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Abstract 

Blast fishing (known variously as dynamite and bomb fishing) has caused 

long-term damage to reefs and coastal livelihoods in Tanzania and across the globe 

for decades. Blasting reefs with explosives has provided fish for commercial and 

consumption purposes, but the practice has also led to large-scale destruction of coral 

reef ecosystems by reducing the populations of coral colonies and reef species. In 

2015 and 2016, a Tanzanian government campaign against blasting was initiated 

along the entire coastline. Subsequently, a significant and near uniform reduction in 

blasting was observed. The aim of my study was to: (1) assess the current global 

status of blast fishing, and to elucidate broad causes, implications and solutions to the 

problem; (2) analyse causal factors underlying involvement in blast fishing and 

reduction of the activity in Tanzania; and (3) assess how Tanzania’s coastline 

communities and their fish stocks have been affected by the reduction of blast fishing. 

My literature review analysed 212 papers from seven databases and found that 

ineffective enforcement and governance structures drive blasting; socioeconomic 

causes may contribute but are not dominant. A combination of deterrence measures 

and co-managed marine protected areas (MPAs) emerged as the most effective 

solution to blasting. I surveyed 98 households and 19 fisher focus groups with 243 

fishers in four Tanzanian regions with historically high levels of blast fishing. Survey 

sites were purposively chosen based on previous records of blasting activity, 

including controls with low blasting histories; respondents were systematically 

selected. My primary data show that the profitability of blasting is its primary cause. 

The government campaign against blasting is regarded by the majority of respondents 

as the primary cause of the reduction. Fish catches are widely reported as having 

increased following the campaign. These data support the literature review as well as 

previous studies conducted in the region. Further research incorporating geographic 

and market factors will deepen understanding of destructive fishing in developing 

coastal fisheries.  
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Chapter 1: Introduction 

1.1 BACKGROUND 

Blast fishing is the highly destructive and unsustainable practice of using 

explosives to stun and kill fish for commercial gain and consumption, which has been 

an ongoing concern in Tanzania since the 1960s (Jiddawi & Öhman, 2002). Also 

known as bomb or dynamite fishing, it occurs in Southeast Asia, as well as the Red 

Sea, West Africa, South America and parts of Asia. Blast fishing results in the 

destruction and degradation of coral reefs, and has associated negative impacts on 

species abundance and diversity, as well as catch sizes (Fox, Pet, Dahuri, & Caldwell, 

2003; Hughes et al., 2017; Rogers, Blanchard, & Mumby, 2018). In Tanzania, 

uncontrolled blasting in the 1980s and 1990s resulted in considerable reduction of 

rugosity along much of the coastline (Muhando & Mohammed, 2002; Nzali, Johnstone, 

& Mgaya, 1998). With a brief respite between 1998 and 2002, blast fishing and its 

associated negative impacts on catch sizes and key fish populations has continued to 

occur since then (McClanahan et al., 2015; Rubens, 2016). However, in 2016 the rate 

of blasting decreased considerably in all recorded regions in Tanzania, which has been 

attributed to a coordinated government campaign (Rubens, 2019). These historically 

low rates of blasting have, with some isolated exceptions, continued to the present day 

(Rubens 2019, Tanzania Blast-Fishing Monitoring Network, 2018).  

 

1.2 CONTEXT 

Blast fishing occurs within the broader context of Tanzania's socioeconomic 

development, its rich marine biodiversity and the significance of fishing to local 

livelihoods. Tanzania is considered amongst the poorest countries in the world, with a 

ranking of 151 out of 186 countries on the United Nations Human Development Index 

(Jahan, 2015). Within Tanzania, some of the most disadvantaged regions are those that 

also heavily rely on fishing as a primary food and income source and are therefore 

especially vulnerable to decreases in living standards and household income (Research 

and Analysis Working Group (R&AWG), 2005). In 2005, 38% of the general 
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population was living under a poverty line of $US0.26 per person per day, which is low 

from a regional and international perspective (R&AWG, 2005). As for the 25% of the 

population that relies on fishing, the average daily income of fishers is estimated at 

between one to two US dollars per day (Barr, 2010; Budeba, 2016). After accounting 

for inflation and the costs of boats, fishing gear and other associated expenditures, it 

can be assumed that the majority of fishers are living close to, or below, the 

international poverty measure of $US1.90 per day (World Bank & International 

Monetary Fund (IMF), 2016).  

 

Tanzania’s coastline stretches 1,434 km along the western Indian Ocean and 

mainly comprises mangroves, seagrass beds and coral reefs with considerable 

biodiversity (Griffiths, 2005). The coastline runs north-south and can be broadly 

divided into four areas: the northern Tanga region, including Pemba and Maziwe 

Island; the region surrounding Dar es Salaam, including Zanzibar; the Kilwa district, 

including the Songo Archipelago, Mafia Island, Nyororo Island, Shungi Mbili Island 

and Mbarakuni Island, and the southern Lindi and Mtwara regions. There are two 

marine parks, the Mafia Island Marine Park (MIMP) and the Mnazi Bay Ruvuma 

Estuary Marine Park (MBREMP), and ten marine reserves, covering coastal areas in 

Dar es Salaam, Tanga, Zanzibar, and several smaller islands near the three main islands 

of Pemba, Zanzibar and Mafia (Wagner, 2004). These Marine Protected Areas (MPAs) 

have designated no-take zones, as well as areas where fishing is restricted to certain 

quotas (Marine Parks and Reserves Act 1994). In 1995, the MIMP was the first marine 

park to be established in Tanzania and is a multiple use area that includes a variety of 

biotopes, especially coral reefs, and supports a large number of species (Garpe & 

Öhman, 2003; Kamukuru, Mgaya, & Öhman, 2004). The importance of the marine 

areas in the south was recognised in 2000 with the establishment of the MBREMP, a 

large, multiple use area incorporating rich biodiversity (Machumu & Yakupitiyage, 

2013; Wagner, 2004). Although fishing in both marine parks is largely for local 

consumption and makes no significant contribution to the national economy, local 

families depend heavily on the marine environment as a source of income and food 

(Mndeme, 1998; Tobey & Torell, 2006).   
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There have been several studies conducted in Tanzania to determine the factors 

associated with blast fishing; however, as yet a broad consensus has not been found. 

Some aspects of poverty, such as insecure food supplies and lower standards of living 

are positively associated with destructive fishing methods (Cinner, 2010; Silva, 2006). 

These findings concur with the broad literature on poverty traps and coastal fisheries, 

whereby the poor, due to limited access to resources, are trapped in behaviour cycles 

that reinforce their own poverty (Short, Gurung, Rowcliffe, Hill, & Milner-Gulland, 

2018). However, ownership of destructive gear was the single biggest contributing 

factor to destructive fishing, followed by access to credit, which does not point to 

poverty as the overriding driver of blast fishing (Silva, 2006). Anecdotal evidence 

suggests that the profitability of blasting, a lack of viable income alternatives and a lack 

of appropriate enforcement were also important contributors (Guard & Masaiganah, 

1997; Slade & Kalangahe, 2015; Wells, 2009).  

 

 A deeper analysis of blasting causation is complicated by the recent reduction 

in blasting and a paucity of data. Thus far, the majority of available data on fishing 

communities and blasting have been published during periods when blast fishing was 

commonplace, i.e. before and after the 1998-2002 reduction (Barr, 2010; Sesabo & Tol, 

2005; Silva, 2006). Large-scale studies focused on the spatial distribution of poverty 

that could contribute longitudinal income data have either not publicised their data or 

are too broad-scale to be of use when examining specific coastal communities (e.g. 

Francis, Wagner, Mvungi, Ngwale, & Salema, 2002; Tanzanian National Bureau of 

Statistics (NBS), 2015; R&AWG 2005). Empirical data on deterrence measures against 

blasting are also scarce. A majority of fishers surveyed attributed the recurrence of blast 

fishing to an inconsistent enforcement of deterrence measures (Katikiro & Mahenge, 

2016). Qualitative assessments concur that a consistent and coordinated approach from 

the Tanzanian judiciary, government, and fishing communities would prove effective 

in reducing blast fishing (Slade & Kalangahe, 2015; Wells, 2009). Overall, the 

literature does suggest that increased enforcement would result in a reduction of illegal 

fishing, and the recent reduction of blast fishing in Tanzania in conjunction with the 

increase in government action has provided an ideal situation in which to critically 

examine this hypothesis. 
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1.3 AIMS AND OBJECTIVES 

The primary goal of my thesis was to understand the impact of the blasting 

reduction on coastal fishing communities in Tanzania, as well as on the ecological 

standing of the coral reef ecosystems. Given the global nature of blasting, I also 

focused on blast fishing as a world-wide phenomenon. My thesis aimed to (1) assess 

the current global status of blast fishing, and to elucidate broad causes, implications 

and solutions to the problem; (2) investigate causal factors underlying involvement in 

blast fishing and reduction of the activity in Tanzania; and (3) analyse how Tanzania’s 

coastline communities and their fish stocks have been affected by the reduction of 

blast fishing.  

 

The main issue that my thesis addressed with these aims was the lack of empirical 

knowledge about the factors that caused the recent reduction of blast fishing in 

Tanzania, as well as its social, economic, and ecological impact on fishing communities 

and fisheries. Without an understanding of causality and impact, the ability to predict 

whether blast fishing will reoccur is limited, as is the understanding of impacts of the 

reduction. I determined indicators associated with a previous engagement in blast 

fishing, and assessed which factors caused previous blast fishers to cease. I then 

determined the impact of the blasting reduction on fishing in general, fish availability 

and fishing derived income, with a focus on blast fishing history as a predictive 

indicator. 

 

My thesis updated and enhanced the body of knowledge concerning push 

factors towards blast fishing and the impact of deterrence measures, both in Tanzania 

and globally. Understanding this will not only improve the future outlook for 

Tanzania, but also potentially provide solutions to be implemented in other regions 

struggling with similar issues. Through gathering primary data in coastal villages, my 

study took a broad paradigmatic approach to help us understand the complex nature 

of sustainable fisheries management in Tanzania. This will help to bridge the gap 

between theory and praxis to assist with maintaining the currently low level of blast 

fishing into the future. 
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1.4 THESIS OUTLINE 

Chapter 2 explores the global distribution of blasting and its causes, implications 

and possible solutions through a systematic literature review. Chapter 3 assesses the 

drivers of blasting in Tanzania and the causes of the recent reduction. Chapter 4 

investigates the impacts of the reduction in blasting on Tanzanian coastal fishing 

communities and fish stocks. Finally, Chapter 5 provides a synthesis of the research 

findings on blast fishing both globally and in Tanzania, and proposes research priorities 

to further understanding of blast fishing and marine resource management in 

developing coastal fisheries.  
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Chapter 2: A review of the current 

global status of blast fishing: 

causes, implications and 

solutions 

2.1 ABSTRACT 

Blast fishing (known variously as dynamite and bomb fishing) has caused long-term 

damage to reefs and coastal livelihoods for decades. Blasting reefs with explosives 

provides fish for commercial and consumption purposes across the globe, but the 

practice has also led to large-scale destruction of coral reefs in much of Southeast 

Asia, Tanzania, the Red Sea, and other areas in Asia, Africa, Europe and South 

America. Despite its destructive nature and widespread dispersion, there have been 

few reviews that offer insight to assist in analysing and managing this broad-scale 

threat. We address this gap with a comprehensive global analysis of the blast fishing 

literature to explore the distribution of blast fishing, primary drivers, ecological and 

economic implications and solutions. Our review analysed 212 papers from seven 

databases. Blasting is widespread, misreported, and ongoing. Lack of effective 

enforcement and governance drives blasting; socioeconomic causes may contribute 

but are not dominant. A combination of deterrence measures and co-managed marine 

protected areas (MPAs) emerges as the most effective solution to blasting. Our 

review provides a basis upon which further analysis can build in order to better 

understand blast fishing and thereby improve conservation outcomes for coral reef 

ecosystems, as well as the outlook for fishing communities.  

 

2.2 KEYWORDS 

blast fishing; coral reefs; fisheries management; marine protected area (MPA); social-

ecological systems; community based management (CBM) 
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2.3 INTRODUCTION  

Characterised by its devastating long-term environmental effects and complex 

causal factors, blast fishing is among the most direct and destructive human impacts 

on coral reef ecosystems (Fox, Pet, Dahuri, & Caldwell, 2003). Fishing with 

explosives, known variously as blast, dynamite or bomb fishing, occurs across the 

globe and has a broad range of ecological, socio-political and economic 

considerations. There are records of blast fishing across Africa, Asia, South America 

and Europe, and its use dates back to the end of the nineteenth century (Norton-

Kyshe, 1971 [1898]). Blast fishing is a fundamentally destructive practice that at its 

most extreme, can reduce hard coral structures to rubble, thereby decreasing the 

abundance and diversity of species that rely on coral reefs as their primary habitat 

(Friedlander & Parrish, 1998; Knudby, LeDrew, & Brenning, 2010; Marcus, 

Samoilys, Meeuwig, Villongco, & Vincent, 2007). It is classified as a type of illegal, 

unreported and unregulated (IUU) fishing and presents a high risk of damage to both 

target fish populations and related ecosystems (FAO & UNEP, 2010). Although the 

United Nations Environment Programme (UNEP) and the United Nations (UN) 

Fisheries and Agriculture Organisation (FAO) have long-standing campaigns against 

all types of IUU, and have made blast fishing and other types of destructive fishing 

the focus of numerous conferences and reports, it continues to occur across the globe 

(e.g. (Flores & Silvestre, 1987; Sudara, 1996; Wilcox et al., 2021; Willoughby, 

Nikijuluw, & Suradisastra, 1996).  

 

Human and non-human species rely heavily on these systems to provide a 

myriad of complex intertwined services. From a human perspective, the most recent 

data suggest that more than 275 million people worldwide live within 30 kilometres 

of reefs, the majority of whom are in developing countries where reef species are an 

important protein and income source (Burke, Reytar, Spalding, & Perry, 2011). These 

data almost certainly underestimate the current number of reef-reliant communities, 

given high population growth rates in many sea-bordering countries (Neumann, 

Vafeidis, Zimmermann, & Nicholls, 2015). Moreover, there are at least six million 

coral reef fishers worldwide, of which a quarter are reef gleaners (Teh, Teh, & 

Sumaila, 2013). Reefs also deliver essential ecosystem services worldwide such as 

storm protection and sand production (Costanza et al., 2014; Liquete et al., 2013), 

have the highest biodiversity of all marine habitats, and are among the most 
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productive and biodiverse habitats in the world (Wilkinson & Buddemeier, 1994). In 

addition to the threats posed by overfishing and destructive fishing, coral reefs are 

also vulnerable to the effects of climate change, including ocean acidification, sea-

level rise and increased water temperature (Hoegh-Guldberg et al., 2018). The effects 

of climate change may also accelerate over time, resulting in destructive nonlinear 

feedback loops between factors such as declining ocean aragonite saturation and coral 

reef health (Hoegh-Guldberg et al., 2007). Together, destructive fishing and the 

effects of climate change make reefs less resilient to disruptors (Hughes et al., 2017; 

Tim R McClanahan et al., 2012), and create unprecedented challenges for coral reefs.  

 

Significant changes have occurred in the intensity and location of blast fishing 

since the last global review was published (Burke et al., 2011). Therefore, the purpose 

of this review was to: (1) summarise the available literature on blast fishing and 

analyse its breadth and coverage; (2) evaluate the overriding themes of the literature 

search results; 3) elucidate information to better understand blast fishing drivers, 

implications and the effectiveness of current management practices; and (4) highlight 

research priorities. 

 

2.4 METHODS 

The approach adopted for this review is based on the systematic guidelines for 

conservation and environmental reviews outlined by Pullin and Stewart (2006). 

Analysing every paper referring to blast fishing would be an enormous undertaking, 

with initial searches without limiters producing approximately 6,000 results. 

Therefore, searches were defined to produce a more focused review. All records 

containing the key words “blast fishing”, “dynamite fishing” or “bomb fishing” were 

searched for across seven databases: ProQuest Central, Web of Science, EBSCO 

Databases (Greenfile was searched separately), Informit Databases (REEFS was 

searched separately), Scopus, CAB Abstracts, and Taylor & Francis Journals. 

Searches were performed from October 2018 to April 2020 and limited to records 

published after 1960. All searches and abstract screenings were performed by MHS. 

No languages were excluded, and both published journals and grey literature were 

examined. In addition to database search results, material was also obtained through 

personal contacts, media reports from credible outlets and snowball sampling from 

citations within foundational articles. The searches returned 1 288 results. After 
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duplicates were removed, the abstracts of the remaining 1 164 publications were 

evaluated. 313 publications were selected based on their direct observation of blast 

fishing and its effects, or their discussion of blasting management and deterrence 

measures. The full-texts were assessed for relevance, and the final selection contained 

212 records. Data extracted from blast fishing literature included geographical area, 

year published, type of publication, a binary measure of whether empirical evidence 

of blast fishing was obtained, the specific location of blasting if available, and the 

time span of the blast fishing observation or experience. Results were classified by 

their focus on ecological, socio-political or economic considerations of blasting, and 

by year and type of publication (Figure 1). Ecological considerations were defined as 

including biological, geographical, environmental or ecological aspects; socio-

political as dealing with social, cultural or political elements of blast fishing and the 

management thereof; and economic as encompassing financial drivers and fiscal 

aspects of blast fishing and its deterrence.  Papers were classified by their primary, 

secondary and tertiary focus on these three themes. A formal meta-analysis was not 

conducted due to the wide variety of papers included in the final sample, and because 

too few papers reported data collection details and effect sizes. The final sample does 

not represent all material relating to blast fishing, rather a selection designed to 

provide a comprehensive overview.  

 

Making meaningful comparisons between areas where blast fishing occurs 

requires a standardised measure of intensity and cumulative damage. However, a 

dearth of empirical data, the wide range of study types and the non-standardised 

nature of current reef monitoring programs has interfered with efforts to accurately 

estimate blasting intensity. Examples of reef monitoring programs include the 

National Oceanic and Atmospheric Administration’s (NOAA) National Coral Reef 

Monitoring Program and the Australia Institute of Marine Science’s (AIMS) Long-

Term Monitoring Program. We combined data from our own literature searches and 

Reef Check blast fishing damage data to provide an overview of blasting distribution 

and damage (Figure 2). Reef Check, a non-profit organisation, collects data on reef 

environmental conditions, human impacts, fish counts, shellfish counts, substrate 

composition and the abundance of key indicator organisms, as well as blast fishing 

damage (Reef Check, 2018). The consistent methods and global reach of Reef Check 

data provide a useful comparison point to the emergent trends in the literature, as well 



 

A review of the current global status of blast fishing: causes, implications and solutions 19 

as allowing comparisons among countries. This is particularly relevant in cases where 

data are sparse, and their use has precedence in other similarly exploratory studies 

(Waheed et al., 2015).  

