore water), and longlines (bottom, drift) was 14 kg/day, while using a combination of fish 

traps and hand lines (offshore/blue water) obtained 13 kg/day.  
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Figure 6. 9: Mean catch per unit effort (CPUE, kg/day) by combinations of gear during high, 

shoulder and low seasons in Parang. 

 

6.3.9. Comparison of trophic level status between villages 

The Mann-Whitney U test was used to test the difference between Karimunjawa and 

Parang village in the terms of TL. The results show that there is no significant different in the TL 

between the two vilages which is p = 0.49, U = 75274.500, Z = -.676 (Table 6.7). 

 

Table 6. 7: Result of Mann-Whitney U test between the two villages for differences in trophic 

level. 

 

Trophic level 

Mann-Whitney U 75274.500 

Wilcoxon W 174509.500 

Z -.676 

Asymp. Sig. (2-tailed) .499 

a. Grouping Variable: Village 
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The report of the analysis shows that in the trophic level Karimunjawa (Median = 3.9, N 

= 445) and Parang (Median = 4, N = 348) (Table 6.8). 

 

Table 6. 8: Median trophic level 

 

Report 

Trophic level   

Village Mean N Std. Deviation Median 

Karimunjawa 3.701 445 .7466 3.900 

Parang 3.777 348 .6376 4.000 

Total 3.735 793 .7014 4.000 

 

The r value for the comparison was  

 

 rTrophic level=  
−.676

√793
 = 0.02 

The effect size for the measure was small to trophic level (r = .02) 

 

6.3.10. Mean of trophic level 

The most common mean TL of fish families targeted by fishers in Karimunjawa was > 

3.0. Only four fish families that were targeted had a mean TL < 3.0 including Scaridae, Mugilidae, 

Siganidae, and Clupeidae (Table 6.9). 

Table 6.10 shows the most common mean TL of fish families targeted by fishers in Parang 

was > 3.0 Only three fish families targeted had a mean TL < 3.0 including Scaridae, Siganidae, 

and Clupeidae. 
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Table 6. 9: Mean trophic level of fish families targeted in Karimunjawa. 

Genus Family Mean of 

trophic level 

Hipposcarus Scaridae 2 

Scarus Scaridae 2 

Crenimugil Mugilidae 2.3 

Siganus Siganidae 2.3 

Sardinella Clupeidae 2.8 

Rastrelliger Scombridae 3.1 

Spratelloides Clupeidae 3.2 

Dermogenys Zenarchopteridae 3.4 

Caesio Caesionidae 3.4 

Pterocaesio Caesionidae 3.4 

Decapterus Carangidae 3.4 

Urogymnus Dasyatidae 3.7 

Selaroides Carangidae 3.8 

Lethrinus Lethrinidae 3.8 

Gnathanodon Carangidae 3.8 

Tylosurus  Belonidae 3.9 

Nemipterus  Nemipteridae 3.9 

Caranx Carangidae 4.0 

Lutjanus Lutjanidae  4 

Epinephelus  Serranidae 4 

Carangoides  Carangidae 4.2 

Cephalopholis Serranidae 4.2 

Elagatis Carangidae 4.3 

Euthynnus Scombridae 4.3 

Plectropomus Serranidae 4.3 

Sphyraena Sphyraenidae 4.3 

Scromberomous Scombridae 4.4 
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Table 6. 10: Mean trophic level of fish families targeted in Parang. 

Genus Family Mean of Trophic 

Level 

Hipposcarus Scaridae 2 

Siganus Siganidae 2.3 

Sardinella Clupeidae 2.8 

Rutilus Cyprinidae 3.0 

Rastrelliger Scombridae 3.1 

Caesio Caesionidae 3.4 

Lethrinus Lethrinidae 3.8 

Gnathanodon Carangidae 3.8 

Tylosurus  Belonidae 3.9 

Nemipterus  Nemipteridae 3.9 

Lutjanus Lutjanidae  4 

Epinephelus  Serranidae 4 

Carangoides  Carangidae 4.2 

Cephalopholis Serranidae 4.2 

Elagatis Carangidae 4.3 

Euthynnus Scombridae 4.3 

Plectropomus Serranidae 4.3 

Scromberomous Scombridae 4.4 

Coryphaena Coryphaenidae 4.5 

 

 

6.4. Discussion 

The results presented in this chapter demonstrate that fishing communities adjacent to a 

MPA can have very different levels of reliance on the MPA and distinct fishing strategies, with 

differences noted in fishing methods, target species, fishing locations and seasonal patterns in 

fishing. These differences are explored in the following sections. 

 

6.4.1. Fishing livelihoods in Karimunjawa and Parang 

Although both Karimunjawa and Parang villages are within KNP and are only 32 km 

apart, it would appear that fishers from both villagers follow quite different strategies. Fishers from 

Karimunjawa fish closer to shore for shorter periods of time, and are more reliant on KNP for 

fishing. Fishing activities are still very high in Karimunjawa but many households in Karimunjawa 

adjust their livelihood by engaging in tourism activities particularly at the weekend by renting or 

driving their boats around the islands of KNP. The majority of fishers from Karimunjawa catch a 

greater diversity of fish. Fish production can be sold to one of five middlemen in the village, or 
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sold directly to the restaurant/market in Karimunjawa village. Karimunjawa fishers can obtain a 

higher CPUE of fish, but the species caught typically fetch a low price (such as mackerel tuna, 

narrow-bared Spanish mackerel, and red belly yellowtail fusilier). Fishers who use spearguns 

exclusively target higher priced fish such as leopard coralgrouper. However, relatively few fishers 

use spearguns as this fishing practice is inherently risky and can lead to paralysis. 

Parang fishers practice fishing mostly as multi-day far offshore trips and are less reliant 

on the marine park. The majority of fishers from Parang are highly dependent on fishing activities 

as their livelihood. Fishers from Parang target a narrow range of high value fish all year round 

(such as red snapper) but have much more limited direct access to the markets, and sell their fish 

to a middleman who transports their fish to Jepara for on sale. Fishers from Parang fish year-round 

and although the CPUE is lower, they target higher economic value fish in all seasons such as red 

snapper and leopard coral grouper. 

Based on these fishing strategies, it seems that the fishing strategy of fishers from 

Karimunjawa is more diverse and less risky, as fishers use less time, energy, and fuel for fishing 

and can still use their remaining time generating income from other sources of livelihood such as 

tourism activities. Meanwhile Parang fishers used most of the time only for fishing, which is they 

spend much money buying fuel for the fishing boat and spend more energy on fishing activities. It 

is likely that the fishing practice preferences of Parang fishers are driven by the fact that they have 

less alternative sources of income than fishing, due to their distance from the centre of the marine 

park and associated tourism activities. 

 

6.4.2. Target habitats and species 

In terms of fishing gear used, there were large differences between Karimunjawa and 

Parang fishers. The majority of Karimunjawa fishers used a single type of gear such as handlines 

to target narrow-barred spanish mackerel, mackerel tuna, and red snapper, the strategy was fishing 

between the morning and evening or between evening and morning. However, the second most 

commonly used single gear was spear guns that mainly targeted high value fish such as leopard 

coral grouper and redbelly yellowtail fusilier. The strategy of most spear gun fishers was to fish 

during the night for only between four to eight hours. 

Parang fishers mostly used a combination of handlines (offshore/blue water) and fish 

traps to target the same species for different gear such as red snapper, leopard coralgrouper, 
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mackerel tuna, greasy grouper, and malabar trevally. The strategy was that fishers sets some traps 

inshore and offshore then pick up traps on way back from fishing in the offshore.  

In terms of all targeted species for mean TLs of catches fishers from both villages targeted 

similar fish. The most commonly targeted fish families had mean TLs > 3.0 including species from 

the families Scombridae, Clupeidae, Zenarchopteridae, Caesionidae, Carangidae, Dasyatidae, 

Lethrinidae, Belonidae, Nemipteridae, Lutjanidae, Serranidae, and Sphyraenidae. However, there 

was fewer fish families with an average TL < 3.0 that were targeted by fishers and these included 

Scaridae (mean TL of 2), Mugilidae (mean TL of 2.3), Siganidae (mean TL of 2.3), and Clupeidae 

(mean TL of 2.8 especially the genus Sarinella). 

In terms of fish species, both fishers commonly targeted similar fish species such as 

leopard coralgrouper (mean TL of 4.3 mean), mackerel tuna (mean TL of 4.3) and red snapper (4.0 

mean of TL). However, they also targeted different species with different TLs. Karimunjawa 

fishers targeted narrow-barred spanish mackerel with mean TL of 4.4 and redbelly fusilier with 

mean TL of 3.4. While Parang fishers targeted greasy grouper with a TL of 4.0 and Malabar 

trevally with a TL of 4.2.  

Furthermore, the results from statistical analysis show that there is no significant 

difference in the TL (p = 0.49) for Karimunjawa and Parang village. A TL analysis was not based 

on the actual fish caught by fishers but on the measurement of trophic level based on the fish 

mentioned or targeted by fishers in Karimunjawa and Parang.  

A previous study of Campbell et al. (2014) in the same study area used a different 

measurement of CPUE to this study and found that the mean TL in Karimunjawa and Parang was 

significantly different at p < 0.000. The mean TL of fish was higher at Parang and other areas 

including Nyamuk and Genting (3.53), and Karimunjawa (3.42) (Campbell et al. 2014). 

In the study of Cinner & McClanahan (2006), the mean TL of fish at Papua New Guinea 

was slightly lower than in Karimunjawa. The mean TL was between 2.7 in Kranget and 3.54 in 

Gabagaba (Cinner & McClanahan 2006). Other findings in Kenya also show that the mean TL was 

slightly different than Karimunjawa. A mean TL was 3.6 that was dominated by fish caught using 

hand line. However mean TL using other gears (large trap, small traps, gill nets, spears and beach 

seines) is slightly lower than Karimunjawa. The mean TL was between 2.6 and 2.9 (McClanahan 

& Mangi 2004). 

.  
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6.4.3. Implications for food security 

Of all fish targeted by fishers in Karimunjawa and Parang, the most common targeted fish 

family was > 3 mean of TL, and many were higher order predators. That is, fishers are targeted 

higher trophic level fish species. Although, there were four fish families (Scaridae, Mugilidae, 

Siganidae, and Clupeidae) in Karimunjawa (Table 6.9) and three fish families in Parang (Scaridae, 

Siganidae, and Clupeidae)  (Table 6.10) that had mean TL < 3. The fish family with low average 

trophic levels targeted by Karimunjawa and Parang were similar. Therefore, only four fish families 

were targeted with low mean TL.  

The result of this study is similar to the study of Campbell et al. (2014), in that the most 

common average of trophic level of fish targeted in Karimunjawa Islands was between 3.1 and 

4.4. There were seven families with average TL <3 that were also caught including Scaridae, 

Acanthuridae, Siganidae, Kyphosidae, Pomacanthidae, Pomacanthidae, and Zanclidae (Table 

6.11). 

 

Table 6. 11: Mean of trophic level of fish targeted in Karimunjwa Island (Campbell et al. 

2014). 

Genus Family Mean trophic level 

Cetoscarus Scaridae 2 

Chlorurus Scaridae 2 

Scarus Scaridae 2 

Acanthurus Acanthuridae 2.3 

Siganus Siganidae 2.3 

Kyphosus Kyphosidae 2.4 

Pygoplites Pomacanthidae 2.7 

Bolbometopon Scaridae 2.7 

Pomacanthus Pomacanthidae 2.8 

Zanclus  Zanclidae 2.9 

Chromis Pomacentridae 3.1 

Euthynnus Scombridae 3.2 

Balistoides Balistidae 3.3 

Pterocaesio Caesionidae 3.3 

Hemigymnus Labridae 3.3 

Caesio Caesionidae 3.4 

Cirrhilabrus Labridae 3.4 

Gymnocranius Lethrinidae 3.5 

Pentapodus Nemipteridae 3.5 

Scolopsis Nemipteridae 3.5 

Platax Ephippidae 3.6 

Parupeneus Mullidae 3.6 

Diagramma Haemulidae 3.7 



 

113 

 

Genus Family Mean trophic level 

Plectorhinchus Haemulidae 3.8 

Cheilinus Labridae 3.8 

Choerodon Labridae 3.8 

Lethrinus Lethrinidae 3.8 

Nemipterus Nemipteridae 3.8 

Alectis Carangidae 3.9 

Epibulus Labridae 3.9 

Anyperodon Serranidae 3.9 

Lutjanus Lutjanidae 4 

Cheilio Labridae 4.1 

Carangoides Carangidae 4.2 

Cephalopholis Serranidae 4.2 

Atule Carangidae 4.3 

Thunnus Scombridae 4.3 

Epinephelus Serranidae 4.3 

Plectropomus Serranidae 4.3 

Sphyraena Sphyraenidae 4.3 

Scomberoides Scombridae 4.4 

 

Table 6.12 shows the fish families and the details of targeted fish species with Mean TL < 

3.0 in Karimunjawa and Parang village. 

 

Table 6. 12: Fish species with low mean trophic level targeted by fishers in Karimunjawa and 

Parang (Campbell et al. 2014) 

Family Genus Species 

Scaridae Hipposcarus Candelamoa parrotfish, Pacific longnose parrotfish 

Scaridae Scarus Rusty parrotfish, Striped parrotfish, Filament-finned parrotfish, Rivulated 

parrotfish, Blue-barred parrotfish, Common parrotfish, Chameleon parrotfish, 

Singapore parrotfish, Midnight parrotfish, Blue parrotfish, Azure parrotfish, 

Tricolour parrotfish, Sicklefin parrotfish, Festive parrotfish, Yellowfin parrotfish, 

Bridled parrotfish, Forsten's parrotfish,  Globehead parrotfish, Rainbow parrotfish, 

Ember parrotfish, Dusky parrotfish, Fivesaddle parrotfish, Bumphead parrotfish, 

Quoy's parrotfish, Eclipse parrotfish, Queen parrotfish, Yellowband parrotfish 

Mugilidae Crenimugil Bluetail mullet, Fringelip mullet, Bluespot mullet 

Siganidae Siganus Mottled spinefoot, Streamlined spinefoot, Golden-lined spinefoot, White-spotted 

spinefoot, Goldspotted spinefoot, White-spotted spinefoot, Goldspotted spinefoot, 

Orange-spotted spinefoot, Blue-spotted spinefoot, Masked spinefoot, Streaked 

spinefoot, Brown-spotted spinefoot, Magnificent rabbitfish, Little spinefoot, 

Black foxface, Barhead spinefoot, Blackeye rabbitfish, Peppered spinefoot, 

Variegated spinefoot, Marbled spinefoot, Streamlined spinefoot, Vermiculated 

spinefoot, Foxface 

Clupeidae Sardinella White sardinella, Round sardinella, Round sardinella, Brazilian sardinella, 

Madeiran sardinella, Goldstripe sardinella, Fringescale sardinella, Bali sardinella, 

Indian oil sardine, East African sardinella, Freshwater sardinella, Japanese 

sardinella 
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The study of Campbell et al. (2014) used a fish catch survey on Karimunjawa Island. The 

CPUE measurement was different to this study. Table 6.13 shows the list of fish families and fish 

species targeted by fishers on Karimunjawa Island that had mean TL < 3.0.  

 

Table 6. 13: List of species with low mean trophic level targeted by fishers on Karimunjawa 

Island (Campbell et al. 2014) 

Family Genus Species 

Scaridae Cetoscarus Bicolour parrotfish 

Chlorurus Bluemoon parrotfish, Bleeker's parrotfish, Bower's parrotfish, Captain 

parrotfish, Pacific slopehead parrotfish, Sinai parrotfish, Heavybeak parrotfish, 

Palecheek parrotfish, Knothead parrotfish, Daisy parrotfish 

Scarus Rusty parrotfish, Striped parrotfish, Filament-finned parrotfish, Rivulated 

parrotfish, Blue-barred parrotfish, Common parrotfish, Chameleon parrotfish, 

Singapore parrotfish, Midnight parrotfish, Blue parrotfish, Azure parrotfish, 

Tricolour parrotfish, Sicklefin parrotfish, Festive parrotfish, Yellowfin 

parrotfish, Bridled parrotfish, Forsten's parrotfish,  Globehead parrotfish, 

Rainbow parrotfish, Ember parrotfish, Dusky parrotfish, Fivesaddle parrotfish, 

Bumphead parrotfish, Quoy's parrotfish, Eclipse parrotfish, Queen parrotfish, 

Yellowband parrotfish 

Acanthuridae Acanthurus Achilles tang, Whitefin surgeonfish, Whitecheek surgeonfish, Chocolate 

surgeonfish, Bluelined surgeonfish, Black-spot surgeonfish, Doubleband 

surgeonfish, Elongate surgeonfish, Ringtail surgeonfish, Blue tang surgeonfish, 

Doctorfish, Orangespot surgeonfish, Yellowfin surgeonfish, Powderblue 

surgeonfish, Eyestripe surgeonfish, Black surgeonfish, Epaulette surgeonfish, 

Whitecheek surgeonfish, Whitespotted surgeonfish, Convict surgeonfish, 

Whitebar surgeonfish, Lined surgeonfish, White-freckled surgeonfish, Elongate 

surgeonfish, Brown surgeonfish, Monrovia doctorfish, Thompson's surgeonfish,  

Gulf surgeonfish, and Ocean surgeonfish 

Siganidae Siganus Mottled spinefoot, Streamlined spinefoot, Golden-lined spinefoot, White-

spotted spinefoot, Goldspotted spinefoot, White-spotted spinefoot, Goldspotted 

spinefoot, Orange-spotted spinefoot, Blue-spotted spinefoot, Masked spinefoot, 

Streaked spinefoot, Brown-spotted spinefoot, Magnificent rabbitfish, Little 

spinefoot, Black foxface, Barhead spinefoot, Blackeye rabbitfish, Peppered 

spinefoot, Variegated spinefoot, Marbled spinefoot, Streamlined spinefoot, 

Vermiculated spinefoot, Foxface 

Kyphosidae Kyphosus Blue-bronze sea chub,  Zebra-perch sea chub, Brown chub, Brassy chub, Blue 

sea chub, Western buffalo bream, Silver drummer, Cortez sea chub, Yellow sea 

chub,  Revillagigedo sea chub, Bluestriped chub, and Bermuda sea chub 

Pomacanthidae Pygoplites Regal angelfish 

Scaridae Bolbometopon Green humphead parrotfish 

Pomacanthidae Pomacanthus Bluering angelfish, Gray angelfish, Arabian angelfish, French angelfish, 

Goldtail angelfish, Emperor angelfish, Yellowbar angelfish, Bluegirdled 

angelfish, Semicircle angelfish, Sixbar angelfish, Sixbar angelfish, Yellowface 

angelfish, Cortez angelfish 

Zanclidae Zanclus Moorish idol 
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The results from this study and study of Campbell et al. (2014) show similar findings that 

fishers caught fish from Scaridae and Siganidae. However, Campbell et al. (2014) found a larger 

number of low trophic level (< 3 mean of TL) families targeted than in this study. It is likely that 

fishing in low trophic level decreased on Karimunjawa Island. Therefore, it seems that fish species 

at low trophic level were less targeted. However, when fishers ‘fishing down the food web’ then, 

the species that would be targeted in KNP are the fish species in the list of  fish species at low 

mean TL in Table 6.12 and Table 6.13.  

There is a different finding from other research from other countries. For reef fisheries in 

Kenya, fishers caught different type of fish species using different types of gear. Hand lines were 

mostly used to catch a low diversity of high TL predators with a mean TL of 3.6, however, other 

types of gear such as traps, spears, and beach seines were used to catch various fish species and 

the range of TLs was between 2.6 and 2.9 (McClanahan & Mangi 2004).  

A study by Cinner & McClanahan (2006) in Papua New Guinea showed that the mean 

TL of fish caught by gear such as gill nets and spear guns, and lines ranged from 2.8 to 3.7 with 

hook and line catching fish with a mean TL of 3.7 (Cinner & McClanahan 2006). In another part 

of Indonesia, Lombok, the mean TL was 3.6 for fish caught with handlines and 2.8 for spearguns 

with CPUE being higher using handlines (10.8 kg/trip) than spearguns (9.97/trip). Fish species that 

were targeted using handlines are piscivores, whilst spearguns commonly targeted herbivores 

(Humphries et al. 2019). 

In the Philippines, most of the reef fisheries catch was from low TL fish and invertebrates 

with a overall mean TL of 2.95 (Bacalso & Wolff 2014). Meanwhile, in part of the Solomon 

Islands, fishers have adapted their fishing practice to small pelagic fish. Fishers used nocturnal 

fishing which includeds using light to attract fish to the gill nets amd strike-lines that is set from 

the boat attached in and around lagoon passages. The CPUE of fish was between two and five 

times higher than CPUEs gained for reef fisheries. The main targets of the light fishery were 

clupeids, along with small carangids, small sphyraenids and small scombrids (Roeger, Foale & 

Sheaves 2016). 

In summary, it seems that the fishers surveyed in KNP have less dependency on lower 

level trophic fisheries. Athough mean of TL of fishers from some other coastal communities in 

tropical regions shows higher range of TLs than the mean TL in Karimunjawa. Fishing in the low 
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TL was less in the two surveyed villages in KNP. It follows that sustainable marine park 

management may be contributing to their income and food security.  

 

6.4.4. Limitations and recommendations further research  

There are some limitations of this study. Firstly, comparable data on CPUE between both 

villages were not available because the data based on the actual fish catch from the fishing ground 

is absent. The available data was based on a survey of respondents estimating the catch during 

three different seasons including the peak, shoulder, and low seasons. Therefore, it was necessary 

to use an alternative calculation of CPUE for Karimunjawa that is average catch (kg) per hour, 

while in Parang CPUE was calculated by average catch (kg) per day.  

Secondly, information about the income obtained from fishing was not collected and there 

was no qualitative information through interviews with the fishers who have long years of 

experience to ask them whether/how their target fish species and or target habitats have changed 

over the years, and whether they predict any future changes. In addition, in identifying “fishing 

down the food web”, there are only limited data to draw on in the calculation of TL. Furthermore, 

in future research, it is also important to have more complete data that is commonly used to 

measure the TL such as fish landing data. 

 

6.5. Conclusions 

The main finding of this study shows that the majority of fishers’ livelihoods in two 

communities in KNP rely on fishing activities although most of Karimunjawa communities have 

alternative livelihoods in the tourism sector. Both communities have a very different strategy and 

slightly different main target of fish species in their fishing, however fishers seem to be targeting 

similar marine trophic level fish. Fishers in KNP targeted fish ranging from mean TL 2 to 4.5. The 

most commonly targeted fish is at a high TL that is >3 mean TL for Karimunjawa and Parang 

fishers, but fishers from both villages also caught fish at low TLs, as there are four fish families in 

the mean TLs between 2 and 2.8. Since there is less fishing in the low TLs, it seems that lower TL 

species are available to be caught inside or in proximity of coastal community residents in KNP, 

and they have the gear, boats, and income to fish these fisheries. 
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CHAPTER 7: Socio-economic influences on household dietary 

diversity and livelihoods 

7.1. Introduction 

MPAs are an important instrument for the management of marine resourses and 

biodiversity conservation (Bennett & Dearden 2014; Rees et al. 2015). Well-managed MPAs may 

open up possibilities for socio-economic benefits such as income generation, improved dietary 

diversity and provide alternative livelihoods. KNP is an example of a MPA that was rezoned with 

particular attention to socio-economic benefits as discussed in Chapter 5 and 6. The results 

presented in Chapter 5 show that most households in KNP have adequate dietary diversity. Based 

on the food groups consumed by households, the majority of households consumed six food groups 

within the previous 24 hours, indicating households are generally consuming sufficient micro and 

macronutrients. It is likely that fishing activities have an important impact on increasing dietary 

diversity. As presented in Chapter 6, fishers employed multiple strategies in fishing such as using 

one type of gear or a combination of gear, targeting specific fish species, and fishing seasonally. 

The fish catch can be consumed by households, and sold to generate income. Other authors have 

also found evidence that the presence of MPAs can have positive impacts on socio-economic 

indicators, as described in the following paragraphs.  

MPAs can improve income generation by allowing coastal communities to participate in 

economically and biologically sustainable fisheries. MPAs can increase the productivity of fish 

stocks inside and adjacent to MPAs (Gell & Roberts 2003; Halpern, Lester & Kellner 2009; 

McClanahan & Mangi 2000). In the core zone in which fishing activities are prohibited, fish can 

mature allowing for increased reproduction and spillover of fish to other zones. For example, with 

the advent of a no-take marine reserve in northern Mozambique, fish abundance increased both 

inside and outside the reserve (Da Silva et al. 2015). In the Chumphon Archipelago Marine 

National Park in Thailand, MPAs increased income security and reduced the vulnerability of 

households located within or adjacent to the MPA through fishing activities (Weigel et al. 2015). 

In addition, MPAs in the Bird’s Head Seascape, West Papua, Indonesia, increased food security, 

livelihood opportunities and their cultural and traditional ownership rights (Mascia et al. 2017). 

MPAs can increase prospects for alternative livelihoods in coastal communities outside 

of fishing and agriculture. Community members may be able to generate income from industries 
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that arise as a result of the MPA, such as tourism, business and mariculture. For example, MPAs 

in Africa and Vietnam contributed to increased income for coastal communities through tourism 

jobs and businesses (Ngoc 2018; Susan et al. 2010). MPAs in Indonesia contributed to increased 

income via mariculture activities, particularly seaweed farming. Seaweed farming was profitable 

in Bunaken National Park between 1992 and 1996 (Crawford 2002). In KNP, seaweed farming 

developed in 1993, ceased in 1998, and was then reinvigorated in 2010 (Satria et al. 2017). 

Finally, MPAs can potentially increase food security, as discussed at length in this 

research thesis. The income from fishing activities and alternative livelihoods associated with 

MPAs could lead to improved food security, although this question has been little explored to date. 

For example, in the Philippines, children living near MPAs benefited from having more dietary 

diversity, as the fish catch was consumed as well as sold to allow the purchase of a more diverse 

array of food stuffs (Alva et al. 2016).   

However, whether coastal people are able to access the potential benefits of MPAs will 

likely depend on socio-economic variables such as education, ethnicity, and the number of 

dependent people within households. For example, people who have completed higher levels of 

education or completed skills training programmes may have more opportunities to gain work as 

tour leaders, salaried employees in hotels or restaurants, or working with organisations. For 

example, in food security assessments in Iran, Nigeria, and South Africa, education impacted on 

food security as educated households had more opportunities to get jobs than uneducated ones 

(Ehebhamen et al. 2017; Gholami & Foroozanfar 2015; Megbowon & Mushunje 2018).  

 Furthermore, geographic location with respect to the MPA may impact the outcome of 

coastal communities, particularly those who live far from the center of economic activities and 

development, as they may have limited access to markets, schools, health centers, employment, 

and access to the fishing zone. For example, in a food security assessment in Iran, the distance 

from households’ dwellings to the city influenced food security (Gholami & Foroozanfar 2015). 

Living in rural areas in South Africa likely decreased dietary diversity because of limited access 

to food as households lived far from the market and the centre of the city (Megbowon & Mushunje 

2018).  

In terms of food security, various approaches have been used to model the influence of 

socio-economic variables and livelihood strategies on household food security. Household dietary 

diversity score (HDDS) is considered an appropriate indicator of food security, as dietary diversity 
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can reflect diet quality and implied nutritional value based on the number of food groups 

consumed. For example, an average of four different food groups consumed indicates that the 

household’s diets meets some goals for diversity of macro and micronutrients. There are 12 food 

groups used to calculate the dietary diversity of households (Swindale & Bilinsky 2006). For 

example, in a study in South Africa, food security status of the households was measured by HDDS 

and was linked to socio-economic characteristics (Megbowon & Mushunje 2018). 

This chapter follows on the previous chapters’ examination of fishing livelihoods by 

addressing the degree to which socio-economic variables across all surveyed households are 

associated with indicators of household food security. The chapter also integrates contextual and 

qualitative information on the livelihood strategies pursued in the studied communities, to assess 

the degree to which the households can access the benefits of purported alternative livelihoods. 

 

7.1.1. Objectives 

Following from Chapter 5, households in the villages of Karimunjawa and Parang have 

significantly different HDDS and dependency ratio. HDDS and dependency ratio were negatively 

correlated. In this chapter, the relationship between HDDS and a suite of socio-economic variables 

is examined. The overall aim of this chapter is to understand the impact of socio-economic factors 

on household food security, and understand the range of livelihood strategies pursued by 

community members in KNP. The specific objectives are to: 

 Model the influence of socio-economic characteristics on household food security, as 

measured by dietary diversity. 

 Understand the diversity of livelihoods pursued by households, and whether these 

reflect potential alternative livelihoods associated with the zoning of KNP. 

 Critique existing methods of measuring the relationship between socio-economic 

variables and household food security in marine-dependent communities, and 

propose a set of measures that reflect these specific circumstances. 
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7.2. Methods 

7.2.1. Data collection 

The overall study design and methods of data collection are outlined in detail in Chapter 

4. To meet the first objective of this chapter, household survey data was used for the quantitative 

analysis. This dataset included all respondents from Karimunjawa and Parang village. Responses 

to the questions on demographic characteristics, income-producing activities, fishing strategies 

and household dietary diversity were included in the analysis presented here. 

To meet the second objective on understanding livelihood diversity, household survey 

data on income sources per household were used in conjunction with qualitative data derived from 

participant observation and semi-structured interviews. Chapter 4 contains details about the 

methods and strategy used for participant observation and interviews. 

 

7.2.2. Statistical analysis and modelling 

Quantitative statistical analyses were conducted with software IBM SPSS statistics 

version 25. Multiple linear regression was performed to explore the relationship between one 

continuous dependent variable and a number of independent variables or predictors. This model is 

sophisticated as it also allows exploration of inter-relationship among a set of variables, which is 

well-suited to investigate complex research questions (Pallant 2010).  