 

The combination of different datasets and indicators to measure reef health and 

disturbance is best practice for coral reef assessments and social-ecological system 

assessments (Gurney & Darling, 2017; Hill & Wilkinson, 2004), and the Reef Check 

data corroborate findings in the literature. As expected, some countries that did not 

appear in the literature searches appeared in the Reef Check data, mainly in Central 

America (Figure 2). Likewise, the literature searches also highlighted several 

countries not included in the Reef Check surveys, especially in West Africa, as well 

as areas with inland blast fishing such as Afghanistan and India (Hussain, Debashish, 

Toge, Mahesh, & Singh, 2016; Nafees, Ahmed, & Arshad, 2011). In the absence of 

standardised data collection on intensity, the literature search results and Reef Check 

data provide an approximate assessment of the distribution and damage of blast 

fishing. 

 

2.5 RESULTS AND DISCUSSION 

The literature search returned 212 records of blast fishing across 31 countries 

(Table 1, Table 1C (see Appendix C)). Of these records, 130 contained empirical 

evidence of blast fishing, either by directly hearing or witnessing blasts, or through 

indirect observations of blasting damage on reefs or fish caught by blast fishing. Reef 

Check data showed a similar dispersion of blasting to the literature, with damage 

concentrated in Southeast Asia and East Africa (Figure 2). There is considerable 

overlap between prominent blasting areas and areas with a high concentration of 

threatened reefs due to factors such as pollution, blasting, or climate change related 

disruptors (Burke et al 2011). While the majority of publications have been produced 

in the last decade, this should not be interpreted to mean that blasting was at its 

highest for that time period, rather that the effects of blasting on reefs and reef-

dependent species has been increasingly recognised (Figure 1). It should be noted that 

given the illegality of blast fishing and the consequent difficulties in collecting data, 

these findings likely misreport both the distribution and damaging effects of the 

practice.  Although papers focusing solely or primarily on ecological impacts 

dominated the literature, approximately 15% were interdisciplinary articles 
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addressing all three themes, highlighting the dependencies between ecological, socio-

political and economic aspects (Figure 1).  

 

2.5.1 Causes 

2.5.1.1 Poverty  

The earliest research on blast fishing argued that poverty was either strongly 

associated with or was the cause of blast fishing (Francis, Wagner, Mvungi, Ngwale, 

& Salema, 2002; Galvez, Hingco, Bautista, & Tungpalan, 1989; McManus, 1997; 

Wagner, 2004). Coastal reef fishers have historically experienced high levels of 

absolute and relative poverty, which has been attributed to high dependency on local 

marine resources, general resource degradation and remote village locations (Ireland, 

2004). Due to limited access to resources, alternative employment and education, 

fishers were believed to be trapped in behaviour patterns that ultimately reinforced 

their own poverty. Blast fishing was classified as a type of Malthusian resource use, 

whereby expanding settlements adjacent to coastal fisheries that are faced with 

declining catches intensify their fishing efforts, leading to the eventual collapse of the 

ecosystem and therefore the marine resources available for human consumption 

(Pauly, Silvestre, & Smith, 1989). In line with this theory, several attempts have been 

made to establish a relationship between poverty and destructive fishing methods 

such as blasting, seine net use and mosquito net use. In Tanzania, poverty indicators 

such as insecure food supplies, low household expenditures, limited capital and lower 

material standards of living are associated with destructive fishing methods (Cinner, 

2010; Silva, 2006), and a study of global mosquito net use identified poverty as the 

fourth most important driver (Short, Gurung, Rowcliffe, Hill, & Milner-Gulland, 

2018). A number of other publications suggested poverty as a causal influence but did 

not conduct data collection or analyses (e.g. Fauzi & Buchary, 2002).  

 

Studies on destructive fishing suggest the accessibility and ownership of 

destructive gear is the biggest contributing factor to destructive fishing. Access to 

credit, the convenience of destructive methods and increased catches were also 

identified as bigger drivers than poverty (Short et al., 2018; Silva, 2006). In Tanzania, 

increased motor boat access to other villages (implying socioeconomic development) 

where retribution is less likely is a contributing factor (Guard & Masaiganah, 1997), 

and a review argued that blast fishers are wealthier in comparison with their non-
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blasting counterparts (Wells, 2009). A study in the western Indian Ocean showed that 

fish biomass was highest in areas of both low and high levels of socioeconomic 

development, and lowest at a mid-range development level (Cinner et al., 2009), 

suggesting that the relationship may not always be linear. In Indonesia, an economic 

analysis of blast fishing found a clear financial incentive to begin blast fishing and 

considerable ongoing private net benefits (Pet-Soede, Cesar, & Pet, 1999). It could of 

course be argued that high blasting incomes indicate that blasting is a pathway out of 

poverty. However, in contrast to the idea of traditional fishermen being forced into 

using destructive fishing techniques by poverty, these techniques can be the practice 

of choice due to their ease and capability to generate high incomes (Pet-Soede & 

Erdmann, 1998). It has also been observed in some blasting hotspots that rather than 

blasting leading to higher returns than can be obtained using legal means, already 

more affluent fishers in urban centres have increased access to illicit materials than 

poorer rural fishers (e.g. Rubens 2016). It seems likely that while socioeconomic 

development does have some influence on blasting and other destructive techniques, 

focusing on poverty as the primary blasting driver is misleading and may have 

contributed to the failure of some poverty alleviation programs designed to reduce 

blasting.  

 

2.5.1.2 Alternative theories 

Alternative theories to explain the incidence of blast fishing can be divided 

into ineffective or inadequate enforcement and governance issues leading to resource 

management and ownership conflicts. Broadly speaking, enforcement can be 

described as the detection and punishment of blast fishing. Enforcement can take the 

form of national centralised schemes, locally managed projects run by communities 

or districts, or a combination thereof, and may be conducted by national armed 

forces, fisheries officials, local police officials or the community groups themselves. 

Blast fishing is illegal in all of the countries where blasting is most common and 

attracts penalties ranging from fines to gear destruction and incarceration. In 

Indonesia, blasting attracts fines exceeding USD 10 000 and prison sentences of up to 

ten years, while in Tanzania penalties range from the destruction of gear used by 

blasters to imprisonment between five to ten years (Ainsworth, Varkey, & Pitcher, 

2008; Fisheries Act: Govt. Tanzania, 2003). The enforcement of such laws in fisheries 

where blasting occurs has received substantial attention in the literature: 
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approximately 18% of the publications included in this review referenced ineffective 

or inadequate enforcement as a contributing factor to blast fishing. Although 

enforcement programs are present to a lesser or greater degree in virtually all 

countries where blasting occurs, these efforts are often hampered by a lack of funding 

and resources, weak judiciary systems, a lack of political will and corruption at all 

levels of government (Arai, 2015). Blasting operations may be sponsored by or 

affiliated with government officials, which leads to a reluctance of witnesses to come 

forward with evidence, and a low likelihood of successful prosecution in the event 

that evidence is obtained. Moreover, cultural and social norms such as close kinship 

ties to blasters reduce the incentive to report misdemeanours (Cushnahan, 2001). 

Witnesses may also be intimidated or threatened by blasters, particularly in small 

villages where the possibility of anonymous reporting is limited. Thus, a complex 

web of economic, political, social and cultural factors can contribute to the inability 

of an enforcement scheme to effectively control blasting and other destructive fishing.  

 

Moreover, there is disagreement on whether community-based management 

(CBM) and education programs truly aid enforcement and enhance compliance (Tim 

R. McClanahan & Abunge, 2018). In some studies, community resource management 

is positively associated with a reduction in blasting and other destructive fishing 

methods (Pomeroy et al., 2015). For example, Malaysia has one of the lowest levels 

of community-supported enforcement in the Coral Triangle, and has experienced 

significantly more blasting events over the past five years than other nations 

(Pomeroy et al., 2015; Reef Check, 2018). Conversely, other papers argue that 

reductions in blasting are directly linked to enforcement efforts, and that the 

association between “soft” enforcement or compliance programs and blasting 

reduction is at best murky (Haisfield, Fox, Yen, Mangubhai, & Mous, 2010; Huber, 

1994). Overall, the literature suggests that a lack of enforcement is associated with 

more frequent blasting. 

 

The contribution that governance structures make to the presence or absence 

of blasting is even more difficult to disentangle than that of poverty or deterrence 

measures. Governance structures in coastal fisheries where blast fishing occurs have 

been widely studied, but explicit links to blast fishing are rare. Conflicting trends 

have been identified as many of these nations have shifted from traditional systems of 
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governance to more formal centralised fisheries management systems, and then from 

deregulation to CBM or co-management. On the one hand, some countries such as 

China have taken a highly centralised approach to coral reef conservation and 

fisheries management. China has seen drastic declines in coral reef habitat and has 

experienced recurring episodes of severe blast fishing; these outcomes are attributed 

to a lack of leadership and failure to engage the public (Hughes, Huang, & Young, 

2013), and a lack of fisher involvement in fisheries management (Chan & Hodgson, 

2017). In contrast, the Solomon Islands, the Philippines, Tanzania and Indonesia have 

all to a greater or lesser degree adopted CBM schemes, often with the aim of 

improving social and economic outcomes for resource users and simultaneously 

reducing the need for enforcement efforts. In countries where formal institutions are 

weak or ineffective, CBM can be effective in extending and improving marine 

resource management (Gorris, 2016).  

 

Ostrom’s theory of common-pool resources has been highly influential. It 

argues that sustainable social-ecological systems often require a multi-tiered approach 

to governance that actively incorporates the priorities and needs of resource users and 

involves them in the planning and administering of management schemes (Ostrom, 

2009). Today, CBM schemes are widespread throughout coastal fisheries but 

discussion is ongoing as to what degree this leads to positive outcomes for 

conservation. Fisheries governance is influenced by a wide range of internal, external, 

social and environmental factors which operate on different temporal and spatial 

scales, such as the predictability of a system, the information available concerning 

human-environment interactions and the degree of conflict or complexity in the 

existing governance structures (Dietz, Ostrom, & Stern, 2003). Therefore, it is not 

surprising that diverse results have been obtained on the outcomes of CBM in coastal 

fisheries, and although the vast majority do identify major flaws in the current 

schemes, the solutions to these perceived shortcomings vary wildly.  

 

A four-year study in Indonesia recommended increasing community 

involvement in existing CBM programs as a solution to the ongoing problems with 

destructive fishing, extensive rule breaking and fisher economic vulnerability (Glaser 

et al., 2015). Another Indonesian study offered more restrained approval, arguing that 

although CBM shows promise in controlling blast fishing, the challenges facing such 
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programs are extensive and often out of the users’ control, including the remoteness 

of many coastal fisheries and access rights that are neither clearly defined nor 

adequately enforced (Gorris, 2016). Blast fishing remains a common occurrence in 

Indonesian waters, despite widespread CBM programs. In Tanzania, current 

community-led initiatives to combat blasting have been unsuccessful in the absence 

of efficient government action (Katikiro & Mahenge, 2016). In both Kenya and the 

Solomon Islands, relying solely on traditional social controls to ensure the 

sustainability of local fisheries and reef ecosystems was shown to be inadequate and 

ineffective (McClanahan, Glaesel, Rubens, & Kiambo, 1997; Sulu et al., 2015). Many 

CBM models assume pre-existing traditional access rights and area closures and rely 

on the reinforcement of these to be successful, and when these are not present to 

begin with or become disregarded in modern communities, management efforts are 

likely to fail.  

 

A study of the effect of collaborative fisheries management in five countries on 

user livelihoods, compliance and fishery exploitation found that slightly more than 

half of respondents found co-management beneficial to their livelihoods (Cinner et 

al., 2012).  Nearly 90% of respondents reported near or full compliance with 

regulations, and that fish biomass was higher in co-managed fisheries than those with 

no local management (but lower than in no-take areas). These results give some hope 

that CBM can produce positive social and ecological outcomes even in challenging 

institutional settings but they also emphasise the complexity of these arrangements 

and the necessity of context-specific solutions to ensure that resources are harvested 

sustainably. Governance and blast fishing are likely strongly interlinked, but 

management frameworks must be constructed with multi-level political and social 

groups to ensure that long-term sustainable resource use goals are met.  

 

2.5.2 Implications 

2.5.2.1 Ecological 

Ecological impacts of blast fishing dominated the literature included in this 

review with 60% of the papers having these as their primary focus; another 13% 

included these considerations along with other themes (Figure 1). Blast fishing is 

usually conducted using homemade 0.5-1 kg bombs which are thrown overboard onto 

schools of fish or reefs. This review focuses on blasting on reefs and associated 
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species, but there is a knowledge gap in regards to the impacts of blasting on free-

schooling fish, upon which there has been even less research conducted than on reefs 

and reef species. Depending on the size of the bomb and the topography, one blast 

creates a 0.5-1.5 m wide crater in the substrate and damages or destroys scleractinian 

coral species (Fox et al., 2003; Riegl & Luke, 1999). Simulations using 14 years of 

data conducted in the Philippines have suggested that blasting can reduce the growth 

capacity of scleractinian corals by up to one third when compared to areas without 

disturbances (McManus, Reyes Jr, & Nanola Jr, 1997). The same model found that 

smaller sparser coral patches are less susceptible to blasting damage, and it could be 

therefore inferred that over time, the effect of blasting on total coral cover would be 

reduced as corals diminished. Blasting itself could also be assumed to reduce as coral 

density declines and profits decrease.  

 

However, the impacts of blasting on reefs are likely non-linear due to the 

disruptive effect of unstable coral rubble on new coral recruits, and at the point where 

a blasted reef has lost all structural complexity, a phase shift occurs. Shifting fields of 

rubble prevent hard coral recruits from settling and growing, making natural 

regeneration and recovery of the reefs a difficult or impossible task (Fox & Caldwell, 

2006; Raymundo, Maypa, Gomez, & Cadiz, 2007). The Philippine simulation was 

supported by longitudinal studies in Indonesia, in which current strength was 

negatively associated with reef recovery (Fox et al., 2003). While single blasts had 

minimal long-term effects, chronic blasting and the resulting rubble resulted in little 

to no natural recovery over the five years of data collection. Rapid recovery of 

branching hard corals following near total destruction has been observed in partially 

protected reefs (Alcala, 2000). However, some blasted reefs have shown no signs of 

recovery, with natural regeneration estimated to require decades if not centuries 

(Riegl & Luke, 1999). Recovery of blasted reefs is highly variable and depends on 

reef type, degree of shelteredness, level of initial destruction and the degree to which 

it is protected following blasting or other disturbances.  Other fishing gears such as 

bottom trawling nets also devastate benthic communities and disturb marine life, are 

far more widely used and could therefore be argued to have a broader net negative 

impact. However, for some coral and coral-dependent species, blasting has arguably 

the more devastating effect on the immediate local level and is viewed as a 

particularly destructive fishing gear (FAO & UNEP, 2010; Tudela, 2004). In addition 
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to directly destroying coral reefs and associated species, blast fishing indirectly 

affects apex predators by reducing available food resources and breeding grounds 

(Tudela, 2004).  

 

Compounding the problems with natural recovery following extensive 

blasting disturbances are the difficulties faced in reef restoration. Although there has 

been substantial research on restoring reefs damaged by blast fishing, they mostly 

rely on the manual transfer of hard coral recruits to blasted areas (Gomez, Yap, 

Cabaitan, & Dizon, 2011), or the installation of frames to stabilise the rubble (costing 

approx. $US25/m2) (Williams et al., 2018). Although these costs may seem trivial for 

developed countries, blasting occurs almost exclusively in developing nations. These 

techniques do show some success, but are time-consuming, cost-intensive and have 

yet to develop into widespread large-scale operations (de la Cruz, Villanueva, & 

Baria, 2014; Fox, Mous, Pet, Muljadi, & Caldwell, 2005), with some isolated 

exceptions (Williams et al., 2018).  

 

As for the effect on coral reef fish, a single blast will kill virtually all 

organisms at the epicentre of the blast and rupture the swim bladders of fish within 

the lethal zone of the explosion pressure wave, a diameter of approximately 10 metres 

around the blast, depending on local topography and bomb strength (Alcala, 2000). 

Organisms without swim bladders - such as crustaceans - are more resistent to the 

pressure changes, as are cylindrical fish with open, thicker-walled swim bladders, but 

these may still be killed or injured (Calud et al., 1989). Moreover, habitat quality (as 

measured by coral diversity and rugosity) is positively linked to species richness and 

abundance (Tyler, Manica, Jiddawi, & Speight, 2011), as well as biomass (Ainsworth 

et al., 2008) and mean length, particularly of herbivores (Rogers, Blanchard, & 

Mumby, 2018). Although not all studies have directly studied the impacts of blasting 

on biological markers such as abundance and diversity (e.g. Friedlander & Parrish, 

1998; Knudby, LeDrew, & Brenning, 2010), the degradation to the reef habitat from 

blasting has been well established (e.g. Fox et al., 2003), and therefore these studies 

that focus on rugosity and its impact on various markers remain relevant despite not 

focusing on blasting per se.  
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Therefore, blast fishing is a threat to coral reef ecosystem biodiversity and 

resilience, especially when considered in combination with other threats such as 

ocean acidification, pollution, sea-level rise, rising water temperatures and coastal 

development. Reef Check survey data showed blasting damage reduced from its 

maximum recorded level in 1998 to its lowest point in 2010. However, between 2010 

and 2015 the level of damage nearly tripled (Reef Check 2018). Although there was 

considerable among-country and among-reef variation, these data highlight a 

worrying trend when viewed in the light of the limited recovery possibilities for 

damaged reefs and climactic impacts. Climate change, as a whole, presents a 

formidable threat to coral reefs, and this threat is intensified when reefs experience 

significant disruptions through destructive fishing (Cinner et al., 2013; Hoegh-

Guldberg et al., 2007).  

 

2.5.2.2 Economic 

Papers focusing on economic implications of blast fishing comprised 5.6% of 

the literature (Figure 1), and a further 26.4% included economic implications as part 

of their discussion. Of the 11 papers focusing primarily on economic considerations, 

three analysed tourism development as a means to combat blasting (Cushnahan, 

2001; Steenbergen, 2013; Teh & Cabanban, 2007), three the net benefits and losses 

associated with blasting (Cesar, 1996; Cesar et al., 1997; Pet-Soede et al., 1999), and 

one compared the costs of deterrence measures and rehabilitation (Haisfield et al., 

2010). The literature generally concentrated on Indonesia, with a further two studies 

carried out in Malaysia and Papua New Guinea. The most frequently cited paper on 

economic impacts found that in Indonesia, blast fishing provides short-term financial 

benefits to blast fishers. However, this paper also argued that society as a whole 

incurs significantly higher costs than benefits over a 20-year period, in the form of 

foregone income from sustainable fisheries and coastal tourism and the loss of coral 

reef coastal protection. (Pet-Soede et al., 1999). The paper assessed small-, medium- 

and large-scale operations and found that blasting incomes were comparable to the 

highest incomes amongst fishers using conventional legal methods. Their description 

of the gear used by these blasting operations and their scope was echoed by a more 

recent assessment of blasting across Southeast Asia (Chan & Hodgson, 2017). An 

earlier analysis, also conducted in Indonesia, concluded that the projected foregone 

income over 25 years from sustainable fisheries production alone was approximately 
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six times higher than the net private benefits accrued from blasting (Cesar, Lundin, 

Bettencourt, & Dixon, 1997). The disparity between private benefits and societal 

losses was particularly wide in areas where coral reefs had the potential to contribute 

income through tourism. However, in addition to blasting there remain significant 

challenges to ecotourism including lack of infrastructure and capital, and it did not 

emerge as a viable broad-scale solution to blasting. 

 

A more nuanced picture of the economic aspects of blasting is offered by 

distinguishing between the profits produced by targeted versus random blasting, as 

well as among small-, medium- and large-scale blasting operations. While there has 

been little research conducted on the ecological impacts of blasting schooling fish, the 

economic impacts are somewhat clearer. Targeted blasts on schooling fish have the 

potential to generate substantial profits, well above those gained using traditional 

methods, whereas random blasts (particularly those conducted on already damaged 

reefs) can leave fishers with a net loss (Fox & Erdmann, 2000; Pet-Soede & 

Erdmann, 1998). Small-scale blast fishers are usually restricted to nearshore reefs 

which are likely already damaged, and may work alone or in pairs, leading to less 

targeted blasting and less efficient catch retrieval, and therefore lower incomes 

relative to middle- and large-scale operations. It should be noted that the available 

data are sparse and overwhelmingly concentrated on Indonesia, and therefore cannot 

be extrapolated to other countries without caution. However, the literature concurs 

that in the absence of adequate enforcement, blasting is generally more profitable 

than legal methods (Bailey & Sumaila, 2015). There remain significant gaps as 

regards other blast fishing epicentres such as Malaysia, the Philippines and Tanzania. 

Blast fishing seems to have decreased in Tanzania in the past five years (Rubens, 

2019), but media reports point to blasting as an ongoing problem in Malaysia, 

Indonesia and the Philippines, as well in South American nations (Almendral, 2018; 

Carrere, 2020; Geraldine, 2017; Khan, 2019; Morse, 2018).  

 

Recent studies have revealed the effect of disturbances on coral reef fishery 

productivity. One model showed that production is a quadratic function of structural 

complexity, whereby productivity initially increases as the reef shifts from coral to 

algal turf and becomes dominated by invertebrates, and then further increases as 

branching corals are lost. However, as standing dead coral disintegrates and rugosity 
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declines to zero, productivity drops, at which point the absolute difference in 

productivity between a healthy and destroyed reef is 35% (Rogers et al., 2018). The 

model therefore shows that reef fisheries have an initial robustness in the face of reef 

degradation, mainly due to the increased biomass of herbivores. However, this 

robustness is likely short-lived, as standing dead coral is much more vulnerable to 

further disturbances than intact; precipitous drops in both biomass and productivity 

are then likely. This is an interesting parallel to the inverse quadratic association 

found between fish biomass and socioeconomic development (Cinner et al., 2009), 

and further investigation may shed light on the complex relationships between 

development and fishery sustainability.  

 

Another social-ecological study modelled the interactions in a reef fishery 

between fish stocks and fishing intensity, and found that when social and ecological 

components are subject to strong feedbacks, their responses (in the form of available 

fish biomass and fishing intensity) become increasingly unstable and non-linear 

(Hughes et al., 2017). The authors argued that while degraded fisheries may recover if 

fishing intensity drops, in the near future a more likely scenario is that even as fish 

biomass decreases, fishing intensity will remain high, leading to faster rates of fish 

stock degradation. It seems that although blasting may offer short-term benefits to 

fishers when reefs are intact or only slightly degraded, these profits will quickly 

decline as reef complexity and health decreases. The long-term economic impact of 

extensive blasting can therefore be catastrophic to communities dependent on marine 

resources, albeit offering short-term individual benefits.  

 

2.5.3 Solutions  

2.5.3.1 Deterrence measures  

Deterrence measures or enforcement are an essential part of any program to 

prevent blasting and other destructive fishing. There were 37 papers that discussed 

deterrence measures in some capacity, and of these 12 directly assessed the 

effectiveness of deterrence measures in five countries. Seven papers found the 

deterrence measures under review to be effective, two found the measures to be 

effective under specific or limited circumstances, and the remaining three the 

measures to be ineffective (Table 2). These mixed results highlight the complexities 

faced in coastal fisheries management, which often takes place in developing 
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countries with limited funding and capacity for resource management. Although 

directly comparing deterrence measures across fisheries is difficult due to a lack of 

data on density of blasting versus density of deterrence measures, common themes 

among the papers reporting successful deterrence include regular patrols and strictly 

enforced penalties. In contrast, papers that found deterrence measures to be 

unsuccessful reported inconsistent enforcement efforts and a lack of infrastructure 

and funding (Table 2).   

 

Although measures that encourage compliance with regulations are important 

to ensure long-lasting sustainable fisheries management, enforcement is a crucial 

element in managing and preventing blasting, as it creates a disincentive to engage in 

destructive fishing. This disincentive is necessary precisely because of the ease and 

profitability of blasting: without enforcement of some kind, blasters are unlikely to 

shift voluntarily to legal methods (Pet-Soede et al., 1999). Bioeconomic modelling 

provides a starting point to understanding how monitoring efforts and punishment 

levels should be calibrated to maximise the often limited resources in coastal reef 

fisheries while also producing the desired results. Because it is assumed that fines are 

costless while monitoring is costly, deterrence models often recommend that fines be 

set as high as possible and monitoring minimised to achieve an efficient response. 

This ignores the realities of coastal fisheries, many of which are in developing 

countries. The application of fines is not “costless”, particularly where judiciary 

systems are weak and avoidance activities are common and exacerbated by corruption 

(Katikiro & Mahenge, 2016). In contrast with the assumption that illegal fishers are 

rational economic agents who aim to maximise profit, perceptions of regulation 

legitimacy also influence compliance (Akpalu, 2008). Monitoring is therefore an 

important component in enforcement, particularly as fishers are more sensitive to the 

risk of detection than the severity of punishment (Akpalu, 2008).  

 

An Indonesian model also found that the probability of detection is more 

important than the fine, and that fines must not exceed what fishers can reasonably 

pay (Bailey & Sumaila, 2015). Other real-life examples of the effectiveness of 

patrolling abound: in Komodo National Park in Indonesia, weekly government-NGO 

patrols reduced the incidence of blasting by 75% in one year (Fox et al., 2005); in 

northern Tanzania,  6 patrol bases staffed by community members and navy 



 

A review of the current global status of blast fishing: causes, implications and solutions 31 

personnel virtually eliminated dynamiting over eight years (Verheij, Makoloweka, & 

Kalombo, 2004); and more recently in Tanzania, regular government patrols, sporadic 

naval enforcement actions and political pressure have also reduced blasting to almost 

non-existent levels over a four year period (Rubens 2019; Tanzania Blast-Fishing 

Monitoring Network, 2018). In general, countries with higher levels of monitoring, 

surveillance and enforcement experience less destructive fishing (Petrossian, 2015). 

The cessation of enforcement also leads to reinvigorated blasting activities, for 

example in Hong-Kong (Chan & Hodgson, 2017). Finally, although society 

undoubtedly incurs higher costs through conducting patrols and monitoring activities 

than in simply legislating for higher fines, reef rehabilitation has been found in 

Indonesia to be between five and 70 times more costly than preventing reef 

destruction through enforcement (Haisfield et al., 2010).  

 

The difficulties lie in determining what level of ongoing enforcement and 

monitoring is needed, and which parties are best suited to carry out these activities. 

Enforcement schemes must be seen as equitable and fair in order to be successful 

(Akpalu, 2008; Pomeroy et al., 2015). However, equity and fairness are culturally and 

socially defined, and so solutions that work for one fishery may be inappropriate for 

another. Consistency is also key: a survey of Tanzanian fishers’ perceptions of 

recurring blast fishing found that 48% agreed that enforcement does lead to a 

reduction in blasting, but that inconsistency in enforcement efforts and variable 

motivation and interests of the enforcers and government has led to only partial 

success and ongoing blasting (Katikiro & Mahenge, 2016).  

 

The final component is to determine whether community-based or national 

monitoring will be most effective for a given fishery. Community-based monitoring 

can be an effective part of enforcement programs, but is likely to work best in small-

scale fishery settings where offenders run small operations (Cesar et al., 1997). 

Where blasting operates on a medium- or large-scale and particularly where offenders 

may originate from other regions or countries, a nationally coordinated approach is 

necessary, as demonstrated most recently in Tanzania (Rubens 2019). Communities 

also require adequate resources such as appropriate vessels and communication 

devices if they are to contribute in a meaningful way to enforcement. Effective 

enforcement is essential; however enforcement methods tend to be location-specific, 
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making it difficult to generalise about the most successful approaches due to the 

complex social, economic, cultural and political factors at play.  

 

2.5.3.2 Economic incentives 

If enforcement is the stick of a blasting prevention system, economic 

incentives are the carrot: they encourage compliance with regulations and are vital to 

ensuring long-term success in combating blasting. The literature focused on 

alternative income generating activities (AIGA), which are predicated on developing 

alternatives to destructive or intensive fishing in order to change fisher behaviour and 

thereby reduce pressure on the fishery and increase sustainability (Niesten, Gjertsen, 

& Fong, 2013). Three criteria are essential for the success of AIGA: i) clearly defined 

property rights; ii) equitable distribution of benefits; and iii) sustainable financing 

mechanisms (Mohammed & Wahab, 2013). The literature includes numerous small-

scale studies and grey literature and has produced mixed results, suggesting that the 

success or failure of alternative livelihood programs is dependent on localised 

environmental, social, economic and cultural factors. A total of six papers discussed 

AIGA, of which two found direct support that AIGA reduce use of destructive fishing 

gear (Chan & Hodgeson, 2017; Silva, 2006), one found tangential support (Pollnac, 

Crawford, & Gorospe, 2001), one found AIGA to be ineffective (Slade & Kalangahe, 

2015), and two the success of AIGA to be context dependent (Cesar et al., 1997; 

Ireland 2004). A regional analysis of countries in the Western Indian Ocean identified 

capital accessibility, economic vulnerability, institutional frameworks and governance 

as being crucial in understanding household livelihood strategies (Ireland, 2004). A 

study in the Philippines found that integrating local livelihood priorities with 

conservation objectives is a significant predictor for the success of MPAs (Pollnac et 

al., 2001). The degree of dependence on marine resources is negatively correlated 

with standing fish biomass in protected areas, providing theoretical support for AIGA 

as part of the strategy to increase fishery sustainability (Cinner et al., 2012).  

 

However, alternative livelihood programs usually focus on local fishers, and 

as blasters are often outsiders, these programs are effectively rendered ineffectual. 

Additionally, the challenges facing AIGA implementation are considerable: data on 

household livelihoods are often limited, target communities are often reluctant to 

adopt risky livelihoods requiring capital or specialised knowledge and AIGA 
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programs typically require years of investment and support before they are self-

sustaining (Ireland, 2004). Successful case studies do exist (Mohammed & Wahab, 

2013), but reports of long-term successful AIGA are rare. Moreover, longitudinal 

analyses or BACIP evaluation designs which would greatly contribute to evaluations 

of AIGA are also rare (McClanahan et al., 2015). We therefore argue that although 

AIGA can undoubtedly succeed given the right conditions, the complex nature of 

these programs means that other solutions may offer a more direct route to combat 

blasting and conserve marine resources.  

 

2.5.3.3 CBM and MPAs 

The third broad solution to blasting is the designation of MPAs with a CBM 

component, which can regulate resource extraction, promote conservation and protect 

local livelihoods in an equitable and sustainable fashion. About one-third of the 

literature focused on the socio-political structures surrounding blasting, specifically 

governance structures for fishing communities and marine resources (Figure 1). Of 

these papers, 30 addressed CBM and MPAs as a means of marine resource 

management, and ten specifically assessed the effectiveness of MPAs in reducing 

blasting. Five papers found that MPAs, often in conjunction with enforcement efforts 

and CBM, were effective, four papers concluded that the MPAs under review were 

either ineffective or even had a net negative effect on communities and ecosystems, 

and one had mixed results (Table 3).  

 

MPAs have become a prominent tool for the management and preservation of 

marine resources, and their number and scope have expanded significantly in recent 

years (Hargreaves-Allen, Mourato, & Milner-Gulland, 2017). There is substantial 

research to suggest that indicators of reef health such as coral and fish biodiversity, 

density and abundance are better within regulated or no-take zones than outside them 

(Daw, Cinner, McClanahan, Graham, & Wilson, 2011; Kamukuru, Mgaya, & 

Öhman, 2004; McClure et al., 2020; Tyler et al., 2011). However, criticisms of MPAs 

are numerous, ranging from accusations of ineffective protection of marine resources 

and inconsistent management to allegations of post-colonial forms of control that fail 

to include local priorities and perspectives (Elliott, Mitchell, Wiltshire, Manan, & 

Wismer, 2001; Glaser et al., 2015; Kamat, 2014). Some MPAs with CBM do 

incorporate traditional access rights and gear restrictions; however, issues with 
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communication, equitable access and long-term adherence to marine resource rules 

have plagued many programs (Campbell, Cinner, et al., 2012; Campbell, Hoey, et al., 

2012). 

 

Broadly speaking, a successful MPA will also mean the success of anti-

blasting initiatives, and so we focused on the aspects of MPAs that encouraged 

compliance with regulations and discouraged destructive behaviours. Compliance 

was positively associated with graduated sanctions, whereby areas are zoned 

variously as no-take, restricted and open (Cinner et al., 2012). Fish biomass was also 

strongly influenced by the distance to markets, suggesting that as the potential for 

commercial benefit decreases, so does resource extraction. Surprisingly, endogenous 

factors such as permanent community organisations, clearly defined access rights, 

higher budget and increased research activity did not lead to improved socioeconomic 

or ecological indicators (Cinner et al., 2012; Hargreaves-Allen et al., 2017; 

McClanahan & Abunge, 2018). These findings seem to suggest that management 

does not impact conservation outcomes, and that geographical and market driven 

factors have greater influence on the status of marine ecosystems. However, other 

studies show that human elements within these social-ecological systems are relevant 

to conservation outcomes. Global studies have found that fish biomass in MPAs is 

positively related to the perceived legitimacy of management processes, effectiveness 

of monitoring, and clearly defined boundaries (Pollnac et al., 2010), as well as 

enforcement and consistency of monitoring (Daw et al., 2011). Conversely, 

adherence to rules declines when immediate benefits are not seen by fishing 

communities (Gorris, 2016), an important factor to consider when implementing and 

monitoring CBM programs in MPAs. The level of formal education within a 

community may have a small positive effect on perceived benefits (Baticados & 

Agbayani, 2000; Cinner & Pollnac, 2004), but targeting education without addressing 

ongoing conflicts over resource use and the influence of market-driven factors is 

unlikely to lead to success (McClanahan, Cinner, Kamukuru, Abunge, & Ndagala, 

2009).  

 

As for the environmental awareness training offered in many CBM programs, 

their influence is difficult to measure due to haphazard implementation (McClanahan 

et al., 2015). Positive reports citing the increased involvement of fishers in combating 
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blast fishing following awareness training are matched with criticisms of the 

inaccessibility, irrelevance and ineffectiveness of such programs. Given their 

ubiquity, further research is needed in this field. In east Africa, factors such as wealth, 

occupation, geographic isolation, distance to markets and level of dependence on 

marine resources increase the among-community and within-community variation in 

perceptions of MPAs, even when communities fall under the same management 

umbrellas (McClanahan & Abunge, 2018). Positive perceptions of spatial, catch and 

gear restrictions create an environment that is conducive to compliance. In contrast, a 

small number of individuals practising destructive fishing can cause disproportionate 

damage to coral reef ecosystems and ultimately undermine the long-term success of 

MPAs if not prevented or penalised, even if the majority of inhabitants agree and 

comply with restrictions. Therefore, policies and structures that encourage positive 

perceptions of MPA benefits across the community are important, and the goal of 

reducing variability of perceptions within and among communities should be taken 

into account when implementing management and deterrence programs against 

blasting. Seen in this light, context-specific MPA frameworks emerge not as an 

optional extra but as an essential ingredient for MPA success. MPAs and CBM 

programs are vital tools to control and prevent blasting, but are strongly influenced by 

a multitude of localised factors that lead them to flourish or fail. 

 

2.6 CONCLUSION 

Our review of blast fishing identified its historical and current dispersion, and 

found that it remains a threat to coral reef ecosystems and the sustainability of local 

fishing livelihoods. We analysed poverty as a driver for both the uptake of and 

ongoing nature of blasting, and found that although poverty may be a contributing 

factor, it is unlikely to be the sole or dominant predictor. Conversely, effective 

enforcement and appropriate governance structures are positively related to a 

reduction in blasting, as effective monitoring and sanctions lead to higher compliance 

with gear and spatial restrictions. There was general consensus on the destructive 

ecological impacts of blast fishing and the highly limited ability of coral reefs to 

recover naturally from blasting. Large-scale coral restoration projects are limited by 

the time and expense involved, and therefore preventing damage from occuring is 

more cost-effective than rehabilitating reefs. Economic analyses showed that while 

blasting initially delivers substantial private benefits to fishers, that society as a whole 
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experiences significant costs in the form of foregone income from tourism and legal 

fishing, as well as lost ecosystem services. Fisheries may be initially robust in the 

face of blasting, but productivity is predicted to drop precipitously as structural 

complexity is lost, thus also eroding lucrative private benefits from blasting. We 

conclude therefore that blasting has a net negative economic impact on fishers and the 

broader community.  