A multiple regression model was used to analyse the relationship between socio-

economic characteristics and HDDS and investigate the impact of socio-economic variables on 

HDDS. HDDS is a score of household dietary diversity ranging from 0-12 and this score is 

considered as the continuous data. Then this is used as the dependent variable in analysing the 

model.  

A multiple regression model was also performed to examine the interactions among 

predictor variables that had a significant association with dependent variables.  

Regression unstandardised coefficient (B), standard error, t-value, and p-value are 

presented as this study. P-values <0.05 were considered statistically significant. Socio-economic 

variables were obtained based on the household survey. Before performing the analysis, the 

assumptions of the multiple regression were checked to avoid the violation of assumptions (Pallant 

2010) such as: 
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 Sample size: for social science, 15 participants per predictor variable are needed for 

statistical power. 

 Multicollinearity exists when the independent variables are highly correlated (r=.9 

and above). 

 Outliers: Outliers were checked to remove standardised residual values above 3.3 or 

(less than -3.3). 

 Normality: the residual should be normally distributed about the predicted dependent 

variables score 

 Linearity: the residual should have a straight-line relationship with the predicted 

dependent variable score 

 Homoscedasticity: the variance of the residuals about predicted dependent variable 

score should be the same for all predicted score 

Descriptive statistics were used to describe the socio-economic characteristics of 

respondents and also households’ livelihood diversity.  

 

7.2.2.1. Relationships among socio-economic variables and household dietary diversity 

Multiple linear regression was carried out to investigate the relationship between 

household dietary diversity (as the dependent variable) and explanatory socio-economic, 

demographic and livelihood variables. Household dietary diversity score (HDDS) was used as the 

primary indicator of food security for this chapter. HDDS data represent the number of 12 food 

groups (roots and tubers; grains; vegetables; fruits; meat/poultry/offal; eggs; fish and seafood; 

pulses/legumes/nuts; milk and milk products; oil/fats; sugar/honey; and miscellaneous) eaten in 

the household within the past 24 hours, as recalled by the respondent (Swindale & Bilinsky 2006). 

As HDDS was measured on a continuous scale of 0-12, it could therefore be used as a dependent 

variable in regression modelling. The other potential indicator of household food security that was 

measured in this study was household food insecurity access scale (HFIAS), could not be used as 

a dependent variable in regression modelling due to low variability and high skewness in the data.  

The explanatory variables that were initially included in the analysis are outlined in Table 

7.1. Explanatory variables included village, highest level of education, ethnicity, number of 

occupations in the household, household food production, dependency ratio, and fishing strategy. 

These variables were selected from the overall data set as they were thought to have clear links 



 

126 

 

with household food security. Categorical data were converted to dummy variables for inclusion 

in the multiple regression model (Field 2009). Some variables that were measured by count (for 

example, number of economic activities performed by household members) were treated as 

nominal (categorical) variables in the analysis due to the small number of potential values.  

Reference groups (or “control” groups) should be chosen based on a specific hypothesis 

or the group that represents the majority of people (Field 2009). In this study, the reference group 

was chosen based on a specific hypothesis that households with these combinations of 

characteristics would have the lowest HDDSs and potentially get less benefit from the presence of 

the MPA. 

 

Table 7. 1: Explanatory variables used in multiple regression modelling. 

Explanatory 

variable 

Measurement Variable 

type 

Range (numerical variables) 

or number of categories 

(nominal variables) 

Location Name of village Nominal 2 – Parang, Karimunjawa* 

Income diversity Number of economic activities 

or occupations performed by 

household members 

Nominal 4 – 1*, 2, 3, 4 

Proportion of 

economically 

active household 

members 

Dependency ratio measured by 

number of working people in 

the households per number of 

not working people in the 

household 

Numerical 5 

Education Education level of head of 

household or spouse 

Nominal 5 – No Education*, Primary 

Education, Junior High School, 

Senior high School, University 

level 

Fishing Season The proportion of the year 

spent fishing 

Nominal 3 – Non-fishing households*, 

Fishing Seasonal fishing, Year-

round fishing  

Total food 

production 

Number of broad food 

categories produced by 

household members 

Nominal 5 – No food production*, One 

type of food production, Two 

types of food production, Three 

types of food production, Four 

types of food production 

Ethnicity Ethnicity of the household 

members 

Nominal 5 – Buginese*, Java, Madurese, 

Bajau, Other ethnic group 

HDDS   12 

Notes: * Indicates reference group for categorical variables. 
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After checking the assumptions and incorporating dummy variables, multiple regression 

analysis was performed. The analysis was run several times to assess the impact of including all 

variables and removing some variables. The final model was considered the best as it had the 

highest predictive capacity; in the end no variables were excluded from the analysis.  

Interaction terms were conducted to understand the relationship among particular sets of 

variables. In the previous multiple regression model, HDDS was predicted based on some single 

variables. In this regression model, the hypothesis was tested by adding a term to the model in 

which the two predictor variables are multiplied. Three groups of interaction models are education 

and ethnicity, education and food production, and food production and ethnicity. Those variables 

were chosen as in the previous multiple regression, these variables had significant effects on 

HDDS.   

Before analysing the interaction, the variables in the multiple regression are computed by 

multiplying one dummy with each other dummy variable that was used in the interaction (Hardy 

1993). Subsequently, each dummy variable of education was multiplied by each dummy variable 

of ethnicity. The same step was also done for each dummy variable of education was multiplied 

by each dummy variable of food production, and each dummy of food production was multiplied 

by each dummy variable of ethnicity. After multiplying the predictor variables, the multiple 

regression was conducted. 

 

7.2.3. Livelihoods of households in KNP 

Survey respondents were given a list of 11 economic activities and asked to select all 

those in which members of the household were engaged. The activities were: fishing, gleaning, 

mariculture/aquaculture, fish trading, fish processing, farming, salaried employment, tourism, 

informal economic activities, migrant worker, and other activities. Respondents were asked to rank 

all selected activities from the most important activities for their livelihood and food security, to 

the least important. Descriptions of the different types of livelihoods pursued in the study area, and 

their relative importance, were compiled from observations and semi-structured interviews. 
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7.3. Results 

7.3.1. Summary statistics of household socio-economic characteristics 

The study included results from 301 households in Karimunjawa village and 196 

households in Parang village. Of these households, 217 were not engaged in fishing activities, 191 

fished all year round, and seasonal fishing was practiced by 89 households. In seasonal fishing, 

fishing activities are not carried out daily and may be irregular. Seasonal fishers typically do not 

fish much during the monsoon as the waves can be very large and unsafe. 

Among the total sampled households, the most common education level was primary 

education (n=288), followed by junior high school (n=98) (Error! Reference source not found.). 

 

 

Figure 7. 1: Highest level of education of the head of household among survey respondents. 

 

 

 

 

 



 

129 

 

Of the total sampled households, the majority of respondents’ ethnicity was Javanese (435 

respondents), with other ethnicities including Madurese (34 respondents), Buginese (nine 

respondents), Bajau (two respondents) and other ethnicities (17 respondents) (Figure 7.2).  

 

 

 

 

 

 

 

Figure 7. 2: Ethnicity of the household head nominated by survey participants. 
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The number of occupations within households ranged between one (274 respondents) and 

four (three respondents). There were 181 households with two occupations, and 39 households 

with three occupations (Figure 7.3). 

 

 

 

 

Figure 7. 3: Total number of occupations in respondent households. 

 

 

 

 

 

Figure 7.4 displays the number of food-producing activities per household, drawn from 

growing grains, growing vegetables, growing fruits, and maintaining livestock. The greatest 

proportion of respondents had two sources of food production per household. 
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Figure 7. 4: Number of food-producing activities in the household 

 

 

 

 

 

Figure 7.5 highlights the range of dependency ratio scores within the study area, ranging 

between 0-5. Most households have a dependency ratio between 1 and 3.  

 

 



 

132 

 

 

 

 

 

Figure 7. 5: Range of dependency ratios among households in the study. 

 

 

7.3.2. Multiple linear regression analysis 

Table 7.2 summarises the results of the multiple linear regression conducted to examine 

the relationship between HDDS and various potential predictors. This model accounted for 13.2% 

of overall variation in HDDS. The scatter plot of standardised predicted values versus standardised 

residuals, shows the data met the assumptions of homogeneity of variance and linearity and the 

residuals were approximately normally distributed. Mean HDDS for the reference group was 6.51 

out of a possible 12. In Table 7.2, column B indicates the increase or decrease in the absolute value 

of HDDS for each variable (or each category of variable for nominal variables), compared with 

the reference group. The composition of the reference group is indicated in Table 7.2. 
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Table 7. 2: Extract of multiple regression analysis results for the relationship between socio-

economic characteristic and HDDS 

 Unstandardised  

Coefficients 

 

     t-

value 

 

Sig. 

(p-value) B Std. Error 

Main effects 

(Constant) 

6.516 0.630 10.349 0.000 

Village Parang Reference group 

Village Karimunjawa 0.359 0.190 1.888 0.060 

Dependency Ratio -0.074 0.069 -1.071 0.285 

One occupation Reference group 

Two occupations 0.324  0.169 1.921 0.055 

Three occupations 0.569 0.297 1.918 0.056 

Four occupations 0.477 0.941 0.507 0.612 

Non-fishing households Reference group 

Seasonal fishing -0.130 0.211 -0.618 0.537 

Year-round fishing -0.309 0.174 -1.780 0.076 

No food production Reference group 

One type of food production 0.137 0.200 0.684 0.494 

Two types of food production 0.258 0.212 1.220 0.223 

Three types of food production 0.545 0.272 2.003 0.046* 

Four types of food production 1.278 0.490 2.610 0.009* 

Ethnicity Buginese Reference group 

Ethnicity Javanese 0.972 0.518 1.876 0.061 

Ethnicity Madurese 1.346 0.581 2.315 0.021* 

Ethnicity Bajau 1.466 1.229 1.192 0.234 

Other Ethnic Group 0.850 0.646 1.315 0.189 

No Education Reference group 

Primary Education 0.176 0.296 0.594 0.553 

Junior High School 0.568 0.323 1.759 0.079 

Senior High School 0.799 0.340 2.352 0.019* 

University Level 2.041 0.553 3.691 0.000* 
Notes: * Significant level (p < 0.05) 

 

According to the model, village did not have a significant effect on HDDS, although 

average households in Karimunjawa scored 0.359 higher than households in Parang. Dependency 

ratio did not make a significant contribution to the model. In terms of the number of occupations, 

overall this variable did not make a significant contribution to variation in HDDS as defined at the 

p=0.05 level. However, there was a close to significant relationship between two occupations in 

the household and HDDS (p=0.055), and between three occupations in the household and HDDS 

(p=0.056). HDDS tended to increase with two or three occupations in the household. 
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Fishing activities did not make a significant contribution to the HDDS multiple regression 

model, although it is noteworthy that households engaged in year-round fishing tended to have 

lower HDDS (-0.309) than households engaged in non-fishing activities. There was a significant 

relationship between food production and HDDS, particularly for households with three sources 

of food production (p=0.046) and four sources of food production (p= 0.009), both of which 

increased HDDS. In the case of four sources of food production, HDDS increased by 1.278.  

Ethnicity had a significant impact on HDDS, particularly for Madurese ethnicity 

(p=0.021), which was associated with higher HDDS (1.346) than the reference group. Education 

had a significant effect on HDDS, particularly for senior high school level (p=0.019), and 

university level (p<0.001), both of which were associated with higher HDDS values. University 

graduates accounted for an increase of almost two points on the HDDS scale compared with the 

reference group. 

 

7.3.3. Interaction between variables 

7.3.3.1. The relationship between number of food production sources and education level on 

HDDS 

The model shows that the interaction of no food production and education had a 

significant effect on HDDS. For the interaction between no food production and senior high school 

(p = 0.012), which HDDS was higher (1.234), and interaction between no education and university 

level (p = 0.20) that HDDS was higher (2.687) than the interaction of no food production and no 

education.  

There was also a significant effect of one type of food production and education on HDDS 

especially one type of food production and senior high school which is (p = 0.048), and one type 

of food production and university level (p = 0.004). Both of which increased HDDS. Two types of 

food production and education made a significant effect on HDDS mainly for the two types of 

food production and senior high school (p = 0.001), and two types of food production and 

university level (p = 0.022). Both of these had higher HDDS than the reference group. 

Three types of food production and education had a significant impact on HDDS 

particularly on three types of food production and junior high school (p = 0.011), which was 

associated with higher HDDS 1.521 than the reference group and other interaction for three types 

of food production and other levels of education. There was a significant impact of four types of 
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food production and education on HDDS especially for four types of food production and primary 

education (p = 0.030) which was associated with higher HDDS (1.299) than four types of food 

production and uneducated (Table 7.3).  

 

 

Table 7. 3: Extract of multiple regression analysis results for the impact of interaction of food 

production and education on HDDS.  

 

 Unstandardised 

Coefficients 

 

    t-value 

 

Sig.  

(p-value) B Std. Error 

Main effects 

(Constant) 

7.813 0.279 27.973 0.000 

No food production X No education Reference Group 

No food production X Primary 

education 

0.095 0.341 0.279 0.780 

No food production X Junior high 

school 

0.276 0.389 0.709 0.479 

No food production X Senior high 

school 

1.254 0.494 2.537 0.012* 

No food production X University level 2.687 1.152 2.334 0.020* 

One type of food production X No 

education 

Reference Group 

One type of food Production X Primary 

education 

0.163 0.329 0.495 0.621 

One type of food production X Junior 

high school 

0.687 0.417 1.648 0.100 

One type of food production X Senior 

high school 

0.817 0.413 1.979 0.048* 

One type of food production X 

University level 

2.437 0.838 2.909 0.004* 

Two types of food production X No 

education 

Reference Group 

Two types of food production X 

Primary education 

-0.037 0.322 -0.115 0.908 

Two types of food production X Junior 

high school 

0.366 0.409 0.895 0.371 

Two types of food production X senior 

high school 

1.687 0.484 3.488 0.001* 

Two types of food production X 

University Level 

 

2.187 0.954 2.293 0.022* 
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 Unstandardised 

Coefficients 

 

    t-value 

 

Sig.  

(p-value) B Std. Error 

Three types of food production X No 

education 

Reference Group 

Three types of food production X 

Primary education 

0.482 0.389 1.238 0.216 

Three types of food production X Junior 

high school 

1.521 0.596 2.551 0.011* 

Three types of food production X Senior 

high school 

-0.563 0.625 -0.901 0.368 

Three types of food production X 

University level 

1.187 1.152 1.031 0.303 

Four types of food production X No 

education 

Reference Group 

Four types of food production X 

Primary education 

1.299 0.596 2.179 0.030* 

Four types of food production X Junior 

high school 

2.188 1.604 1.363 0.173 

Four types of food production X Senior 

high school 

1.187 1.152 1.031 0.303 

Notes: * Significant level (p < 0.05) 

 

7.3.3.2. The relationship between education level and ethnicity 

The results of the model were that there was a negative relationship for the interaction 

between Buginese ethnicity and primary education (p = 0.036) which was that the HDDS was 

lower than the reference group (-1.613). Javanese ethnicity and senior high school education had 

a significant relationship on HDDS (p = 0.003) with HDDS being higher (1.024). Interaction 

between Javanese ethnicity and university level education (p < 0.001), which HDDS was higher 

(2.187) than the reference group. Madurese ethnicity and education had a significant effect 

particularly the interaction between Madurese ethnicity and junior high school (p = 0.046) which 

was associated with higher HDDS (1.330) than the reference group. However, for the interaction 

between Bajau ethnicity and education, and interaction of other ethnic groups and education did 

not make any significant contribution to the multiple regression model (Table 7.4). 
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Table 7. 4: Extract of multiple regression analysis results for the impact of interaction of ethnicity 

and Education on HDDS  

 Unstandardised 

 Coefficients 

t

t-value 

      Sig. 

(p-value) 

 

B 

 

Std. Error 

Main effects 

(Constant) 

7.813 0.281 27.756 0.000 

Ethnicity Buginese X No 

education 

Reference Group 

Ethnicity Buginese X Primary 

education 

-1.613 0.766 -2.106 0.036* 

Ethnicity Buginese X Junior high 

school 

-0.313 1.161 -0.269 0.788 

Ethnicity Buginese X Senior high 

school 

.687 1.161 0.592 0.554 

Ethnicity Java X No education Reference Group 

Ethnicity Java X Primary 

education 

0.139 0.299 0.466 0.642 

Ethnicity Java X Junior high 

school 

0.521 0.331 1.575 0.116 

Ethnicity Java X Senior high 

school 

1.024 0.348 2.945 0.003* 

Ethnicity Java X University level 2.187 0.557 3.931 0.000* 

Ethnicity Madurese X No 

education 

Reference Group 

Ethnicity Madurese X Primary 

education 

0.579 0.435 1.330 0.184 

Ethnicity Madurese X Junior high 

school 

1.330 0.664 2.002 0.046* 

Ethnicity Madurese X Senior high 

school 

-0.479 0.961 -0.498 0.618 

Ethnicity Bajau X No education Reference Group 

Ethnicity Bajau X Primary 

education 

0.687 1.161 0.592 0.554 

Other Ethnic Group X No 

education 

Reference Group 

Other Ethnic Group X Primary 

education 

0.299 0.601 0.497 0.619 

Other Ethnic Group X Junior high 

school 

0.187 0.766 0.245 0.807 

Other Ethnic Group X Senior high 

school 

1.687 1.161 1.454 0.147 

Notes: * Significant level (p < 0.05) 
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7.3.3.3. The interaction between the number of food sources produced and ethnicity  

The results from the model show that there was a significant relationship between no food 

production and ethnicity on HDDS (Table 7.5), particularly no food production and Javanese 

ethnicity (p = 0.028), which was associated with higher HDDS (1.196) than the reference group. 

The interaction of one food production and ethnicity had a significant impact on HDDS, 

particularly one food production and Javanese ethnicity (p = 0.030), one food production and 

Madurese ethnicity (p = 0.045), and one food production and Bajau ethnicity (p = 0.020), which 

were all were associated with higher HDDS. 

 

Table 7. 5: Extract of multiple regression analysis results for the impact of interaction of food 

production and ethnicity on HDDS.  

  Unstandardised 

 Coefficients 

     t-

value 

Sig. 

(p-value) 

B Std. Error 

(Constant) 7.000 0.518 13.509 0.000 

No food production X ethnicity 

Buginese 

Reference Group    

No food production X ethnicity 

Javanese 

1.196 0.543 2.203 0.028* 

No food production X ethnicity 

Madurese 

1.500 0.777 1.930 0.054 

No food production X ethnicity 

Bajau 

-1.000 1.719 -0.582 0.561 

No food production X other ethnic 

group 

0.400 0.898 0.446 0.656 

One food production X ethnicity 

Buginese 

Reference Group    

One food production X ethnicity 

Javanese 

1.173 0.538 2.180 0.030* 

One food production X ethnicity 

Madurese 

1.385 0.689 2.009 0.045* 

One food production X ethnicity 

Bajau 

4.000 1.719 2.327 0.020* 

One food production X other ethnic 

group 

1.750 0.969 1.805 0.072 

Two food production X ethnicity 

Buginese 

Reference Group    

Two food production X ethnicity 

Javanese 

1.069 0.536 1.995 0.047* 

Two food production X ethnicity 

Madurese 

 

1.667 0.753 2.214 0.027* 
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 Unstandardised 

Coefficients 

t-value       Sig. 

(p-value) 

B Std. Error 

Two food production X other ethnic 

group 

1.250 0.969 1.289 0.198 

Three food production X ethnicity 

Buginese 

Reference Group    

Three food production X ethnicity 

Javanese 

1.373 0.567 2.422 0.016* 

Three food production X ethnic 

Madurese 

1.000 1.079 0.927 0.354 

Three food production X other ethnic 

group 

2.000 1.269 1.576 0.116 

Four food production X ethnicity 

Buginese 

Reference Group    

Four food production X ethnicity 

Javanese 

2.100 0.733 2.866 0.004* 

Four food production X ethnicity 

Madurese 

3.000 1.719 1.746 0.082 

Four food production X other ethnic 

group 

2.000 1.719 1.164 0.245 

Notes: * Significant level (p < 0.05) 

 

Two food production and ethnicity had a significant effect on HDDS, particularly two 

food production and Javanese ethnicity (p = 0.047), and two food production and Madurese 

ethnicity (p = 0.027), which both had higher HDDS than the reference group.  

Three food production and ethnicity had a significant impact on HDDS, especially three 

food production and Javanese ethnicity (p = 0.016) which had a HDDS of 1.373 that was higher 

than the reference group. There was also a significant relationship in the interaction between four 

food production and ethnicity on HDDS, particularly four types of food production and Javanese 

ethnicity (p = 0.004), which was associated with higher HDDS (2.100) than the reference group. 

 

7.3.4. Livelihood diversity in KNP 

Figure 7.6 depicts the types of livelihoods in which respondents were engaged, along with 

their rank of importance for respondents, based on safety net/food security importance. Three 

activities form the main livelihood activities for households in KNP: fishing, informal economic 

activities, and tourism.   
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Figure 7. 6: Livelihood activities pursued by households in Karimunjawa National Park, and 

their relative importance. 

 

 

Fishing was the most important livelihood for 50% of the respondents. Informal economic 

activities were the most common secondary and tertiary livelihood activities. The fourth-ranked 

livelihood activities were split equally amongst informal economic activities, tourism, and other 

activities. 

The results show that the main livelihoods of households in both Karimunjawa and Parang 

village are fishing but in Parang, fishing is clearly dominant with 50% of households being 

dependent on fishing. In contrast in Karimunjawa only 30% of households depended on fishing. 

The second most important livelihood in Karimunjawa was informal economic activities (22%), 

the third was tourism (18%), while the fourth was salaried employment which was undertaken by 

18% of respondent households. In Parang the second most important livelihood was informal 

economic activities (18%), and construction activities were pursued by 13% of respondent 

households (Figure 7.7). 
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Figure 7. 7:  Percentage of all nominated livelihoods diversity by village in KNP.  

 

7.3.5. Alternative livelihoods 

The most common alternative livelihood of households in KNP that could be directly 

related to the MPA were involvement in tourism and seaweed farming. 

 

7.3.5.1. Tourism in KNP 

The tourism sector can be an important aspect of promoting the development of the area 

as it can offer livelihood diversification that benefits the region and local community (Purwanti 

2001). With greater opportunities for income through tourism, communities may become more 

resilient as the source of their income can be used to buy their daily needs, which may impact their 

food security. In addition, the diversification of their income may decrease their dependency on 

the local resources. 

KNP has magnificent natural resources such as coral reefs, seagrass beds, and mangroves, 

lowland tropical forests, and coastal forests. Therefore, KNP holds potential to be a premier tourist 

destination in Indonesia. Tourism utilisation has been one of the zones in KNP since 2005 (BTNK 

2012).  
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The tourist attractions are not only on Karimunjawa Island but also on some other small 

islands. Nevertheless, facilities such as hotels and homestays are mostly available in Karimunjawa 

village. Consequently, economic activity that is related to the tourism sector is concentrated in 

Karimunjawa village. Most other economic infrastructure such as the bank, market and mini-

market, are also in Karimunjawa village. 

Since KNP is a tourist destination, the central Java government provides some facilities 

to attract domestic and international tourists to visit KNP such as transportation, entertainment, an 

airport, and other infrastructure. Government support for the tourism sector creates opportunities 

for local people to attain greater involvement in tourism.  

Community involvement in the tourism sector in KNP is very high particularly for 

communities from Karimunjawa village. The activities include becoming tour leaders, boat 

drivers, souvenir sellers, kiosk/small restaurant owners, and employees in the hotels/homestays/or 

guest houses. Many people also rent their houses, boats, cars, motorcycles, cameras, and 

snorkelling tools to tourists.  

The Karimunjawa tourism sector developed because of the changing of government 

policy in marine management. The increasing number of tourists visiting Karimunjawa impacted 

the local community to create service businesses such as building hotels, homestays, 

transportation, tour guides and trade (shop, kiosk). Yet, only some local people had enough socio-

economic capacity to benefit significantly in this sector. Those who have a low level of economic 

capacity had limited opportunity to participate through being tour guides or workers on inter-island 

boats (Rochwulaningsih 2011).  

Sustainable local employment in the tourism sector is challenging. External tour guides 

control the tourism sector by selling packages that including marine and land tourism activities, 

lodging and renting all utilities that are used for recreation such as boats, snorkelling/scuba diving, 

cars, motorcycles and also food. The involvement of professional external travel agencies then 

makes it difficult for local people to compete.  

Moreover, the challenge of working as an employee in the hotels/restaurants or 

guesthouses is that it high level positions are difficult to secure. Most of the local community work 

in low-level position in the hotels such as cleaner, bell boys, and waitress of hotels or waitress in 

the restaurant.  High-level positions that require skills and education such as manager and 

administrators in hotels or chefs in restaurants are mostly taken by outsiders. 
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7.3.5.2. Seaweed farming 

Mariculture zone in KNP covers 788,213 ha. Seaweed farming is a part of the mariculture 

zone in KNP. Seaweed farming was once very common for local people to gain alternative income, 

and was promoted by the government and non-government agencies. Since 2003, local people 

have been actively farming seaweed and considering it a new potential source of income. There 

were previously 111 households involving in this farming. The seaweed species that grew in 

Karimunjawa were Kappaphycus sp. (Eucheuma sp.), Gracilaria sp., Gelidium sp., and Hypnea sp. 

The majority of farmers chose Kappaphycus sp. (Kappaphycus alvarezii) seaweed as farming this 

was less complicated, requiring less capital, cheap production technology, short time to harvest 

and simple management in post harvesting and it had a good market with high demand. Most of 

the harvested product was sold as a raw dried seaweed with no product development for seaweed 

(Wijayanto, Kurniani & Silitonga 2017). 

All of the inhabited islands such as Karimunjawa, Kemujan, Parang, and Nyamuk, have 

most of their beach used for seaweed farming. There were 13 locations for seaweed farming which 

covered 1,258,969 ha in KNP in 2009. These areas exceed the area that should be used for 

mariculture. The expansion of areas occurred as there was an increase of local people involved in 

seaweed farming, and they utilised not only the mariculture zone but also the traditional fisheries 

zone (BTNK 2012).  

In previous years, alternative income from seaweed farming was high and could even be 

the main source of income alongside income from fishing for households in KNP. Households 

could effectively gain double income both from fishing and seaweed farming. Seaweed matures 

in a short time and this activity can be done by women and men. Between 2003 and 2009, seaweed 

farming was booming in KNP. This activity was supported by the KNP Authority and also non-

governmental organisations (Wildlife Conservation Society and RARE-conservation 

organisation), which were actively involved in supporting seaweed farming groups and assisting 

in supply chain assessment.   

However, since 2011, fewer households are involved in seaweed farming. Seaweed 

production collapsed, after the plants were attacked by disease. The quality decreased and the price 

of the product also declined. In addition, the sea turtle population was high near Parang village, 

and the collapse of seaweed farming here was partially attributed to turtles eating the seaweed.  
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Moreover, as discussed by Satria (2017), seaweed production declined because of pests 

ice-ice and gotho moss which attacked the plants. Other challenges of seaweed farming were  that 

local people had limited access to capital to improve their business, changing weather conditions 

which disturbed the growth of seaweed and strict rules that delimited the mariculture zone (Satria 

et al. 2017). 

Since the decline of mariculture, households from Karimunjawa, Parang and Nyamuk 

village largely stopped seaweed farming, whilst a few households from Kemujan were still 

practicing it especially those who were unable to undertake fishing activities because of their age. 

In KNP, it seems that Kemujan village was considered the location with the greatest potential for 

seaweed farming above the three other villages. Kemujan village also had a seaweed farming 

organisation which was actively sharing farming activities and also providing financial assistance 

for the members of the organisation. 

Furthermore, based on the history of seaweed farming, households from Kemujan were 

the first group of households involved in farming from 1993. When the seaweed practice was 

booming, then households from other villages were also actively doing this activity (Satria et al. 

2017). In addition, areas around Kemujan were the largest and most suitable areas for seaweed 

farming compared to other areas because of water quality. In particular, water movement was ideal 

for seaweed farming activities (Samad 2011). 

 

7.4. Discussion and Conclusion 

7.4.1. Potential socio-economic drivers of household dietary diversity 

The results suggest that key variables influencing household dietary diversity are the 

extent of within-household food production and education. Households with greater access to their 

own sources of food, whether these be grains, vegetables/fruits, livestock or fisheries, tended to 

have higher dietary diversity, as did those households where the head of the household had 

completed higher levels of education. Although the multiple regression analysis also indicated that 

participants of Madurese ethnicity had higher dietary diversity, ethnicity is given less significance 

in this study because of the highly uneven spread of ethnicities. Most respondents were Javanese 

while other ethnicities are present in small numbers; the Madurese respondents in the study have 

relatively higher dietary diversity but this may not be representative for Madurese more generally. 
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The HDDS results from this study share similarities with the findings of Megbowon & 

Mushunje (2017) in South Africa, who also found that the level of education of the household head 

could increase households’ dietary diversity. Other variables such as age, gender, marital status, 

employment status of head of household, geographical location and recipients of pension were 

also key factors in increasing the diversity of the diet (Megbowon & Mushunje 2018). There is 

also similarities with the findings of Estruk and Oren (2014) in Turkey and Agboola & Balcilar 

(2012) in Nigeria, who also found that the education level of the head of the household impacted 

household food security (Esturk & Oren 2014; Agboola & Balcilar 2012). This is because 

household heads who have a high level of education have more opportunity to have a good job 

with a higher salary than households who have low education. In addition, head of households 

with high education level have higher awareness of better diet (Esturk & Oren 2014). In Nigeria, 

the results of the study show that education level of the head of the household impacted household 

food security (Babatunde, Omotesho & Sholotan 2007). Moreover, the finding of a study in 

Nigeria and Central Region of Ghana is similar to the result of this study where food production 

had a positive relationship to food security, indicating that the higher a households’ food 

production, the greater the food security of the household (Babatunde, Omotesho & Sholotan 2007; 

Fawole, Ozkan & Ayanrinde 2016). 