 

We assessed the three most common solutions to blasting in the literature: i) 

increased or improved deterrence measures; ii) economic incentives; and iii) CBM 

and MPAs. Whether deterrence efforts are conducted by governments, communities 

or a combination thereof, equity, consistency and perceived legitimacy of the 

processes emerged as key components. The primary economic incentive used in blast 

fishing areas is AIGA; we found that despite the good intentions of such programs, 

the significant challenges in implementing appropriate and long-lived AIGA render 

this solution less effective than others. The success of MPAs and CBM is dependent 

on the perceived legitimacy of the development and implementation process, clearly 

defined reserve boundaries, consistent and effective monitoring and characteristics of 

resource user characteristics such as wealth. Incorporating traditional or customary 

management programs show varying degrees of success, and is again highly 

dependent on implementation methods for their ongoing effectiveness in conserving 

reefs and ensuring livelihood sustainability. The best approach to long-term 

management of blasting is therefore a combination of enforcement and MPAs 

developed in accordance with local users, as the ability of management systems to 

safeguard local livelihoods leads to better compliance and, ultimately, to better 

conservation outcomes. This should provide the consistency needed in enforcement 

as well as the context-dependent modifications to programs that are necessary for 

sustainable fisheries and conservation. In conclusion, blast fishing does not occur in a 

vacuum: centred on areas with an abundance of easily accessible coral reefs, the 

practice is complex and is influenced by a wide variety of social, cultural and 

environmental factors. The solutions to blast fishing must therefore also incorporate 

these factors if they are to be successful. Gathering data on all aspects of blast fishing 

will improve our ability to conserve coral reef ecosystems, bolster food security and 

support human and reef resilience, and should therefore be a priority for future 

research.  
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2.8 TABLES 

Table 1. Literature search results by country and region. 

Continent/Area Region Percentage Country Percentage 

Africa Central Africa 1.42 Congo 0.47 

   Ghana 0.94 

 East Africa 22.17 Comoros 0.94 

   Tanzania 21.22 

 North Africa 3.30 Egypt 2.35 

   Libya 0.47 

   Morocco 0.47 

 West Africa 1.42 Nigeria 0.47 

   São Tomé & Príncipe 

Islands 

0.47 

   Senegal 0.47 

Americas Central 

America 

1.42 El Salvador 1.42 

 South America 4.25 Brazil 0.47 

   Colombia 2.35 

   Peru 1.42 

Asia Central Asia 0.94 Afghanistan 0.47 

   Pakistan 0.47 

 East Asia 3.30 China 3.30 

 South Asia 5.66 India 3.30 

   Sri Lanka 2.35 

 Southeast Asia 50.47 Cambodia 0.47 

   Indonesia 21.22 

   Malaysia 6.13 

   Myanmar 0.94 

   Philippines 13.68 

   Southeast Asia 

(Regional) 

5.66 

   Timor-Leste 0.47 
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Continent/Area Region Percentage Country Percentage 

   Vietnam 1.89 

Europe East Europe 0.47 Ukraine 0.47 

 Mediterranean 0.94 Greece 0.47 

   Mediterranean 

(Regional) 

0.47 

Oceania Oceania 2.83 Papua New Guinea 1.89 

   Solomon Islands 0.47 

   Wallis & Futuna 0.47 

Pacific Pacific 0.47 Pacific (Regional) 0.47 

Global Global 1.42 Global 1.42 

Total 14 100 31 100 

 

 

Table 2. Papers assessing the effectiveness of deterrence measures against blasting by country. 

Paper Location Deterrence 

Effective? 

Findings 

Baticados & 

Agbayani 

(2004) 

Philippines  Yes Co-management between resource users and the 

government is perceived to be successful by 

resource users. Strict enforcement by the 

government is an essential part of the 

management strategy.  

 

Dunning 

(2015) 

Indonesia Yes Blasting has practically ceased due to severe 

legal penalties, increased local awareness, 

enforcement, and graduated sanctions. Isolated 

incidents can be attributed to outsiders. 

 

Fox et al. 

(2005) 

Indonesia Yes Weekly patrols reduced blasting by 75%, in 

conjunction with programs designed to raise 

community awareness thereof.  

 

Haisfield et al. 

(2010) 

Indonesia Yes Patrols effectively reduce blasting, e.g. in 

Komodo National Park, 50-70 10-day patrols are 

conducted per year over an 1 100 km2 

area.Moreover, due to high profits obtained from 

blasting, fishers are unlikely to adopt legal 

methods without strong enforcement. 

 

Katikiro & 

Mahenge 

(2015) 

Tanzania Yes Strict enforcement has proven to be effective. 

Without government support, community based 

management has not been successful in 

preventing blasting.  
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Paper Location Deterrence 

Effective? 

Findings 

 

Levine (2004) Tanzania Yes Police patrols using two boats over a 470 km2 

area as well as community monitoring resulted in 

a reduction of blasting. However, prosecution of 

offenders has been rare.   

 

Licuanan & 

Gomez (2000) 

Philippines Yes, in 

conjunction with 

other aspects.  

Blast fishing decreased due to educational 

campaigns, strong deterrence measures by the 

government and depletion of target fish species.  

Cesar et al. 

(1997) 

Indonesia Yes, under 

certain 

conditions. 

Additional 

measures usually 

needed.  

Enforcement is necessary when offenders are 

outsiders and/or with large stakeholders. With 

internal offenders, whether they be large or small 

stakeholders, a combination of government 

coastal zone management, community based 

management and government efforcement will be 

the most effective. 

 

Chan & 

Hodgeson 

(2017) 

China Only in limited 

cases, additional 

measures usually 

needed. 

An enforcement-only approach is usually 

ineffective and unsustainable, e.g. in Hong Kong 

blasting ceased following rigorous enforcement 

efforts but resumed when enforcement ended. A 

mixture of enforcement, making fishers aware of 

monitoring and enforcement efforts, education 

programs and alternative income schemes is 

recommended.  

 

Gorris (2016) Indonesia No Enforcement efforts are ineffective due to lack of 

infrastructure and equipment, rare prosection and 

lack of funding. This is particularly true for 

remote areas, in which many fisheries are 

located. Patrols occurred rarely due to high costs. 

 

Guard & 

Masaiganah 

(1997) 

Tanzania No Enforcement efforts are ineffective due to 

corruption and leniency in sentencing. This leads 

to apathy and lack of support among the fishing 

communities. Patrols are effective, but are only 

conducted sporadically and are therefore 

ineffective.  

 

Huber (1994) Papua New 

Guinea 

No Enforcement efforts are ineffective due to a lack 

of enforcement capacity and issues with inter-

agency coordination. Enforcement efforts occur 

rarely if at all.  
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Table 3. Papers assessing the effectiveness of MPAs and CBM against blasting by country. 

Paper Location MPAs and CBM 

Effective? 

Findings 

Abraham & 

Kelkar 

(2012) 

India Yes Blast fishing intensity was higher in unprotected 

than in protected areas.  

N.b. This article refers to freshwater ghats and 

rivers. 

 

Rocliffe et 

al. (2014) 

Tanzania Yes Blast fishing decreased within the MPAs, and 

resource users perceived an increase in fish 

abundance. At the time of writing, MPAs covered 

13% and MPAs and CBM areas together covered 

58.7% of the marine territory. 

 

Silva 

(2006) 

Tanzania Yes, indirectly 

through AIGA 

schemes that are 

implemented 

concurrently with 

the MPA 

Households inside MPAs are less likely to target 

reef species, but MPAs have no direct impact on 

choice of fishing gear. MPAs may influence gear 

choice and target species indirectly through AIGA 

programs, which do directly reduce te probability 

of selecting destructive gears such as explosives. 

At the time of writing, MPAs covered 1 380 km2 

or 4% of the marine territory. 

 

Tyler et al. 

(2011) 

Tanzania Yes, but more 

restrictions means 

better outcomes 

Increased species richness was found in regulated 

over unregulated reefs, however abundance, 

biomass and length were unaffected. Therefore 

stricter regulations, such as reducing fishing 

overall in conjunction with enforcing bans on 

blasting, may be required to increase biomass of 

target species. Protected area covered 470 km2. 

 

Verheij et 

al. (2004) 

Tanzania Yes, in conjunction 

with enforcement 

Joint patrols between police and communities and 

reef closures stabilised or increased the biomass of 

commercial reef fish on open and closed reefs. 

Higher densities were observed on closed reefs. 

The 6 CBM areas covered 1 604 km2. 

 

Chou et al. 

(2002) 

Vietnam Mixed results In one area within an MPA, blast fishing was 

virtually eliminated through a combination of 

strategic reef closures, awareness raising in 

communities, police monitoring and community 

development initiatives. However, other reefs 

within the same MPA continue to be affected by 

blasting. Reasons for this disparity were attributed 

to inappropriate zoning and a lack of enforcement. 

The MPA covered 160 km2.  

 

Campbell, 

Cinner, et 

al. (2012) 

Indonesia No  Continued blast fishing within the CBM area was 

attributed to inadequate enforcement, and resulted 

in reduced coral cover and fish biomass. However, 

biomass was greater in areas with gear restrictions, 

despite ongoing blasting. Total area covered was 

7.14 km2.  
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Paper Location MPAs and CBM 

Effective? 

Findings 

 

Benson 

(2012) 

Papua 

New 

Guinea 

No Blast fishing within the Wildlife Management 

Areas (WMA) (very similar to CBM areas) was 

attributed to inadequate enforcement and poorly 

implemented community management schemes. 

Total area covered was 10.85 km2. 

 

Hughes et 

al. (2013) 

China No MPAs have failed to protect nearshore reefs from 

decline due to inadequate size and poor 

monitoring. Blasting severely reduced coral cover 

in some areas.  

 

Yates 

(1994) 

Indonesia No Blast fishing continued within MPA borders due to 

poor zoning implementation, inter-agency conflict 

and a lack of stakeholder input. Total area covered 

was 1080 km2. 

 

 

 

 

2.9 FIGURES 

 

Figure 1. Left: Literature search results, shown by year of publication, type of publication and 

frequency. Top-right: Literature search results separated by their primary, secondary and tertiary focus 

on ecological, socio-political and economic aspects of blasting. Generated using BioVenn software 

(Hulsen, de Vlieg, & Alkema, 2008). 
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Figure 2. Literature search results showing blast fishing intensity from 1997-2018, media reports of 

blasting, and the percentage of published articles with empirical evidence of blast fishing. Blast fishing 

intensity data obtained from Reef Check (2018) and used with permission. 
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Chapter 3: Drivers of blast fishing and 

reduction in Tanzania  

3.1 INTRODUCTION 

Destructive fishing methods such as blast fishing were first reported in Tanzania 

in the 1960s, and have been a pervasive and recurring concern along the Tanzanian 

coastline over the last six decades (Jiddawi & Öhman, 2002). Blast fishing has long 

been regarded as a fundamentally unsustainable and destructive fishing practice that is 

largely unsupported by local fishing communities (Darwall & Guard, 2000). Extensive 

blast fishing leads to partial or complete destruction of reef structures, and the resulting 

drop in rugosity results in sharply declining fish abundance and species richness (Fox, 

Pet, Dahuri, & Caldwell, 2003; Rogers, Blanchard, & Mumby, 2018). Although there 

is a dearth of data on the direct impacts of blasting on markers such as abundance and 

diversity, the degradation to the reef habitat from blasting has been well established 

(e.g. Fox et al., 2003). Therefore studies that focus on rugosity degradation and its 

impact on various markers remain relevant (e.g. Friedlander & Parrish, 1998; Knudby, 

LeDrew, & Brenning, 2010; Rogers, Blanchard, & Mumby, 2018), despite not focusing 

on blasting per se. Reef regeneration is limited and highly dependent on environmental 

conditions (Fox & Caldwell, 2006). Despite being made illegal in 1970 and attracting 

significant fines and incarceration periods, blasting has persisted along the majority of 

the Tanzanian coastline (Braulik et al., 2017; Fisheries Act 1970; Fisheries Act 2003). 

In the 1980s and early 1990s, the intensity of blast fishing led to widespread damage 

and degradation of the majority of coral reef ecosystems (Muhando & Mohammed, 

2002; Nzali, Johnstone, & Mgaya, 1998). There has been intermittent success in 

addressing the issue since then, but blast fishing and its associated negative impacts on 

catch sizes and key fish populations has continued (McClanahan et al., 2015). This is 

of especial concern in poorer regions, where a significant proportion of the population 

relies directly or indirectly on fishing as their primary source of income, as well as an 

important food source (Kamat, 2014; Silva, 2006).  
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Previous attempts to control blast fishing include action taken in the mid 1990s, 

which resulted in a five-year lull in blasting between 1998 and 2002 (Rubens, 2016). 

These actions included community-based programs along with naval intervention and 

had a significant impact on community behaviour with a considerable reduction in blast 

fishing. However, anecdotal evidence, community feedback, and underwater sound 

recorder data showed that from the mid 2000s until very recently, blast fishing once 

again became a regular activity along Tanzania's coastline, threatening the livelihoods 

of thousands of families (Braulik et al., 2017; Slade & Kalangahe, 2015). This situation 

continued until October 2016, in which a marked reduction was observed in the 

frequency of blast fishing. The decline in blasting in all recorded regions in Tanzania 

has been attributed to a well-coordinated and externally funded response under the 

Magufuli government, entailing public political pressure by senior government 

members and raids conducted by the navy in blast fishing hotspots (Rubens, 2019).  

 

Over the past two decades, several reports and surveys have linked destructive 

fishing techniques in Tanzania to various causes, including poverty and poor marine 

resource management (Cinner, 2010; Silva, 2006). Globally, poverty is among the 

predominant assumed causes of blast fishing, in which limited access to education, 

alternative employment opportunities and resources leads fishers to engage in 

destructive fishing in order to increase personal or household incomes (Galvez, Hingco, 

Bautista, & Tungpalan, 1989; McManus, 1997; Wagner, 2004). However, for some, 

blast fishing is preferred to traditional methods due to its ease and profitability (Pet-

Soede & Erdmann, 1998). In the absence of enforcement, there is a clear financial 

incentive for fishers to begin and continue blasting, until such time as fish stocks 

drastically decline or deterrents are introduced (Hughes et al., 2017; Pet-Soede, Cesar, 

& Pet, 1999). Moreover, an increase in socioeconomic development from a low to a 

moderate standard has been associated with deceased fish biomass in western Indian 

Ocean coastal fisheries (Cinner et al., 2009). Although socioeconomic factors are likely 

linked to blast fishing, assuming a linear relationship between poverty reduction and a 

decrease in blasting is problematic and not clearly supported in the literature. 

Alternative theories on destructive fishing causation include inadequate or ineffective 

enforcement (Arai, 2015), and inappropriate or ineffective marine resource governance 

(Gorris, 2016; McClanahan, Glaesel, Rubens, & Kiambo, 1997). In Tanzania, blast 

fishing has been variously attributed to poverty (Silva, 2006), lack of enforcement 
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(Katikiro & Mahenge, 2016; Wells, 2009) and inappropriate marine resource 

management (Slade & Kalangahe, 2015). However, there is insufficient empirical 

evidence to substantiate any one of these potential causes as a dominant or even 

significant driver of blasting. There is also a lack of data on the causes of the reported 

recent reduction of blasting in Tanzania. A network of organisations conducting 

community monitoring reported a reduction in blasting between 2016 and 2018, which 

coincided with the above-mentioned government campaign (Rubens, 2019; Tanzania 

Blast-Fishing Monitoring Network, 2018). However, the effect of this reduction on the 

views and actions of Tanzanian fishing communities remains unknown. 

 

My study therefore aimed to address these gaps in understanding, and provide 

knowledge that will enable policy makers to better understand the recent reduction of 

blast fishing in Tanzania, as well as its original widespread use. Increased 

understanding of the mechanism behind the decline in blasting could help deter blast 

fishing in future by helping to create workable, sustainable, and cost-effective marine 

resource management solutions. My objectives were to (1) determine indicators 

associated with a previous engagement in blast fishing, with a focus on economic 

predictors; and (2) assess which factors caused previous blast fishers to cease, focusing 

primarily on economic factors. Section 3.2 outlines the methods, section 3.3 discusses 

the ethical considerations of the research and its limitations, and sections 3.4 and 3.5 

detail the results and discuss these results, respectively.  

 

3.2 METHODS 

3.2.1 Research Design 

In order to ascertain drivers of blast fishing and reduction in its practice, my study 

used an observational retrospective design, in which participants were selected in areas 

with low and high blast fishing histories. This approach was chosen because the 

outcome had already occurred, and an experimental approach where illegal blasting 

would be measured would be unethical, as well as logistically challenging. Because of 

the difficulties in selecting true control sites, a quasi-experimental design where 

causation could be established was also rejected. Purposive sampling was used to 

ensure variation in independent variables. Although purposive sampling has 

precedence in similar exploratory studies (Agrawal, 2001; Cinner et al., 2012), caution 
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should be used when interpreting results because the villages were not selected 

randomly. The data were collected in two phases, in May-June and October 2019. In 

Phase 1, data were collected in the Kigamboni, Kinondoni, Lindi Rural and Mtwara 

Rural districts (Kigamboni and Kinondoni are represented as one district, Dar es 

Salaam, in all charts due to the low number of respondents from Kigamboni). Phase 2 

data were collected in Kilwa, Pangani, Mkinga and Kinondoni districts. In total, 19 

villages were purposively selected based on their blast fishing histories, of which 13 

were located in former blast fishing hotspots (Figure 3). The remaining six villages 

were selected as controls in areas with low or negligible blasting (Figure 4).  

 

Governance arrangements varied among villages; there were active Beach 

Management Units (BMU) in 10 of the villages, one village had a municipal group 

comprising fishers and local government members, six villages were covered by 

Collaborative Management Area Plans (CMAP), and the remaining two villages had 

no formal resource management arrangements in place. BMUs were established in 

Kilwa district in 2005 under the RUMAKI Seascape Program, and then expanded to 

Mtwara and Kigamboni districts in 2013 under the EU-WWF Fisheries Co-

Management Program (Mahongo 2017). BMUs comprise local fishers and represent 

the local fishing communities. Their responsibilities include collecting catch data, 

maintaining landing sites, arbitrating disputes and providing input to develop and 

improve fishery management plans (Mahongo 2017). CMAs cover three northern 

districts in Tanzania and were implemented in 1994 under the Tanga Coastal Zone 

Conservation and Development Program. In each participating village covered by 

CMAPs, groups representing local fishers have similar responsibilities as BMUs and 

are also often called as such (Wells et al. 2007). 

 

The focus was to survey villages along the length of Tanzania’s coastline in order 

to ascertain variability; therefore smaller sample sizes in each village were taken to 

enable more villages to be surveyed. This type of surveying is known as mini 

surveying, and is appropriate when large-scale surveys cannot be conducted due to time 

or budget restraints, or where quantitative data is sought to corroborate qualitative 

findings (Kumar, 2006). Mini surveys typically have a smaller number of participants 

and use closed-question surveys that can be completed in half an hour or less. They can 

provide valuable information about trends and tendencies, and when representative 
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sampling techniques are used, can also be springboards for broader consequent studies 

(Béné, Chijere, Allison, Snyder, & Crissman, 2012). Despite the constraints imposed 

by the small sample sizes in each village, my study generated statistical data to aid in 

an understanding of the specific local contexts, which can potentially be used for 

inferring information about the entire coastline, or as a starting point for future studies. 

 

 

Figure 3. Survey sites (n = 19) used to ascertain drivers behind blast fishing and reduction in its practice 

in Tanzania in 2019. 
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Figure 4. Blasting history distribution by district and percentage of respondents (n = 341) in 19 coastal 

villages in Tanzania in 2019. 
 

3.2.2 Participants 

A systematic sample of households from the target villages was taken by dividing 

the most recent population estimate by the target number of households and then 

surveying every nth house. The target number of households in each village varied 

depending on logistical constraints and village size. Household heads or representatives 

thereof were surveyed about their perceptions of blasting and the reduction of the blast 

fishing. The household sample (n = 101) comprised a total of 495 participants 

(including minors) in 18 villages and seven districts. All adults in each household were 

surveyed, and income data were amalgamated to give a total household income. The 

final household sample (n = 98) excluded 3 households from the analysis due to 

incomplete data collection and comprised 86 households with male and 12 with female 

household heads. Of these households, 50 sourced their primary income from fishing. 

Fisher groups were purposively surveyed by contacting village heads and Beach 

Management Unit leaders, who organised groups of fishers for interviews. The final 

sample of fishers (n = 243) was taken from 19 villages in seven districts, of which 239 

were male and 4 were female. These respondents’ data were combined into the final 

dataset (n = 341), upon which all analyses were conducted (Table 4). 
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Table 4. Number of villages, household respondents and fisher respondents by district. 
District No. villages No. households No. fisher respondents 

Mkinga 2 10 25 

Pangani 4 12 57 

Kinondoni (Dar es Salaam) 1 3 10 

Kigamboni (Dar es Salaam) 4 29 61 

Kilwa 4 25 48 

Lindi Rural 2 12 25 

Mtwara Rural 2 7 17 

Total 19 98 243 

 

3.2.3 Instruments and implementation 

My study used two instruments to collect quantitative data: a household survey 

and fisher group survey. The household and fisher surveys were composed of several 

modules and comprised structured questions with pre-defined possible answers. 

Household surveys are a common method used to generate current and detailed data on 

households and individuals in developing countries such as Tanzania. Such data have 

become central to policy analysis, development planning, assessment of interventions 

and government decision-making at all levels. Face to face surveys continue to be 

widely used in the developing world, as internet and phone interviews are limited by 

poor internet and phone penetration or incomplete telephone sampling frames. 

 

Both surveys were based on guidelines and survey items developed by the World 

Bank and the Tanzanian National Bureau of Statistics for the Living Standards 

Measurement surveys (Deaton & Grosh, 2000; Tanzanian NBS, 2015). In addition, 

specific items for fisher group surveys focusing on fishing expenses and income were 

based on guidelines from the Food and Agriculture Organisation of the United Nations 

(FAO) (Stamatopoulos, 2002). Surveys were translated and cross-checked by two 

Tanzanian translators with knowledge of marine resource terms. Data were recorded 

on the translated surveys in Kiswahili. Some minor modifications were made between 

data collection phases to address errors in the original surveys. The household and 

fisher surveys can be found in English and Kiswahili in Appendix A. In addition to the 

quantitative data gathered, qualitative notes on the participants, their environment and 

the survey sites were taken throughout data collection to contextualise, supplement and 

enhance the quantitative data. 
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Before the commencement of household surveys, participants were informed 

about the research project by the local village guide accompanying the research team 

to each household. The average total time for each household survey was 60 minutes. 

Fishers were informed about the research project by village leaders or Beach 

Management Unit leaders. Average survey duration ranged from 90 to 120 minutes. 

All efforts were made to ensure the reliability of results by using the same survey items 

and survey team for every survey, which were conducted in Kiswahili.  

 

3.2.4 Model building and variable selection 

3.2.4.1 Operationalisation of objectives 

Three response variables were assigned to the two objectives (Table 5).  

 

Table 5. Aim, objectives and response variables. Response variable codes correspond to household 

survey items shown in Appendix A, marked with #, or with operationalised variables shown in 

Appendix B, marked with *.  

Aim: investigate involvement in blast fishing and reduction thereof 

Objective Response variable 

1. determine indicators associated with 

previous blasting engagement 

- Village blast fishing history – low or high 

(1.00b*) 

- Reported reasons for blasting (5.17#) 

2. assess which factors caused blasting 

reduction 

- Reported reasons for reduction (5.18#) 

 

The first objective of my study was to determine indicators associated with a 

previous engagement in blast fishing. This objective was operationalised into two 

response variables: low or high blasting history of a survey site, and the primary reasons 

for blasting. Blasting history was analysed using a generalised linear mixed regression 

model with a binomial distribution and survey site as a random factor. Additionally, 

Kruskal-Wallis tests with a Holm-Bonferroni correction were performed to determine 

whether there were significant differences between villages with low and high blasting 

for catch species, gear, fishing transport mode, fishing grounds, household economic 

indicators and attitudes towards marine resource management (see Table 8, Table 9, 

Table 11, Table 12 and Table 10 for details on explanatory variables). The blast fishing 

history of an area was determined through information obtained from local experts, as 

well as two surveys that recorded blasting incidences (Braulik et al., 2017; Tanzania 

Blast-Fishing Monitoring Network, 2018). Survey sites were coded as having a low or 
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high blasting history; 66% of respondents came from villages with a high blasting 

history (Figure 5). However, it should be noted that the binary classification of blasting 

as low or high is problematic due to the complex nature of blasting. In the absence of 

empirical data on the village level, the classification system used is an approximation. 

The determination of a village’s blasting history took into account blasting in the 

immediate vicinity, as well as blasting in nearby fishing grounds that were reportedly 

used by fishers from that village. This classification is therefore by necessity based on 

an amalgamation of local expert advice and anecdotal evidence from respondents and 

should be treated with caution.  

 

 

 

Figure 5. Blasting history distribution (n = 341) in 19 coastal villages in Tanzania in 2019. 

 

The model predicting primary reasons for blasting used a multinomial logistic 

regression and compared four possible reasons: blasting is easier, more profitable, 

traditional methods are ineffective and an absence of punishment. The response 

variable data were obtained from the household and fisher surveys. In the original data, 

the item for the primary reason for blasting and blasting reduction was ranked with four 

levels, but due to a large number of incomplete cases only the primary reasons for 

blasting were analysed (Figure 6).  
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Figure 6. Distribution of primary reasons for blasting (n = 290) in 19 coastal villages in Tanzania in 

2019. 

 

 

My second objective was to assess which factors caused previous blast fishers to 

cease. This objective was operationalised into a response variable showing the primary 

reasons for ceasing blast fishing. Respondents were asked to choose between the 

government campaign, community groups, reduced fish availability and that alternative 

methods to blasting were more attractive. Community groups were defined as NGO 

organisations such as World Wildlife Fund (WWF) and SeaSense that established 

village-level groups to promote sustainable fishing methods and marine resource use. 

The forth option, “alternative methods to blasting are more attractive” was not chosen 

by any respondents and was therefore eliminated from the analysis. The third option 

“reduced fish availability”, was only selected by one respondent and was therefore also 

removed. As with the primary reasons for blasting, the response variable was obtained 

from the household and fisher surveys and only the primary reasons for blasting 

reduction were analysed (Figure 7). As this was in effect a binary response, a 

generalised linear mixed regression model with a binomial distribution and survey site 

as a random factor was used.  

 



 

Drivers of blast fishing and reduction in Tanzania 63 

 

Figure 7. Primary reasons for stopping blasting distribution (n = 293) in 19 coastal villages in Tanzania 

in 2019. 

 

3.2.4.2 Explanatory variables 

The selection of predictor variables was based on previous socio-economic and 

ecological surveys conducted in the region (Cinner et al., 2012; Tanzanian NBS, 2015), 

and were grouped according to Ostrom’s (2009) framework for analysing social-

ecological systems (Figure 8).  
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Table 6. Initial economic model explanatory variables. Variable codes correspond to household survey 

items shown in Appendix A, marked with #, or with operationalised variables shown in Appendix B, 

marked with *. 

Explanatory variable Description  

Housing standard (3.13*) Index of housing standard 

incorporating variables 3.01-

3.12#, z-score standardised  

 

Total fishing income (4.1e*) Average household fishing 

income over 7 days 

 

Total household income (2.13d*) Sum of all household income 

averaged over 7 days 

 

Access to credit (2.14#) Household access to credit Dummy variable 

Ease of access to credit (2.15#) Household ease in accessing 

credit 

5-point Likert scale 

Household economic status trends (2.17#) Household economic status 

compared to 12 months before 

5-point Likert scale 

Change in fishing income over 5 years 

(4.11#) 

Current fishing income 

compared to 5 years before 

5-point Likert scale 

 

 

Table 7. Final economic model explanatory variables. Variable codes correspond to household survey 

items shown in Appendix A, marked with #, or with operationalised variables shown in Appendix B, 

marked with *. 

Explanatory variable Description 

Housing standard (3.13*) Aggregated index incorporating variables 

3.01-3.12#, higher score showed higher 

housing standard. Z-score standardised.   

Total fishing income (4.1e*) Average household fishing income over 7 days 

 

 

In order to explore the possibility that alternative factors were influential on 

blasting and the reduction, a series of additional candidate models were created to 

represent resource user demographics, dependence on marine resources, gear choice, 

preferred catch species, management of marine resources and responsibility for marine 

resources. Fishing transport mode and fishing ground choice were not included as 

candidate models due to discrepancies in data collection which led to distorted model 

output, but were included in Kruskal-Wallis tests. Firstly, significant associations 

between gears, fishing transport modes and target catch species were established using 

𝜒2 tests and Cramer’s V tests; variables that were significantly correlated with one 

another were removed (Cramer’s V ≥ 0.1). Secondly, lasso regression was performed 
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where relevant on each model to select the most important variables (Table 8). The 

variables for gears (Table 9), target catch species (Table 10), fishing transport modes 

(Table 11) and fishing grounds (Table 12) were described following previous surveys 

in Tanzania, see respective tables for details. Variables were scaled where necessary to 

reduce over- or underdispersion and convergence problems. All variables with 5-point 

Likert scales were collapsed to three levels to simplify interpretation and reduce issues 

with non-convergence of models. 

 

 

Table 8. Candidate model explanatory variables. Variable codes correspond to household survey items 

shown in Appendix A, marked with #, or with operationalised variables shown in Appendix B, marked 

with *. 

Explanatory variable Description  

MODEL: RESOURCE USER DEMOGRAPHICS 

- Education level (1.12#) Highest completed education 

level 

 

- Age (1.05#) 

 

  

   

MODEL: DEPENDENCE ON MARINE RESOURCES 

- Household use of marine 

resources (2.04#) 

Relationship to marine 

resources 

 

- Consumption of marine food 

resources (5.06#) 

Frequency of seafood 

consumption 

 

- Availability of alternative income 

sources (5.07#) 

 

Ease of finding alternative 

income to fishing 

5-point Likert scale 

   

MODEL: GEARS 

Variables (4.15a – 4.15j*) Gear choices based on previous 

surveys conducted in Tanzania 

 

Transformed into dummy 

variables 

   

MODEL: TARGET CATCH SPECIES  

Variables (5.01a – 5.01q*) Target species choices based on 

previous surveys conducted in 

Tanzania 

 

 

 

Transformed into dummy 

variables 
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Explanatory variable Description  

MODEL: GOVERNANCE OF MARINE RESOURCES 

- Impact of campaign (5.08#) 

 

Impact of government 

campaign against blasting on 

fishing 

5-point Likert scale 

- Fishing regulations (5.09#) Fairness of local fishing 

regulations 

5-point Likert scale 

- Adherence to rules (5.1 – 5.12#) 

 

Level of adherence to local 

fishing regulations 

5-point Likert scale 

- Fish availability trends (5.13#) 

 

Trends in fish availability over 

a 5-year period 

 

5-point Likert scale 

   

MODEL: RESPONSIBILITY FOR MARINE RESOURCES 

- Responsibility for marine 

resources (5.16#) 

Allocation of responsibility to 

manage marine resources 

Ranked variable, only primary 

ranking used 

- Responsibility to stop blasting 

(5.16#) 

Allocation of responsibility to 

control blasting 

Ranked variable, only primary 

ranking used 

 

 

 

Table 9. Final selection of gears used for candidate model and Kruskal-Wallis analysis following 

variable selection. Based on Tanzanian NBS (2015) and Wells et al. (2007). 

Gear Description Kiswahili 

Gill net Mono-filament nets with 5-10 

cm mesh size, deployed from 

boats on fringing and offshore 

reefs, and open sea 

Nyavu 

Shark net Mono-filament net with 12-20 

cm mesh size, deployed from 

boats on mainly offshore reefs 

and open sea 

Jarife 

Long line Multiple hooks and line, 

deployed from boats 

Longline / Kaputi 

Hand line Single hook and line, deployed 

from the shore and boats  

Mshipi 

Fish trap Usually deployed from smaller 

boats on fringing reefs 

Madema 

Octopus stick Hooked stick used by divers to 

extract octopus from reefs 

Mdeke 

Fins and mask Used by divers to extract 

octopus, lobster and squid from 

reefs 

Pelepele 
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Table 10. Final selection of common catch species used for candidate model and Kruskal-Wallis 

analysis following variable selection. Based on field observations and Hempson (2008), Jiddawi and 

Öhman (2002) and Moshy and Bryceson (2016).    

Family  Species Common 

name 

Kiswahili 

CARCHARHINIDAE Requiem 

sharks 

e.g. Carcharhinus 

amblyrhynchos 

e.g. Grey reef Papa 

SCOMBRIDAE Mackerels e.g. Scomberomorus 

plurilineatus 

e.g. Kanadi 

kingfish 

Nguru 

 Tuna e.g. Thunnus 

albacares 

e.g. Yellowfin 

tuna  

Jodari 

LUTJANIDAE Snappers e.g. Lutjanus 

argentimaculatus 

e.g. Mangrove 

red snapper 

Red snapper 

CARANGIDAE Trevallys 

 

Jacks 

e.g. Caranx tille e.g. Tille 

trevally 

Kolekole 

ENGRAULIDAE 

 

Anchovies e.g. Stolephorus 

commersonnii 

e.g. 

Commerson’s 

anchovy 

Dagaa mcheli 

DASYATIDAE Rays e.g. Pastinachus 

sephen; 

 

e.g.  

Feathertail 

stringray; 

Taa 

  Taeniura lymma Bluespotted 

stringray 

Taa (Bocho) 

SERRANIDAE Groupers Cephalopholis argus 

 

Bluespotted 

grouper 

 

Chewa 

LETHRINIDAE 

 

Emperors e.g. Lethrinus harak 

 

e.g. 

Thumbprint 

emperor 

Changu 

MULLIDAE Goatfish e.g. Upeneus tragula 

 

e.g. Freckled 

goatfish 

Mkundaji 

SIGANIDAE Rabbitfish e.g. Siganus 

canaliculatus 

e.g. 

Whitespotted 

spine foot 

Tasi / Chafi 

SCARIDAE Parrotfish e.g. Calotomus 

carolinus; 

e.g. Carolines 

parrotfish; 

Pono / Kangu 

  Calotomus spinidens Spinytooth 

parrotfish 

 

CAESIONIDAE Fusiliers Caesio xanthonota Yellowfin 

fusilier 

Kibua mbono 
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Family  Species Common 

name 

Kiswahili 

OCTOPODIDAE Octopus Octopus cyanea Day octopus Pweza 

LOLIGINIDAE Squid e.g.  

Loligo duvauceli 

e.g. Indian 

squid 

Ngisi 

PALINURIDAE Spiny lobsters e.g. Panulirus ornatus e.g. Ornate 

spiny lobster 

Kambakoche 

/ kamba 

 

 

 

Table 11. Final selection of fishing transport modes used for candidate model and Kruskal-Wallis 

analysis following variable selection. Based on Tanzanian NBS (2015) and Wells et al. (2007). 

Fishing transport Description Kiswahili 

Fibreglass boat Used with an engine, straight 

stern, 3 – 10 m long 

Fibre / Boti 

Dhow boat Used with sail, wooden 

planked boat with pointed stern 

and prow, 3 – 6 m long 

Dau 

Dugout canoe Used with sail, paddle or poles, 

2 – 4.5 m long 

Mtumbwi 

Foot fisher Use of fins, masks, octopus 

sticks and nets is common 

Miguu 

 

 

 

Table 12. Fishing grounds used for candidate model and Kruskal-Wallis analysis. Based on field 

observations. 

Fishing ground Description 

Open sea Reachable only by boat that was not in the 

vicinity of reefs 

Offshore reef Reachable only by boat in the vicinity of coral 

reefs 

Fringing reef Coral reef reachable by boat or swimming in 

the vicinity of the shore 

Shore Area accessible from the shore or by 

swimming 
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3.2.5 Analysis 

The data were analysed using R v4.0.2 (R Core Team, 2017) with the mlogit 

v1.1.0 (Croissant, 2020), glmmTMB v1.0.2.1 (Brooks et al., 2017), lme4 v1.1-23 

(Bates, Maechler, Bolker, & Walker, 2015), glmnet v4.0-2 (Friedman, Hastie, & 

Tibshirani, 2010) and DHARMa v0.3.2 (Hartig, 2020) packages. Figures were 

produced using the ggplot2 (Wickham, 2009) and ggeffects (Lüdecke, 2018) packages. 