However, a study in marine reserves in Kenya concluded that households that consumed 

a more diverse diet are wealthier households who perhaps have more income available to buy food 

(Darling 2014). In addition, in Nigeria, other factors that impact on household food security are 

household’s income and size (Babatunde, Omotesho & Sholotan 2007; Abu & Soom 2016), and 

farm size (Abu & Soom 2016).  

In the results presented in this chapter, education and food production were the variables 

measured that had the greatest influence on HDDS. Interestingly, the variable that was most 

anticipated to have a significant relationship with HDDS was fishing strategy. Fishing activities 

are the main livelihood of coastal communities, and so it was expected that this activity could have 

significant impact on HDDS. Yet, HDDS is higher for non-fishing households than fishing 

households; this could be because these households have other opportunities to derive income and 

purchase or grow other types of food. Dependency ratio had no impact on HDDS, but the model 

shows that more dependents within a household could decrease HDDS.  
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There was a significant interaction between food production and education, 

demonstrating that the effects of these variables are complex. With higher levels of education, 

households were more likely to have lower food production, but still had higher dietary diversity. 

In contrast, households with lower levels of education could still maintain high dietary diversity if 

they also had three or four types of within-household food production. These interactions are 

important for future planning and outreach activities; households with lower education can still 

achieve greater dietary diversity with access to more in-house food production. 

The interactions between ethnicity and education were more complicated than the 

interaction between food production and education. The patterns vary for each different ethnic 

group. High education levels (senior high school and university level) were predominately 

associated with Javanese households, perhaps indicating that other ethnic groups in the study area 

have lower access to education. Households with Buginese ethnicity with primary education, and 

Madurese ethnicity with junior high school have higher levels of dietary diversity. It seems that 

high HDDS were obtained when households are Javanese and have high level of education or are 

Buginese or Madurese with a low education level. Households with Javanese ethnicity with high 

levels of education may have better access to jobs and may have better understanding of the 

importance of food for nutrition than households with other ethnicities with a lower level of 

education.  

The interaction between number of food production and ethnicity was not very complex. 

The trend was that HDDS increased when households had Javanese ethnicity and had between one 

and four types of food production or had no food production. Whilst, households with Madurese 

ethnicity and one or two types of food production, were associated with higher HDDS, and 

households with Bajau ethnicity and one food production have a high dietary diversity score. It is 

likely that many Javanese still have larger fields and gardens and utilise their fields or gardens for 

food production such as growing vegetables, fruits and maintaining livestock compared to other 

ethnicities.  

The value of R² in the multiple regression was 0.13, which indicates that the predictor 

variables account for 13% of the variation in HDDS. The relatively low proportion of variation 

accounted for by the multiple regression model likely indicates that there are other factors that 

contribute to the variation. Other variables that may impact the HDDS, such as total income, 

material assets, and age, were not included in the model.  
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In addition, measuring food security using HDDS indicator as an is good as it can reflect 

a diverse diet, however, food consumption score (FCS) is likely a better measure of food security 

than HDDS. In the FCS (a 7 day recall that is used to record the diet habit of households), the 

dietary diversity score is weighted so that meat, fish, and milk have the highest score (4), pulses 

(3), cereals (2), vegetable and fruits (1), sugar and oil (0.5), and condiments are not weighted as 

this does not have a significant nutritional impact on the whole diet (Headey & Ecker 2013). 

Perhaps FCS would be a suitable dependent variable to measure, as the record of food consumed 

is over a seven day period not short recall over 24 hours as in HDDS.  

 

7.4.2. Livelihood diversity in Karimunjawa National Park 

Households in KNP have access to a diverse range of livelihoods. However, households 

in Karimunjawa village have greater diversity in livelihoods and less dependency in fishing 

activities than households in Parang village, indicating that households in Karimunjawa village are 

more secure than households in Parang. Many households who live in Karimunjawa engage in 

tourism jobs which can gain good income. Tour leaders can generate income not only in that role 

but also from renting vehicles, preparing food, and arranging accommodation. The number of 

households in Karimunjawa that have salaried employment and informal economic activities is 

higher than households in Parang. Most of the informal economic activities practiced by 

households in Karimunjawa are related to tourism businesses including homestays, food stalls, 

renting out cameras, vehicles or boats. Karimunjawa village is a main entrance for visiting KNP 

and the main tourist destinations. There was an increase of 40% in the development of hotels, 

resorts, and 56% for the homestays development (Setiawan, Rijanta & Baiquni 2017). However, 

there was less tourism development in Parang, which has only one homestay. It is likely that 

households in Karimunjawa have better earnings from informal economic activities than 

households in Parang. 

In terms of salaried employment, perhaps the households in Karimunjawa have higher 

salaries  with than households in Parang with salaried employment. As the salaried employment 

of households in Karimunjawa are civil servants, workers in the hotels or resorts, while the 

positions of households in Parang are in the village office or teacher in elementary schools that 

have low salary. 
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There are some indications that KNP has an important role in increasing the diversification 

of households’ income in Karimunjawa village through tourism and informal economic activities. 

There was an increase in tourists visiting Karimunjawa between 2007 and 2015 (Setiawan, Rijanta 

& Baiquni 2017). The Central Java province government has promoted Karimunjawa as an 

exclusive marine tourist destination by providing infrastructure such as the airport and allowing 

the building of hotels and homestays (Hafsaridewi et al. 2018). 

However, income from marine tourism sectors and small businesses related to tourism 

activities seems unsustainable, since the increase of tourists could adversely impact the health of 

coral reefs. For example, the partial damage of reef colony that the surface of reefs are eroded and 

broken branches occurs in three snorkelling spots in Karimunjawa. The most common activities 

that damage the coral include physical contact of tourists on coral reefs when tourists sit, kneel or 

stand on coral, while physical contact of tourist operators in snorkelling spots includes anchoring 

the boat on the coral reefs and feeding fish (Akhmad, Purnomo & Supriharyono 2018). 

KNP has been promoted as a major tourist destination in central Java because of the 

magnificent coral reefs. So, when the quality of coral reefs decrease, fewer tourists may visit KNP. 

To have sustainable livelihoods from tourism, it is important to have collaboration among 

stakeholders in the management of the resources. To have more sustainable livelihoods, it seems 

that development of the seaweed farming is important as this practice was successful, although 

effort is required to solve the challenges associated with seaweed farming. The main issues in this 

farming was bacterial disease particularly ice-ice disease associated with Kappaphycus alvarezii 

species. Isolated bacteria causing ice-ice disease were closely related to the genera of Alteromonas, 

Bacillus, Pseudomonas, Pseudoalteromonas, Glaciecola, Aurantimonas, and Rhodococcus  

(Syafitri et al. 2017). Furthermore, other issues include capital access to develop the farming 

business, natural and seasonal changing, the presence of gotho moss pests, strict government rules, 

and also the fluctuating seaweed price (Satria et al. 2017). 

Although the multiple regression analysis did not show significant difference in HDDS 

for both villages, nevertheless, Karimunjawa households have higher HDDS than households in 

Parang. In addition, based on field observations it is suggested that households in Karimunjawa 

are likely to be better off on average. The quality of housing in Karimunjawa is generally better 

than housing in Parang. Many Karimunjawa households have good financial assets as they can 

build homestays or buy a car, however no housholds in Parang have cars and there is only one 
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homestay. It appears likely that the potential for alternative sources of income stemming from 

being central to the MPA provides more opportunities for households in Karimunjawa, whereas 

people living in Parang remain heavily reliant on fishing as they have less access to other sources 

of income. 

 

7.4.3. Limitations and recommendations for future research 

The greatest limitation of this study is that there are likely to have been other important 

socio-economic characteristics of households that were not measured or recorded, and which could 

have helped refine the multiple regression model. For example: total monthly income of 

households, ownership of material assets such as land, car, house, and motorcycle, age of head of 

households, and access to credit are also likely to be important variables in predicting HDDS. 

Therefore, in future research, it is recommended to consider other important variables that 

may increase the explanatory power of the model. Adding more suitable variables in the 

assessment of food security may make it easier to predict the factors that impact on household’s 

food security in marine resource area management. 

 

7.4.4. Conclusion 

Measuring food security using HDDS can reflect the quality of the household diet 

(Swindale & Bilinsky 2006), however there are additional elements of food security (such food 

access and availability) that are not well reflected in the use of this one measure. The results of 

this study indicate that the socio-economic factors that were assessed have some, albeit limited, 

association with HDDS. Education and food production held the greatest influence on dietary 

diversity.  

The study shows that the majority of the households surveyed consumed more than six 

food groups, indicating that most households in KNP have a diverse diet, however, the highest 

dietary diversity was found in households with income derived from non-fishing livelihoods. They 

may have income from salaried employment or informal economic activities. These types of job 

seem more secure for households in KNP than fishing jobs as the income from this activity 

fluctuates.   

In considering recommendations for policy and management, a few ideas can be put 

forward:  
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 For long-term goals, since education had a significant impact on food security, the 

government should promote better access to education in KNP. Education may impact 

on households’ knowledge about the importance of nutrition and provide better 

employment prospects, so that dietary diversity can increase in the future.  

 Over the short-term, households need to be supported to increase their own food 

production. Many households do not have sufficient area to plant fruit trees however 

many households can use their small garden to plant vegetables. For households with 

very small gardens, a hydroponics system for growing vegetables could be useful. 

Households should be encouraged to plant fruits and vegetables, and maintain 

livestock as the food produced can increase their dietary diversity.  
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CHAPTER 8: General Discussion  

8.1. Introduction  

This thesis has assessed the potential effects of a MPA on household food security in 

KNP on Karimunjawa Island, Jepara Regency, Central Java Indonesia. Three key objectives were 

explored: 

 

1. To compare the status of household food security in two villages in KNP 

2. To understand the degree to which fishers in the target communities are reliant on coral 

reef habitats and fish of different trophic levels for their livelihoods  

3. To understand the impact of socio-economics factors on household food security, and 

understand the range of livelihood strategies pursued by community members in KNP.  

 

Food Security Analysis, adapted from the Sustainable Livelihood Analysis (SLA) of the 

UK Department for International Development (DFID), was used as a framework for data 

collection and analysis to explore the potential effects of a MPA on household food security in 

KNP.  

Three methods were used for data collection including observation, semi-structured 

interviews for collecting qualitative data, and household surveys for collecting quantitative data. 

Qualitative data were analysed by grouping the data and information based on the theme.  

Quantitative data including food security based on indicator of HDDS and HFIAS in two villages 

were analysed using descriptive statistics, Mann-Whitney U Test. Correlations between food 

security indicators were analysed using Spearman rho. The relationship between food security 

indicator (HDDS) and socio-economic characteristics were analysed using multiple liner 

regression. 

The results give an understanding of the potential impact of an MPA on household food 

security in KNP, and give rise to suggestions for stakeholders to achieve the dual goals of MPA 

establishment to achieve marine conservation and increase household food security.  

This concluding chapter summarises the major findings of the research based on the 

different assessments performed in Chapters 5, 6 and 7 to address each objective. 

Recommendations and suggestions for further research are also provided. 
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8.2. Household food security 

The purposes of MPA implementation are generally linked to fisheries management and 

biodiversity conservation (Matera 2016). The impact and link between MPA design and fishing 

communities’ food security is still contested, and is generally not considered a main component of 

the MPA goals. The focus for MPA management tends to dwell strongly on biological 

sustainability and economic efficiency of fisheries (Béné 2016).  

However, there is a relationship between marine reserves and food security, for instance: 

a study in the Solomon Islands by Aswani and Furusa (2007) suggested that communities living 

within MPAs may have increased food security, as the energy and protein consumption of 

communities within effective MPAs were higher than communities without access to effective 

MPAs (Aswani & Furusawa 2007).  

MPAs may have the effect of increasing fish production inside and outside of marine 

conservation. Fish population increases inside conservation areas may appear after 5 to 7 years 

while for increases outside a reserve there may be a longer delay of 11 to 15 years. (Béné 2016). 

The spillover of the fish occurs through the export of juvenile, subadult and adult biomass or export 

of passive eggs and larvae outward a MPA (Grüss et al. 2011).   

In six Mediterranean MPAs, it was found that marine conservation affected high value 

fish species’ richness, abundance, and biomass inside the MPAs compared to adjacent fished areas 

and the spillover to local fisheries was likely to occur for 100s of metres around the MPAs 

(Harmelin-Vivien et al. 2008). 

In the Apo Island MPA in the Philippines it ws found that no-take marine reserves could 

benefit local fisheries from spillover (Russ, Alcala & Maypa 2003). No-take marine reserves are 

the most effective type of MPAs. Biomass of whole fish assemblages in marine reserves is, on 

average, 670% greater than in adjacent unprotected areas, and 343% greater than in partially-

protected MPAs (Sala & Giakoumi 2017).  

In addition, good enforcement in no-take marine reserves can restore fish biomass and 

species richness. For example, in Cabo Pulmo National Park in Mexico, fish species richness 

increased significantly from 1999 (average = 15 species per transect) to 2009 (Aburto-Oropeza et 

al. 2011).  

The abundance of fish available in households and markets is linked with the food supply 

of communities. Increased fish productivity means increased food availability, which is as one of 
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the core food security indicators (Béné 2016). Marine conservation also provides alternative 

income-generation activities for communities so that fishers and communities can change their 

livelihood or engage in other activities for income. Ecotourism is one of the more common 

alternative livelihoods for coastal people in marine reserves such as in Vietnam (Ngoc 2018). 

Occasionally communities may get direct income as compensation for replacing fishing grounds, 

or may receive donations or buyback of fishing gear from national authorities or NGOs (Béné 

2016). The increase in communities’ alternative income may lead to increases in the purchase of 

foodstuffs so that food security may increase. Therefore, it is important to protect marine areas 

since marine conservation is associated with communities’ food security.  

KNP has provided ecological benefits and likely socio-economic benefits, particularly 

food security, for households living within the MPA based on two food security indicators: 

household dietary diversity (HDDS) and household food insecurity access (HFIAS). Household 

food insecurity was not identified as a major problem in this research, with households enjoying a 

wide range of food sources. This result is different from the study of Darling (2014), which stated 

that there is no evidence that no-take marine reserve impact on household food security based on 

indicators of food intake, dietary diversity and food coping strategies. Food security was only 

apparent for wealthier households (Darling 2014). 

The different impact of marine conservation on food security is likely related to the fact 

that the mean TL of fish in Karimunjawa was slightly higher than fisheries in Kenya (Campbell et 

al. 2014).  

It must be noted that it is unclear whether the prevalence of food security in the marine 

park is due to effective management of marine resources. There is evidence that the MPA 

enforcement in KNP was previously weak with low compliance of MPA management particularly 

fishing regulations. Illegal fishing practices and fishing in the no-take zone have occurred, 

although most fishers have high awareness of species and gear restrictions (Campbell et al. 2012). 

The weak compliance in fisheries closure areas impact on declining fish biomass (McClanahan et 

al. 2015).  

In addition, food insecurity of households in KNP was uncommon because of other 

reasons. The high trophic level and fish biomass in KNP may impact households’ food security. 

The mean TL of fish in Karimunjawa Island is higher than mean TL of fish in Kenya and Papua 

New Guinea using comparable gear such as handlines, nets, and traps. In terms of large fish, 
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Karimunjawa Island fishers and Papua New Guinea fishers have different fishing practices. Fishers 

from Karimunjawa Island can catch larger fish because they use fish traps that are able to catch 

larger species. Meanwhile Papua New Guinea fishers caught fish using gill nets, spear guns, and 

fishing lines (Campbell et al. 2014).  

In terms of reef fish biomass, nearshore fish assemblages are considered 'sustainable for 

fisheries' when the level of fish biomass is >600 kg/ha (McClanahan et al. 2015). Reef fish 

assemblages in KNP can be >600 kg/ha (WCS technical report). It seems that high reef fish 

biomass in KNP may indicate that the target of effective fisheries management has been acheived. 

In contrast, in nine western Indian Ocean countries, results from evaluations of the functional 

composition was that there was a great change in the functional composition that the stock biomass 

was relatively low (<600kg/ha) compared to the proposed conservation target of 1150 kg/ha. 

Fisheries management by restricting gear and area failed to achive the target (McClanahan et al. 

2015). In other study, 992 reef sites in the tropics with high compliance to no-take closure had a 

lower biomass than remote reefs, which is most of remote reefs are situated in subtropics area. 

Remote reefs were large areas offshore and mostly in small islands but closures were located 

within nearshore fished marines environments (McClanahan et al. 2019).  

Many households had multiple income-generating activities which were helped to pay for 

the costs of food. However, these other income-generating activities included tourism, which 

presumably would not be as significant if the park was not there. The park is indirectly contributing 

to food security through providing additional income-generating opportunities for local residents, 

but it is perhaps more difficult to conclude that the existence of park regulations is enabling 

successful management of marine fish resources for local consumption. 

The indicators of food security based on HDDS and HFIAS components are reliable for 

measuring food security, particularly nutrition status (Hussein, Ahmed & Muhammed 2018). The 

results of the research show that households have good HDDS and low HFIAS. However, during 

the survey the researcher asked questions about a 30 day period (HFIAS) and 24 hour period 

(HDDS), hence the researcher could have missed out on seasonal food insecurity in this work as 

the survey was not during the west monsoon when limited access to transportation may impact on 

food supply. 

However, during the semi-structured interviews and survey, most of the key informants 

and respondents mentioned that food insecurity had not occurred in KNP as the government 
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provided the supply of staple foods before the west monsoon. Therefore, there was no evidence of 

food insecurity in KNP.  

There is very little research measuring HFIAS and HDDS in coastal and marine 

communities. Most research is on agricultural communities. One study had similar finding to this 

research that the purchasing of food was becoming increasingly common (Sulu et al. 2015). It 

seems that households who have good purchasing power may have greater food security.  

In summary, some suggestions for the future of food security questions for coastal 

communities are 

1. Adjust the HFIAS and HDDS questions in order for respondents to better understand 

what is being asked by the researcher.  

2. Adding some HFIAS questions that have direct relation to the coastal communities’ 

food security are important such as:  

 Did you ever get no fish or a smaller catch because of seasonal uncertainty 

(climate/monsoon)?  

 Did you ever get a smaller catch because of fish migration?  

 Did you ever get a smaller or no catch due to marine resource damage [such as 

coral reef beaching, habitat destruction, typhoon impacts]?  

 Did you ever get a smaller catch because illegal, unreported and unregulated 

(IUU) fishing still occurred?  

 Were you ever unable to catch more because of overexploitation of fisheries?  

 Were you ever unable to do mariculture (seaweed farming)?  

 

8.3. Fishing livelihoods and fish utilisation 

The study found that ‘fishing down the food web’ did not seem to be occurring in both 

villages, whilst fishers in these villages followed very different patterns of fishing activity. There 

is no significant different the trophic level of fish species caught by fishers from Karimunjawa and 

Parang. The most common mean of TL of fish family targeted by fishers in Karimunjawa and 

Parang were > 3.0 mean of TL. Athough fishers also caught fish at low mean TL such as Scaridae, 

Mugilidae, Siganidae, and Clupeidae. The study of Campbell et al. (2014) in Karimunjawa Island 

show that fishers in Karimunjawa Islands fishing at > 3 mean TL. However, there were seven fish 
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families with low mean of TL <3 including Scaridae, Acanthuridae, Siganidae, Kyphosidae, 

Pomacanthidae, Pomacanthidae, and Zanclidae.  

Result from this study and study of Campbell et al. (2014) show similar finding that fishers 

caught fish species at low mean TL. However, finding of Campbell et al. (2014) shows that the 

number of fish family caught at low mean trophic level is higher than this study.  It is likely, fishing 

in the low trophic level decrease on Karimunjawa Island. However, when fishers ‘fishing down 

the food web’ then, the species that would be targeting in KNP are the fish species in the list of  

fish species at low mean TL in Table 6.12 and Table 6.13.  

There is a different results from the study of other countries. In Kenya, hand lines gears 

mostly used to catch a low diversity of high trophice level predators with a mean trophic level of 

3.6, however, other types of gear such as traps, spears, beach seines were used to catch various 

fish species and the range of trophic level between 2.6 and 2.9 TL (McClanahan & Mangi 2004). 

The study of Cinner & McClanahan (2006) in PNG showed that mean TL by gear such as gill net 

and spear gun, and line is ranged from a mean of 2.8 to 3.7 TL in which hook and line was 3.7 TL 

(Cinner & McClanahan 2006). In other part of Indonesia, in Lombok, mean trophic level was 3.6 

for handline gear catch and 2.8 for spearguns gear catch with CPUE was higher using handlines 

(10.8 kg/trip) than spearguns (9.97/trip). Fish species that is targeted using handline gears is 

piscivores, whilst spearguns commonly targeted herbivores (Humphries et al. 2019). In 

Philippines, most of reef fisheries catch was from low trophic level fish and invertebrates with an 

overall mean trophic level is 2.95 (Bacalso & Wolff 2014). Meanwhile, in the part of Solomon 

Islands, fishers have adapted their fishing practice to small pelagic. Fishers do nocturnal fishing 

that includes using light to attract fish to the gill nets and strike-lines that is set from the boat 

attached in and around lagoon passages. The CPUE of fish was between two and five times higher 

than CPUE’s gained for reef fisheries. The main targets of the light fishery were clupeids, along 

with small carangids, small sphyraenids and small scom-brids (Roeger, Foale & Sheaves 2016). 

In summary, it seems that the fishers surveyed in KNP have less dependency on lower 

level trophic fisheries. Fishing in the low trophic level is less in the two surveyed villages in KNP. 

It follows that sustainable marine park management may be contributing to their income and food 

security.  

Karimunjawa fishers were more highly dependent on fishing resources within KNP than 

fishers in Parang, but relied less on fishing overall due to the alternative income-generating 
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activities associated with tourism. Parang fishers were more reliant on fishing but used fishing 

grounds located outside the park boundaries. Clearly, fishers from Karimunjawa village are more 

dependent on park resources than those from Parang. Many communities still rely on fishing for 

their livelihood, however, most of the fishers in Karimunjawa have alternative income from 

tourism, therefore, they have less dependency on fishing than Parang fishers.  

Therefore, any future management activity needs to recognise that Karimunjawa fishers 

are likely to be more affected by any changes in regulations or increased enforcement of existing 

regulations than those from Parang.  

Some participation activities exist in the communities such as participation in coastal 

surveillance (Widyatmoko, Purwanti & Suryanto 2012) and participation in the grouper fisheries 

management (Yulianto et al. 2015). However, more participation programmes and consultation 

involving fishers from Karimunjawa than those from Parang are important to increase coastal 

people’s awareness and participation in marine resource management.  

Table 8.1 shows that there is a population growth between 2002 and 2016 in all villages 

in Karimunjawa district except in Parang village. The highest growth is in Nyamuk village which 

is 82.75%. The second highest growth is in Karimunjawa (14.6%) and the last Kemujan (9.45%). 

Whilst the percentage of the change in population in Parang decreased to 44.1%. 

 

Table 8. 1: Percentage change in population of villages in KNP, 2002-2016 

Village 2002 2016 % Change 

Karimunjawa 4137 4742 14.6 

Kemujan 2689 2943 9.45 

Parang 2007 1122 - 44.1 

Nyamuk 313 572 82.75 

Total  9146 9379 2.55 

Source: (BPS 2017; S. Campbell et al. 2014) 

 

Declining population in Parang seems to be attributed to migration to Karimunjawa and 

other areas around Central Java. The migration to other areas is common for villagers in KNP. The 

reasons for migration are mostly to find non-fishing jobs or study at higher levels in Karimunjawa 

or other areas around Java. During the household survey, when the questions related to the number 
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of people working in the households and the number of people dependent, most respondents 

explained when there were households members who wer absent and did not live in Parang 

anymore. The reasons were that most parents who had more income sent their children to study 

outside Parang for secondary school and the very limited opportunities to study at university level, 

and the other reason was that children had jobs outside Parang. However, the period of time that 

outgoing village members left the village was unclear. It may be only temporarily as after finishing 

the study, or when there was no more jobs outside, people came back to the village.  

Coastal communities from other small islands who want to study secondary education 

need to do so in Karimunjawa as this education level is only available in Karimunjawa or they 

need to migrate to other mainland areas such as Jepara or Semarang (Rochwulaningsih, Sulistiyono 

& Masruroh 2014). The present study seems to show this is still the case 16 years later. Clearly 

the overall park population has not changed much.  

However, the notion that tourism presents alternatives to fishing, hence a reduction in 

fishing effort is probably likely since Campbell’s research was undertaken. Similarly, the results 

show that many people purchase food products from the market which would be imported from 

elsewhere, hence there is less direct pressure on fish stocks from local residents. However, there 

are some aspects that may affect fish stocks inside the park such as climate change, coral bleaching, 

and fishing pressure from outside the park since they are able to fish as long as they fish in the 

traditional fisheries zone. But, the positive relationship between food security and the MPA may 

be explained mostly by the limited fishing pressure from local residents. 

It seems that the number of fishers have declined as they have changed to tourism 

activities especially fishers from Karimunjawa village. Since the tourism sector has developed, 

many fishers switched to tourism activities particularly on the weekend when most tourists visit 

Karimunjawa. Some fishers mentioned that they rent their boats and they also work as boat drivers. 

Tourism activities allow fishers to increase their income. 

 

8.4. Socio-economic influences on household dietary diversity and 

livelihoods  

The main finding here is that education is significantly related to food security as 

measured by dietary diversity. Another finding is that those more reliant on fishing are also 

associated with lower dietary diversity.  
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The findings show that as education levels increase, the amount of in house food 

production declines but dietary diversity increases. This clearly implies that with education, 

income levels increase and people purchase more food products rather than cultivate their own, 

leading to a greater diversity in their diet.  

The results also show that as education decreases, the amount of food production 

increases, dietary diversity increases. This means that having a diverse diet is possible for people 

with low education but they need to increase their food production. Food production includes 

production from home gardens of food crops, livestock, poultry and fishery production. 

This finding is similar to the study of Kortright & Wakefield (2011) and Bushamuka et 

al. (2005) which showed that garden production or growing food contributed to food security. 

People gain income from garden production then the income is used to buy more nutritious food 

(Kortright & Wakefield 2011; Bushamuka et al. 2005).  

Education contributes to food security. This result is consistent with previous studies that 

a high education level of the household head positively impacts on household food security 

(Bashir, Schilizzi & Pandit 2012; Faye et al. 2011).  

Therefore, this suggests that more education investment and increased food production 

are needed. However, education investment is not easy for such a small population and it may not 

happen. Increasing food production is more possible particularly growing vegetables, fruits or 

maintaining livestock. In fact, the villages in the park are on very different development paths and 

this is important for future planning.  

KNP is one of the main tourist destinations in Central Java for domestic and international 

tourists. However, the tourism is focused on Karimunjawa village although the other small villages 

are also tourist destinations.  

The indicators of the increase in tourism in KNP are that the number of visitors from 

domestic and international have increased since 2007. The number of international tourists were 

5,579 and domestic tourists were 84,536 in 2015. In comparison with the previous year in 2007, 

the increase was 158% (international tourist) and 166% (domestic tourists) (Setiawan, Rijanta & 

Baiquni 2017). It seems that the increase in tourism is because the central Java government 

provides support to the tourism industry such as building infrastructure, easy access to visit KNP, 

and providing entertainment. The number of homestays and hotels in KNP has increased from 7 

hotels and 21 homestays in 2009 (BPS 2010) to 15 hotels and 78 homestays in 2017 (BPS 2018). 
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There was easy access to visit KNP as visitors could use ferry, ship or airplane to visit 

Karimunjawa. The airport was a new infrastructure in KNP. The government provided some 

entertainment such as music concerts, boat racing and traditional entertainment ‘festival Barikan 

Kubro’. Furthermore, there was a competition among tour leaders. Tour leaders are active in 

advertising the tour packages via the internet with reasonable prices.   

People who have a higher education level are more likely be able to participate in the 

tourism industry and obtain alternative income, hence people from Karimunjawa are less likely to 

fish and more likely to be increasingly involved in tourism.  

The increase in the number of tourists may be because of the facilities. Local communities 

that engage in tourism related activities had good participation in tourism such as support to 

maintain the health of the reefs by reminding the visitors to avoid stepping on or touching coral 

reefs.  

Some tour guides stated that it was not easy to control visitors particularly domestic 

tourists as many of them always wanted to touch the reef while taking pictures under water and 

many of them were also not good at snorkeling which made them sometimes step on the coral 

reefs.  

However, massive tourism can damage the marine resource particularly coral reefs as 

most of the tourists undertake sea activities such as snorkelling and diving that can disrupt the 

reefs. Anchoring boats can also damage the reef. Other threats facing the reefs are climate change 

and plastic contamination.  

For example, the partial damage of reef colony that the surface of reefs are eroded and 

broken branches occurs in three snorkeling spots in Karimunjawa. The most common activities 

that damage coral include physical contact of tourists with coral reefs when tourists sit/stand/kneel 

on the coral, while physical contact of tourist operators at snorkelling spots includes anchoring the 

boat on the coral reefs and feeding fish (Akhmad, Purnomo & Supriharyono 2018). 

In relation to boat anchoring, the boats for visitors were anchored on the coral reefs when 

dropping tourists for snorkelling. Most boats stopped in some spots of coral reef areas.  

When the reefs decline, this will impact on the tourism sector so that fewer tourists visit 

KNP. When people are unable to pursue tourism then fishers will revert to the fishing activities. 

However, there is no evidence yet about this issue, but it may possibly happen in the future. 
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The longer term implications of this are important – tourists will only come whilst the 

marine environment is high quality, and a reduction in fishing pressure from the local population 

will help that. 

In addition, the expansion of infrastructures and increasing domestic waste due to many 

visitors contribute to the environmental damage. There was no place for proper waste disposal in 

KNP so most of the waste were placed at the edge of the sea, which can damage the environment. 

Those away from Karimunjawa village are less able to engage in tourism. Karimunjawa 

is the biggest island in KNP, therefore it is the centre for tourism and infrastructure development. 

Since Karimunjawa is the main tourism area, many people from other islands that have less stable 

livelihoods migrate to Karimunjawa, such as people from Parang village, which  may decrease the 

population of Parang. It seems fishing may no longer be the activity that keeps the community 

together. Community members now have other choices for their profession than fishing and the 

people that left the village were the young male or female population.  

The increase in tourism assists the communities to have new sources of income and makes 

them less dependent on fishing as their main job. This would be good as the fishing pressure may 

decrease but this not give benefit to society therefore, it is important to identify the alternative 

livelihoods for these villages. When tourism decreases and alternative activities fail, as seaweed 

farming did recently, then the villages need additional resources and assistance to maintain their 

villages.  
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Appendix 2: Questions of semi-structured interviews 

Semi structured interview: Food Security and Marine Resource Management in Karimunjawa 

National Park Indonesia 

 

Key informants to be interviewed: 

1. Government   

2. NGOs 

3. Community leaders 

 

Introduction 

My name is Rusianti Amat Sugio. I am a PhD student of Earth and Environment Science 

at University of Western Australia (UWA). Based on my background study, I am interested in 

studying the marine protected area and food security. Further, I am also interested in learning the 

government policy about marine protected area in Karimunjawa National Park. This project is 

supervised by Dr Julian Clifton and Dr Natasha Pauli. 

You are courteously invited to participate in my study. I would like to discuss about the 

issue with you approximately 60-90 minutes. Your participation in this study is completely 

voluntary. There are no probable risks associated with this activity. Your information will be stored 

and presented in coded by organisation. It is very important to have your opinion.  

If you have any consents regarding this interview, please let me know or you could contact 

my school director, supervisors and UWA ethics officer. Their contact details are on my 

introduction sheet.  

 

Do you agree to the interview being recorded? Yes / No 

Name of interviewee (for research purpose only): 

Job Title: 

Date: 

 

 

LIVELIHOODS 

  

I. Livelihood Asset 

 

a. Access to assets 

1. Is there any particular policies to the access of natural assets? (land tenure, fishery and 

pasture access) 

2. What are rules govern individual access to marine resources? (traditional/villages based 

rules/ system ownership) 

3. What kind of natural asset can be accessed by community?  

4. Which area/zone is local community allowed to benefit from? 
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5. Is there any rule who can access marine resources? 

6. Can other communities access these resources used by another village? 

 

b. Economic 

1. What is main source of income of the community? 

2. Are there any opportunities for economic diversification? 

3. Where is the food source of community? 

4. What are community income besides marine product? 

5. How important of marine resources to coastal community? Why? 

6. Is there any evidence of food shortages in the region? (e.g. price increasing/supply 

decreasing) 

 

II. Vulnerability context 

1. Do you identify several changes over a period of time in natural resources stock and 

quality after MPA implementation? (e.g. pollution, good price, water quality, 

occupation, land using, number of tourist, source of income etc).  

And what was the response of community? 

How did community cope? 

Did they adjust to changes? 

 

 

2. Do you identify some unexpected occurrences that might affect community livelihood? 

(e.g. economic crisis, outbreak of diseases, prolong drought, floods, natural disaster, 

etc).  

And what was the response of community? 

How did community cope? 

Did they adjust to changes? 

 

3. Do you identify the seasonal changes that constrain the livelihood choices of 

community? (e.g. climate change, job uncertainties, fluctuation of the product price, 

declining marine product, less tourists, food supply, food acess etc).  

And what was the response of community? 

How did community cope? 

Did they adjust to changes? 

 

 

           III. Broad institutional and policy environment 

 

a. Past crisis and conflict  

1. Were there any conflicts related to accessing natural resources since the MPA was 

established? (Within communities, between park and community, between park and 

local government? 

2. What kind of conflicts? And when did the conflicts happen in general? Was there any 

trends? Who played a part in each conflict? 

3. Do you know the reason behind those conflicts? Was there any conflict resolution 

process in place? 



 

174 

 

 

b. Institutional and policy 

1. What are the list of local organisation/institutions in KNP? (example: public, CBOs, 

NGOs, religious, trade, etc) 

2. How is the relationship between government and community? 

3. Who are included in policy making process and management natural resources? 

4. Who has the biggest influence in policy and policy making process? 

5. How did you define use zones in MPA? What was the reason of changing the 

zone/rezoning?  

6. How to identify the zone to be used? 
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Appendix 3: Questionnaire of food security and fishing livelihood 

Questionnaires: Marine Resources Management and Household Food Security in Karimunjawa 

National Park Indonesia 

Interview Date:  

Interviewer:  

 

Introduction 

My name is Rusianti Amat Sugio. I am a PhD student of Agriculture and Environment Science at 

University of Western Australia (UWA). Based on my background study, I am interested in 

studying the marine protected area and food security. Further, I am also interested in learning the 

government policy about marine protected area in Karimunjawa National Park. You are 

courteously invited to participate in my study. I would like to ask you to fill the questionnaire 

approximately 45 minutes. Your participation in this study is completely voluntary. There are no 

probable risks associated with this activity. It is very important to have your opinion. It will help 

me to collect the data for my study.  

 

PART A  

A1: Identification Particulars 

SECTION 1: GENERAL INFORMATION 

1. Village   

SECTION 2: RESPONDENT INFORMATION 

Criteria of Respondent: Only head of household or spouse be used as respondents. The head of 

HH has to be a living member of the HH and determined by the HH members themselves. The 

head of HH can be female.  

1. Position in the household 
Head of Household  

Spouse  

1 

2 

 

………….. 

2. Gender 
Male  

Female 

1 

2 

 

………….. 

3. Respondent ethnicity’s 

Java 

Madurese 

Buginese 

Bajau 

Munak 

Luwu 

Other ethnic group 

(specify: ---------) 

1 

2 

3 

4 

5 

6 

 

7 

 

 

 

………….. 

 

 

 

4. Education 

No Education 

Primary Education 

Junior High School 

Senior High School 

University Level 

1 

2 

3 

4 

5 

 

 

……………………… 
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A2: The Household 

1. How many currently people live in your house? ………….. 

2. How many the members contribute to household income?  ………….. 

3. How many members depend on you to their life? ………….. 

4. How many adult female ………….. 

5. How many adult male? ………….. 

6. How many male children?  ………….. 

7. How many female children? ………….. 

 

A3: What jobs do you and other people in your household do that bring in food or money to 

your house? 

*Tick activities that respondent and other people in his/her household does, then write the number of people 

who undertake different activities in the household then rank the importance of the household activities 

based on food security importance 

Activity If 

Yes 

“√” 

Rank of 

importance for 

RESPONDENT* 

#of people 

in 

household 

Rank of 

importance for 

WHOLE 

HOUSE* 

Fishing       1         2        3       1         2        3 

Gleaning       1         2        3       1         2        3 

Mariculture/aquaculture       1         2        3       1         2        3 

Fish trading       1         2        3       1         2        3 

Fish processing       1         2        3       1         2        3 

Farming       1         2        3       1         2        3 

Salaried employment       1         2        3       1         2        3 

Tourism       1         2        3       1         2        3 

Informal economic activities       1         2        3       1         2        3 

Migrant worker (TKI/TKW)       1         2        3       1         2        3 

Other----------------------       1         2        3       1         2        3 

Number of different 

occupations 

  

 

 

*Rank of importance based on safety net/food security importance 

A4: Fisheries Information – Fishers Only 

1 How long have you 

been fisher? 

 

---------------------------- 

2 Boat ownership 1. Own          2. Belong to other people 

3 Boat type 1. No engine         2. Outboard engine      3. Inboard engine 

5 Motor power ------------------------HP 

6 Length ------------------------Meter 

7 Width ------------------------Meter 

8 Capacity ------------------------GT 

  1   1 

  1   1 

  1   1 

  1   1 

  1   1 

  1   1 

  1   1 

  1   1 

  1   1 

  1   1 

  1   1 
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A5. When you or other household members go fishing, what equipment is involved? 

Gear Rank of 

importance* 

Trip per 

week (day) 

Target fish When 

(Season/Month) 

Hand line (inshore/reef)     

Hand line (offshore/blue 

water) 

    

Longline (bottom, drift)     

Trolling line     

Small mesh gill net      

Large mesh gill net (shark 

net) 

    

Small/beach seine net     

Purse seine net     

Hand spear     

Spear gun     

Fish trap     

Explosives     

Poison     

Gleaning     

Other ………..     

*Write the number of the most frequently used fishing gear. If more than one fisher in household, circle the 

main gear of respondent above 

A6. I realize that some days you catch a lot of fish, other days you may not catch many fish, 

but on an average, how many fish do you catch? 

 Bad day Average day Good day 

How many kg do 

you catch 

…………..kg …………..kg ……………kg 

Fishing effort 

(hour/day) 

   

Value/price (IDR)    

 

A7. In general, how often does your household eat fish from the sea that was caught by you 

or someone in your village? 

1. More than once per day        2. Once per day       3. More than once per week 

4. Once per week                        5. More than once per month  
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PART B. FOOD AVAILABILITY  

B1. List of vegetables you are currently growing and the proportion consuming, growing 

and purchasing for household consumption 

5 Major vegetables Extent of household 

consumption (1) 

Extent of household 

growing (2) 

Extent of household 

Purchasing (3) 

    

    

    

    

    

Codes for B1 

1) 1= Fully consumed (100%), 2= Substantially consumed (more than 50%), 3= Partly 

consumed, 4= None consumed (100% sold or given to others) 

2) 1= Fully growing (100%), 2= Substantially growing (more than 50%), 3= Partly growing, 

4= None growing (100% purchasing or given by others) 

3) 1=fully purchasing (100%), 2=substantially purchasing (more than 50%), 3=partially 

purchasing, 4=none purchasing (100% growing or given by others). 

 

B2. List of fruits you are currently growing and the proportion consuming, growing and 

purchasing for household consumption 

5 Major fruits Extent of household 

consumption (1) 

Extent of household 

growing (2) 

Extent of household 

Purchasing (3) 

    

    

    

    

    

Codes for B1 

1) 1= Fully consumed (100%), 2= Substantially consumed (more than 50%), 3= Partly 

consumed, 4= None consumed (100% sold or given to others) 

2) 1= Fully growing (100%), 2= Substantially growing (more than 50%), 3= Partly growing, 

4= None growing (100% purchasing or given by others) 

3) 1=fully purchasing (100%), 2=substantially purchasing (more than 50%), 3=partially 

purchasing, 4=none purchasing (100% growing or given by others). 
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B3. List of the major cereals and tubers you are currently growing and the proportion 

consuming, growing and purchasing for household consumption 

5 Major cereals and 

tubers 

Extent of 

household 

consumption (1) 

Extent of 

household growing 

(2) 

Extent of household 

Purchasing (3) 

    

    

    

    

    

Codes for B1 

1) 1= Fully consumed (100%), 2= Substantially consumed (more than 50%), 3= Partly 

consumed, 4= None consumed (100% sold or given to others) 

2) 1= Fully growing (100%), 2= Substantially growing (more than 50%), 3= Partly growing, 

4= None growing (100% purchasing or given by others) 

3) 1=fully purchasing (100%), 2=substantially purchasing (more than 50%), 3=partially 

purchasing, 4=none purchasing (100% growing or given by others). 

 

B4. List of the livestock raising and proportion of livestock consuming, purchasing and 

purchasing for household consumption 

5 Livestock 

production 

Extent of 

household 

consumption (1) 

Extent of household 

raising (2) 

Extent of household 

purchasing (3) 

    

    

    

    

    

Codes for B4 

1) 1= Fully consumed (100%), 2= Substantially consumed (more than 50%), 3= Partly 

consumed, 4= None consumed (100% sold or given to others) 

2) 1= Fully raising (100%), 2= Substantially raising (more than 50%), 3= Partly raising, 4= 

None raising (100% purchasing or given by others) 

3) 1=fully purchasing (100%), 2=substantially purchasing (more than 50%), 3=partially 

purchasing, 4=none purchasing (100% raising or given by others). 
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B5. List of the fish products you are currently catching/farming and proportion of fish 

consuming, catching/mariculture and purchasing for household consumption 

5 Fish production  Extent of household 

consumption (1) 

Extent of household 

catching/mariculture (2) 

Extent of household 

Purchasing (3) 

    

    

    

    

    

Codes for B5 

1) 1= Fully consumed (100%), 2= Substantially consumed (more than 50%), 3= Partly 

consumed, 4= None consumed (100% sold or given to others) 

2) 1= Fully catching/ mariculture (100%), 2= Substantially catching/ mariculture (more than 

50%), 3= Partly catching/ mariculture, 4= None catching/ mariculture (100% purchasing 

or given by others) 

3) 1=fully purchasing (100%), 2=substantially purchasing (more than 50%), 3=partially 

purchasing, 4=none purchasing (100% catching/ mariculture or given by others). 

 

PART C. FOOD ACCESS 

Now, I would like to ask you about food source that you or anyone else in your household 

consume and the types of foods that you or anyone else in your household ate yesterday (24 

hours period) during the day and night.  

 C1. Did you or anyone 

else in your HH eat: 

(Multiple responses) Read 

out the list  

 

Yes—1 No—0 
 

C2. Where was the food source 

from?  

 

Main Food Source 

See food source codes below 

 

1 Cereals - any rice, sticky rice, or any other 

food made from rice, sticky rice, maize, 

wheat, barley, oats, millet, sorghum 

  

2 Roots and tubers - any potatoes, cassava, 

yams, taro 

  

3 Vegetables – spinach, pumpkin, cabbage, 

tomato, onion, etc. 

  

4 Fruits – mango, papaya, guava, banana, 

watermelon, avocado, orange, etc. 

  

5 Meat, poultry, offal–any beef, pork, lamb, 

goat, rabbit, chicken, duck, other birds, 

other meats or organs such as liver, heart, 

kidney etc. 

  

6 Eggs   
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7 Fish and seafood - any fish, crabs, 

prawns, or shellfish, either fresh or dried. 

  

8 Pules/legumes/nuts - any food made from 

gram, peas, cowpeas, pigeon peas, lentils, 

beans, peanuts or other nuts? 

 

  

9 Milk and milk products - any milk, milk 

solids, yogurt, cheese, or other milk 

products 

  

10 Oil/fats - any food made with peanut oil, 

coconut oil, palm oil, sesame oil, 

sunflower oil or other oils, animal fat, 

butter or margarine? 

 

  

11 Sugar -  any sugar, jaggary, honey   

12 Miscellaneous - any coffee or tea, 

condiments such as salt, pepper, curry, or 

chillies 

  

 

Food Source Codes:  

1 = Own production (crops, animals) 

2 = hunting, fishing 

3 = gathering 

4 = borrowed 

5 = purchase 

6 = exchange labour for food 

7 = exchange items for food 

8 = gift (food) from family relatives 

9 = food aid (NGOs, etc.) 

10 = Other specify: 
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PART D. FOOD UTILIZATION 

D1. Water Access and availability 

1. What is the main source of drinking-water used by your household in the past 12 

months? 

Piped water into dwelling  1  

 

 

 

 

 

 

…………… 

Piped water to yard/plot  2 

Public tap/standpipe  3 

Cart with small tank/drum  4 

Tanker/truck  5 

Tube well/borehole  6 

Protected dug well (Brick-lined well)  7 

Unprotected dug well  8 

Protected springs  9 

Unprotected springs  10 

Rainwater collection  11 

Bottled purified water (Purchased)  12 

Surface water (river, dam, lake, pond, stream, 

canal, irrigation channels)  
13 

Others (Specify): -------------- 14 

 

 2  Do you treat your water in any way to make it safer 

to drink? 

…………………………….. 

 

Yes------------ 1 

No -------------2  

Don’t know---3 

 

 Boil 1  

 

 

----------------- 

Add bleach/chlorine/iodine 2 

Strain it through a cloth 3 

Use a water filter (ceramic, sand, composite, etc.) 4 

Solar disinfection 5 

Let it stand and settle 6 

Others (specify) 7 

 

3. If yes, what do you usually do to the water to make it safer to drink? 

Boil 1  

 

 

 

------------------ 

Add bleach/chlorine/iodine 2 

Strain it through a cloth 3 

Use a water filter (ceramic, 

sand, composite, etc.) 

4 

Solar disinfection 5 

Let it stand and settle 6 

Others (specify)------------- 7 
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PART E. STABILITY 

E1. Coping strategies and household hunger scale 

 

 In the past four weeks, did your household have to 

engage in strategies because there was not enough 

food? 

Never ..................... 0 

Rarely or sometimes 1 

Often ...................... 2 

1 In the past four weeks, did your family reduce the 

size and/ or the number of meals eaten in a day 

because there was not enough food to eat? 

 

2 In the past four weeks, did your family change the 

family diet to cheaper or less-preferred foods, in 

order to have enough food to eat? 

 

3 In the past four weeks, did your family eat wild 

food (e.g., berries, fruits, roots, leaves, insects, 

small animals etc.) more frequently than usual, in 

order to have enough food to eat? 

 

 

Household hunger scale 

 

4 In the past four weeks, was there any time when 

there was no food to eat of any kind in your 

household? 

 

5 In the past four weeks, did you or any member of 

your household go to sleep at night hungry? 

 

6 In the past four weeks, did you or any member of 

your household go a whole day and night without 

eating? 

 

 

 

 In the past 12 months, did you or any member 

of your HH have to do any of the following 

activities, so that you had enough food to eat?  

Yes  ....................... 1 

No ........................ 0 

 

7 In the past 12 months, did your HH sell off (or 

consume) seeds meant for planting next season’s 

crops in order to have enough food to eat? 

 

8 In the past 12 months, did your HH use savings 

in order to have enough food to eat? 

 

9 In the past 12 months, did one or more children 

from your HH discontinue school in order to save 

money or work to bring in additional income, so 

that your HH had enough food to eat? 

 

10 In the past 12 months, did you or any member of 

your HH decrease money spent on health or 

medicines, so that your HH had enough food to 

eat?  
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11 In the past 12 months, did your HH borrow food 

or money for food from relatives, friends or 

neighbours, in order to have enough to eat?  

 

12 In the past 12 months, did your HH borrow 

money from money lenders, loans associations, 

banks, traders or shop keepers in order to buy 

enough food to eat? 

 

13 In the past 12 months, did your HH sell, pawn or 

exchange any of the household’s assets, 

including tools, equipment or any other 

possessions, in order to buy enough food to eat? 

 

14 In the past 12 months, did your HH sell (or 

consume) more of your livestock than usual (e.g., 

cattle, goats, chicken, ducks, pigs, buffalo) in 

order to have enough food to eat? 

 

15 In the past 12 months, did your HH sell, 

mortgage or rent any of your land, in order to 

have enough food to eat? 

 

16 Overall, how would you compare your 

household’s food availability from all sources in 

the past 12 months with the previous year? 

Increased 1 

Same as previous year 2 

Decreased 3 

Don’t know/no response 4 

 

------------------------- 

Note for interviewer: 
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Appendix 4: Participant Information Form 

 

Dr Julian Clifton 

School of Earth and Environment 

The University of Western Australia 

35 Stirling Highway, Crawley WA 6009 

Tel: +61 8 6488 2695 

Email: Julian.clifton@uwa.edu.au 

www.see.uwa.edu.au 

 

Participant Information Form 

 
 

Project title: Food Security and Marine Resource Management in Karimunjawa 

National Park Indonesia 

 

Name of Researchers: Rusianti Amat Sugio 

Invitation:   

You are invited to participate in a project of food security and marine protected area in 

Karimunjawa National Park. You are asked to take part in this project because it is important to 

have your opinion that help me to complete my data for my study.  

Aim of the Study (What is the project about?)  

The aim of study is to assess the potential effect of establishment of marine protected area 

(MPA) on coastal communities in Karimunjawa Island, Jepara Regency, Central Java Indonesia. 

The result intend to make practical recommendation for MPA implementation that would minimise 

the negative effects and optimise the benefits for ecological and human well-being. 

What does participation involve? 

Participants are courteously invited to participate in my study by completing the 

questionnaire and discuss about the issue with each respondent approximately 60-90 minutes. 

There are no probable risks associated with this activity.  

Voluntary Participation and Withdrawal from the Study 

The participant can withdraw from the study at any time without giving an explanation. 

The data will be destroyed after the withdrawal unless otherwise agreed. There will be no 

consequences or effect on your withdrawal.   

mailto:Julian.clifton@uwa.edu.au


 

186 

 

Your privacy  

Your participation in this study and any information you provide will be treated in a 

confidential manner. The data will be kept in a de-identified format, in a password protected 

computer or secure server for minimum seven years.  

Possible Benefits 

The benefit of participating in this study that you can get information about the effect of 

marine protected area on household food security in Karimunjawa National Park. The information 

can be as an evaluation of the implementation of MPA program by government.  

Possible Risks and Risk Management Plan 

There are no foreseeable risks associated with the research. 

Reimbursement (include this section only if relevant) 

Participation in this study is completely voluntary. 

Contacts 

If you would like to participate or discuss any aspect of this study please feel free to 

contact +61 8 6488 2695 on (work).   

 

 

Sincerely, 

 

Dr Julian Clifton 

 

 

--------------------------------------------------------------- 

Approval to conduct this research has been provided by the University of Western Australia with reference number RA/4/1/xxxx, in 

accordance with its ethics review and approval procedures. Any person considering participation in this research project, or agreeing to participate, 

may raise any questions or issues with the researchers at any time. In addition, any person not satisfied with the response of researchers may raise 

ethics issues or concerns, and may make any complaints about this research project by contacting the Human Ethics office at UWA on (08) 6488 

4703 or by emailing to humanethics@uwa.edu.au. All research participants are entitled to retain a copy of any Participant Information Form and/or 

Participant Consent Form relating to this research project. 

 

 

 

 

 

 

mailto:hreo-research@uwa.edu.au
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Appendix 5: Participant Consent Form 

 

 

 

 

 

Julian Clifton 

School of Earth and Environment 

The University of Western Australia 

35 Stirling Highway, Crawley WA 6009 

Tel: +61 8 6488 2695  

Email: Julian.clifton@uwa.edu.au 

www.see.uwa.edu.au 

 

Participant Consent Form 

Food Security and Marine Resource Management in Karimunjawa National 

Park Indonesia 

 
I, ________________ have read the information provided and any questions I have asked have 

been answered to my satisfaction. I agree to participate in this research project, realizing that I may 
withdraw at any time without reason and without prejudice. 

 
I understand that all identifiable information that I provide is treated as confidential and will not 

be released by the investigator in any form that may identify me unless I have consented to this.  The only 
exception to this principle of confidentiality is if this information is required by law to be released. 

Additional notes 
Where there are optional components of participation these should be categorised with yes / no 

tick boxes.  If participants are being audiotaped, videotaped, and / or photographed these elements need 
to be specified explicitly in the Consent Form. For example: 

I agree to have my conversation audiotaped.  
I agree to be photographed and / or videopated  
The possibility of withdrawal at any stage should be modified in studies that collect anonymous 

information (i.e. the study has no information about the identity of the participant).  In this situation the 
third sentence of the first paragraph should be modified to read: “I agree to participate in this research 
project but withdrawal is not possible once data are submitted. 

 
 
 _________________________  _______________ 
 
 Participant signature    Date 

 

mailto:Julian.clifton@uwa.edu.au
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Appendix 6: Mean of Trophic Level of Fish Species in Karimunjawa 

 

Species Scientific name Region Genus Family Information 

of Species  

Trophic 

level 

Agujon needlefish Tylosurus acus acus Western Atlantic 

Ty
lo

su
ru

s 
 

B
el

o
n

id
ae

 

Diet 4.5 

Keel-jawed needle fish  Tylosurus acus melanotus Indo-Pacific Ecology 4.3 

Atlantic agujon 

needlefish  

Tylosurus acus rafale Eastern Atlantic Ecology 4 

Hound needlefish  Tylosurus crocodilus Indo-West Pacific: Kenya Diet 3.6 

Hound needlefish  Tylosurus crocodilus Indo-West Pacific: Purto Rico Diet 4.4 

Hound needlefish  Tylosurus crocodilus Indo-West Pacific: New Caledonia Diet 4.4 

Hound needlefish  Tylosurus crocodilus Indo-West Pacific: Solomon Diet 4.5 

Hound needlefish  Tylosurus crocodilus Indo-West Pacific: Kuba Diet 4.5 

Mexican needlefish  Tylosurus fodiator Eastern Central Pacific Ecology 4.5 

Average of Trophic Level 3.9 

Blue and gold fusilier Caesio caerulaurea Indo-West Pacific 

C
ae

si
o

 

C
ae

si
o

n
id

ae
 

Ecology 3.4 

Redbelly yellowtail 

fusilier 

Caesio cuning Indo-West Pacific Ecology 3.4 

Lunar fusilier Caesio lunaris Indo-West Pacific Ecology 3.4 

Yellow and blueback 

fusilier 

Caesio teres Indo-West Pacific Ecology 3.4 

Variable-lined fusilier Caesio varilineata Indian Ocean Ecology 3.4 

Striated fusilier Caesio striata Western Indian Ocean Ecology 3.4 

Suez fusilier Caesio suevica Indian Ocean Ecology 3.4 

Yellowback fusilier Caesio xanthonota Indian Ocean Ecology 3.4 

Average of Trophic Level 3.4 

Capricorn fusilier  Pterocaesio capricornis Western Indian Ocean Ptero 

caesio 

Caesio 

nidae 

Ecology 3.4 

Goldband fusilier Pterocaesio chrysozona Indo-West Pacific:     Ecology 3.4 

Double-lined fusilier Pterocaesio digramma Western Pacific     Ecology 3.4 

Marr's fusilier  Pterocaesio marri Indo-Pacific     Ecology 3.4 

Wide-band fusilier  Pterocaesio lativittata Indian Ocean     Ecology 3.4 

Banana fusilier  Pterocaesio pisang Indo-West Pacific     Ecology 3.4 

Randall's fusilier Pterocaesio randalli Indo-West Pacific     Ecology 3.4 
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One-stripe fusilier  Pterocaesio tessellata Indo-West Pacific     Ecology 3.4 

Dark-banded fusilier  Pterocaesio tile Indo-Pacific     Ecology 3.3 

Three-stripe fusilier  Pterocaesio trilineata Indo-Pacific     Ecology 3.4 

Average of Trophic Level 3.4 

Whitefin trevally Carangoides equula Indo-Pacific 

C
ar

an
go

id
es

 

 C
ar

an
gi

d
ae

 

Ecology 4 

Coastal trevally Carangoides coeruleopinnatus Indo-West Pacific Diet 4.4 

Orangespotted trevally Carangoides bajad Indo-West Pacific Diet 4.5 

Yellow jack Carangoides bartholomaei Western Atlantic: Colombia Diet 4.4 

Yellow jack Carangoides bartholomaei Western Atlantic: Cuba, Puerto 

Rico 

Diet 4.5 

Longnose trevally Carangoides chrysophrys Indo-Pacific: New Caledonia Diet 4.2 

Longnose trevally Carangoides chrysophrys Indo-Pacific: Australia Diet 4.4 

Threadfin jack Carangoides otrynter Eastern Pacific Diet 4.4 

Yellowspotted trevally Carangoides fulvoguttatus Indo-West Pacific: New Caledonia Diet 4.4 

Yellowspotted trevally Carangoides fulvoguttatus Indo-West Pacific: Australia Diet 4.5 

Blue trevally Carangoides ferdau Indo-Pacific: New Caledonia Diet 4 

Blue trevally Carangoides ferdau Indo-Pacific: Malaysia Diet 4.5 

Island trevally Carangoides orthogrammus Indo-Pacific: New Caledonia Diet 4.5 

Bludger Carangoides gymnostethus Indo-West Pacific Ecology 4.1 

Duskyshoulder trevally Carangoides humerosus Eastern Indian Ocean: Autralia Diet 4 

Malabar trevally Carangoides malabaricus Indo-West Pacific: Australia Diet 4.4 

Barcheek trevally Carangoides plagiotaenia  Indo-Pacific Ecology 4 

Imposter trevally Carangoides talamparoides Indo-West Pacific Diet 4.4 

Average of Trophic Level 4.2 

Senegal jack Caranx senegallus Eastern Atlantic 

C
ar

an
x 

C
ar

an
gi

d
ae

 

Ecology 3.9 

False scad Caranx rhonchus Eastern Atlantic Ecology 3.6 

Crevalle jack  Caranx hippos Eastern Atlantic:Colombia/Puerto 

Rico 

Diet 3.6 

Crevalle jack  Caranx hippos Eastern Atlantic: Cuba Diet 4.0 

Black jack  Caranx lugubris Western Indian Ocean: Puerto 

Rico 

Diet 4.5 

Bigeye trevally  Caranx sexfasciatus Indo-Pacific:Malaysia/Australia Diet 4.5 

Bluespotted trevally  Caranx bucculentus Southwest Pacific: Australia Diet 3.8 

Bluespotted trevally  Caranx bucculentus Southwest Pacific: Australia Diet 4.0 

Green jack  Caranx caballus Eastern Pacific Ecology 4.1 
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Pacific crevalle jack Caranx caninus Eastern Pacific Ecology 3.9 

Brassy trevally  Caranx papuensis Indo-Pacific Diet 4.0 

Blue runner  Caranx crysos Eastern Atlantic: Colombia Diet 3.5 

Blue runner  Caranx crysos Eastern Atlantic: Puerto Rico Diet 4.4 

Blue runner  Caranx crysos Eastern Atlantic: Cuba Diet 4.5 

Tille trevally  Caranx tille Indo-West Pacific Ecology 4.1 

Giant trevally  Caranx ignobilis Indo-Pacific: New Caledonia Diet 4.0 

Giant trevally  Caranx ignobilis Indo-Pacific: Hawaii Diet 4.4 

Horse-eye jack  Caranx latus Western Atlantic: Puerto Rico Diet 3.0 

Horse-eye jack  Caranx latus Western Atlantic: Colombia Diet 3.5 

Horse-eye jack  Caranx latus Western Atlantic: Puerto Rico Diet 4.5 

Horse-eye jack  Caranx latus Western Atlantic: Cuba Diet 4.4 

Blacktip trevally Caranx heberi Indo-West Pacific Ecology 3.7 

Bluefin trevally  Caranx melampygus Indo-Pacific Diet 4.5 

Cocinero  Caranx vinctus Eastern Central Pacific Ecology 3.7 

Average of Trophic Level 4.0 

Shortfin scad  Decapterus macrosoma Indo-Pacific and Southeast 

Atlantic 

D
ec

ap
te

ru
s 

C
ar

an
gi

d
ae

 

Ecology 3.4 

Mackerel scad  Decapterus macarellus Western Atlantic: Puerto Rico Diet 3.4 

Mackerel scad  Decapterus macarellus Western Atlantic: Colombia Diet 3.5 

Indian scad  Decapterus russelli Indo-West Pacific Diet 3.7 

Amberstripe scad  Decapterus muroadsi Indo-Pacific Ecology 3.4 

Koheru Decapterus koheru Southwest Pacific: New Zealand Diet 3.1 

Redtail scad Decapterus kurroides Indo-West Pacific Ecology 3.4 

Round scad Decapterus punctatus Western Atlantic: USA Diet 3.1 

Round scad Decapterus punctatus Western Atlantic: Puerto Rico Diet 3.2 

Round scad Decapterus punctatus Western Atlantic: USA Diet 3.3 

Round scad Decapterus punctatus Western Atlantic: USA Diet 3.5 

Round scad Decapterus punctatus Western Atlantic: USA Diet 4.4 

Roughear scad  Decapterus tabl Pacific Ocean Ecology 3.2 

Average of Trophic Level 3.4 

Rainbow runner Elagatis bipinnulata Western Atlantic: Brazil Elagatis Carangidae   4.3 

Avarage of Trophic Level 4.3 

Golden trevally Gnathanodon speciosus Indo-Pacific Gnathanodon Carangidae Ecology 3.8 
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Avarage of Trophic Level 3.8 

Yellowstripe scad  Selaroides leptolepis Indo-West Pacific: Thailand Selaroides Carangidae Diet 3.8 

Avarage of  Trophic Level 3.8 

White sardinella  Sardinella albella Indo-West Pacific 

Sa
rd

in
el

la
 

C
lu

p
ei

d
ae

 

Ecology 2.6 

Round sardinella  Sardinella aurita Atlantic Ocean: USA Diet 3.0 

Round sardinella  Sardinella aurita Atlantic Ocean: Colombia Diet 3.4 

Brazilian sardinella  Sardinella brasiliensis Western Atlantic Ecology 3.1 

Madeiran sardinella Sardinella maderensis Atlantic Ocean Ecology 3.2 

Goldstripe sardinella  Sardinella gibbosa Indo-West Pacific Ecology 2.9 

Fringescale sardinella  Sardinella fimbriata Indo-West Pacific Ecology 2.7 

Bali sardinella  Sardinella lemuru Eastern Indian Ocean Ecology 2.5 

Indian oil sardine  Sardinella longiceps Indian Ocean Ecology 2.4 

East African sardinella  Sardinella neglecta Western Indian Ocean Ecology 2.0 

Freshwater sardinella  Sardinella tawilis Asia:Philippines Diet 3.0 

Japanese sardinella Sardinella zunasi Western Pacific: China Diet 3.2 

Avarage of  Trophic Level 2.8 

Silver-stripe round 

herring  

Spratelloides gracilis Indo-Pacific: Solomon Is. 