The full reproducible code is available in Appendix C.  

 

 

3.3 ETHICS AND LIMITATIONS 

Ethical concerns related to my study included risk for participants and obtaining 

informed consent. When taking part in the household or fisher group survey, the 

immediate risk for the participants was low. Information that could identify the 

participants, such as full names and GPS locations of houses was retained only by 

myself, and digitalised daily. All paper records of sensitive information were erased 

following each day’s fieldwork, and no audio or video taping took place. Efforts were 

made to ensure that participants were informed before granting consent by having the 

village guide and translator provide oral and written information about the study and 

its impacts.  

 

There are several limitations of my study. Firstly, in the research design process, 

two large datasets, one on socioeconomic conditions in Tanzania and one with 

empirical blast fishing data were assumed to be available and suitable for analysis. 

These datasets were not used in the analysis due to unsuitability and access issues, 

which required the analysis to take a substantially different path to the one planned. 

The survey methods and specific survey items had been designed to build upon these 

two longitudinal datasets, and because their unavailability only became apparent at the 

end of data collection, data collection could not be altered or adjusted to fit the revised 

research questions. This resulted in large parts of the collected data being unusable for 

the project. Retrospectively revising research questions and modelling approaches 

meant relying on collected data as response variables that were not originally intended 

for such purposes, leading to a limited array of analysis options.  
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Secondly, my sample was overwhelmingly dominated by male respondents: 

1.65% of the fisher respondents were female, and 12.24% of household heads. This can 

be justified due to the reality that the majority of households are headed by men and 

that artisanal fishing in Tanzania is dominated by male fishers. Additionally, the 

majority of female fishers are shore fishers who target sessile invertebrates and 

anchovies and therefore do not use explosives. However, excluding them from data 

collection is problematic because women play an active and vital role in the Tanzanian 

fishery sector as whole through the collection of the species mentioned above, as well 

as processing, marketing and distributing fishery products (Kleiber, Harris, & Vincent, 

2015; Moshy, Bryceson, & Mwaipopo, 2015). Within the limits of my time and budget, 

I attempted to address this issue by surveying all adults in each household, thereby 

allowing women to also contribute their perspectives. However, the lack of female 

respondents, particularly in the fisher focus groups, undoubtedly biased the results and 

this bias should be taken into account when interpreting the results.  

 

Finally, the experimental design contains bias and is somewhat unbalanced due 

to the non-random site selection. Challenges to the validity of the results may arise due 

to the purposive selection of villages based on their blasting histories, as opposed to a 

truly random selection. However, prior information on village characteristics was 

gathered so as to ensure a sample that was as representative as possible.  In addition, 

although all attempts were made to randomly select households, logistical constraints 

and outdated or inaccurate population records resulted in a sample that was not truly 

random and therefore biased. The results should therefore be treated with caution and 

interpreted with this limitation in mind.  
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3.4 RESULTS 

3.4.1 Objective 1: Indicators associated with a previous engagement in blasting 

3.4.1.1 Blasting history 

 No model significantly predicted blasting history.  Kruskal-Wallis tests 

revealed significant differences between villages with low and high blasting for 

attitudes towards marine resource management and a number of target catch species, 

gears and fishing transport modes. The analysis of household economic indicators 

and fishing grounds showed no significant differences between low and high blasting 

histories.  

 

Table 13. Kruskal-Wallis test results for blasting history with adjusted p-values using Holm-

Bonferroni correction. Variables in italics and adjusted p-values with * indicate ≤ α 0.05 

Variable Kruskal-Wallis test statistic P-value 
Adj. p-

value 

HOUSEHOLD ECONOMIC INDICATORS 

Access to credit 0.86 0.35 1.00 

Ease of access to credit 7.74 0.10 1.00 

HH economic status change over 

12 months 

2.67 0.61 1.00 

5-year HH fishing income trends 5.40 0.25 1.00 

    

GEARS 

Gill net 3.83 0.05 0.96 

Shark net 9.59 <0.01 0.05* 

Long line 43.06 <0.01 <0.01* 

Hand line 17.31 <0.01 <0.01* 

Fish trap 1.99 0.16 1.00 

Octopus stick 6.95 0.01 0.18 

Fins and mask 6.07 0.01 0.29 

    

FISHING TRANSPORT MODES 

Foot fisher 6.00 0.01 0.29 

Dhow 14.46 <0.01 <0.01* 

Dugout 3.67 0.06 1.00 

Fibreglass boat 2.34 0.17 1.00 
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Variable Kruskal-Wallis test statistic P-value 
Adj. p-

value 

FISHING GROUNDS 

Open sea fishing ground 2.48 0.12 1.00 

Offshore reef fishing ground 1.30 0.25 1.00 

Fringing reef fishing ground 0.23 0.63 1.00 

Shore fishing ground 7.85 0.01 0.12 

    

TARGET CATCH SPECIES 

Groupers 23.81 <0.01 <0.01* 

Snappers 0.16 0.69 1.00 

Sharks 8.70 <0.01 0.08 

Lobsters 79.19 <0.01 <0.01* 

Emperors 0.05 0.82 1.00 

Goatfish 0.02 0.88 1.00 

Rabbitfish 1.10 0.29 1.00 

Trevallys 2.81 0.09 1.00 

Octopus 22.63 <0.01 <0.01* 

Squid 32.55 <0.01 <0.01* 

Mackerels 40.05 <0.01 <0.01* 

Parrotfish 8.54 <0.01 0.08 

Rays 0.19 0.66 1.00 

Anchovies 15.86 <0.01 <0.01* 

Tuna 0.31 0.58 1.00 

Fusiliers 0.61 0.43 1.00 

    

RESPONSIBILITY FOR MARINE RESOURCES 

Responsible to manage marine 

resources 

30.97 <0.01 <0.01* 

Responsible to stop blasting 51.32 <0.01 <0.01* 

 

 

 Examining gears by blasting history revealed that long lines were exclusively 

used by high blasting history villages (Figure 11). Shark nets and octopus sticks were 

used mainly by respondents in high blasting history villages, whereas the usage of gill 

nets, hand lines and fins and masks was more evenly distributed (Figure 11). Anchovies 

and squid were targeted in the large majority by high blasting history villages, far more 

low blasting history villages targeted lobsters than their high blasting history 

counterparts (Figure 14). The great majority of respondents who identified the 
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government as responsible to manage marine resources came from high blasting 

villages; conversely, high blasting villages comprised less than half of those believing 

the government responsible to stop blasting (Figure 16). Far more respondents from 

high blasting villages allocated the primary responsibility to stop blasting to fishers and 

community groups than their low blasting counterparts (Figure 16). Economic 

variables, fishing transport modes and fishing grounds displayed no discernible pattern.  

 

 

 

Figure 9. Household economic variables showing current status and temporal trends by blasting history 

and number of respondents in 18 coastal villages in Tanzania in 2019. 
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Figure 10. Household economic variables showing current status and temporal trends by blasting 

history and percentage of respondents in 18 coastal villages in Tanzania in 2019. 

 

 

 

 

Figure 11. Gears by blasting history, number of respondents and percentage of respondents in 19 coastal 

villages in Tanzania in 2019.  
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Figure 12. Fishing transport modes by blasting history, number of respondents and percentage of 

respondents in 19 coastal villages in Tanzania in 2019.  

 

 

 

 

Figure 13. Fishing grounds by blasting history, number of respondents and percentage of respondents in 

19 coastal villages in Tanzania in 2019.  
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Figure 14. Target catch species by blasting history, number of respondents and percentage of respondents 

in 19 coastal villages in Tanzania in 2019.  

 

 

 

 

Figure 15. Feelings of responsibility towards marine resources by blasting history and number of 

respondents in 19 coastal villages in Tanzania in 2019. 
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Figure 16. Feelings of responsibility towards marine resources by blasting history and percentage of 

respondents in 19 coastal villages in Tanzania in 2019. 

 

 

3.4.1.2 Primary reasons for blasting 

 Fishing income significantly predicted the primary reasons for blasting. As 

fishing income increased, respondents were 2.55 times more likely to select the reason 

that blasting is profitable in comparison to the reference category that blasting is easier 

(P = 0.009) (Table 14). In comparison to the reason that traditional methods are 

ineffective, an increase in fishing income led to a 3.16 greater chance than respondents 

would select the profitability of blasting as the primary cause of blasting (P = 0.003) 

(Table 15). When this topic was explored further during household surveys and focus 

groups, participants cited poverty, lack of awareness, blast fishing being an easier 

method, and a lack of enforcement as contributing to the widespread use of blasting. 

All other candidate models did not significantly predict respondents’ selection of 

primary blasting cause. Mtwara Rural district had the highest percentage of respondents 

for the category “No punishment”, Kilwa district for “Traditional methods ineffective” 

and Pangani for “Easier” (Figure 18). 
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Table 14. Multinomial regression summary for primary causes of blasting, reference category “Easier”. 

P-values with * indicate ≤ α 0.05. 

  Primary reason for blasting (ref = Easier) 

Coefficient Odds Ratios std. Error Conf. Int (95%) P-Value 

log(Fishing income) :  

More profitable 

2.55 0.36 1.27 – 5.13 0.009* 

log(Fishing income) :  

Trad. methods ineffective 

0.81 0.49 0.31 – 2.12 0.666 

log(Fishing income) :  

No enforcement 

1.83 0.57 0.60 – 5.60 0.292 

R2 McFadden 0.055 

 

 

 

Table 15. Multinomial regression summary for primary causes of blasting reference category 

“Traditional methods ineffective”. P-values with * indicate ≤ α 0.05. 

  
Primary reason for blasting  

(ref = Trad. methods ineffective) 

Coefficient Odds Ratios std. Error Conf. Int (95%) P-Value 

log(Fishing income) : Easier 1.24 0.49 0.47 – 3.25 0.666 

log(Fishing income) :  

More profitable 

3.16 0.39 1.47 – 6.75 0.003* 

log(Fishing income) :  

No enforcement) 

2.26 0.59 0.71 – 7.19 0.168 

R2 McFadden 0.055 
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Figure 17. Probability of respondents’ choosing one of four possible blast fishing drivers, plotted by 

mean weekly fishing income with predicted model values. Bands show 95% confidence intervals.  

 

 

 

 

Figure 18. Distribution of primary reasons for blasting by district and percentage of respondents (n = 

290) in 19 coastal villages in Tanzania in 2019. 
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3.4.2 Objective 2: Indicators associated with reduction of blasting 

Fishing income significantly predicted the primary reasons for reduction in 

blasting. As income from fishing increased, respondents were 85% less likely to select 

community groups as being the reason for blasting cessation, as opposed to the 

government (P = 0.050) (Table 16) (Figure 19). All other models did not significantly 

predict respondents’ selection of primary blasting cessation cause. The model 

displayed nearly perfect interdependence of residuals (ICC = 0.98) with only slight 

within-cluster variation. However, the combined adjusted quantile test on the expected 

versus predicted residuals was significant, indicating a possible problem with model 

fit. Tests for dispersion and zero-inflation were nonetheless insignificant.  

 

 

Table 16. Binomial regression model summary for blasting reduction reasons. P-values with * indicate 

≤ α 0.05. 

  
Primary reasons for blast reduction  

(ref = Government) 

Coefficient Odds Ratios std. Error Conf. Int (95%) P-Value 

log(Fishing income) : Community groups 0.15 0.95 0.02 – 1.00 0.050* 

Random Effects 

σ2 3.29 

τ00 village 1 01c 147.20 

ICC 0.98 

N village 1 01c 19 

Marginal R2 / Conditional R2 0.015 / 0.978 
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Figure 19. Probability of community groups being the primary driver of blasting reduction as opposed 

to the government, plotted by mean weekly fishing income with predicted model values. Bands show 

95% confidence intervals.  

 

 

 However, despite increased fishing income decreasing the odds that community 

groups would be chosen over the government as the primary blast cessation cause, 

mean income was lower for those who chose the government than community groups 

(Figure 20). Only participants from northern and central districts (Mkinga, Pangani and 

Dar es Salaam) selected community groups as the primary reason for blasting reduction 

(Figure 21). 
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Figure 20. Respondents who chose the government over community groups as their primary reason for 

blasting cessation had a lower average weekly fishing income. 

 

 

 

 

Figure 21. Primary reasons for stopping blasting distribution by district and percentage of respondents 

(n = 293) in 19 coastal villages in Tanzania in 2019. 
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3.5 DISCUSSION 

The first objective was to identify predictors for blasting history; however, no 

model produced significant results. This may be due to inaccuracies in the classification 

of blasting history. Several local experts were consulted during the development of the 

classification system, and when using one system, the probability of a high blasting 

history was significantly increased by increased fishing income and housing standards. 

However, the final and most accurate system used for the analysis revealed that no 

factors significantly predicted blasting. This should not be interpreted to mean that 

blasting behaviour cannot be predicted, rather that classifying blasting history with a 

simplistic binary system is problematic and possibly unreliable. Although empirical 

data on blasting frequency and location was not available for this analysis, the inclusion 

thereof would undoubtedly improve the accuracy of the analysis. The problem could 

also lie with sampling bias: out of the seven districts, only three included control sites 

with a low blasting history.  

 

Complicating matters further is the complex economic dynamic between blast 

fishers and their sponsors: blasting operations in Tanzania are allegedly influenced by 

wealthier middlemen, as they are in Indonesia (Ammarell, 2014). Fishers are enticed 

by promised profits and are established by patrons with necessary equipment to carry 

out blasting operations. However, they are then trapped into continuing to blast to repay 

their debts. While there is no concrete evidence in Tanzania to verify this phenomenon, 

data collection being complicated by the illegal and politicised nature of the practice, 

anecdotal evidence from local community organisations working to combat blasting 

suggests that this dynamic between fishers and patrons was widespread before the 

government campaign began in 2016 (Rubens, 2019; Slade & Kalangahe, 2015). This 

could explain the failure of economic indicators focusing solely on fishers and not on 

other members of the blast fishing profit chain to predict blasting history. Finally, 

extreme weather events including flooding and storms affected fishing and other 

income generating activities during the period of data collection, which may have 

distorted participants’ perceptions of fish availability and income trends and therefore 

also distorted the analysis. 
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Kruskal-Wallis tests revealed significant differences between low and high blast 

history villages for a number of target catch species, however there was no discernible 

pattern among reef-based, demersal, semi-demersal and pelagic species to be seen, and 

neither could an obvious pattern be identified for associated gears and fishing transport 

modes. Interestingly, low and high blasting villages displayed significant differences 

in feelings of responsibility towards managing marine resources, with high blasting 

history villages overwhelmingly selecting fishers and community groups as having the 

primary responsibility to stop blasting. Although the model using these two predictors 

produced insignificant results, this could be an avenue for fruitful further research, as 

community attitudes towards marine resource management are crucial factors in long-

term management plans (e.g. Pollnac et al., 2010). This study was therefore unable to 

demonstrate a clear causal effect for blasting, and neither directly supported nor 

detracted from the three dominant causes of blasting identified in the literature: poverty 

(e.g. McManus, 1997; Pauly, Silvestre, & Smith, 1989; Wagner, 2004), lack of 

deterrence (e.g. Haisfield, Fox, Yen, Mangubhai, & Mous, 2010) or ineffective 

governance (e.g. Hughes, Huang, & Young, 2013). 

 

Profitability was cited as the primary reason for blasting, demonstrating a clear 

financial motivation for this illegal activity. However, the increased chance of selecting 

profitability with increased fishing income suggests that respondents in lower 

economic brackets were not driven as strongly by financial motivation. These results 

suggest that as income increases, the profitability of blasting becomes more attractive, 

which could be attributed to the fisher-middleman dynamic described above, or to the 

need to maintain higher living standards. Therefore, in contrast to participants’ 

assertion that poverty contributed to their blasting, our results do not unambiguously 

support poverty as a driving factor. It should be noted that the multinomial logistic 

model used did not allow survey site to be used as a random factor, so it may be that 

cases within villages were too highly correlated, thus distorting the results. 

Nonetheless, these findings are consistent with previous studies in both Tanzania and 

elsewhere that drew a link between higher fishing incomes and blasting (e.g. Pet-Soede 

et al., 1999; Pet-Soede & Erdmann, 1998, Silva, 2006). Interestingly, despite Mtwara 

having been heavily targeted during previous naval raids on blast fishing hotspots 

during the 1997 Operation Pono (Rubens, 2016), a higher percentage of respondents 

cited a lack of punishment as a primary reason for blasting than in any other region. 
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This could be attributed to the fact that in intervening years, there has been a marked 

reluctance by the government to initiate military operations and risk further allegations 

of human rights abuses, as happened in Mtwara during the operation.  

 

  The government was selected as the primary reason for ceasing blast fishing 

by an overwhelming majority of participants, which supported the theory that 

enforcement by the Ministry of Fisheries and Livestock, the Tanzanian navy, and the 

police force was responsible for the reduction. An increase in fishing income 

decreased the probability that respondents would choose community groups over the 

government as the primary reason for blasting reduction, although the effect size was 

small. One possible explanation is that blasting was practised by fishers in higher 

income brackets. Given the lucrative nature of blasting, blasters earning high incomes 

required stronger deterrents to cease. Moreover, blast fishers sponsored by 

middlemen would be locked economically into continuing to blast, and would 

therefore be less deterred by “soft” enforcement such as community programs and 

education campaign drives. Several outliers with substantially higher incomes skewed 

the results towards higher income predicting the primary reason as the government, 

rather than community groups. It is likely that blast fishers received considerably 

higher incomes than fishers using traditional methods, and so this result is not 

surprising.  

 

As with the analysis of the primary reasons for blasting, these results accord 

with studies that point to the profitability of blasting as its primary cause (Bailey & 

Sumaila, 2015), and to the necessity of deterrence measures to halt blasting (e.g. 

Chan & Hodgson, 2017; Fox et al., 2005). These findings, while preliminary, may 

help us to understand why blast fishing has continually reoccurred in Tanzania – 

enforcement efforts have historically been inconsistent and plagued by lack of 

political will and funding, as well as corruption (Katikiro & Mahenge, 2015; Rubens, 

2016). Among-district variation pointed to a divide between northern and southern 

districts in the reasons for stopping blasting. The strong and long-standing presence 

of fisher community groups in Mkinga, Pangani and Dar es Salaam districts may 

have contributed to the differences observed between these and southern districts, in 

which no respondent cited community groups as the primary reason for blasting 

reduction. This observation provides encouraging if tentative support for previous 
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studies in which CBM within MPAs was found to reduce blasting when applied 

correctly and appropriately to the local context (e.g. Rocliffe et al., 2014). 