Sp
ra

te
llo

id
es

 

C
lu

p
ei

d
ae

 

Diet 3.1 

Delicate round herring  Spratelloides delicatulus Indo-Pacific: Solomon Is. Diet 3.1 

Lewis' round herring  Spratelloides lewisi Western Central Pacific: Solomon 

Is. 

Diet 3.0 

Fringe-scale round 

herring  

Spratelloides robustus Eastern Indian Ocean Diet 3.4 

Avarage of  Trophic Level 3.2 

Porcupine whipray  Urogymnus asperrimus Indo-Pacific 

U
ro
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m
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s 

D
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d
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Ecology 3.5 

Mangrove whipray Urogymnus granulatus Indo-West Pacific Ecology 4.1 

Giant freshwater 

whipray 

Urogymnus polylepis Asia and Oceania Ecology 3.5 

Avarage of  Trophic Level 3.7 

Sky emperor  Lethrinus mahsena Indian Ocean 

Le
th
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n
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s 
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n
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Ecology 3.4 

Smalltooth emperor Lethrinus microdon Indo-West Pacific Ecology 3.8 

Spangled emperor Lethrinus nebulosus Indo-West Pacific: Australia Diet 3.5 

Spangled emperor Lethrinus nebulosus Indo-West Pacific: New Caledonia Diet 3.6 

Spangled emperor Lethrinus nebulosus Indo-West Pacific: Kenya Diet 3.6 

Spangled emperor Lethrinus nebulosus Indo-West Pacific: Australia Diet 4.4 
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Trumpet emperor  Lethrinus miniatus Western Pacific: Australia Diet 3.6 

Trumpet emperor  Lethrinus miniatus Western Pacific: New Caledonia Diet 4.2 

Ambon emperor Lethrinus amboinensis Pacific Ocean Ecology 4 

Grass emperor  Lethrinus laticaudis Western Pacific: Australia Ecology 4.5 

Pink ear emperor  Lethrinus lentjan Indo-West Pacific: New Caledonia Diet 3.6 

Pink ear emperor  Lethrinus lentjan Indo-West Pacific: Australia Diet 4.3 

Pacific yellowtail 

emperor  

Lethrinus atkinsoni Pacific Ocean: New Caledonia Diet 3.8 

Atlantic emperor  Lethrinus atlanticus Eastern Central Atlantic Ecology 3.5 

Thumbprint emperor  Lethrinus harak Indo-West Pacific: New Caledonia Diet 3.6 

Thumbprint emperor  Lethrinus harak Indo-West Pacific: Kenya Diet 3.6 

Snubnose emperor Lethrinus borbonicus Indian Ocean Ecology 3.5 

Orange-spotted 

emperor  

Lethrinus erythracanthus Indo-Pacific Ecology 3.4 

Redaxil emperor  Lethrinus conchyliatus Indian Ocean Ecology 4 

Longspine emperor  Lethrinus genivittatus Indo-West Pacific: New Caledonia Diet 3.7 

Longspine emperor  Lethrinus genivittatus Indo-West Pacific: Ryukyu Is. Diet 4 

Blackeye emperor  Lethrinus enigmaticus Western Indian Ocean Ecology 3.8 

Longfin emperor  Lethrinus erythropterus Indo-West Pacific Ecology 3.7 

Longface emperor  Lethrinus olivaceus Indo-West Pacific: New Caledonia Diet 4 

Ornate emperor Lethrinus ornatus Indo-West Pacific Ecology 3.4 

Slender emperor  Lethrinus variegatus Indo-West Pacific: Australia Diet 3.6 

Slender emperor  Lethrinus variegatus Indo-West Pacific: New Caledonia Diet 3.8 

Black blotch emperor  Lethrinus semicinctus Indo-West Pacific Ecology 4 

Red snout emperor  Lethrinus reticulatus Indo-West Pacific: Australia Diet 3.6 

Spotcheek emperor  Lethrinus rubrioperculatus Indo-Pacific: New Caledonia Diet 3.8 

Yellowlip emperor  Lethrinus xanthochilus Indo-Pacific: New Caledonia Diet 3.8 

Average of Trophic Level 3.8 

Schoolmaster snapper Lutjanus apodus Western Atlantic: Putto Rico (Reff: 

13199) 
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Diet 3.4 

Schoolmaster snapper Lutjanus apodus Western Atlantic: Putto Rico (off 

La Parguera) 

Diet 3.5 

Schoolmaster snapper Lutjanus apodus Western Atlantic: Putto Rico along 

Western 

Diet 3.7 

Schoolmaster snapper Lutjanus apodus Western Atlantic: Putto Rico (Reff: 

13199) 

Diet 3.8 
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Schoolmaster snapper Lutjanus apodus Western Atlantic: Putto Rico, U.S. 

Virgin Islands 

Diet 4.2 

Schoolmaster snapper Lutjanus apodus Western Atlantic: Putto Rico (Reff: 

13199) 

Diet 4.3 

Schoolmaster snapper Lutjanus apodus Western Atlantic: Putto Rico (Reff: 

13199) 

Diet 4.4 

Yellow-banded snapper Lutjanus adetii Western Pacific: New Caledonia Diet 3.7 

African red snapper Lutjanus agennes Eastern Atlantic Ecology 4 

Crimson snapper Lutjanus erythropterus Indo-West Pacific: Australia Diet 4.5 

Mutton snapper Lutjanus analis Western Atlantic: Colombia Diet 3.8 

Mutton snapper Lutjanus analis Western Atlantic: Purto Rico Diet 3.9 

Mutton snapper Lutjanus analis Western Atlantic: Cuba Diet 3.9 

Mutton snapper Lutjanus analis Western Atlantic: Cuba Diet 4 

Mullet snapper Lutjanus aratus Eastern Pacific: Ecology 4.1 

Mangrove red snapper Lutjanus argentimaculatus Indo-West Pacific: New Caledonia Diet 3.6 

Yellow snapper Lutjanus argentiventris Eastern Pacific Ecology 4 

Lane snapper Lutjanus synagris Western Atlantic: Colombia 

(Magdalena and La Guajira) 

Diet 3.4 

Lane snapper Lutjanus synagris Western Atlantic: Comobia 

(Salamanca), USA  

Diet 3.7 

Lane snapper Lutjanus synagris Western Atlantic: Cuba, Purto 

Rico 

Diet 3.8 

Lane snapper Lutjanus synagris Western Atlantic: Cuba Diet 4 

Lane snapper Lutjanus synagris Western Atlantic: Cuba Diet 4.3 

Bengal snapper Lutjanus bengalensis Indo-West Pacific Ecology 3.8 

Two-spot banded 

snapper 

Lutjanus biguttatus Indo-Pacific: Solomon Island Diet 4.4 

Northern red snapper Lutjanus campechanus Western Atlantic Ecology 3.9 

Bigeye snapper Lutjanus lutjanus Indo-West Pacific Ecology 4.1 

Two-spot red snapper Lutjanus bohar Indo-Pacific: New Caledonia Diet 4.3 

Moluccan snapper Lutjanus boutton Western Pacific Ecology 3.8 

Blackfin snapper Lutjanus buccanella Western Atlantic Ecology 3.9 

Grey snapper Lutjanus griseus Western Atlantic: USA 

(Whitewater Bay, Florida) 

Diet 3.6 

Grey snapper Lutjanus griseus Western Atlantic: Cuba, USA 

(Schooner Bank, Florida) 

Diet 3.8 

Grey snapper Lutjanus griseus Western Atlantic: Puto Rico Diet 4 
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Grey snapper Lutjanus griseus Western Atlantic: USA (Eastern 

Mississippi Sound) 

Diet 4.1 

Grey snapper Lutjanus griseus Western Atlantic: Cuba, 

Comombua 

Diet 4.3 

Grey snapper Lutjanus griseus Western Atlantic: Cuba Diet 4.4 

Bluestriped snapper Lutjanus notatus Western Indian Ocean Ecology 4.4 

Blackspot snapper Lutjanus ehrenbergii Indo-West Pacific: Solomon Island Diet 4.4 

African brown snapper Lutjanus dentatus  Eastern Atlantic:  Ecology 4 

Golden African snapper Lutjanus fulgens Eastern Atlantic Ecology 4 

Dory snapper Lutjanus fulviflamma Indo-Pacific: Kenya Diet 3.5 

Dory snapper Lutjanus fulviflamma Indo-Pacific: Australia, New 

Caledonia 

Diet 3.8 

Dory snapper Lutjanus fulviflamma Indo-Pacific: Ryukyu Is. Diet 3.8 

Blacktail snapper Lutjanus fulvus Indo-Pacific: New Caledonia Diet 3.6 

Blacktail snapper Lutjanus fulvus Indo-Pacific: Solomon Island Diet 4.1 

Humpback red snapper Lutjanus gibbus Indo-Pacific: New Caledonia Diet 3.8 

Humpback red snapper Lutjanus gibbus Indo-Pacific: Malaysia Diet 4.5 

Gorean snapper Lutjanus goreensis Eastern Atlantic Ecology 4 

Yellowfin red snapper Lutjanus guilcheri  Indian Ocean Ecology 3.7 

Spotted rose snapper Lutjanus guttatus Eastern Pacific: Mexico Diet 3.9 

Spotted rose snapper Lutjanus guttatus Eastern Pacific: Colombia Diet 4.2 

Brownstripe red snapper Lutjanus vitta Indo-West Pacific: New Caledonia Diet 3.9 

Brownstripe red snapper Lutjanus vitta Indo-West Pacific: Australia Diet 4.1 

Brownstripe red snapper Lutjanus vitta Indo-West Pacific: Solomon Island Diet 4.5 

Golden snapper Lutjanus inermis Eastern Pacific Ecology 3.8 

Dog snapper Lutjanus jocu Western Atlantic: Cuba Diet 3.4 

Dog snapper Lutjanus jocu Western Atlantic: Purto Rico Diet 4.3 

Dog snapper Lutjanus jocu Western Atlantic: Cuba, 

Comombua 

Diet 4.4 

Dog snapper Lutjanus jocu Western Atlantic: Cuba Diet 4.5 

John's snapper Lutjanus johnii Indo-West Pacific: Australia Diet 4.2 

Common bluestripe 

snapper 

Lutjanus kasmira Indo-Pacific: New Caledonia Diet 3.9 

Common bluestripe 

snapper 

Lutjanus kasmira Indo-Pacific: Ryukyu Is. Diet 4.1 

Yellowstreaked snapper Lutjanus lemniscatus Western Indian Ocean Ecology 4 
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Lunartail snapper Lutjanus lunulatus Indo-West Pacific Ecology 4 

One-spot snapper Lutjanus monostigma Indo-Pacific Ecology 4.3 

Mahogany snapper Lutjanus mahogoni Western Atlantic: Colombia Diet 4.3 

Mahogany snapper Lutjanus mahogoni Western Atlantic: Purto Rico Diet 4.4 

Malabar blood snapper Lutjanus malabaricus Indo-West Pacific: 

Malaysia/Australia 

Diet 4.5 

Pacific dog snapper Lutjanus novemfasciatus Eastern Pacific Ecology 4.1 

Southern red snapper Lutjanus purpureus Western Atlantic:Colombia Ecology 3.6 

Russell's snapper Lutjanus russellii Western Pacific: New Caledonia Ecology 3.9 

Russell's snapper Lutjanus russellii Western Pacific: Australia Ecology 4.3 

Humphead snapper Lutjanus sanguineus Western Indian Ocean: Malaysia Diet 4.5 

Emperor red snapper Lutjanus sebae Indo-West Pacific: New Caledonia Diet 3.8 

Emperor red snapper Lutjanus sebae Indo-West Pacific: Australia Diet 4.3 

Black-banded snapper Lutjanus semicinctus Western Pacific: Solomon Is. Diet 4.2 

Five-lined snapper Lutjanus quinquelineatus Indo-West Pacific: New Caledonia Diet 3.7 

Star snapper Lutjanus stellatus Northwest Pacific Ecology 4 

Timor snapper Lutjanus timoriensis Western Pacific Ecology 4 

Silk snapper Lutjanus vivanus Western Atlantic: Colombia Diet 3.1 

Blue and gold snapper Lutjanus viridis Eastern Pacific Ecology 4.2 

Blubberlip snapper Lutjanus rivulatus Indo-Pacific Ecology 4.1 

Average of Trophic Level 4 

Bluetail mullet  Crenimugil buchanani Indo-Pacific 
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Ecology 2.2 

Fringelip mullet  Crenimugil crenilabis Indo-Pacific Ecology 2.3 

Bluespot mullet Crenimugil seheli Indo-Pacific Ecology 2.3 

Average of Trophic Level 2.3 

Yellow-lip threadfin 

bream  

Nemipterus aurifilum Western Pacific 

N
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s 
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Ecology 3.5 

Fork-tailed threadfin 

bream 

Nemipterus furcosus Indian Ocean: New Caledonia Diet 3.7 

Fork-tailed threadfin 

bream 

Nemipterus furcosus Indian Ocean: Australia Diet 4.7 

Yellowbelly threadfin 

bream  

Nemipterus bathybius Western Pacific Ecology 4 

Delagoa threadfin 

bream  

Nemipterus bipunctatus Indian Ocean Ecology 3.9 

Celebes threadfin bream  Nemipterus celebicus Western Pacific Ecology 3.5 
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Ornate threadfin bream  Nemipterus hexodon Western Pacific: Australia Diet 3.9 

Japanese threadfin 

bream 

Nemipterus japonicus Indo-Pacific Ecology 4.1 

Red filament threadfin 

bream  

Nemipterus marginatus Western Pacific Ecology 3.5 

Golden threadfin bream  Nemipterus virgatus Western Pacific Ecology 4 

Slender threadfin bream Nemipterus zysron Indo-West Pacific Ecology 3.5 

Yellow-tipped threadfin 

bream  

Nemipterus nematopus Western Central Pacific: Australia Diet 3.7 

Redspine threadfin 

bream  

Nemipterus nemurus Western Central Pacific Ecology 4 

Notchedfin threadfin 

bream  

Nemipterus peronii Indo-West Pacific: Australia Diet 3.7 

Fivelined threadfin 

bream  

Nemipterus tambuloides Indo-West Pacific Ecology 4 

Average of Trophic Level 3.9 

Candelamoa parrotfish Hipposcarus harid Western Indian Ocean Hipposcarus Scaridae Ecology 2 

Pacific longnose 

parrotfish  

Hipposcarus longiceps Pacific Ocean: Philippines Diet 2 

Average of Trophic Level 2 

Rusty parrotfish Scarus ferrugineus Western Indian Ocean Scarus Scaridae Ecology 2 

Striped parrotfish  Scarus iseri Western Atlantic     Ecology 2 

Filament-finned 

parrotfish  

Scarus altipinnis Pacific Ocean     Ecology 2 

Rivulated parrotfish  Scarus rivulatus Western Pacific: Phippines     Diet 2 

Blue-barred parrotfish Scarus ghobban Indo-Pacific: Ryukyu Is.     Diet 2 

Blue-barred parrotfish Scarus ghobban Indo-Pacific: Philippines     Diet 2 

Common parrotfish  Scarus psittacus Indo-Pacific     Ecology 2 

Chameleon parrotfish  Scarus chameleon Pacific Ocean     Ecology 2 

Singapore parrotfish  Scarus prasiognathos Indo-West Pacific: Ryukyu Is.     Diet 2 

Midnight parrotfish  Scarus coelestinus Western Atlantic     Ecology 2 

Blue parrotfish  Scarus coeruleus Western Atlantic     Ecology 2 

Azure parrotfish Scarus compressus Eastern Pacific     Ecology 2 

Tricolour parrotfish  Scarus tricolor Indo-Pacific: Philippines     Diet 2 

Yellowbarred parrotfish  Scarus dimidiatus Western Pacific     Ecology 2 

Sicklefin parrotfish  Scarus falcipinnis Western Indian Ocean     Ecology 2 

Festive parrotfish  Scarus festivus Indo-Pacific     Ecology 2 
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Yellowfin parrotfish  Scarus flavipectoralis Western Central Pacific:     Ecology 2 

Forsten's parrotfish Scarus forsteni Pacific Ocean     Ecology 2 

Bridled parrotfish Scarus frenatus Indo-Pacific     Ecology 2 

Globehead parrotfish  Scarus globiceps Indo-Pacific     Ecology 2 

Highfin parrotfish Scarus longipinnis South Pacific     Ecology 2 

Ember parrotfish  Scarus rubroviolaceus Indo-Pacific     Ecology 2 

Dusky parrotfish  Scarus niger  Indo-Pacific: Philippines     Diet 2 

Dark capped parrotfish  Scarus oviceps Indo-Pacific: Japan     Diet 2 

Fivesaddle parrotfish  Scarus scaber Western Indian Ocean     Diet 2 

Eclipse parrotfish  Scarus russelii Western Indian Ocean: Japan     Diet 2 

Queen parrotfish  Scarus vetula Western Central Atlantic: Purto 

Rico 

    Diet 2.1 

Roundhead parrotfish  Scarus viridifucatus Western Indian Ocean     Ecology 2 

Rainbow parrotfish  Scarus guacamaia Western Atlantic: Purto Rico     Diet 2 

Princess parrotfish  Scarus taeniopterus Western Atlantic: Purto Rico     Diet 2 

Greensnout parrotfish Scarus spinus Pacific Ocean     Ecology 2 

Average of Trophic Level 2 

Kawakawa Euthynnus affinis Indo-West Pacific: Taiwan 
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Diet 4.2 

Kawakawa Euthynnus affinis Indo-West Pacific: Taiwan, 

Malaysia, Solomon Island 

Diet 4.5 

Little tunny Euthynnus alletteratus Atlantic Ocean: Colombia Diet 4.2 

Little tunny Euthynnus alletteratus Atlantic Ocean: Purtp Rico Diet 4.4 

Little tunny Euthynnus alletteratus Atlantic Ocean: USA Diet 4.5 

Black skipjack Euthynnus lineatus Eastern Pacific Ecology 3.8 

Average of Trophic Level 4.3 

Short mackerel  Rastrelliger brachysoma Pacific Ocean 
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Sc
o

m
b

ri
d

ae
 Ecology 2.7 

Indian mackerel  Rastrelliger kanagurta Indo-West Pacific Ecology 3.2 

Island mackerel  Rastrelliger faughni Indo-West Pacific Ecology 3.4 

Average of Trophic Level 3.1 

West African Spanish 

mackerel 

Scomberomorus tritor Eastern Atlantic 
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Ecology 4.3 

Serra Spanish mackerel Scomberomorus brasiliensis  Western Atlantic: Colombia Diet 3.3 

King mackerel Scomberomorus cavalla Western Atlantic: Colombia Diet 4.3 

King mackerel Scomberomorus cavalla Western Atlantic: USA (gulf 

Mexico) 

Diet 4.5 
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King mackerel Scomberomorus cavalla Western Atlantic: Puerto rico Diet 4.5 

King mackerel Scomberomorus cavalla Western Atlantic: USA (Cappe 

Hatteras) 

Diet 4.5 

Chinese seerfish Scomberomorus sinensis Western Pacific Ecology 4.5 

Narrow-barred Spanish 

mackerel 

Scomberomorus commerson Indo-West Pacific: Solomon 

Island/Malaysia 

Diet 4.5 

Indo-Pacific king 

mackerel 

Scomberomorus guttatus Indo-West Pacific Ecology 4.3 

Korean seerfish Scomberomorus koreanus Indo-West Pacific Ecology 4.2 

Streaked seerfish Scomberomorus lineolatus Indo-West Pacific Ecology 4.5 

Atlantic Spanish 

mackerel 

Scomberomorus maculatus Western Atlantic: USA Diet 4.5 

Australian spotted 

mackerel 

Scomberomorus munroi Western Pacific Ecology 4.3 

Japanese Spanish 

mackerel 

Scomberomorus niphonius Northwest Pacific: Korea, China Diet 4.5 

Cero Scomberomorus regalis Western Atlantic: Purto Rico, 

Cuba 

Diet 4.5 

Kanadi kingfish Scomberomorus plurilineatus Western Indian Ocean Ecology 4.2 

Queensland school 

mackerel 

Scomberomorus queenslandicus Western Pacific: Australia Diet 4.5 

Broad-barred king 

mackerel 

Scomberomorus semifasciatus Western Pacific: Australia Diet 4.5 

Pacific sierra Scomberomorus sierra Eastern Central Pacific: Colombia Diet 4.5 

Average of Trophic Level 4.4 

Peacock hind Cephalopholis argus Indo-Pacific 
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Diet 4.5 

Coral hind  Cephalopholis miniata Indo-Pacific : New Caledonia Diet 4.2 

Coral hind  Cephalopholis miniata Indo-Pacific : Egypt Diet 4.3 

Coral hind  Cephalopholis miniata Indo-Pacific : Solomon Is. Diet 4.5 

Golden hind  Cephalopholis aurantia Indo-Pacific Ecology 4 

Chocolate hind Cephalopholis boenak Indo-West Pacific: New Caledonia Diet 4.1 

Chocolate hind Cephalopholis boenak Indo-West Pacific: Solomom Is. Diet 4.2 

Sixblotch hind  Cephalopholis sexmaculata Indo-Pacific Diet 4.5 

Graysby Cephalopholis cruentata Western Central Atlantic Diet 4.3 

Bluespotted hind Cephalopholis cyanostigma Western Pacific Ecology 4.2 

Coney  Cephalopholis fulva Western Atlantic Ecology 4.1 

Yellowfin hind Cephalopholis hemistiktos Western Indian Ocean Diet 4.1 

Garish hind  Cephalopholis igarashiensis Pacific Ocean Ecology 4 
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Golden hind Cephalopholis aurantia Indo-Pacific Ecology 4 

Leopard hind Cephalopholis leopardus Indo-Pacific Ecology 4 

Tomato hind Cephalopholis sonnerati Indo-Pacific Ecology 3.8 

Darkfin hind  Cephalopholis urodeta Pacific Ocean Ecology 4 

Average of Trophic Level 4.2 

Rock hind Epinephelus adscensionis Western Atlantic: Purto Rico 
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Diet 3.5 

Rock hind Epinephelus adscensionis Western Atlantic: Colombia Diet 3.8 

White grouper Epinephelus aeneus Eastern Atlantic Ecology 4 

Hong Kong grouper Epinephelus akaara Northwest Pacific Ecology 4 

White-edged grouper Epinephelus albomarginatus Western Indian Ocean Ecology 4.2 

Blacktip grouper Epinephelus fasciatus  Indo-Pacific Diet 3.7 

Goldblotch grouper Epinephelus costae  Eastern Atlantic and 

Mediterranean Sea 

Ecology 3.9 

Spotted grouper Epinephelus analogus Eastern Pacific Ecology 3.8 

Catface grouper Epinephelus andersoni Southeast Atlantic and Western 

Indian Ocean 

Ecology 4 

Areolate grouper Epinephelus areolatus Indo-Pacific: Australia Diet 3.6 

Areolate grouper Epinephelus areolatus Indo-Pacific: New Caledonia Diet 3.9 

Yellow grouper Epinephelus awoara Northwest Pacific Ecology 3.6 

Dusky grouper Epinephelus marginatus East & Southwest Atlantic & 

Western Indian Ocean: Brazil 

Diet 3.9 

Dusky grouper Epinephelus marginatus East & Southwest Atlantic & 

Western Indian Ocean: Brazil 

Diet 4 

Dusky grouper Epinephelus marginatus East & Southwest Atlantic & 

Western Indian Ocean: 

Algeria/Brazil 

Diet 4.1 

Dusky grouper Epinephelus marginatus East & Southwest Atlantic & 

Western Indian Ocean: Algeria 

Diet 4.3 

Dusky grouper Epinephelus marginatus East and Southwest Atlantic and 

Western Indian Ocean: Algeria 

Diet 4.4 

Longtooth grouper Epinephelus bruneus Northwest Pacific Ecology 4 

Whitespotted grouper Epinephelus coeruleopunctatus Indo-Pacific: New Caledonia Diet 3.7 

Dogtooth grouper Epinephelus caninus Eastern Atlantic Ecology 3.8 

Greasy grouper Epinephelus tauvina Indo-Pacific Ecology 4.1 

Brownspotted grouper Epinephelus chlorostigma Indo-Pacific Ecology 4 

Orange-spotted grouper Epinephelus coioides Indo West Pasific: New Caledonia Diet 4 

Comet grouper Epinephelus morrhua Indo-Pacific Ecology 4 
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Areolate grouper Epinephelus areolatus Indo-Pacific: Australia Diet 3.6 

Areolate grouper Epinephelus areolatus Indo-Pacific: New Caledonia Diet 3.9 

Red hind Epinephelus guttatus Western Atlantic: Colombia Diet 3.8 

Red hind Epinephelus guttatus Western Atlantic: Purto Rico Diet 3.9 

Speckled blue grouper Epinephelus cyanopodus Western Pacific: New Caledonia Diet 4.1 

Malabar grouper Epinephelus malabaricus Indo-Pacific: New Caledonia Diet 3.8 

Saddletail grouper Epinephelus daemelii Southwest Pacific Ecology 4 

Netfin grouper Epinephelus miliaris Indo-West Pacific Ecology 3.8 

Oblique-banded grouper Epinephelus radiatus Indo-West Pacific Ecology 4 

Dotted grouper Epinephelus epistictus Indo-West Pacific Ecology 4 

Rock grouper Epinephelus fasciatomaculosus Western Pacific Ecology 3.6 

Blue-and-yellow grouper Epinephelus flavocaeruleus Indian Ocean Ecology 4.2 

Brown-marbled grouper Epinephelus fuscoguttatus Indo-Pacific Ecology 4.1 

Longfin grouper Epinephelus quoyanus Western Pacific: Australia Diet 4 

Camouflage grouper Epinephelus polyphekadion Indo-Pacific: New Caledonia Diet 4 

Dungat grouper Epinephelus goreensis Eastern Atlantic Ecology 3.9 

Halfmoon grouper Epinephelus rivulatus Indo-West Pacific Ecology 3.6 

Blacksaddle grouper Epinephelus howlandi Western Pacific Ecology 4 

Atlantic goliath grouper Epinephelus itajara Western Atlantic: Cuba Diet 3.7 

Atlantic goliath grouper Epinephelus itajara Western Atlantic: Colombia Diet 4 

Atlantic goliath grouper Epinephelus itajara Western Atlantic: Purto Rico Diet 4.1 

White-blotched grouper Epinephelus multinotatus Indian Ocean Ecology 3.9 

Speckled blue grouper Epinephelus cyanopodus Western Pacific Diet 4.1 

Starry grouper Epinephelus labriformis Eastern Pacific Ecology 4 

Giant grouper Epinephelus lanceolatus Indo-Pacific Ecology 4 

Striped grouper Epinephelus latifasciatus Indo-West Pacific Ecology 4 

Longspine grouper Epinephelus longispinis Indo-West Pacific Ecology 4.2 

Snubnose grouper Epinephelus macrospilos Indo-Pacific Diet 3.8 

Highfin grouper Epinephelus maculatus  Pacific Ocean Diet 4 

Malabar grouper Epinephelus malabaricus Indo-Pacific Diet 3.8 

Halfmoon grouper Epinephelus rivulatus Indo-West Pacific Ecology 3.6 

Red-tipped grouper Epinephelus retouti Indo-Pacific Ecology 4 

One-blotch grouper Epinephelus melanostigma Indo-West Pacific Ecology 4 
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Honeycomb grouper Epinephelus merra Indo-Pacific: French Polynesia, 

New Caledonia 

Diet 3.8 

Honeycomb grouper Epinephelus merra Indo-Pacific: Ryukyu Is. Diet 4.1 

Longtooth grouper Epinephelus bruneus Northwest Pacific Ecology 4 

Dot-dash grouper Epinephelus poecilonotus Indo-West Pacific Ecology 4 

Sixbar grouper Epinephelus sexfasciatus Western Central Pacific Diet 3.8 

Surge grouper Epinephelus socialis Pacific Ocean Ecology 4.2 

Goldblotch grouper Epinephelus costae Eastern Atlantic and 

Mediterranean Sea 

Ecology 3.9 

Threespot grouper Epinephelus trimaculatus Northwest Pacific Ecology 4 

Red-tipped grouper Epinephelus retouti Indo-Pacific Ecology 4 

Potato grouper Epinephelus tukula Indo-West Pacific Ecology 4.2 

Average of Trophic Level 4 

Squaretail coralgrouper Plectropomus areolatus Indo-Pacific 
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Ecology 4.5 

Blacksaddled 

coralgrouper 

Plectropomus laevis Indo-Pacific Ecology 4.1 

Leopard coralgrouper Plectropomus leopardus Western Pacific: New Caledonia Diet 4.4 

Leopard coralgrouper Plectropomus leopardus Western Pacific: Australia, 

Solomon Is. 