 

In conclusion, these results point to a complex relationship between 

socioeconomic factors and blasting causation. They provide tentative support for the 

importance of enforcement in managing destructive fishing, and do not support the 

theory that poverty causes blasting. However, there are undoubtedly other factors 

influencing Tanzanian fishers’ decisions to blast or cease blasting, including 

economical and geographical factors such as distance from fishing ground to urban 

markets and the changing taxation on fish sales since 2015, as well as political factors 

such as the influence of political pressure on wealthy (and historically well-connected) 

blasting middlemen. This analysis focused on primary data gathered from fishing 

communities in areas with low and high blast fishing histories, and sheds light on the 

drivers for blast fishing and blasting reduction in Tanzania. Further avenues for 

research include a focus on blasting causality in the Tanzanian context, including the 

influence of governance structures on blasting frequency. Given the problems faced in 

this study with blasting history classification, the inclusion of empirical blasting data 

is recommended. An analysis incorporating secondary data on geo-spatial and political 

factors with the primary data gathered for this study could provide a more accurate and 

comprehensive picture of blast fishing drivers, and should therefore be considered for 

future research.  
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Chapter 4: Impact of blast fishing 

reduction on fishing in 

Tanzania 

4.1 INTRODUCTION 

Blast fishing has been a reoccurring concern for marine fisheries and ecosystems 

along the Tanzanian coastline since the 1960s (Jiddawi and Öhman, 2002). Blast 

fishing has a direct destructive effect on coral reef ecosystems as well as on coastal 

fishing communities that rely on reef fisheries as a source of income and food (Burke 

et al., 2011, Fox et al., 2003). The use of explosives to catch fish results in partial or 

complete destruction of reef structures as well as the indiscriminate removal of 

juveniles, which over time leads to sharply declining fish abundance and species 

richness (Calud et al., 1989, Rogers, Blanchard and Mumby, 2018). Coral reef rugosity 

and diversity are also linked to fishery relevant indicators such as biomass (Ainsworth, 

Varkey and Pitcher, 2008). Although few studies have directly assessed the impact of 

blasting on markers such as abundance and diversity, the detrimental effect of blasting 

on the reef habitat has been thoroughly discussed in the literature (e.g. Fox et al., 2003), 

as has rugosity degradation and its impact on various markers. Therefore studies that 

assess the impact of reef degradation remain relevant, despite not focusing on blasting 

per se (e.g. Friedlander & Parrish, 1998; Knudby, LeDrew, & Brenning, 2010; Rogers, 

Blanchard, & Mumby, 2018).  

 

Moreover, natural reef regeneration following a reduction or cessation in blast 

fishing is limited by the extent of the destruction, the level of legal protection during 

regeneration and environmental conditions such as current strength (Fox and Caldwell, 

2006, McManus, Reyes Jr and Nanola Jr, 1997). Reefs and their associated populations 

can recover from damage created by isolated or small-scale blasting, but extensive 

blasting creates rubble fields of shifting coral that disturb new coral recruits and thus 

prevent natural regeneration (Fox et al., 2003). Blasting can reduce the growth capacity 

of scleractinian corals (McManus, Reyes Jr, & Nanola Jr, 1997), and the impacts of 

blasting on reefs are likely non-linear due to unstable coral rubble disrupting new coral 

recruits (Fox & Caldwell, 2006; Raymundo, Maypa, Gomez, & Cadiz, 2007). Although 
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rapid recovery of scleractinian corals has been observed (Alcala, 2000), other blasted 

reefs are estimated to require decades if not centuries to naturally regenerate (Riegl & 

Luke, 1999). Reef regeneration schemes are time-consuming and relatively costly for 

developing countries such as Tanzania, largely removing them as viable methods to 

address blast fishing destruction (de la Cruz, Villanueva and Baria, 2014, Fox et al., 

2005). Moreover, its disproportionately poor coastal population relies heavily on the 

extensive coral reef ecosystems as their primary protein and income source (Kamat, 

2014, Silva, 2006). Coastal households typically derive their incomes from a variety of 

sources in order to reduce economic precarity and provide a buffer against income 

fluctuations; artisanal fishing plays therefore an important role, even for those 

households whose primary income source is not fishing ((Béné, Hersoug, & Allison, 

2010; Ireland 2004). The long-term impacts of blasting on reef ecosystems and 

fisheries following blasting reduction are therefore highly relevant from an ecological, 

economic and social perspective to Tanzania.  

 

In Tanzania, a marked reduction was observed in the frequency of blast fishing 

between 2016 and 2018 following decades of periodic blasting, a decline which has 

remained to the current time and has been attributed to a government campaign 

entailing public political pressure and naval raids (Rubens, 2019). However, the 

impacts of the reduction on fisheries and coastal fishing communities in Tanzania 

remain unknown. Increased knowledge of the impacts of the blasting decline could 

help deter blast fishing in the future by contributing to workable and sustainable marine 

resource management that is tailored to the Tanzanian context. Due to the importance 

of community engagement and rule adherence in creating successful marine 

management plans (e.g. Gorris, 2016; Pollnac et al., 2010), a better understanding of 

the perceptions and impacts of the campaign may assist current and future plans to be 

both beneficial and long-lasting. My objective was to determine the impact of the 

blasting reduction on fishing in general, fish availability and fishing derived income, 

with a focus on blast fishing history as a predictive indicator. Section 4.2 outlines the 

methods, section 4.3 discusses the ethical considerations of the research and its 

limitations, and sections 4.4 and 4.5 detail the results and discuss these results, 

respectively. 
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4.2 METHODS 

4.2.1 Research Design 

In order to ascertain the impact of the blasting reduction, my study used an 

observational retrospective design, in which participants were selected in areas with 

low and high blast fishing histories. This approach was chosen because the outcome 

had already occurred, and an experimental approach where illegal blasting would be 

measured would be unethical, as well as logistically challenging. Because of the 

difficulties in selecting true control sites, a quasi-experimental design where causation 

could be established was also rejected. Purposive sampling was used to ensure variation 

in independent variables. Although purposive sampling has precedence in similar 

exploratory studies (Agrawal, 2001; Cinner et al., 2012), caution should be used when 

interpreting results because the villages were not selected randomly. The data were 

collected in two phases, in May-June and October 2019. In Phase 1, data were collected 

in the Kigamboni, Kinondoni, Lindi Rural and Mtwara Rural districts (Kigamboni and 

Kinondoni are represented as one district, Dar es Salaam, in all charts due to the low 

number of respondents from Kigamboni). Phase 2 data were collected in Kilwa, 

Pangani, Mkinga and Kinondoni districts. In total, 19 villages were purposively 

selected based on their blast fishing histories, of which 13 were located in former blast 

fishing hotspots (Figure 3). The remaining six villages were selected as controls in 

areas with low or negligible blasting (Figure 4).  

 

Governance arrangements varied among villages; there were active Beach 

Management Units (BMU) in 10 of the villages, one village had a municipal group 

comprising fishers and local government members, six villages were covered by 

Collaborative Management Area Plans (CMAP), and the remaining two villages had 

no formal resource management arrangements in place. BMUs were established in 

Kilwa district in 2005 under the RUMAKI Seascape Program, and then expanded to 

Mtwara and Kigamboni districts in 2013 under the EU-WWF Fisheries Co-

Management Program (Mahongo 2017). BMUs comprise local fishers and represent 

the local fishing communities. Their responsibilities include collecting catch data, 

maintaining landing sites, arbitrating disputes and providing input to develop and 

improve fishery management plans (Mahongo 2017). CMAs cover three northern 

districts in Tanzania and were implemented in 1994 under the Tanga Coastal Zone 

Conservation and Development Program. In each participating village covered by 
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CMAPs, groups representing local fishers have similar responsibilities as BMUs and 

are also often called as such (Wells et al. 2007). 

 

The focus was to survey villages along the length of Tanzania’s coastline in order 

to ascertain variability; therefore smaller sample sizes in each village were taken to 

enable more villages to be surveyed. This type of surveying is known as mini 

surveying, and is appropriate when large-scale surveys cannot be conducted due to time 

or budget restraints, or where quantitative data is sought to corroborate qualitative 

findings (Kumar, 2006). Mini surveys typically have a smaller number of participants 

and use closed-question surveys that can be completed in half an hour or less. They can 

provide valuable information about trends and tendencies, and when representative 

sampling techniques are used, can also be springboards for broader consequent studies 

(Béné, Chijere, Allison, Snyder, & Crissman, 2012). Despite the constraints imposed 

by the small sample sizes in each village, my study generated statistical data to aid in 

an understanding of the specific local contexts, which can potentially be used for 

inferring information about the entire coastline, or as a starting point for future studies. 
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Figure 22. Survey sites (n = 19) used to ascertain drivers behind blast fishing and reduction in its practice 

in Tanzania in 2019. 
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Figure 23. Blasting history distribution by district and percentage of respondents (n = 341) in 19 

coastal villages in Tanzania in 2019. 
 

 

4.2.2 Participants 

A systematic sample of households from the target villages was taken by dividing 

the most recent population estimate by the target number of households and then 

surveying every nth house. The target number of households in each village varied 

depending on logistical constraints and village size. Household heads or representatives 

thereof were surveyed about their perceptions of blasting and the reduction of the blast 

fishing. The household sample (n = 101) comprised a total of 495 participants 

(including minors) in 18 villages and seven districts. All adults in each household were 

surveyed, and income data were amalgamated to give a total household income. The 

final household sample (n = 98) excluded 3 households from the analysis due to 

incomplete data collection and comprised 86 households with male and 12 with female 

household heads. Of these households, 50 sourced their primary income from fishing. 

Fisher groups were purposively surveyed by contacting village heads and Beach 

Management Unit leaders, who organised groups of fishers for interviews. The final 

sample of fishers (n = 243) was taken from 19 villages in seven districts, of which 239 

were male and 4 were female. These respondents’ data were combined into the final 

dataset (n = 341), upon which all analyses were conducted (Table 4). 
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Table 17. Number of villages, household respondents and fisher respondents by district. 
District No. villages No. households No. fisher respondents 

Mkinga 2 10 25 

Pangani 4 12 57 

Kinondoni (Dar es Salaam) 1 3 10 

Kigamboni (Dar es Salaam) 4 29 61 

Kilwa 4 25 48 

Lindi Rural 2 12 25 

Mtwara Rural 2 7 17 

Total 19 98 243 

 

 

 

4.2.3 Instruments and implementation 

My study used two instruments to collect quantitative data: a household survey 

and fisher group survey. The household and fisher surveys were composed of several 

modules and comprised structured questions with pre-defined possible answers. 

Household surveys are a common method used to generate current and detailed data on 

households and individuals in developing countries such as Tanzania. Such data have 

become central to policy analysis, development planning, assessment of interventions 

and government decision-making at all levels. Face to face surveys continue to be 

widely used in the developing world, as internet and phone interviews are limited by 

poor internet and phone penetration or incomplete telephone sampling frames. 

 

Both surveys were based on guidelines and survey items developed by the World 

Bank and the Tanzanian National Bureau of Statistics for the Living Standards 

Measurement surveys (Deaton & Grosh, 2000; Tanzanian NBS, 2015). In addition, 

specific items for fisher group surveys focusing on fishing expenses and income were 

based on guidelines from the Food and Agriculture Organisation of the United Nations 

(FAO) (Stamatopoulos, 2002). Surveys were translated and cross-checked by two 

Tanzanian translators with knowledge of marine resource terms. Data were recorded 

on the translated surveys in Kiswahili. Some minor modifications were made between 

data collection phases to address errors in the original surveys. The household and 

fisher surveys can be found in English and Kiswahili in Appendix A. In addition to the 

quantitative data gathered, qualitative notes on the participants, their environment and 

the survey sites were taken throughout data collection to contextualise, supplement and 

enhance the quantitative data. 
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Before the commencement of household surveys, participants were informed 

about the research project by the local village guide accompanying the research team 

to each household. The average total time for each household survey was 60 minutes. 

Fishers were informed about the research project by village leaders or Beach 

Management Unit leaders. Average survey duration ranged from 90 to 120 minutes. 

All efforts were made to ensure the reliability of results by using the same survey items 

and survey team for every survey, which were conducted in Kiswahili.  

 

 

4.2.4 Model building and variable selection 

4.2.4.1 Operationalisation of objectives 

Three response variables were assigned to the objective (Table 18). 

 

 

Table 18. Aim, objectives and response variables. Response variable codes correspond to household 

survey items shown in Appendix A. 

Aim: investigate impact of blasting reduction 

Objective Response variable 

3. assess impact of the reduction on fishing in 

general, fish availability and fishing derived 

income 

- Impact of govt. campaign on fishing (5.08#) 

- Fish availability over 5 years (5.13#) 

- Change in fishing income over 5 years 

(4.11#) 

 

The first means of determining the impact of the reduction was to assess 

respondents’ perception of changes in fishing following the government campaign. 

Respondents were asked to state their level of agreement with the statement: “The 

government campaign against blasting has improved fishing in this area” with a 5-point 

Likert response scale ranging from ‘strongly disagree’ to ‘strongly agree’ (Figure 24). 

“Improved” was defined as increases in fish catches, and/or increases in income, and/or 

general improvement in fishing, for example an increased sense of security or well-

being. The original levels were collapsed to three levels during analysis to improve 

model fit and simplify interpretation. The model predicting perception of changes in 

fishing therefore used a multinomial logistic regression with three possible outcomes: 

disagree, neutral and agree.  
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Figure 24. Level of agreement with the statement: “The government’s campaign against blast fishing 

has improved fishing in this area” (n = 300) in 19 coastal villages in Tanzania in 2019. 

 

 

Secondly, trends in fish availability between 2014 and 2019 were determined 

using a 5-point Likert response scale ranging from ‘significantly decreasing’ to 

‘significantly increasing’ (Figure 25). The original levels were collapsed to three levels 

during analysis to improve model fit and simplify interpretation. The model predicting 

perceived changes in fish availability used a multinomial logistic regression with three 

possible outcomes: decreasing, stable and increasing. Additionally, Kruskal-Wallis 

tests with a Holm-Bonferroni correction were performed to determine whether there 

were significant differences between the three levels for target catch species, gears, 

fishing transport modes, fishing grounds and attitudes towards marine resource 

management (See Table 20, Table 21, Table 22, Table 23 and Table 24 for details on 

explanatory variables). 
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Figure 25. Reported availability of fish over the past 5 years (2014-2019) (n = 298) in 19 coastal 

villages in Tanzania in 2019. 

 

 

Lastly, changes in household fishing income between 2014 and 2019 were 

assessed using a 5-point Likert response scale ranging from ‘significantly decreasing’ 

to ‘significantly increasing’ (Figure 26). Only households were included in this 

analysis, fisher focus groups were excluded due to discrepancies in data collection. As 

before, the original levels were collapsed to three levels in the final analysis and the 

model used a multinomial logistic regression with three levels in the response variable: 

decreasing, stable and increasing. 
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Figure 26. Changes in household fishing income over the past 5 years (2014-2019) (n = 52) in 18 

coastal villages in Tanzania in 2019.  

 

 

4.2.4.2 Explanatory variables 

The selection of predictor variables was based on previous socio-economic and 

ecological surveys conducted in the region (Cinner et al., 2012, Tanzanian NBS, 2015), 

and were grouped according to Ostrom’s (2009) framework for analysing social-

ecological systems (Figure 27).  
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Table 19. Blast history model explanatory variable. Variable codes correspond to operationalised 

variables shown in Appendix B, marked with *. 

Explanatory variable Description 

Village blast history (1.00b*) Dummy variable, low = 0 and high = 1 

 

 

Secondly, in order to explore the possibility that alternative factors had 

influenced changes in fishing, a series of candidate models were created to represent 

resource user economic characteristics and fishery characteristics, including gear 

choice, target catch species and fish availability (only used as an explanatory variable 

for the campaign response model) (Table 20, Table 21 and Table 22). Fishing transport 

mode and fishing ground choice were not included as candidate models due to 

discrepancies in data collection which led to distorted model output, but were included 

in Kruskal-Wallis tests. After removing correlated variables, the economic model 

comprised housing standard and total fishing derived income (Table 20). Although not 

strictly an indicator of financial status, the use of housing standard through the 

assessment of household attributes to establish economic status in developing countries 

has precedence in recent large-scale Tanzanian studies, and is commonly used in 

developing countries where incomes are highly variable (The World Bank 2015).  

 

For the analysis on household fishing derived income, respondents were also 

surveyed on income derived from all sources as well as household economic trends. 

Although these variables were not included in the economic model due being highly 

correlated with purely fishing derived income, they remain important as a point of 

comparison to household fishing income trends. The household survey sample included 

non-fishing and fishing households. 

 

 

Table 20. Candidate model explanatory variables. Variable codes correspond to household survey 

items shown in Appendix A, marked with #, or with operationalised variables shown in Appendix B, 

marked with *. 

Explanatory variable Description  

MODEL: GEARS 

Variables (4.15a – 4.15j*) Gear choices based on previous 

surveys conducted in Tanzania 

 

Transformed into dummy 

variables 
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Explanatory variable Description  

   

MODEL: TARGET CATCH SPECIES  

Variables (5.01a – 5.01q*) Target species choices based on 

previous surveys conducted in 

Tanzania 

 

 

 

Transformed into dummy 

variables 

   

MODEL: RESOURCE USER ECONOMIC CHARACTERISTICS 

- Housing standard (3.13*) Aggregated index incorporating 

variables 3.01-3.12#, higher 

score showed higher housing 

standard. Z-score standardised.   

Numerical variable 

- Total fishing income (4.1e*) Average household fishing 

income over 7 days 

Numerical variable 

   

MODEL: FISH AVAILABILITY 

- Fish availability trends (5.13#) 

 

Trends in fish availability over 

a 5-year period 

 

5-point Likert scale 

   

 

 

Finally, significant associations between gears, fishing transport modes and 

target catch species were established using 𝜒2 tests and Cramer’s V tests; variables that 

were significantly strongly associated with one another were removed (Cramer’s V ≥

 0.1). Thereafter, lasso regression was performed where relevant on each model to 

select the most important variables. The final variables used for gears (Table 21), target 

catch species (Table 22), fishing transport modes (Table 23) and fishing grounds (Table 

24) were described following previous surveys in Tanzania, see respective tables for 

details.   
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Table 21. Final selection of gears used for candidate model and Kruskal-Wallis analysis following 

variable selection. Based on Tanzanian NBS (2015) and Wells et al. (2007). 