Diet 4.5 

Spotted coralgrouper Plectropomus maculatus Western Pacific Ecology 4.1 

Marbled coralgrouper Plectropomus punctatus  Marbled coralgrouper Ecology 4.5 

Highfin coralgrouper Plectropomus oligacanthus Indo-West Pacific Ecology 4 

Average of Trophic Level 4.3 

Mottled spinefoot Siganus fuscescens Western Pacific 

Si
ga

n
u

s 

Si
ga

n
id

ae
 

Diet 2 

Streamlined spinefoot Siganus argenteus Indo-Pacific: Japan Diet 2 

Golden-lined spinefoot  Siganus lineatus Indo-West Pacific Ecology 2 

White-spotted spinefoot  Siganus canaliculatus Indo-West Pacific Ecology 2.8 

Goldspotted spinefoot  Siganus punctatus Western Pacific: Ryukyu Is. Diet 2.8 

Orange-spotted 

spinefoot  

Siganus guttatus Eastern Indian Ocean and 

Western Pacific: 

Ecology 2.7 

Blue-spotted spinefoot Siganus corallinus Indo-West Pacific: Ryukyu Is. Diet 2 

Barred spinefoot Siganus doliatus Western Pacific Ecology 2 

Masked spinefoot  Siganus puellus Indo-West Pacific Ecology 3 

Streaked spinefoot  Siganus javus Indo-Pacific Ecology 2.4 

Brown-spotted 

spinefoot  

Siganus stellatus Indian Ocean Ecology 2.7 
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Dusky spinefoot Siganus luridus Western Indian Ocean: Greece Diet 2 

Magnificent rabbitfish  Siganus magnificus Eastern Indian Ocean Ecology 2.7 

Little spinefoot  Siganus spinus Indo-West Pacific: Ryukyu Is. Ecology 2 

Black foxface  Siganus niger Eastern Central Pacific Ecology 2 

Barhead spinefoot  Siganus virgatus Indo-West Pacific: Ryukyu Is. Diet 2 

Blackeye rabbitfish  Siganus puelloides Indian Ocean Ecology 2.7 

Peppered spinefoot  Siganus punctatissimus Western Pacific Ecology 2 

Variegated spinefoot Siganus randalli Western Pacific Ecology 2 

Marbled spinefoot  Siganus rivulatus Western Indian Ocean: Greece Diet 2 

Vermiculated spinefoot  Siganus vermiculatus Indo-West Pacific Ecology 2 

Shoemaker spinefoot  Siganus sutor Indiant Ocean Ecology 2.3 

Blotched foxface  Siganus unimaculatus Western Pacific Ecology 2.7 

Bicolored foxface Siganus uspi Western Pacific Ecology 2.7 

Foxface Siganus vulpinus Western Pacific Ecology 2.7 

Average of Trophic Level 2.3 

Sharpfin barracuda Sphyraena acutipinnis Indo-Pacific 

Sp
h

yr
ae

n
a 

Sp
h

yr
ae

n
id

ae
 

Ecology 4.5 

Guinean barracuda  Sphyraena afra Eastern Atlantic Ecology 4.1 

Sharpfin barracuda Sphyraena acutipinnis Indo-Pacific Ecology 4.5 

Pacific barracuda Sphyraena argentea Eastern Pacific Ecology 4.5 

Great barracuda Sphyraena barracuda Indo-Pacific: Kenya Diet 3.6 

Great barracuda Sphyraena barracuda Indo-Pacific: New Caledonia Diet 4.2 

Great barracuda Sphyraena barracuda Indo-Pacific: Solomon Is. Diet 4.5 

Great barracuda Sphyraena barracuda Indo-Pacific: Puerto Rico Diet 4.5 

Great barracuda Sphyraena barracuda Indo-Pacific: Cuba Diet 4.5 

Sawtooth barracuda Sphyraena putnamae Indo-West Pacific : Solomon Is. Diet 4.5 

Sawtooth barracuda Sphyraena putnamae Indo-West Pacific: New Caledonia Diet 4.5 

European barracuda  Sphyraena sphyraena Eastern Atlantic Ecology 4 

Obtuse barracuda Sphyraena obtusata Indo-Pacific: Solomon Is. Diet 4.5 

Obtuse barracuda Sphyraena obtusata Indo-Pacific: Malaysia Diet 4.5 

Obtuse barracuda Sphyraena obtusata Indo-Pacific: New Caledonia Diet 4.5 

Guachanche barracuda Sphyraena guachancho Western Atlantic: Colombia Diet 4.2 

Guachanche barracuda Sphyraena guachancho Western Atlantic: Cuba Diet 4.4 

Mexican barracuda  Sphyraena ensis Eastern Pacific Ecology 4.5 

Yellowtail barracuda Sphyraena flavicauda Indo-West Pacific Ecology 3.8 
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Blackfin barracuda  Sphyraena qenie Indo-Pacific Ecology 4.5 

Heller's barracuda Sphyraena helleri Indian Ocean Ecology 4.5 

Guinean barracuda Sphyraena afra Eastern Atlantic Ecology 4.1 

Pelican barracuda Sphyraena idiastes Southeast Pacific Ecology 4.5 

Japanese barracuda Sphyraena japonica Western Pacific Ecology 4.2 

Sharpfin barracuda  Sphyraena acutipinnis Indo-Pacific Ecology 4.5 

Australian barracuda  Sphyraena novaehollandiae Indo-Pacific Ecology 4.5 

Southern sennet  Sphyraena picudilla Western Atlantic: Colombia Diet 4 

Southern sennet  Sphyraena picudilla Western Atlantic: Puerto Rico Diet 4.5 

Red barracuda  Sphyraena pinguis Northwest Pacific: China Diet 4.4 

Red barracuda  Sphyraena pinguis Northwest Pacific: Korea Diet 4.5 

Pickhandle barracuda Sphyraena jello Indo-West Pacific: Malaysia Diet 4.5 

European barracuda Sphyraena sphyraena Eastern Atlantic Ecology 4 

Yellowmouth barracuda  Sphyraena viridensis Eastern Central Atlantic Ecology 4.3 

Average of Trophic Level 4.3 

Wrestling halfbeak  Dermogenys pusilla Asia: Java Indonesia Dermo 

genys 

Zenarch 

opteridae 

Ecology 3.4 

Average of Trophic Level 3.4 
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Appendix 7: Mean Trophic Level of Fish Species in Parang 

 

Species Scientific name Region Genus Family Information 
of Species  

Trophic 
level 

Agujon needlefish Tylosurus acus acus Western Atlantic 

Ty
lo

su
ru

s 
 

B
el

o
n

id
ae

 

Diet 4.5 

Keel-jawed needle fish  Tylosurus acus melanotus Indo-Pacific Ecology 4.3 

Atlantic agujon 
needlefish  

Tylosurus acus rafale Eastern Atlantic Ecology 4 

Hound needlefish  Tylosurus crocodilus Indo-West Pacific: Kenya Diet 3.6 

Hound needlefish  Tylosurus crocodilus Indo-West Pacific: Purto Rico Diet 4.4 

Hound needlefish  Tylosurus crocodilus Indo-West Pacific: New Caledonia Diet 4.4 

Hound needlefish  Tylosurus crocodilus Indo-West Pacific: Solomon Diet 4.5 

Hound needlefish  Tylosurus crocodilus Indo-West Pacific: Kuba Diet 4.5 

Mexican needlefish  Tylosurus fodiator Eastern Central Pacific Ecology 4.5 

Average of Trophic Level 3.9 

Blue and gold fusilier Caesio caerulaurea Indo-West Pacific 

C
ae

si
o

 

C
ae

si
o

n
id

ae
 

Ecology 3.4 

Redbelly yellowtail 
fusilier 

Caesio cuning Indo-West Pacific Ecology 3.4 

Lunar fusilier Caesio lunaris Indo-West Pacific Ecology 3.4 

Yellow and blueback 
fusilier 

Caesio teres Indo-West Pacific Ecology 3.4 

Variable-lined fusilier Caesio varilineata Indian Ocean Ecology 3.4 

Striated fusilier Caesio striata Western Indian Ocean Ecology 3.4 

Suez fusilier Caesio suevica Indian Ocean Ecology 3.4 

Yellowback fusilier Caesio xanthonota Indian Ocean Ecology 3.4 

Average of Trophic Level       3.4 

Whitefin trevally Carangoides equula Indo-Pacific 

C
ar

an
go

id
es

 

 C
ar

an
gi

d
ae

 

Ecology 4 

Coastal trevally Carangoides coeruleopinnatu
s 

Indo-West Pacific Diet 4.4 

Orangespotted 
trevally 

Carangoides bajad Indo-West Pacific Diet 4.5 

Yellow jack Carangoides bartholomaei Western Atlantic: Colombia Diet 4.4 

Yellow jack Carangoides bartholomaei Western Atlantic: Cuba, Puerto Rico Diet 4.5 

Longnose trevally Carangoides chrysophrys Indo-Pacific: New Caledonia Diet 4.2 

Longnose trevally Carangoides chrysophrys Indo-Pacific: Australia Diet 4.4 

Threadfin jack Carangoides otrynter Eastern Pacific Diet 4.4 

Yellowspotted trevally Carangoides fulvoguttatus Indo-West Pacific: New Caledonia Diet 4.4 

Yellowspotted trevally Carangoides fulvoguttatus Indo-West Pacific: Australia Diet 4.5 

Blue trevally Carangoides ferdau Indo-Pacific: New Caledonia Diet 4 

Blue trevally Carangoides ferdau Indo-Pacific: Malaysia Diet 4.5 

Island trevally Carangoides orthogrammus Indo-Pacific: New Caledonia Diet 4.5 

Bludger Carangoides gymnostethus Indo-West Pacific Ecology 4.1 

Duskyshoulder 
trevally 

Carangoides humerosus Eastern Indian Ocean: Autralia Diet 4 

Malabar trevally Carangoides malabaricus Indo-West Pacific: Australia Diet 4.4 
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Barcheek trevally Carangoides plagiotaenia  Indo-Pacific Ecology 4 

Imposter trevally Carangoides talamparoides Indo-West Pacific Diet 4.4 

Average of Trophic Level 4.2 

Rainbow runner Elagatis bipinnulata Western Atlantic: Brazil Elagatis Carangidae   4.3 

Avarage of Trophic Level 4.3 

Golden trevally Gnathanodon speciosus Indo-Pacific Gnathanod
on 

Carangidae Ecology 3.8 

Avarage of Trophic Level 3.8 

White sardinella  Sardinella albella Indo-West Pacific 

Sa
rd

in
el

la
 

C
lu

p
ei

d
ae

 

Ecology 2.6 

Round sardinella  Sardinella aurita Atlantic Ocean: USA Diet 3.0 

Round sardinella  Sardinella aurita Atlantic Ocean: Colombia Diet 3.4 

Brazilian sardinella  Sardinella brasiliensis Western Atlantic Ecology 3.1 

Madeiran sardinella Sardinella maderensis Atlantic Ocean Ecology 3.2 

Goldstripe sardinella  Sardinella gibbosa Indo-West Pacific Ecology 2.9 

Fringescale sardinella  Sardinella fimbriata Indo-West Pacific Ecology 2.7 

Bali sardinella  Sardinella lemuru Eastern Indian Ocean Ecology 2.5 

Indian oil sardine  Sardinella longiceps Indian Ocean Ecology 2.4 

East African sardinella  Sardinella neglecta Western Indian Ocean Ecology 2.0 

Freshwater sardinella  Sardinella tawilis Asia:Philippines Diet 3.0 

Japanese sardinella Sardinella zunasi Western Pacific: China Diet 3.2 

Avarage of Trophic Level 2.8 

Common dolphinfish  Coryphaena hippurus Atlantic, Indian and Pacific: USA 
C

o
ry

p
h

ae
n

a 

C
o

ry
p

h
ae

n
id

ae
 Diet 4.4 

Common dolphinfish  Coryphaena hippurus Atlantic, Indian and Pacific: Brazil Diet 4.5 

Common dolphinfish  Coryphaena hippurus Atlantic, Indian and Pacific: 
Malaysia 

Diet 4.5 

Pompano dolphinfish Coryphaena equiselis Worldwide Ecology 4.5 

Avarage of Trophic Level 4.5 

Caspian roach  Rutilus caspicus Eurasia 

R
u

ti
lu

s 

C
yp

ri
n

id
ae

 

Ecology 3.4 

Rutilus meidingeri Rutilus meidingeri Europe Ecology 3.4 

Kutum Rutilus frisii Eurasia: Azerbaijan Diet 3.4 

Kutum Rutilus frisii Eurasia: Azerbaijan Diet 3.5 

Kutum Rutilus frisii Eurasia: Azerbaijan Diet 3.6 

Rutilus pigus Rutilus pigus Europe Ecology 3.1 

Roach  Rutilus rutilus Europe: UK Diet 2.0 

Roach  Rutilus rutilus Europe: UK Diet 2.1 

Roach  Rutilus rutilus Europe: UK Diet 2.4 

Roach  Rutilus rutilus Europe: UK Diet 2.5 

Roach  Rutilus rutilus Europe: UK Diet 2.6 

Roach  Rutilus rutilus Europe: Hungray Diet 2.7 

Roach  Rutilus rutilus Europe: UK Diet 2.7 

Roach  Rutilus rutilus Europe: Hungray Diet 3.0 

Roach  Rutilus rutilus Europe: Russia Diet 3.0 

Roach  Rutilus rutilus Europe: UK Diet 3.1 
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Roach  Rutilus rutilus Europe: Russia Diet 3.1 

Roach  Rutilus rutilus Europe: Germany Diet 3.2 

Roach  Rutilus rutilus Europe: France Diet 3.2 

Roach  Rutilus rutilus Europe: Russia Diet 3.2 

Roach  Rutilus rutilus Europe: Russia Diet 3.8 

Roach  Rutilus rutilus Europe: Russia Diet 3.9 

Avarage of Trophic Level 3.0 

Sky emperor  Lethrinus mahsena Indian Ocean 

Le
th

ri
n

u
s 

Le
th

ri
n

id
ae

 

Ecology 3.4 

Smalltooth emperor Lethrinus microdon Indo-West Pacific Ecology 3.8 

Spangled emperor Lethrinus nebulosus Indo-West Pacific: Australia Diet 3.5 

Spangled emperor Lethrinus nebulosus Indo-West Pacific: New Caledonia Diet 3.6 

Spangled emperor Lethrinus nebulosus Indo-West Pacific: Kenya Diet 3.6 

Spangled emperor Lethrinus nebulosus Indo-West Pacific: Australia Diet 4.4 

Trumpet emperor  Lethrinus miniatus Western Pacific: Australia Diet 3.6 

Trumpet emperor  Lethrinus miniatus Western Pacific: New Caledonia Diet 4.2 

Ambon emperor Lethrinus amboinensis Pacific Ocean Ecology 4 

Grass emperor  Lethrinus laticaudis Western Pacific: Australia Ecology 4.5 

Pink ear emperor  Lethrinus lentjan Indo-West Pacific: New Caledonia Diet 3.6 

Pink ear emperor  Lethrinus lentjan Indo-West Pacific: Australia Diet 4.3 

Pacific yellowtail 
emperor  

Lethrinus atkinsoni Pacific Ocean: New Caledonia Diet 3.8 

Atlantic emperor  Lethrinus atlanticus Eastern Central Atlantic Ecology 3.5 

Thumbprint emperor  Lethrinus harak Indo-West Pacific: New Caledonia Diet 3.6 

Thumbprint emperor  Lethrinus harak Indo-West Pacific: Kenya Diet 3.6 

Snubnose emperor Lethrinus borbonicus Indian Ocean Ecology 3.5 

Orange-spotted 
emperor  

Lethrinus erythracanthus Indo-Pacific Ecology 3.4 

Redaxil emperor  Lethrinus conchyliatus Indian Ocean Ecology 4 

Longspine emperor  Lethrinus genivittatus Indo-West Pacific: New Caledonia Diet 3.7 

Longspine emperor  Lethrinus genivittatus Indo-West Pacific: Ryukyu Is. Diet 4 

Blackeye emperor  Lethrinus enigmaticus Western Indian Ocean Ecology 3.8 

Longfin emperor  Lethrinus erythropterus Indo-West Pacific Ecology 3.7 

Longface emperor  Lethrinus olivaceus Indo-West Pacific: New Caledonia Diet 4 

Ornate emperor Lethrinus ornatus Indo-West Pacific Ecology 3.4 

Slender emperor  Lethrinus variegatus Indo-West Pacific: Australia Diet 3.6 

Slender emperor  Lethrinus variegatus Indo-West Pacific: New Caledonia Diet 3.8 

Black blotch emperor  Lethrinus semicinctus Indo-West Pacific Ecology 4 

Red snout emperor  Lethrinus reticulatus Indo-West Pacific: Australia Diet 3.6 

Spotcheek emperor  Lethrinus rubrioperculatus Indo-Pacific: New Caledonia Diet 3.8 

Yellowlip emperor  Lethrinus xanthochilus Indo-Pacific: New Caledonia Diet 3.8 

Average of Trophic Level 3.8 

Schoolmaster snapper Lutjanus apodus Western Atlantic: Putto Rico (Reff: 
13199) Lu

tj
a

n
u

s 

Lu
tj

a

n
id

ae
  

Diet 3.4 
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Schoolmaster snapper Lutjanus apodus Western Atlantic: Putto Rico (off La 
Parguera) 

Diet 3.5 

Schoolmaster snapper Lutjanus apodus Western Atlantic: Putto Rico along 
Western 

Diet 3.7 

Schoolmaster snapper Lutjanus apodus Western Atlantic: Putto Rico (Reff: 
13199) 

Diet 3.8 

Schoolmaster snapper Lutjanus apodus Western Atlantic: Putto Rico, U.S. 
Virgin Islands 

Diet 4.2 

Schoolmaster snapper Lutjanus apodus Western Atlantic: Putto Rico (Reff: 
13199) 

Diet 4.3 

Schoolmaster snapper Lutjanus apodus Western Atlantic: Putto Rico (Reff: 
13199) 

Diet 4.4 

Yellow-banded 
snapper 

Lutjanus adetii Western Pacific: New Caledonia Diet 3.7 

African red snapper Lutjanus agennes Eastern Atlantic Ecology 4 

Crimson snapper Lutjanus erythropterus Indo-West Pacific: Australia Diet 4.5 

Mutton snapper Lutjanus analis Western Atlantic: Colombia Diet 3.8 

Mutton snapper Lutjanus analis Western Atlantic: Purto Rico Diet 3.9 

Mutton snapper Lutjanus analis Western Atlantic: Cuba Diet 3.9 

Mutton snapper Lutjanus analis Western Atlantic: Cuba Diet 4 

Mullet snapper Lutjanus aratus Eastern Pacific: Ecology 4.1 

Mangrove red 
snapper 

Lutjanus argentimaculatus Indo-West Pacific: New Caledonia Diet 3.6 

Yellow snapper Lutjanus argentiventris Eastern Pacific Ecology 4 

Lane snapper Lutjanus synagris Western Atlantic: Colombia 
(Magdalena and La Guajira) 

Diet 3.4 

Lane snapper Lutjanus synagris Western Atlantic: Comobia 
(Salamanca), USA  

Diet 3.7 

Lane snapper Lutjanus synagris Western Atlantic: Cuba, Purto Rico Diet 3.8 

Lane snapper Lutjanus synagris Western Atlantic: Cuba Diet 4 

Lane snapper Lutjanus synagris Western Atlantic: Cuba Diet 4.3 

Bengal snapper Lutjanus bengalensis Indo-West Pacific Ecology 3.8 

Two-spot banded 
snapper 

Lutjanus biguttatus Indo-Pacific: Solomon Island Diet 4.4 

Northern red snapper Lutjanus campechanus Western Atlantic Ecology 3.9 

Bigeye snapper Lutjanus lutjanus Indo-West Pacific Ecology 4.1 

Two-spot red snapper Lutjanus bohar Indo-Pacific: New Caledonia Diet 4.3 

Moluccan snapper Lutjanus boutton Western Pacific Ecology 3.8 

Blackfin snapper Lutjanus buccanella Western Atlantic Ecology 3.9 

Grey snapper Lutjanus griseus Western Atlantic: USA (Whitewater 
Bay, Florida) 

Diet 3.6 

Grey snapper Lutjanus griseus Western Atlantic: Cuba, USA 
(Schooner Bank, Florida) 

Diet 3.8 

Grey snapper Lutjanus griseus Western Atlantic: Puto Rico Diet 4 

Grey snapper Lutjanus griseus Western Atlantic: USA (Eastern 
Mississippi Sound) 

Diet 4.1 

Grey snapper Lutjanus griseus Western Atlantic: Cuba, Comombua Diet 4.3 

Grey snapper Lutjanus griseus Western Atlantic: Cuba Diet 4.4 

Bluestriped snapper Lutjanus notatus Western Indian Ocean Ecology 4.4 

Blackspot snapper Lutjanus ehrenbergii Indo-West Pacific: Solomon Island Diet 4.4 

African brown 
snapper 

Lutjanus dentatus  Eastern Atlantic:  Ecology 4 
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Golden African 
snapper 

Lutjanus fulgens Eastern Atlantic Ecology 4 

Dory snapper Lutjanus fulviflamma Indo-Pacific: Kenya Diet 3.5 

Dory snapper Lutjanus fulviflamma Indo-Pacific: Australia, New 
Caledonia 

Diet 3.8 

Dory snapper Lutjanus fulviflamma Indo-Pacific: Ryukyu Is. Diet 3.8 

Blacktail snapper Lutjanus fulvus Indo-Pacific: New Caledonia Diet 3.6 

Blacktail snapper Lutjanus fulvus Indo-Pacific: Solomon Island Diet 4.1 

Humpback red 
snapper 

Lutjanus gibbus Indo-Pacific: New Caledonia Diet 3.8 

Humpback red 
snapper 

Lutjanus gibbus Indo-Pacific: Malaysia Diet 4.5 

Gorean snapper Lutjanus goreensis Eastern Atlantic Ecology 4 

Yellowfin red snapper Lutjanus guilcheri  Indian Ocean Ecology 3.7 

Spotted rose snapper Lutjanus guttatus Eastern Pacific: Mexico Diet 3.9 

Spotted rose snapper Lutjanus guttatus Eastern Pacific: Colombia Diet 4.2 

Brownstripe red 
snapper 

Lutjanus vitta Indo-West Pacific: New Caledonia Diet 3.9 

Brownstripe red 
snapper 

Lutjanus vitta Indo-West Pacific: Australia Diet 4.1 

Brownstripe red 
snapper 

Lutjanus vitta Indo-West Pacific: Solomon Island Diet 4.5 

Golden snapper Lutjanus inermis Eastern Pacific Ecology 3.8 

Dog snapper Lutjanus jocu Western Atlantic: Cuba Diet 3.4 

Dog snapper Lutjanus jocu Western Atlantic: Purto Rico Diet 4.3 

Dog snapper Lutjanus jocu Western Atlantic: Cuba, Comombua Diet 4.4 

Dog snapper Lutjanus jocu Western Atlantic: Cuba Diet 4.5 

John's snapper Lutjanus johnii Indo-West Pacific: Australia Diet 4.2 

Common bluestripe 
snapper 

Lutjanus kasmira Indo-Pacific: New Caledonia Diet 3.9 

Common bluestripe 
snapper 

Lutjanus kasmira Indo-Pacific: Ryukyu Is. Diet 4.1 

Yellowstreaked 
snapper 

Lutjanus lemniscatus Western Indian Ocean Ecology 4 

Lunartail snapper Lutjanus lunulatus Indo-West Pacific Ecology 4 

One-spot snapper Lutjanus monostigma Indo-Pacific Ecology 4.3 

Mahogany snapper Lutjanus mahogoni Western Atlantic: Colombia Diet 4.3 

Mahogany snapper Lutjanus mahogoni Western Atlantic: Purto Rico Diet 4.4 

Malabar blood 
snapper 

Lutjanus malabaricus Indo-West Pacific: 
Malaysia/Australia 

Diet 4.5 

Pacific dog snapper Lutjanus novemfasciatus Eastern Pacific Ecology 4.1 

Southern red snapper Lutjanus purpureus Western Atlantic:Colombia Ecology 3.6 

Russell's snapper Lutjanus russellii Western Pacific: New Caledonia Ecology 3.9 

Russell's snapper Lutjanus russellii Western Pacific: Australia Ecology 4.3 

Humphead snapper Lutjanus sanguineus Western Indian Ocean: Malaysia Diet 4.5 

Emperor red snapper Lutjanus sebae Indo-West Pacific: New Caledonia Diet 3.8 

Emperor red snapper Lutjanus sebae Indo-West Pacific: Australia Diet 4.3 

Black-banded snapper Lutjanus semicinctus Western Pacific: Solomon Is. Diet 4.2 

Five-lined snapper Lutjanus quinquelineatus Indo-West Pacific: New Caledonia Diet 3.7 
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Star snapper Lutjanus stellatus Northwest Pacific Ecology 4 

Timor snapper Lutjanus timoriensis Western Pacific Ecology 4 

Silk snapper Lutjanus vivanus Western Atlantic: Colombia Diet 3.1 

Blue and gold snapper Lutjanus viridis Eastern Pacific Ecology 4.2 

Blubberlip snapper Lutjanus rivulatus Indo-Pacific Ecology 4.1 

Average of Trophic Level 4 

Yellow-lip threadfin 
bream  

Nemipterus aurifilum Western Pacific 

N
em

ip
te

ru
s 

 

N
em

ip
te

ri
d

ae
 

Ecology 3.5 

Fork-tailed threadfin 
bream 

Nemipterus furcosus Indian Ocean: New Caledonia Diet 3.7 

Fork-tailed threadfin 
bream 

Nemipterus furcosus Indian Ocean: Australia Diet 4.7 

Yellowbelly threadfin 
bream  

Nemipterus bathybius Western Pacific Ecology 4 

Delagoa threadfin 
bream  

Nemipterus bipunctatus Indian Ocean Ecology 3.9 

Celebes threadfin 
bream  

Nemipterus celebicus Western Pacific Ecology 3.5 

Ornate threadfin 
bream  

Nemipterus hexodon Western Pacific: Australia Diet 3.9 

Japanese threadfin 
bream 

Nemipterus japonicus Indo-Pacific Ecology 4.1 

Red filament threadfin 
bream  

Nemipterus marginatus Western Pacific Ecology 3.5 

Golden threadfin 
bream  

Nemipterus virgatus Western Pacific Ecology 4 

Slender threadfin 
bream 

Nemipterus zysron Indo-West Pacific Ecology 3.5 

Yellow-tipped 
threadfin bream  

Nemipterus nematopus Western Central Pacific: Australia Diet 3.7 

Redspine threadfin 
bream  

Nemipterus nemurus Western Central Pacific Ecology 4 

Notchedfin threadfin 
bream  

Nemipterus peronii Indo-West Pacific: Australia Diet 3.7 

Fivelined threadfin 
bream  

Nemipterus tambuloides Indo-West Pacific Ecology 4 

Average of Trophic Level 3.9 

Candelamoa 
parrotfish 

Hipposcarus harid Western Indian Ocean Hipposcaru
s 

Scaridae Ecology 2 

Pacific longnose 
parrotfish  

Hipposcarus longiceps Pacific Ocean: Philippines Diet 2 

Avarage of TL 2 

Kawakawa Euthynnus affinis Indo-West Pacific: Taiwan 

Eu
th

yn
n

u
s 

Sc
o

m
b

ri
d

ae
 

Diet 4.2 

Kawakawa Euthynnus affinis Indo-West Pacific: Taiwan, 
Malaysia, Solomon Island 

Diet 4.5 

Little tunny Euthynnus alletteratus Atlantic Ocean: Colombia Diet 4.2 

Little tunny Euthynnus alletteratus Atlantic Ocean: Purtp Rico Diet 4.4 

Little tunny Euthynnus alletteratus Atlantic Ocean: USA Diet 4.5 

Black skipjack Euthynnus lineatus Eastern Pacific Ecology 3.8 

Average of Trophic Level 4.3 

Short mackerel  Rastrelliger brachysoma Pacific Ocean 

R
as

tr
el

lig
er

 

Sc
o

m
b

ri
d

ae
 Ecology 2.7 

Indian mackerel  Rastrelliger kanagurta Indo-West Pacific Ecology 3.2 

Island mackerel  Rastrelliger faughni Indo-West Pacific Ecology 3.4 

Average of Trophic Level 3.1 
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West African Spanish 
mackerel 

Scomberomorus tritor Eastern Atlantic 

Sc
ro

m
b

e
ro

m
o

u
s 

Sc
o

m
b

ri
d

ae
 

Ecology 4.3 

Serra Spanish 
mackerel 

Scomberomorus brasiliensis  Western Atlantic: Colombia Diet 3.3 

King mackerel Scomberomorus cavalla Western Atlantic: Colombia Diet 4.3 

King mackerel Scomberomorus cavalla Western Atlantic: USA (gulf Mexico) Diet 4.5 

King mackerel Scomberomorus cavalla Western Atlantic: Puerto rico Diet 4.5 

King mackerel Scomberomorus cavalla Western Atlantic: USA (Cappe 
Hatteras) 

Diet 4.5 

Chinese seerfish Scomberomorus sinensis Western Pacific Ecology 4.5 

Narrow-barred 
Spanish mackerel 

Scomberomorus commerson Indo-West Pacific: Solomon 
Island/Malaysia 

Diet 4.5 

Indo-Pacific king 
mackerel 

Scomberomorus guttatus Indo-West Pacific Ecology 4.3 

Korean seerfish Scomberomorus koreanus Indo-West Pacific Ecology 4.2 

Streaked seerfish Scomberomorus lineolatus Indo-West Pacific Ecology 4.5 

Atlantic Spanish 
mackerel 

Scomberomorus maculatus Western Atlantic: USA Diet 4.5 

Australian spotted 
mackerel 

Scomberomorus munroi Western Pacific Ecology 4.3 

Japanese Spanish 
mackerel 

Scomberomorus niphonius Northwest Pacific: Korea, China Diet 4.5 

Cero Scomberomorus regalis Western Atlantic: Purto Rico, Cuba Diet 4.5 

Kanadi kingfish Scomberomorus plurilineatus Western Indian Ocean Ecology 4.2 

Queensland school 
mackerel 

Scomberomorus queenslandi
cus 

Western Pacific: Australia Diet 4.5 

Broad-barred king 
mackerel 

Scomberomorus semifasciatu
s 

Western Pacific: Australia Diet 4.5 

Pacific sierra Scomberomorus sierra Eastern Central Pacific: Colombia Diet 4.5 

Average of Trophic Level 4.4 

Peacock hind Cephalopholis argus Indo-Pacific 

C
ep

h
al

o
p

h
o

lis
 

Se
rr

an
id

ae
 

Diet 4.5 

Coral hind  Cephalopholis miniata Indo-Pacific : New Caledonia Diet 4.2 

Coral hind  Cephalopholis miniata Indo-Pacific : Egypt Diet 4.3 

Coral hind  Cephalopholis miniata Indo-Pacific : Solomon Is. Diet 4.5 

Golden hind  Cephalopholis aurantia Indo-Pacific Ecology 4 

Chocolate hind Cephalopholis boenak Indo-West Pacific: New Caledonia Diet 4.1 

Chocolate hind Cephalopholis boenak Indo-West Pacific: Solomom Is. Diet 4.2 

Sixblotch hind  Cephalopholis sexmaculata Indo-Pacific Diet 4.5 

Graysby Cephalopholis cruentata Western Central Atlantic Diet 4.3 

Bluespotted hind Cephalopholis cyanostigma Western Pacific Ecology 4.2 

Coney  Cephalopholis fulva Western Atlantic Ecology 4.1 

Yellowfin hind Cephalopholis hemistiktos Western Indian Ocean Diet 4.1 

Garish hind  Cephalopholis igarashiensis Pacific Ocean Ecology 4 

Golden hind Cephalopholis aurantia Indo-Pacific Ecology 4 

Leopard hind Cephalopholis leopardus Indo-Pacific Ecology 4 

Tomato hind Cephalopholis sonnerati Indo-Pacific Ecology 3.8 

Darkfin hind  Cephalopholis urodeta Pacific Ocean Ecology 4 

Average of Trophic Level 4.2 
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Rock hind Epinephelus adscensionis Western Atlantic: Purto Rico 

Ep
in

ep
h

el
u

s 
 

Se
rr

an
id

ae
 

Diet 3.5 

Rock hind Epinephelus adscensionis Western Atlantic: Colombia Diet 3.8 

White grouper Epinephelus aeneus Eastern Atlantic Ecology 4 

Hong Kong grouper Epinephelus akaara Northwest Pacific Ecology 4 

White-edged grouper Epinephelus albomarginatus Western Indian Ocean Ecology 4.2 

Blacktip grouper Epinephelus fasciatus  Indo-Pacific Diet 3.7 

Goldblotch grouper Epinephelus costae  Eastern Atlantic and Mediterranean 
Sea 

Ecology 3.9 

Spotted grouper Epinephelus analogus Eastern Pacific Ecology 3.8 

Catface grouper Epinephelus andersoni Southeast Atlantic and Western 
Indian Ocean 

Ecology 4 

Areolate grouper Epinephelus areolatus Indo-Pacific: Australia Diet 3.6 

Areolate grouper Epinephelus areolatus Indo-Pacific: New Caledonia Diet 3.9 

Yellow grouper Epinephelus awoara Northwest Pacific Ecology 3.6 

Dusky grouper Epinephelus marginatus East & Southwest Atlantic & 
Western Indian Ocean: Brazil 

Diet 3.9 

Dusky grouper Epinephelus marginatus East & Southwest Atlantic & 
Western Indian Ocean: Brazil 

Diet 4 

Dusky grouper Epinephelus marginatus East & Southwest Atlantic & 
Western Indian Ocean: 
Algeria/Brazil 

Diet 4.1 

Dusky grouper Epinephelus marginatus East & Southwest Atlantic & 
Western Indian Ocean: Algeria 

Diet 4.3 

Dusky grouper Epinephelus marginatus East and Southwest Atlantic and 
Western Indian Ocean: Algeria 

Diet 4.4 

Longtooth grouper Epinephelus bruneus Northwest Pacific Ecology 4 

Whitespotted grouper Epinephelus coeruleopunctat
us 

Indo-Pacific: New Caledonia Diet 3.7 

Dogtooth grouper Epinephelus caninus Eastern Atlantic Ecology 3.8 

Greasy grouper Epinephelus tauvina Indo-Pacific Ecology 4.1 

Brownspotted 
grouper 

Epinephelus chlorostigma Indo-Pacific Ecology 4 

Orange-spotted 
grouper 

Epinephelus coioides Indo West Pasific: New Caledonia Diet 4 

Comet grouper Epinephelus morrhua Indo-Pacific Ecology 4 

Areolate grouper Epinephelus areolatus Indo-Pacific: Australia Diet 3.6 

Areolate grouper Epinephelus areolatus Indo-Pacific: New Caledonia Diet 3.9 

Red hind Epinephelus guttatus Western Atlantic: Colombia Diet 3.8 

Red hind Epinephelus guttatus Western Atlantic: Purto Rico Diet 3.9 

Speckled blue grouper Epinephelus cyanopodus Western Pacific: New Caledonia Diet 4.1 

Malabar grouper Epinephelus malabaricus Indo-Pacific: New Caledonia Diet 3.8 

Saddletail grouper Epinephelus daemelii Southwest Pacific Ecology 4 

Netfin grouper Epinephelus miliaris Indo-West Pacific Ecology 3.8 

Oblique-banded 
grouper 

Epinephelus radiatus Indo-West Pacific Ecology 4 

Dotted grouper Epinephelus epistictus Indo-West Pacific Ecology 4 

Rock grouper Epinephelus fasciatomaculos
us 

Western Pacific Ecology 3.6 

Blue-and-yellow 
grouper 

Epinephelus flavocaeruleus Indian Ocean Ecology 4.2 

Brown-marbled 
grouper 

Epinephelus fuscoguttatus Indo-Pacific Ecology 4.1 
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Longfin grouper Epinephelus quoyanus Western Pacific: Australia Diet 4 

Camouflage grouper Epinephelus polyphekadion Indo-Pacific: New Caledonia Diet 4 

Dungat grouper Epinephelus goreensis Eastern Atlantic Ecology 3.9 

Halfmoon grouper Epinephelus rivulatus Indo-West Pacific Ecology 3.6 

Blacksaddle grouper Epinephelus howlandi Western Pacific Ecology 4 

Atlantic goliath 
grouper 

Epinephelus itajara Western Atlantic: Cuba Diet 3.7 

Atlantic goliath 
grouper 

Epinephelus itajara Western Atlantic: Colombia Diet 4 

Atlantic goliath 
grouper 

Epinephelus itajara Western Atlantic: Purto Rico Diet 4.1 

White-blotched 
grouper 

Epinephelus multinotatus Indian Ocean Ecology 3.9 

Speckled blue grouper Epinephelus cyanopodus Western Pacific Diet 4.1 

Starry grouper Epinephelus labriformis Eastern Pacific Ecology 4 

Giant grouper Epinephelus lanceolatus Indo-Pacific Ecology 4 

Striped grouper Epinephelus latifasciatus Indo-West Pacific Ecology 4 

Longspine grouper Epinephelus longispinis Indo-West Pacific Ecology 4.2 

Snubnose grouper Epinephelus macrospilos Indo-Pacific Diet 3.8 

Highfin grouper Epinephelus maculatus  Pacific Ocean Diet 4 

Malabar grouper Epinephelus malabaricus Indo-Pacific Diet 3.8 

Halfmoon grouper Epinephelus rivulatus Indo-West Pacific Ecology 3.6 

Red-tipped grouper Epinephelus retouti Indo-Pacific Ecology 4 

One-blotch grouper Epinephelus melanostigma Indo-West Pacific Ecology 4 

Honeycomb grouper Epinephelus merra Indo-Pacific: French Polynesia, New 
Caledonia 

Diet 3.8 

Honeycomb grouper Epinephelus merra Indo-Pacific: Ryukyu Is. Diet 4.1 

Longtooth grouper Epinephelus bruneus Northwest Pacific Ecology 4 

Dot-dash grouper Epinephelus poecilonotus Indo-West Pacific Ecology 4 

Sixbar grouper Epinephelus sexfasciatus Western Central Pacific Diet 3.8 

Surge grouper Epinephelus socialis Pacific Ocean Ecology 4.2 

Goldblotch grouper Epinephelus costae Eastern Atlantic and Mediterranean 
Sea 

Ecology 3.9 

Threespot grouper Epinephelus trimaculatus Northwest Pacific Ecology 4 

Red-tipped grouper Epinephelus retouti Indo-Pacific Ecology 4 

Potato grouper Epinephelus tukula Indo-West Pacific Ecology 4.2 

Average of Trophic Level 4 

Squaretail 
coralgrouper 

Plectropomus areolatus Indo-Pacific 

P
le

ct
ro

p
o

m
u

s 

Se
rr

an
id

ae
 

Ecology 4.5 

Blacksaddled 
coralgrouper 

Plectropomus laevis Indo-Pacific Ecology 4.1 

Leopard coralgrouper Plectropomus leopardus Western Pacific: New Caledonia Diet 4.4 

Leopard coralgrouper Plectropomus leopardus Western Pacific: Australia, Solomon 
Is. 

Diet 4.5 

Spotted coralgrouper Plectropomus maculatus Western Pacific Ecology 4.1 

Marbled coralgrouper Plectropomus punctatus  Marbled coralgrouper Ecology 4.5 

Highfin coralgrouper Plectropomus oligacanthus Indo-West Pacific Ecology 4 

Average of Trophic Level 4.3 
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Mottled spinefoot Siganus fuscescens Western Pacific 

Si
ga

n
u

s 

Si
ga

n
id

ae
 

Diet 2 

Streamlined spinefoot Siganus argenteus Indo-Pacific: Japan Diet 2 

Golden-lined 
spinefoot  

Siganus lineatus Indo-West Pacific Ecology 2 

White-spotted 
spinefoot  

Siganus canaliculatus Indo-West Pacific Ecology 2.8 

Goldspotted spinefoot  Siganus punctatus Western Pacific: Ryukyu Is. Diet 2.8 

Orange-spotted 
spinefoot  

Siganus guttatus Eastern Indian Ocean and Western 
Pacific: 

Ecology 2.7 

Blue-spotted 
spinefoot 

Siganus corallinus Indo-West Pacific: Ryukyu Is. Diet 2 

Barred spinefoot Siganus doliatus Western Pacific Ecology 2 

Masked spinefoot  Siganus puellus Indo-West Pacific Ecology 3 

Streaked spinefoot  Siganus javus Indo-Pacific Ecology 2.4 

Brown-spotted 
spinefoot  

Siganus stellatus Indian Ocean Ecology 2.7 

Dusky spinefoot Siganus luridus Western Indian Ocean: Greece Diet 2 

Magnificent rabbitfish  Siganus magnificus Eastern Indian Ocean Ecology 2.7 

Little spinefoot  Siganus spinus Indo-West Pacific: Ryukyu Is. Ecology 2 

Black foxface  Siganus niger Eastern Central Pacific Ecology 2 

Barhead spinefoot  Siganus virgatus Indo-West Pacific: Ryukyu Is. Diet 2 

Blackeye rabbitfish  Siganus puelloides Indian Ocean Ecology 2.7 

Peppered spinefoot  Siganus punctatissimus Western Pacific Ecology 2 

Variegated spinefoot Siganus randalli Western Pacific Ecology 2 

Marbled spinefoot  Siganus rivulatus Western Indian Ocean: Greece Diet 2 

Vermiculated 
spinefoot  

Siganus vermiculatus Indo-West Pacific Ecology 2 

Shoemaker spinefoot  Siganus sutor Indiant Ocean Ecology 2.3 

Blotched foxface  Siganus unimaculatus Western Pacific Ecology 2.7 

Bicolored foxface Siganus uspi Western Pacific Ecology  
2.7 

Foxface Siganus vulpinus Western Pacific Ecology 2.7 

Average of Trophic Level 2.3 
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Appendix 8: Mean Trophic Level of Fish Species from Campbell et al. 

(2014) 

Species Scientific name Region Genus Family Information 
of Species  

Trophic 
level 

Achilles tang Acanthurus achilles Western Pacific 

A
ca

n
th

u
ru

s 

A
ca

n
th

u
ri

d
ae

 

Ecology     2.0  

Whitefin surgeonfish Acanthurus albipectoralis Western Pacific Ecology     3.4  

Whitecheek 
surgeonfish  

Acanthurus nigricans Eastern Indian Ocean Ecology     2.0  

Chocolate 
surgeonfish 

Acanthurus pyroferus Indo-Pacific Ecology     2.0  

Bluelined surgeonfish Acanthurus nigroris Indo-Pacific Ecology     2.0  

Black-spot 
surgeonfish  

Acanthurus bariene Indo-West Pacific Ecology     2.0  

Doubleband 
surgeonfish 

Acanthurus tennentii Indian Ocean Ecology     2.0  

Elongate surgeonfish  Acanthurus mata Indo-Pacific Ecology     2.5  

Ringtail surgeonfish Acanthurus blochii Indo-Pacific Ecology     2.0  

Blue tang surgeonfish Acanthurus coeruleus Western Atlantic Diet     2.0  

Sohal surgeonfish  Acanthurus sohal Western Indian Ocean Ecology     2.0  

Doctorfish  Acanthurus chirurgus Western Atlantic: Puerto Rico Diet     2.0  

Doctorfish  Acanthurus chirurgus Western Atlantic: Colombia Diet     2.2  

Orangespot 
surgeonfish  

Acanthurus olivaceus Pacific Ocean Diet     2.2  

Yellowfin surgeonfish  Acanthurus xanthopterus Indo-Pacific Ecology     2.9  

Powderblue 
surgeonfish  

Acanthurus leucosternon Indian Ocean Ecology     2.0  

Eyestripe surgeonfish  Acanthurus dussumieri Indo-Pacific Ecology     2.0  

Black surgeonfish  Acanthurus gahhm Western Indian Ocean Ecology     2.8  

Epaulette 
surgeonfish  

Acanthurus nigricauda Indo-Pacific Ecology     3.0  

Whitecheek 
surgeonfish  

Acanthurus nigricans Eastern Indian Ocean Ecology     2.0  

Whitespotted 
surgeonfish 

Acanthurus guttatus Indo-Pacific Ecology     2.0  

Convict surgeonfish  Acanthurus triostegus Indo-Pacific Ecology     2.8  

Whitebar surgeonfish  Acanthurus leucopareius Western Central Pacific Ecology     2.0  

Lined surgeonfish  Acanthurus lineatus Indo-Pacific Diet     2.0  

White-freckled 
surgeonfish  

Acanthurus maculiceps Indo-West Pacific Ecology     2.0  

Elongate surgeonfish  Acanthurus mata Indo-Pacific Ecology     2.5  

Brown surgeonfish Acanthurus nigrofuscus Indo-Pacific: Diet     2.0  

Monrovia doctorfish  Acanthurus monroviae Eastern Atlantic Ecology     2.5  

Thompson's 
surgeonfish  

Acanthurus thompsoni Indo-Pacific: Hawaii Diet     3.5  

Gulf surgeonfish  Acanthurus randalli Western Atlantic Ecology     2.0  

Ocean surgeonfish  Acanthurus tractus Northwestern Atlantic: Ouerto Rico Diet     2.0  

Average of Trophic Level     2.3  

Clown triggerfish Balistoides conspicillum Indo-Pacific 

B
al

is
t

o
id

es
 

B
al

is
ti

d
ae

 Ecology     3.3  

Titan triggerfish Balistoides viridescens Indo-Pacific Ecology     3.3  

Avarage of TL     3.3  

Capricorn fusilier  Pterocaesio capricornis Western Indian Ocean 

P
te

ro
ca

es
io

 

C
ae

si
o

n
id

ae
 

Ecology     3.4  

Goldband fusilier Pterocaesio chrysozona Indo-West Pacific: Ecology     3.4  

Double-lined fusilier Pterocaesio digramma Western Pacific Ecology     3.4  

Marr's fusilier  Pterocaesio marri Indo-Pacific Ecology     3.4  

Wide-band fusilier  Pterocaesio lativittata Indian Ocean Ecology     3.4  

Banana fusilier  Pterocaesio pisang Indo-West Pacific Ecology     3.4  

Randall's fusilier Pterocaesio randalli Indo-West Pacific Ecology     3.4  

One-stripe fusilier  Pterocaesio tessellata Indo-West Pacific Ecology     3.4  

Dark-banded fusilier  Pterocaesio tile Indo-Pacific Ecology     3.3  
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Three-stripe fusilier  Pterocaesio trilineata Indo-Pacific Ecology     3.4  

Average of Trophic Level     3.4  

Average of Trophic Level 

C
ae

si
o

 

C
ae

si
o

n
id

ae
 

      3.4  

Average of Trophic Level 

C
ar

an
go

id
es

 

C
ar

an
gi

d
ae

       4.2  

Alexandria pompano  Alectis alexandrina Eastern Atlantic 

A
le

ct
is

 

C
ar

an
gi

d
ae

 

Ecology     3.6  

African pompano  Alectis ciliaris Worldwide in tropical seas: 
Colombia 

Diet     3.8  

African pompano  Alectis ciliaris Worldwide in tropical seas: 
Colombia 

Diet     4.0  

Indian threadfish  Alectis indica Indo-Pacific Ecology     4.1  

Avarage of TL     3.9  

Yellowtail scad  Atule mate Indo-Pacific: New Caledonia 

A
tu

le
 

C
ar

an
gi

d

ae
 Diet     3.9  

Yellowtail scad  Atule mate Indo-Pacific: Solomon Is.       4.5  

Yellowtail scad  Atule mate Indo-Pacific: Thailand       4.5  

Avarage of TL     4.3  

Humpback batfish  Platax batavianus Indo-West Pacific 

P
la

ta
x 

Ep
h

ip
p

id

ae
 

Ecology     3.5  

Orbicular batfish Platax orbicularis Indo-Pacific Ecology     3.3  

Dusky batfish  Platax pinnatus Western Pacific Ecology     3.7  

Longfin batfish Platax teira Indo-West Pacific Ecology     4.0  

Average of Trophic Level     3.6  

Two-striped 
sweetlips 

Plectorhinchus albovittatus Indo-West Pacific 

P
le

ct
o

rh
in

ch
u

s 

H
ae

m
u

lid
ae

 

Ecology     4.0  

Harlequin sweetlips  Plectorhinchus 
chaetodonoides 

Indo_West Pacific Ecology     3.8  

Crescent sweetlips  Plectorhinchus cinctus Indo-West Pacific Ecology     3.5  

Striped sweetlips Plectorhinchus diagrammus Western Pacific Diet     3.4  

Trout sweetlips  Plectorhinchus pictus Indo-West Pacific: New Caledonia Diet     3.9  

Trout sweetlips  Plectorhinchus pictus Indo-West Pacific: Malaysia Diet     4.2  

Lemonfish Plectorhinchus 
flavomaculatus 

Indo-West Pacific Ecology     4.0  

Yellowbanded 
sweetlips  

Plectorhinchus lineatus Western Pacific Ecology     3.9  

Rubberlip grunt  Plectorhinchus mediterraneus Eastern Atlantic Ecology     3.5  

Harry hotlips  Plectorhinchus gibbosus Indo-West Pacific Diet     3.6  

Many-lined sweetlips  Plectorhinchus multivittatus Western Pacific Ecology     4.0  

Giant sweetlips  Plectorhinchus obscurus Indo-Pacific Diet     3.5  

Painted sweetlip Plectorhinchus picus Indo-Pacific Ecology     3.9  

Whitebarred 
rubberlip  

Plectorhinchus playfairi Western Indian Ocean Ecology     3.3  

Sordid rubberlip Plectorhinchus sordidus Western Indian Ocean Ecology     4.0  

Average of Trophic Level     3.8  

Painted sweetlips  Diagramma pictum   

D
ia

gr

am
m

a 

H
ae

m

u
lid

ae
 

Diet     3.7  

Avarage TL     3.7  

Blue-bronze sea chub  Kyphosus analogus Eastern Central Pacific 

K
yp

h
o

su
s 

K
yp

h
o

si
d

ae
 

Ecology     2.0  

Zebra-perch sea chub  Kyphosus azureus Eastern Central Pacific Diet     2.0  

Brown chub  Kyphosus bigibbus Indo-Pacific: Diet     2.0  

Brassy chub  Kyphosus vaigiensis Indo-Pacific Diet     2.0  

Blue sea chub Kyphosus cinerascens Indo-Pacific Ecology     2.5  

Western buffalo 
bream  

Kyphosus cornelii Eastern Indian Ocean: Diet     2.0  

Silver drummer  Kyphosus sydneyanus Southwest Pacific Diet     2.0  

Cortez sea chub Kyphosus elegans Eastern Pacific Ecology     2.9  

Yellow sea chub  Kyphosus incisor Western Atlantic Diet     2.0  

Revillagigedo sea 
chub 

Kyphosus lutescens Eastern Central Pacific Ecology     2.0  

Bluestriped chub  Kyphosus ocyurus Eastern Pacific Ecology     3.5  

Bermuda sea chub  Kyphosus sectatrix Western Atlantic: Diet     2.0  

Avarage TL     2.4  
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Floral wrasse  Cheilinus chlorourus Indo-Pacific 

C
h

ei
lin

u
s 

La
b

ri
d

ae
 Diet     3.9  

Tripletail wrasse  Cheilinus trilobatus Indo-Pacific Diet     3.9  

Redbreasted wrasse  Cheilinus fasciatus Indo-Pacific Ecology     3.4  

Humphead wrasse  Cheilinus undulatus Indo-Pacific Ecology     4.0  

Average of Trophic Level     3.8  

Cigar wrasse  Cheilio inermis Indo-Pacific 

C
h

ei
li

o
 

La
b

ri
d

ae
 Diet     4.1  

Average of Trophic Level     4.1  

Orange-dotted 
tuskfish 

Choerodon anchorago Indo-West Pacific:Ryukyu Is. 

C
h

o
er

o
d

o
n

 

La
b

ri
d

ae
 

Diet     3.7  

Orange-dotted 
tuskfish 

Choerodon anchorago Indo-West Pacific:Philippines Diet     4.2  

Azurio tuskfish Choerodon azurio Western Pacific Ecology     4.5  

Harlequin tuskfish  Choerodon fasciatus Western Pacific Ecology     3.4  

Purple tuskfish  Choerodon cephalotes Indo-West Pacific Ecology     3.4  

Blue tuskfish Choerodon cyanodus Indo-West Pacific Ecology     3.6  

Blackspot tuskfish Choerodon schoenleinii Indo-West Pacific Ecology     3.4  

Graphic tuskfish  Choerodon graphicus Western Pacific Diet     4.3  

Jordan's tuskfish Choerodon jordani Western Pacific Ecology     3.5  

Robust tuskfish Choerodon robustus Indo-West Pacific Ecology     3.4  

Avarage TL     3.8  

Girdled wrasse  Cirrhilabrus balteatus Western Central Pacific 

C
ir

rh
ila

b
ru

s 

La
b

ri
d

ae
 

Ecology     3.4  

Purple-boned wrasse  Cirrhilabrus blatteus Western Indian Ocean Ecology     3.4  

Blueside wrasse  Cirrhilabrus cyanopleura Indo-West Pacific Ecology     3.4  

Exquisite wrasse Cirrhilabrus exquisitus Indo-Pacific Ecology     3.4  

Whip-fin wrasse Cirrhilabrus filamentosus Western Pacific Ecology     3.4  

Johnson's wrasse Cirrhilabrus johnsoni Western Central Pacific Ecology     3.4  

Flame wrasse Cirrhilabrus jordani Eastern Central Pacific Ecology     3.4  

Laboute's wrasse  Cirrhilabrus laboutei Western Central Pacific Ecology     3.4  

Long-tailed wrasse  Cirrhilabrus lanceolatus Western Pacific: Ecology     3.4  

Rhomboid wrasse  Cirrhilabrus rhomboidalis Western Central Pacific Ecology     3.4  

Scott's wrasse Cirrhilabrus scottorum Pacific Ocean Ecology     3.4  

Average of Trophic Level     3.4  

Sling-jaw wrasse  Epibulus insidiator Indo-Pacific 

Ep
ib

u
lu

s 

La
b

ri

d
ae

 

Diet     3.9  

Avarage TL     3.9  

Barred thicklip Hemigymnus fasciatus Indo-Pacific: 

H
em

ig
y

m
n

u
s 

La
b

ri
d

ae
 

Diet     3.2  

Blackeye thicklip Hemigymnus melapterus Indo-Pacific Diet     3.2  

Blackeye thicklip Hemigymnus melapterus Indo-Pacific Diet     3.6  

Average of Trophic Level     3.3  

Collared large-eye 
bream 

Gymnocranius audleyi Western Pacific 

G
ym

n
o

cr
an

iu
s 

Le
th

ri
n

id
ae

 

Ecology     3.4  

Forktail large-eye 
bream 

Gymnocranius elongatus Indo-West Pacific Ecology     3.4  

Japanese large-eye 
bream  

Gymnocranius euanus Western Pacific Diet     3.8  

Yellowsnout large-
eye bream  

Gymnocranius frenatus Western Pacific Ecology     3.4  

Blue-lined large-eye 
bream 

Gymnocranius grandoculis Indo-Pacific Diet     3.8  

Grey large-eye bream Gymnocranius griseus Indo-West Pacific Ecology     3.2  

Blue-spotted large-
eye bream  

Gymnocranius microdon Indo-West Pacific Ecology     3.4  

Average of Trophic Level     3.5  

Sky emperor Lethrinus mahsena Indian Ocean 

Le
th

ri
n

u
s 

Le
th

ri
n

id
ae

 

Ecology     3.4  

Smalltooth emperor Lethrinus microdon Indo-West Pacific Ecology     3.8  

Spangled emperor  Lethrinus nebulosus Indo-West Pacific: Australia Diet     3.5  

Spangled emperor  Lethrinus nebulosus Indo-West Pacific: New Caledonia Diet     3.5  

Spangled emperor  Lethrinus nebulosus Indo-West Pacific: Kenya Diet     3.6  

Spangled emperor  Lethrinus nebulosus Indo-West Pacific: Australia Diet     3.4  

Trumpet emperor  Lethrinus miniatus Western Pacific: Australia Diet     3.6  

Trumpet emperor  Lethrinus miniatus Western Pacific: New Caledonia Diet     4.2  

Ambon emperor  Lethrinus amboinensis Pacific Ocean Ecology     4.0  
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Grass emperor Lethrinus laticaudis Western Pacific Diet     4.5  

Pink ear emperor  Lethrinus lentjan Indo-West Pacific: New Caledonia Diet     3.6  

Pink ear emperor  Lethrinus lentjan Indo-West Pacific: Australia Diet     4.3  

Pacific yellowtail 
emperor  

Lethrinus atkinsoni Pacific Ocean Diet     3.8  

Thumbprint emperor  Lethrinus harak Indo-West Pacific: New Caledonia Diet     3.6  

Thumbprint emperor  Lethrinus harak Indo-West Pacific: Kenya Diet     4.6  

Snubnose emperor  Lethrinus borbonicus Indian Ocean Ecology     3.5  

Orange-spotted 
emperor  

Lethrinus erythracanthus Indo-Pacific Ecology     3.4  

Redaxil emperor  Lethrinus conchyliatus Indian Ocean Ecology     4.0  

Smalltooth emperor Lethrinus microdon Indo-West Pacific Ecology     3.8  

Blackeye emperor  Lethrinus enigmaticus Western Indian Ocean Ecology     3.8  

Longfin emperor  Lethrinus erythropterus Indo-West Pacific Ecology     3.7  

Ornate emperor Lethrinus ornatus Indo-West Pacific Ecology     3.4  

Longface emperor  Lethrinus olivaceus Indo-West Pacific Diet     4.0  

Slender emperor  Lethrinus variegatus Indo-West Pacific: Australia Diet     3.6  

Slender emperor  Lethrinus variegatus Indo-West Pacific: New Caledonia Diet     3.8  

Spotcheek emperor  Lethrinus rubrioperculatus Indo-Pacific Diet     3.8  

Red snout emperor  Lethrinus reticulatus Indo-West Pacific Diet     3.6  

Black blotch emperor  Lethrinus semicinctus Indo-West Pacific Ecology     4.0  

Yellowlip emperor Lethrinus xanthochilus Indo-Pacific Diet     3.8  

Average of Trophic Level     3.8  

Lutjanus 

Lu
tj

a

n
u

s 

Lu
tj

a

n
id

a

e     

Average of Trophic Level     4.0  

Bicolor goatfish  Parupeneus barberinoides Western Pacific 

p
ar

u
p

en
eu

s 

M
u

lli
d

ae
 

Ecology     3.4  

Dash-and-dot 
goatfish 

Parupeneus barberinus Indo-Pacific: Jordan Diet     3.0  

Dash-and-dot 
goatfish 

Parupeneus barberinus Indo-Pacific: Ryukyu Is Diet     3.3  

Doublebar goatfish  Parupeneus trifasciatus Indian Ocean Ecology     3.5  

Sidespot goatfish Parupeneus pleurostigma Indo-Pacific: Hawaii Diet     3.4  

Sidespot goatfish Parupeneus pleurostigma Indo-Pacific: Ryukyu Is Diet     4.1  

Gold-saddle goatfish Parupeneus cyclostomus Indo-Pacific: Hawaii Diet     4.2  

Gold-saddle goatfish Parupeneus cyclostomus Indo-Pacific: Ryukyu Is Diet     4.3  

Whitesaddle goatfish Parupeneus ciliatus Indo-Pacific Diet     3.5  

Cinnabar goatfish  Parupeneus heptacanthus Indo-West Pacific Diet     3.4  

Rosy goatfish  Parupeneus rubescens Indo-West Pacific Ecology     3.5  

Red Sea goatfish Parupeneus forsskali Indian Ocean Diet     3.5  

Whitesaddle goatfish  Parupeneus ciliatus Indo-Pacific Diet     3.5  

Indian goatfish  Parupeneus indicus Indo-Pacific Ecology     3.5  

Twosaddle goatfish  Parupeneus insularis Eastern Central Pacific: Hawaii Diet     3.6  

Twosaddle goatfish  Parupeneus insularis Eastern Central Pacific: Hawaii Diet     3.7  

Long-barbel goatfish  Parupeneus macronemus Indo-West Pacific Ecology     3.5  

Manybar goatfish  Parupeneus multifasciatus Pacific Ocean Diet     3.5  

Blackspot goatfish  Parupeneus spilurus Western Pacific Diet     3.5  

Average of Trophic Level     3.6  

Yellow-lip threadfin 
bream  

Nemipterus aurifilum Western Pacific 
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Ecology     3.5  

Yellowbelly threadfin 
bream  

Nemipterus bathybius Western Pacific Ecology     4.0  

Delagoa threadfin 
bream  

Nemipterus bipunctatus Indian Ocean Ecology     3.9  

Celebes threadfin 
bream 

Nemipterus celebicus Western Pacific Ecology     3.5  

Fork-tailed threadfin 
bream  

Nemipterus furcosus Indian Ocean Diet     3.7  

Ornate threadfin 
bream  

Nemipterus hexodon Western Pacific Diet     3.9  

Japanese threadfin 
bream  

Nemipterus japonicus Indo-Pacific Ecology     4.1  
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Red filament 
threadfin bream 

Nemipterus marginatus Western Pacific Ecology     3.5  

Slender threadfin 
bream  

Nemipterus zysron Indo-West Pacific Ecology     3.5  

Redspine threadfin 
bream  

Nemipterus nemurus Western Central Pacific Ecology     4.0  

Notchedfin threadfin 
bream  

Nemipterus peronii Indo-West Pacific Diet     3.7  

Fivelined threadfin 
bream  

Nemipterus tambuloides Indo-West Pacific Ecology     4.0  

Golden threadfin 
bream 

Nemipterus virgatus Western Pacific Ecology     4.0  

Average of Trophic Level     3.8  

White-shouldered 
whiptail  

Pentapodus bifasciatus Western Central Pacific 
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Ecology     3.6  

Small-toothed 
whiptail  

Pentapodus caninus Western Pacific Ecology     3.6  

Double whiptail  Pentapodus emeryii Western Pacific Ecology     3.6  

Japanese whiptail  Pentapodus nagasakiensis Western Pacific Ecology     3.4  

Butterfly whiptail Pentapodus setosus Western Central Pacific Ecology     3.5  

Three-striped 
whiptail  

Pentapodus trivittatus Western Pacific Ecology     3.6  

Average of Trophic Level     3.5  

Peters' monocle 
bream  

Scolopsis affinis Western Pacific 
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Ecology     3.3  

Whitecheek monocle 
bream 

Scolopsis vosmeri Indo-West Pacific Ecology     3.5  

Two-lined monocle 
bream 

Scolopsis bilineata Indo-West Pacific Ecology     3.6  

Thumbprint monocle 
bream  

Scolopsis bimaculata Indian Ocean Ecology     3.8  

Oblique-barred 
monocle bream  

Scolopsis xenochrous Indo-West Pacific Ecology     3.4  

Striped monocle 
bream 

Scolopsis lineata Eastern Indian Ocean and Western 
Pacific 

Diet     3.2  

Saw-jawed monocle 
bream  

Scolopsis ciliata Indo-West Pacific Ecology     3.7  

Lattice monocle 
bream  

Scolopsis taenioptera Indo-West Pacific Diet     3.3  

Bridled monocle 
bream  

Scolopsis frenata Western Indian Ocean Ecology     3.3  

Arabian monocle 
bream 

Scolopsis ghanam Indian Ocean Ecology     3.6  

Pearly monocle 
bream  

Scolopsis margaritifera Western Pacific Ecology     3.6  

Monogrammed 
monocle bream  

Scolopsis monogramma Indo-West Pacific:  Diet     3.5  

Bald-spot monocle 
bream 

Scolopsis temporalis Western Pacific: Ecology     3.5  

Whitecheek monocle 
bream  

Scolopsis vosmeri  Indo-West Pacific Ecology     3.5  

Average of Trophic Level     3.5  

Bluering angelfish Pomacanthus annularis Indo-West Pacific 
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Ecology     2.6  

Gray angelfish  Pomacanthus arcuatus Western Atlantic: USA Diet     2.6  

Gray angelfish  Pomacanthus arcuatus Western Atlantic: Puerto Rico Diet     2.9  

Gray angelfish  Pomacanthus arcuatus Western Atlantic: Colombia Diet     4.1  

Arabian angelfish  Pomacanthus asfur Western Indian Ocean Ecology     2.7  

French angelfish  Pomacanthus paru Western Atlantic: USA Diet     2.0  

French angelfish  Pomacanthus paru Western Atlantic: Colombia Diet     2.8  

French angelfish  Pomacanthus paru Western Atlantic: Puerto Rico Diet     2.9  

Goldtail angelfish  Pomacanthus chrysurus Western Indian Ocean: Ecology     2.6  

Emperor angelfish  Pomacanthus imperator Indo-Pacific Ecology     2.7  

Yellowbar angelfish  Pomacanthus maculosus Western Indian Ocean Ecology     2.7  
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Bluegirdled angelfish  Pomacanthus navarchus Indo-Pacific Ecology     2.7  

Semicircle angelfish  Pomacanthus semicirculatus Indo-West Pacific Diet     2.5  

Sixbar angelfish Pomacanthus sexstriatus  Indo-Pacific Ecology     2.6  

Yellowface angelfish  Pomacanthus xanthometopon Indo-Pacific Ecology     2.7  

Cortez angelfish  Pomacanthus zonipectus Eastern Pacific Ecology     3.1  

Avarage TL     2.8  

 
Regal angelfish  

Pygoplites diacanthus Indo-Pacific 
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Ecology     2.7  

Average of Trophic Level     2.7  

Agile chromis  Chromis agilis Indo-Pacific 
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Ecology     3.0  

White-spotted 
chromis  

Chromis albomaculata Northwest Pacific Ecology     3.0  

Allen's chromis  Chromis alleni Northwest Pacific Ecology     3.4  

Oval damselfish Chromis alta Eastern Pacific Ecology     3.4  

Ambon chromis  Chromis amboinensis Western Pacific Ecology     2.7  

Yellow chromis  Chromis analis Western Pacific Ecology     3.0  

Scissortail damselfish  Chromis atrilobata Eastern Pacific Ecology     3.4  

Black-axil chromis Chromis atripectoralis Indo-Pacific Diet     3.1  

Dark-fin chromis Chromis atripes Western Pacific Ecology     2.6  

Ternate chromis  Chromis ternatensis Indo-Pacific Ecology     3.4  

Damselfish  Chromis chromis Mediterranean Sea: 
France:Marseille Gulf, 1980 

Diet     3.0  

Damselfish  Chromis chromis Mediterranean Sea:France:Lyons 
Gulf, 1981 

Diet     4.2  

Smokey chromis Chromis fumea Indo-West Pacific Ecology     3.4  

Brown chromis  Chromis multilineata Western Atlantic: Puerto Rico Diet     3.0  

Stout chromis  Chromis chrysura Indo-West Pacific Ecology     3.0  

Green puller  Chromis cinerascens Indo-West Pacific Ecology     2.7  

Blue-spotted chromis  Chromis dasygenys Western Indian Ocean Ecology     2.6  

Blue chromis Chromis cyanea Western Atlantic Diet     3.1  

Chocolatedip chromis  Chromis dimidiata Western Indian Ocean Ecology     2.7  

Bicolor chromis Chromis margaritifer Pacific Ocean Ecology     3.0  

Demoiselle  Chromis dispilus Southwest Pacific Ecology     3.0  

Twinspot chromis Chromis elerae Indo-West Pacific Ecology     2.7  

Yellowtail reeffish Chromis enchrysura Western Atlantic Ecology     3.4  

Arabian chromis Chromis flavaxilla Western Indian Ocean Ecology     3.4  

Yellow-spotted 
chromis 

Chromis flavomaculata Western Pacific Ecology     3.0  

Japanese chromis  Chromis mirationis Western Pacific Ecology     2.7  

Sunshinefish Chromis insolata Western Atlantic Ecology     3.4  

Half-and-half chromis  Chromis iomelas Pacific Ocean Ecology     2.7  

Black-headed 
chromis 

Chromis klunzingeri Eastern Indian Ocean Ecology     2.7  

Scaly chromis Chromis lepidolepis Indo-Pacific Ecology     3.4  

Whitetail chromis Chromis leucura Indo-West Pacific Diet     3.1  

Azores chromis  Chromis limbata Eastern Atlantic Ecology     3.4  

Limbaugh's 
damselfish 

Chromis limbaughi Eastern Central Pacific Ecology     3.4  

Pearl-spot chromis Chromis notata Northwest Pacific Ecology     3.4  

Barrier reef chromis  Chromis nitida Western Pacific Ecology     2.7  

Doublebar chromis Chromis opercularis Indian Ocean Ecology     2.7  

Hawaiian chromis  Chromis ovalis Eastern Pacific Ecology     3.1  

Ovate chromis Chromis ovatiformes Western Pacific Ecology     3.4  

Duskytail chromis  Chromis pelloura Western Indian Ocean Ecology     2.7  

Pemba chromis Chromis pembae Western Indian Ocean Ecology     2.7  

Blacksmith  Chromis punctipinnis Eastern Pacific Ecology     2.7  

Yellow-axil chromis  Chromis xanthochira Western Central Pacific Ecology     2.7  

Black-bar chromis Chromis retrofasciata Western Pacific Ecology     2.7  

Philippines chromis Philippines chromis Western Central Pacific Ecology     3.4  

Purple reeffish Chromis scotti Western Atlantic Ecology     3.4  

Weber's chromis  Chromis weberi Indo-Pacific Ecology     3.4  
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Trispot chromis  Chromis trialpha Western Indian Ocean Ecology     2.7  

Vanderbilt's chromis  Chromis vanderbilti Pacific Ocean Ecology     3.2  

Blue green 
damselfish 

Chromis viridis Indo-Pacific Diet     2.7  

Blue green 
damselfish 

Chromis viridis Indo-Pacific Diet     3.1  

West Australian 
chromis  

Chromis westaustralis Eastern Indian Ocean Ecology     2.7  

Paletail chromis Chromis xanthura Pacific Ocean Ecology     3.4  

Average of Trophic Level     3.1  

Green humphead 
parrotfish  

Bolbometopon muricatum Indo-Pacific 
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Ecology     2.7  

Average of Trophic Level     2.7  

Bicolour parrotfish  Cetoscarus bicolor Western Indian Ocean 
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Ecology     2.0  

Average of Trophic Level     2.0  

Bluemoon parrotfish  Chlorurus atrilunula Western Indian Ocean 
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Ecology     2.0  

Bleeker's parrotfish  Chlorurus bleekeri Indo-Pacific Ecology     2.0  

Bower's parrotfish Chlorurus bowersi Western Pacific Diet     2.0  

Captain parrotfish  Chlorurus enneacanthus Western Indian Ocean Ecology     2.0  

Captain parrotfish  Chlorurus enneacanthus Western Indian Ocean Ecology     2.0  

Pacific slopehead 
parrotfish  

Chlorurus frontalis Pacific Ocean Ecology     2.0  

Sinai parrotfish Chlorurus genazonatus Western Indian Ocean Ecology     2.0  

Heavybeak parrotfish  Chlorurus gibbus Western Indian Ocean Ecology     2.0  

Palecheek parrotfish Chlorurus japanensis Pacific Ocean Ecology     2.0  

Knothead parrotfish  Chlorurus oedema Indo-West Pacific Ecology     2.0  

Daisy parrotfish  Chlorurus sordidus Indian Ocean Ecology     2.0  

Average of Trophic Level     2.0  

Rusty parrotfish Scarus ferrugineus Western Indian Ocean 
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Ecology     2.0  

Striped parrotfish  Scarus iseri Western Atlantic Diet     2.0  

Filament-finned 
parrotfish  

Scarus altipinnis Pacific Ocean Ecology     2.0  

Rivulated parrotfish Scarus rivulatus Western Pacific Diet     2.0  

Blue-barred 
parrotfish 

Scarus ghobban Indo-Pacific Ecology     2.0  

Common parrotfish Scarus psittacus Indo-Pacific Ecology     2.0  

Chameleon 
parrotfish 

Scarus chameleon Pacific Ocean Ecology     2.0  

Singapore parrotfish Scarus prasiognathos Indo-West Pacific Diet     2.0  

Midnight parrotfish Scarus coelestinus Western Atlantic Diet     2.0  

Blue parrotfish  Scarus coeruleus Western Atlantic Ecology     2.0  

Azure parrotfish Scarus compressus Eastern Pacific Ecology     2.0  

Tricolour parrotfish Scarus tricolor Indo-Pacific Ecology     2.0  

Sicklefin parrotfish  Scarus falcipinnis Western Indian Ocean Ecology     2.0  

Festive parrotfish Scarus festivus Indo-Pacific Ecology     2.0  

Yellowfin parrotfish  Scarus flavipectoralis Western Central Pacific Ecology     2.0  

Forsten's parrotfish  Scarus forsteni Pacific Ocean Ecology     2.0  

Bridled parrotfish Scarus frenatus Indo-Pacific Ecology     2.0  

Globehead parrotfish  Scarus globiceps Indo-Pacific Diet     2.0  

Rainbow parrotfish  Scarus guacamaia Western Atlantic Diet     2.0  

Ember parrotfish Scarus rubroviolaceus Indo-Pacific Ecology     2.0  

Dusky parrotfish  Scarus niger Indo-Pacific Ecology     2.0  

Fivesaddle parrotfish  Scarus scaber Western Indian Ocean Ecology     2.0  

Bumphead parrotfish  Scarus perrico Eastern Pacific Ecology     2.0  

Quoy's parrotfish Scarus quoyi Indo-West Pacific Diet     2.0  

Eclipse parrotfish Scarus russelii Western Indian Ocean Diet     2.0  

Queen parrotfish  Scarus vetula Western Central Atlantic Diet     2.1  

Roundhead 
parrotfish 

Scarus viridifucatus Western Indian Ocean Ecology     2.0  

Yellowband 
parrotfish  

Scarus schlegeli Pacific Ocean Diet     2.0  
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Yellowbarred 
parrotfish  

Scarus dimidiatus Western Pacific Ecology     2.0  

Average of Trophic Level     2.0  

Kawakawa Euthynnus affinis Indo-West Pacific: Taiwan 
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Diet     4.2  

Kawakawa Euthynnus affinis Indo-West Pacific: Solomom Is. Diet     4.5  

Kawakawa Euthynnus affinis Indo-West Pacific: Malaysia Diet     4.5  

Kawakawa Euthynnus affinis Indo-West Pacific: Taiwan Diet     4.5  

Little tunny Euthynnus alletteratus Atlantic Ocean: Colombia Diet     4.2  

Little tunny Euthynnus alletteratus Atlantic Ocean: Puerto Rico Diet     4.4  

Little tunny Euthynnus alletteratus Atlantic Ocean: USA Diet     4.5  

Black skipjack  Euthynnus lineatus Eastern Pacific Ecology     3.8  

Average of Trophic Level     4.3  

Short mackerel  Rastrelliger brachysoma Pacific Ocean 
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Ecology     2.7  

Indian mackerel Rastrelliger kanagurta Indo-West Pacific Ecology     3.2  

Average of Trophic Level     3.0  

Talang queenfish  Scomberoides 
commersonnianus 

Indo-West Pacific 
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Diet     4.5  

Needlescaled 
queenfish 

Scomberoides tol Indo-West Pacific: New Caledonia Diet     4.1  

Needlescaled 
queenfish 

Scomberoides tol Indo-West Pacific: Solomom Is. Diet     4.4  

Barred queenfish  Scomberoides tala Indo-West Pacific Ecology     4.5  

Doublespotted 
queenfish  

Scomberoides lysan Indo-Pacific Diet     4.5  

Average of Trophic Level     4.4  

Yellowfin tuna Thunnus albacares Worldwide: Sri Lanka 
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Diet     3.7  

Yellowfin tuna Thunnus albacares Worldwide: Sri Lanka Diet     3.8  

Yellowfin tuna Thunnus albacares Worldwide: Mozambique Diet     4.2  

Yellowfin tuna Thunnus albacares Worldwide: Sri Lanka Diet     4.4  

Yellowfin tuna Thunnus albacares Worldwide : Seychelles Diet     4.5  

Yellowfin tuna Thunnus albacares Worldwide : Brazil Diet     4.5  

Bigeye tuna Thunnus obesus Atlantic, Indian and Pacific: Peru Diet     4.5  

Bigeye tuna Thunnus obesus Atlantic, Indian and Pacific: Brazil Diet     4.5  

Albacore  Thunnus alalunga Western Pacific: USA Diet     4.3  

Albacore  Thunnus alalunga Western Pacific: USA Diet     4.4  

Albacore  Thunnus alalunga Western Pacific: USA Diet     4.5  

Blackfin tuna  Thunnus atlanticus Western Atlantic: Cuba Diet     4.3  

Blackfin tuna  Thunnus atlanticus Western Atlantic: Cuba Diet     4.4  

Southern bluefin 
tuna 

Thunnus maccoyii Atlantic, Indian and Pacific Ecology     3.9  

Longtail tuna  Thunnus tonggol Indo-West Pacific Diet     4.5  

Pacific bluefin tuna Thunnus orientalis North Pacific: Mexico Diet     3.8  

Pacific bluefin tuna Thunnus orientalis North Pacific: USA Diet     4.0  

Pacific bluefin tuna Thunnus orientalis North Pacific: Mexico Diet     4.2  

Pacific bluefin tuna Thunnus orientalis North Pacific: Mexico Diet     4.4  

Pacific bluefin tuna Thunnus orientalis North Pacific: USA Diet     4.5  

Atlantic bluefin tuna Thunnus thynnus Western Atlantic: Spain Diet     4.1  

Atlantic bluefin tuna Thunnus thynnus Western Atlantic: Spain Diet     4.3  

Atlantic bluefin tuna Thunnus thynnus Western Atlantic: Italy Diet     4.5  

Atlantic bluefin tuna Thunnus thynnus Western Atlantic: USA Diet     4.5  

Average of Trophic Level     4.3  
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    4.3  

Average of Trophic Level     4.3  

Slender grouper Anyperodon leucogrammicus   A
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      3.9  

Average of Trophic Level     3.9  

Peacock hind Cephalopholis argus Indo-Pacific 
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Diet     4.5  

Coral hind  Cephalopholis miniata Indo-Pacific : New Caledonia Diet     4.2  

Coral hind  Cephalopholis miniata Indo-Pacific : Egypt Diet     4.3  

Coral hind  Cephalopholis miniata Indo-Pacific : Solomon Is. Diet     4.5  

Golden hind  Cephalopholis aurantia Indo-Pacific Ecology     4.0  

Chocolate hind Cephalopholis boenak Indo-West Pacific: New Caledonia Diet     4.1  
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Chocolate hind Cephalopholis boenak Indo-West Pacific: Solomom Is. Diet     4.2  

Sixblotch hind  Cephalopholis sexmaculata Indo-Pacific Diet     4.5  

Graysby Cephalopholis cruentata Western Central Atlantic Diet     4.3  

Bluespotted hind Cephalopholis cyanostigma Western Pacific Ecology     4.2  

Coney  Cephalopholis fulva Western Atlantic Ecology     4.1  

Yellowfin hind Cephalopholis hemistiktos Western Indian Ocean Diet     4.1  

Garish hind  Cephalopholis igarashiensis Pacific Ocean Ecology     4.0  

Golden hind Cephalopholis aurantia Indo-Pacific Ecology     4.0  

Leopard hind Cephalopholis leopardus Indo-Pacific Ecology     4.0  

Tomato hind Cephalopholis sonnerati Indo-Pacific Ecology     3.8  

Darkfin hind  Cephalopholis urodeta Pacific Ocean Ecology     4.0  

Average of Trophic Level     4.2  
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    4.3  

Average of Trophic Level     4.3  

Sharpfin barracuda Sphyraena acutipinnis Indo-Pacific 
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Ecology     4.5  

Guinean barracuda  Sphyraena afra Eastern Atlantic Ecology     4.1  

Sharpfin barracuda Sphyraena acutipinnis Indo-Pacific Ecology     4.5  

Pacific barracuda Sphyraena argentea Eastern Pacific Ecology     4.5  

Great barracuda Sphyraena barracuda Indo-Pacific: Kenya Diet     3.6  

Great barracuda Sphyraena barracuda Indo-Pacific: New Caledonia Diet     4.2  

Great barracuda Sphyraena barracuda Indo-Pacific: Solomon Is. Diet     4.5  

Great barracuda Sphyraena barracuda Indo-Pacific: Puerto Rico Diet     4.5  

Great barracuda Sphyraena barracuda Indo-Pacific: Cuba Diet     4.5  

Sawtooth barracuda Sphyraena putnamae Indo-West Pacific : Solomon Is. Diet     4.5  

Sawtooth barracuda Sphyraena putnamae Indo-West Pacific: New Caledonia Diet     4.5  

European barracuda  Sphyraena sphyraena Eastern Atlantic Ecology     4.0  

Obtuse barracuda Sphyraena obtusata Indo-Pacific: Solomon Is. Diet     4.5  

Obtuse barracuda Sphyraena obtusata Indo-Pacific: Malaysia Diet     4.5  

Obtuse barracuda Sphyraena obtusata Indo-Pacific: New Caledonia Diet     4.5  

Guachanche 
barracuda 

Sphyraena guachancho Western Atlantic: Colombia Diet     4.2  

Guachanche 
barracuda 

Sphyraena guachancho Western Atlantic: Cuba Diet     4.4  

Mexican barracuda  Sphyraena ensis Eastern Pacific Ecology     4.5  

Yellowtail barracuda Sphyraena flavicauda Indo-West Pacific Ecology     3.8  

Blackfin barracuda  Sphyraena qenie Indo-Pacific Ecology     4.5  

Heller's barracuda Sphyraena helleri Indian Ocean Ecology     4.5  

Guinean barracuda Sphyraena afra Eastern Atlantic Ecology     4.1  

Pelican barracuda Sphyraena idiastes Southeast Pacific Ecology     4.5  

Japanese barracuda Sphyraena japonica Western Pacific Ecology     4.2  

Sharpfin barracuda  Sphyraena acutipinnis Indo-Pacific Ecology     4.5  

Australian barracuda  Sphyraena novaehollandiae Indo-Pacific Ecology     4.5  

Southern sennet  Sphyraena picudilla Western Atlantic: Colombia Diet     4.0  

Southern sennet  Sphyraena picudilla Western Atlantic: Puerto Rico Diet     4.5  

Red barracuda  Sphyraena pinguis Northwest Pacific: China Diet     4.4  

Red barracuda  Sphyraena pinguis Northwest Pacific: Korea Diet     4.5  

Pickhandle barracuda Sphyraena jello Indo-West Pacific: Malaysia Diet     4.5  

European barracuda Sphyraena sphyraena Eastern Atlantic Ecology     4.0  

Yellowmouth 
barracuda  

Sphyraena viridensis Eastern Central Atlantic Ecology     4.3  

Average of Trophic Level     4.3  

Mottled spinefoot  Siganus fuscescens Western Pacific 
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Diet     2.0  

Streamlined 
spinefoot  

Siganus argenteus Indo-Pacific Diet     2.0  

Golden-lined 
spinefoot  

Siganus lineatus Indo-West Pacific Ecology     2.0  

White-spotted 
spinefoot  

Siganus canaliculatus Indo-West Pacific Ecology     2.8  

Goldspotted 
spinefoot 

Siganus punctatus Western Pacific Diet     2.8  
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Orange-spotted 
spinefoot  

Siganus guttatus Eastern Indian Ocean and Western 
Pacific 

Ecology     2.7  

Blue-spotted 
spinefoot  

Siganus corallinus Indo-West Pacific Diet     2.0  

Barred spinefoot Siganus doliatus Western Pacific Ecology     2.0  

Masked spinefoot  Siganus puellus Indo-West Pacific Ecology     3.0  

Streaked spinefoot  Siganus javus Indo-Pacific Ecology     2.4  

Brown-spotted 
spinefoot  

Siganus stellatus Indian Ocean Ecology     2.7  

Dusky spinefoot  Siganus luridus Western Indian Ocean Diet     2.0  

Magnificent 
rabbitfish  

Siganus magnificus Eastern Indian Ocean Ecology     2.7  

Little spinefoot  Siganus spinus Indo-West Pacific Diet     2.0  

Black foxface  Siganus niger Eastern Central Pacific Ecology     2.0  

Barhead spinefoot Siganus virgatus Indo-West Pacific Diet     2.0  

Blackeye rabbitfish  Siganus puelloides Indian Ocean Ecology     2.7  

Peppered spinefoot Siganus punctatissimus Western Pacific Ecology     2.0  

Variegated spinefoot Siganus randalli Western Pacific Ecology     2.0  

Marbled spinefoot Siganus rivulatus Western Indian Ocean Ecology     2.0  

Streamlined 
spinefoot  

Siganus argenteus Indo-Pacific Diet     2.0  

Vermiculated 
spinefoot  

Siganus vermiculatus Indo-West Pacific Ecology     2.0  

Foxface  Siganus vulpinus Western Pacific Ecology     2.7  

Average of Trophic Level     2.3  

Moorish idol  Zanclus cornutus Indo-Pacific: Hawaii 

Za
n

cl
u

s 
 

  

Za
n

cl
id

ae
 

  

Diet     2.9  

Moorish idol  Zanclus cornutus Indo-Pacific: Ryukyu Is. Diet     2.9  

Average of Trophic Level     2.9  
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