Gear Description Kiswahili 

Gill net Mono-filament nets with 5-10 

cm mesh size, deployed from 

boats on fringing and offshore 

reefs, and open sea 

Nyavu 

Shark net Mono-filament net with 12-20 

cm mesh size, deployed from 

boats on mainly offshore reefs 

and open sea 

Jarife 

Long line Multiple hooks and line, 

deployed from boats 

Longline / Kaputi 

Hand line Single hook and line, deployed 

from the shore and boats  

Mshipi 

Fish trap Usually deployed from smaller 

boats on fringing reefs 

Madema 

Octopus stick Hooked stick used by divers to 

extract octopus from reefs 

Mdeke 

Fins and mask Used by divers to extract 

octopus, lobster and squid from 

reefs 

Pelepele 

 

 

 

Table 22. Final selection of common catch species used for candidate model and Kruskal-Wallis 

analysis following variable selection. Based on field observations and Hempson (2008), Jiddawi and 

Öhman (2002) and Moshy and Bryceson (2016).    

Family  Species Common 

name 

Kiswahili 

CARCHARHINIDAE Requiem 

sharks 

e.g. Carcharhinus 

amblyrhynchos 

e.g. Grey reef Papa 

SCOMBRIDAE Mackerels e.g. Scomberomorus 

plurilineatus 

e.g. Kanadi 

kingfish 

Nguru 

 Tuna e.g. Thunnus 

albacares 

e.g. Yellowfin 

tuna  

Jodari 

LUTJANIDAE Snappers e.g. Lutjanus 

argentimaculatus 

e.g. Mangrove 

red snapper 

Red snapper 

CARANGIDAE Trevallys 

 

Jacks 

e.g. Caranx tille e.g. Tille 

trevally 

Kolekole 
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Family  Species Common 

name 

Kiswahili 

ENGRAULIDAE 

 

Anchovies e.g. Stolephorus 

commersonnii 

e.g. 

Commerson’s 

anchovy 

Dagaa mcheli 

DASYATIDAE Rays e.g. Pastinachus 

sephen; 

 

e.g.  

Feathertail 

stringray; 

Taa 

  Taeniura lymma Bluespotted 

stringray 

Taa (Bocho) 

SERRANIDAE Groupers Cephalopholis argus 

 

Bluespotted 

grouper 

 

Chewa 

LETHRINIDAE 

 

Emperors e.g. Lethrinus harak 

 

e.g. 

Thumbprint 

emperor 

Changu 

MULLIDAE Goatfish e.g. Upeneus tragula 

 

e.g. Freckled 

goatfish 

Mkundaji 

SIGANIDAE Rabbitfish e.g. Siganus 

canaliculatus 

e.g. 

Whitespotted 

spine foot 

Tasi / Chafi 

SCARIDAE Parrotfish e.g. Calotomus 

carolinus; 

e.g. Carolines 

parrotfish; 

Pono / Kangu 

  Calotomus spinidens Spinytooth 

parrotfish 

 

CAESIONIDAE Fusiliers Caesio xanthonota Yellowfin 

fusilier 

Kibua mbono 

OCTOPODIDAE Octopus Octopus cyanea Day octopus Pweza 

LOLIGINIDAE Squid e.g.  

Loligo duvauceli 

e.g. Indian 

squid 

Ngisi 

PALINURIDAE Spiny lobsters e.g. Panulirus ornatus e.g. Ornate 

spiny lobster 

Kambakoche 

/ kamba 
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Table 23. Final selection of fishing transport modes used for Kruskal-Wallis analysis following 

variable selection. Based on Tanzanian NBS (2015) and Wells et al. (2007). 

Fishing transport Description Kiswahili 

Fibreglass boat Used with an engine, straight 

stern, 3 – 10 m long 

Fibre / Boti 

Dhow boat Used with sail, wooden 

planked boat with pointed stern 

and prow, 3 – 6 m long 

Dau 

Dugout canoe Used with sail, paddle or poles, 

2 – 4.5 m long 

Mtumbwi 

Foot fisher Use of fins, masks, octopus 

sticks and nets is common 

Miguu 

 

 

 

Table 24. Fishing grounds used for Kruskal-Wallis analysis. Based on field observations. 

Fishing ground Description 

Open sea Reachable only by boat that was not in the 

vicinity of reefs 

Offshore reef Reachable only by boat in the vicinity of coral 

reefs 

Fringing reef Coral reef reachable by boat or swimming in 

the vicinity of the shore 

Shore Area accessible from the shore or by 

swimming 

  

 

4.2.5 Analysis 

The data were analysed using R v4.0.2 (R Core Team, 2017) with the mlogit 

v1.1.0 (Croissant, 2020) and glmnet v4.0-2 (Friedman, Hastie, & Tibshirani, 2010) 

packages. Figures were produced using the ggplot2 (Wickham, 2009) and ggeffects 

(Lüdecke, 2018) packages. The full reproducible code is available in Appendix C.  
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4.3 ETHICS AND LIMITATIONS 

Ethical concerns related to my study included risk for participants and obtaining 

informed consent. When taking part in the household or fisher group survey, the 

immediate risk for the participants was low. Information that could identify the 

participants, such as full names and GPS locations of houses was retained only by 

myself, and digitalised daily. All paper records of sensitive information were erased 

following each day’s fieldwork, and no audio or video taping took place. Efforts were 

made to ensure that participants were informed before granting consent by having the 

village guide and translator provide oral and written information about the study and 

its impacts.  

 

There are several limitations of my study. Firstly, in the research design process, 

two large datasets, one on socioeconomic conditions in Tanzania and one with 

empirical blast fishing data were assumed to be available and suitable for analysis. 

These datasets were not used in the analysis due to unsuitability and access issues, 

which required the analysis to take a substantially different path to the one planned. 

The survey methods and specific survey items had been designed to build upon these 

two longitudinal datasets, and because their unavailability only became apparent at the 

end of data collection, data collection could not be altered or adjusted to fit the revised 

research questions. This resulted in large parts of the collected data being unusable for 

the project. Retrospectively revising research questions and modelling approaches 

meant relying on collected data as response variables that were not originally intended 

for such purposes, leading to a limited array of analysis options.  

 

Secondly, my sample was overwhelmingly dominated by male respondents: 

1.65% of the fisher respondents were female, and 12.24% of household heads. This can 

be justified due to the reality that the majority of households are headed by men and 

that artisanal fishing in Tanzania is dominated by male fishers. Additionally, the 

majority of female fishers are shore fishers who target sessile invertebrates and 

anchovies and therefore do not use explosives. However, excluding them from data 

collection is problematic because women play an active and vital role in the Tanzanian 

fishery sector as whole through the collection of the species mentioned above, as well 

as processing, marketing and distributing fishery products (Kleiber, Harris, & Vincent, 

2015; Moshy, Bryceson, & Mwaipopo, 2015). Within the limits of my time and budget, 
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I attempted to address this issue by surveying all adults in each household, thereby 

allowing women to also contribute their perspectives. However, the lack of female 

respondents, particularly in the fisher focus groups, undoubtedly biased the results and 

this bias should be taken into account when interpreting the results.  

 

Finally, the experimental design contains bias and is somewhat unbalanced due 

to the non-random site selection. Challenges to the validity of the results may arise due 

to the purposive selection of villages based on their blasting histories, as opposed to a 

truly random selection. However, prior information on village characteristics was 

gathered so as to ensure a sample that was as representative as possible.  In addition, 

although all attempts were made to randomly select households, logistical constraints 

and outdated or inaccurate population records resulted in a sample that was not truly 

random and therefore biased. The results should therefore be treated with caution and 

interpreted with this limitation in mind.  
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4.4 RESULTS 

 

4.4.1 Objective 1: Impact of blast fishing reduction 

4.4.1.1 Impact of campaign against blasting on fishing 

Blasting history did not significantly predict respondents’ assessment of the 

government campaign, and neither did any other candidate model. The government 

campaign was reported to have improved fishing in the local area by 92% of 

respondents. In contrast to central and southern districts, there were no respondents in 

the northern districts Mkinga and Pangani who disagreed that the campaign had 

improved fishing. Lindi Rural had the highest percentage of respondents that disagreed 

the campaign had improved fishing (Figure 28). Barring isolated reports of blasting in 

2019 in Mkinga and Tanga City, respondents reported that blasting had ceased entirely 

following the campaign. Respondents commented that fish catches and income have 

increased, and that a reduction in blasting has also meant an increased sense of security 

and ease while fishing as well as during everyday life. Conversely, two fisher groups 

and 11 householders reported incidences of violence against suspected blast fishers by 

naval personnel, and there were also criticisms of the naval raids on blast fishing 

hotspots, in particular the destruction of homes, boats and gear. 
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Figure 28. Level of agreement with the statement: “The government’s campaign against blast fishing 

has improved fishing in this area” (n = 300) by district and percentage of respondents in 19 coastal 

villages in Tanzania in 2019. 

 

 

4.4.1.2 Fish availability trends from 2014-2019 

 A high blasting history significantly increased the odds that respondents 

perceived fish availability as increasing rather than decreasing (P = 0.017), and as stable 

rather than decreasing (P = 0.01) (Table 25). Models using all levels of the response 

variable as the reference category confirmed the blasting history predicted all changes 

in fish availability. Models using gears and target catch species as predictor variables 

produced significant but unreliable results, and were therefore discarded. Other 

candidate models were not significant.  
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Table 25. Multinomial regression summary for fish availability trends predicted by blasting history. P-

values with * indicate ≤ α 0.05. 

  Fish availability 2014-2019 (ref = Decrease) 

Coefficient Odds Ratios std. Error Conf. Int (95%) P-Value 

Blast history (high) : Stable 33.00 1.04 4.30 – 253.05 0.001* 

Blast history (high) : Increase 1.92 0.27 1.13 – 3.28 0.017* 

R2 McFadden 0.054 

 

 

 

 

Figure 29. Probability of fish availability decreasing, increasing, or remaining stable plotted by 

blasting history with predicted model values. Error bars show 95% confidence intervals.  
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 Fishing income significantly predicted fish availability. As fishing income 

increased, respondents were 3.6 times more likely to indicate that fish availability was 

increasing rather than decreasing (P < 0.001) (Table 26). No other candidate model 

predicted fish availability. Candidate models for both catch species and gear produced 

significant but unreliable results, and were therefore excluded from the final analysis. 

 

 

Table 26. Multinomial regression summary for fish availability trends predicted by fishing income. P-

values with * indicate ≤ α 0.05. 

  Fish availability 2014-2019 (ref = Decrease) 

Coefficient Odds Ratios std. Error Conf. Int (95%) P-Value 

log(Fishing income) : Stable 1.18 0.30 0.66 – 2.11 0.57 

log(Fishing income) : Increase 3.59 0.23 2.29 – 5.62 <0.001* 

R2 McFadden 0.097 

 

 

Figure 30. Probability of fish availability decreasing, increasing, or remaining stable plotted by mean 

weekly fishing income (Tsh) with predicted model values. Bands show 95% confidence intervals.  
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Kruskal-Wallis tests revealed significant differences between decreasing, stable 

and increasing fish availability for a number of gears, fishing transport modes and 

target catch species (Table 27). There were no significant differences found for fishing 

grounds. These tests were performed on the entire dataset; it was not possible to 

compare Kruskal-Wallis tests for low and high blasting history villages because no 

respondent from low blasting history villages perceived fish availability as stable.  

 

 

Table 27. Kruskal-Wallis test results for fish availability with adjusted p-values using Holm-

Bonferroni correction. Variables in italics and adjusted p-values with * indicate ≤ α 0.05. 

Variable Kruskal-Wallis test statistic P-value 
Adj. p-

value 

GEARS 

Gill net 9.75 <0.01 0.03* 

Shark net 0.02 0.89 1 

Long line 20.29 <0.01 <0.01* 

Hand line 6.56 0.01 0.18 

Fish trap 30.42 <0.01 <0.01* 

Octopus stick 31.58 <0.01 <0.01* 

Fins and mask 1.70 0.19 1 

    

FISHING TRANSPORT MODE 

Foot fisher 13.57 <0.01 <0.01* 

Dhow 34.21 <0.01 <0.01* 

Dugout 2.88 0.09 1 

Fibreglass boat 31.42 <0.01 <0.01* 

    

FISHING GROUNDS 

Open sea fishing ground 0.79 0.38 1 

Offshore reef fishing ground 0.09 0.77 1 

Fringing reef fishing ground 5.94 0.01 0.24 

Shore fishing ground 0.15 0.70 1 

    

TARGET CATCH SPECIES 

Groupers 0.22 0.64 1 

Snappers 23.46 <0.01 <0.01* 

Sharks 45.77 <0.01 <0.01* 

Lobsters 1.32 0.25 1 

Emperors 17.06 <0.01 <0.01* 
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Variable Kruskal-Wallis test statistic P-value 
Adj. p-

value 

Goatfish 4.59 0.03 0.48 

Rabbitfish 0.51 0.48 1 

Trevallys 4.53 0.03 0.48 

Octopus 0.15 0.70 1 

Squid 10.60 <0.01 0.02* 

Mackerels 17.90 <0.01 <0.01* 

Parrotfish 18.93 <0.01 <0.01* 

Rays 27.47 <0.01 <0.01* 

Anchovies 4.23 0.04 0.52 

Tuna 99.46 <0.01 <0.01* 

Fusiliers 1.49 0.22 1 

 

 

The majority of respondents (62%) reported that fish availability had increased 

between 2014 and 2019 (Figure 31). Mkinga district had the highest percentage of 

respondents that reported significant decreases in fish availability (33.3%), as well as 

the highest percentage reporting significant increases (45.5%) (Figure 31). In Mkinga 

district, respondents reporting significant decreases used every gear except shark nets 

or long lines; respondents reporting significant increases used exclusively hand lines 

and gill nets. Target species also varied in this district: those reporting significant 

decreases exclusively targeted reef-based fish, whereas those reporting significant 

increases targeted squid, mackerels and anchovies. Only 2.4% of Dar es Salaam 

respondents reported stable or declining catches (Figure 31). 60% of respondents from 

Mtwara Rural district reported decreases, while 25% reported significant increases 

(Figure 31). According to some communities, increases have been seen not only in the 

number of fish but also in the size of the fish caught, as well as in the types of fish 

available, some of which were scarce or unavailable when blast fishing was prevalent. 
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Breaking down the changes in fish availability by target species showed that 

every species apart from fusiliers and goatfish were more frequently reported as 

increasing rather than decreasing or significantly decreasing (Figure 32). The majority 

of respondents reported all pelagic species to be increasing rather than stable or 

decreasing; the picture was ambiguous for reef-based, semi-demersal and demersal 

species. Users of all gear types except octopus sticks reported increasing rather than 

decreasing fish availability (Figure 33). There was no discernible pattern to be seen in 

fish availability by fishing ground or fishing transport mode (Figure 34 and Figure 35). 

The detrimental effect of flooding, strong winds and storms on fish availability was 

identified as a dominant cause for decreasing fish availability, particularly by 

respondents in northern districts.  

 

 

 

Figure 31. Reported availability of fish over the past 5 years (2014-2019) (n = 298) by district and 

percentage of respondents in 19 coastal villages in Tanzania in 2019. 
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Figure 32. Frequently targeted species by number of respondents and fish availability (2014-2019) in 19 

coastal villages in Tanzania in 2019.  

 

 

 

 

Figure 33. Frequently used gears by number of respondents and fish availability (2014-2019) in 19 

coastal villages in Tanzania in 2019.  
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Figure 34. Fishing grounds by number of respondents and fish availability (2014-2019) in 19 coastal 

villages in Tanzania in 2019.  

 

 

 

 

Figure 35. Fishing transport modes by number of respondents and fish availability (2014-2019) in 19 

coastal villages in Tanzania in 2019.  

 



  

Impact of blast fishing reduction on fishing in Tanzania 120 

 Breaking down target catch species, gears, fishing grounds and fishing transport 

modes by blasting history showed higher increases in pelagic species from low blasting 

history villages than high blasting history villages (Figure 36). Conversely, higher 

increases in trevallys, anchovies, goatfish, parrotfish and squid were reported by high 

blasting history villages (Figure 36). Long lines were used exclusively by respondents 

from high blasting history villages, and the majority of shark net users also came from 

high blasting history villages (Figure 37). Fishing grounds and fishing transport modes 

displayed no discernible pattern (Figure 38 and Figure 39).  

 

 

 

 

Figure 36. Frequently targeted species by percentage of respondents, village blasting history and fish 

availability (2014-2019) in 19 coastal villages in Tanzania in 2019.  
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Figure 37. Frequently used gears by percentage of respondents, village blasting history and fish 

availability (2014-2019) in 19 coastal villages in Tanzania in 2019.  

 

 

 

 

Figure 38. Fishing grounds by percentage of respondents, village blasting history and fish availability 

(2014-2019) in 19 coastal villages in Tanzania in 2019. 
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Figure 39. Fishing transport modes by percentage of respondents, village blasting history and fish 

availability (2014-2019) in 19 coastal villages in Tanzania in 2019. 
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4.4.1.3 Household fishing income trends from 2014-2019 

Half of all households reported that their fishing derived income had increased 

between 2014 and 2019, 19% reported stable income and 31% reported decreasing 

income. In contrast to the district distribution for fish availability, only Dar es Salaam 

households reported significant decreases (Figure 40). Blasting history did not 

significantly predict household fishing income trends, and neither did any other 

candidate model reveal useful predictors of changes in household fishing derived 

income. Candidate models for both catch species and gear produced significant but 

unreliable results, and were therefore excluded from the final analysis. Half of all 

households indicated that their general economic situation was much worse or worse 

now than it was 12 months ago. 51% of the households earned their primary income 

from fishing and 47.98% of this subset indicated that their general economic situation 

was much worse or worse than 12 months ago. However, 50.77% of the same subset 

reported stable, increasing or sharply increasing income from fishing over the past 

five years. Additionally, household fish catches (separate from overall fish 

availability) have been increasing; 40.90% of households said that fish catches had 

increased since 2016. As when respondents were queried about fish availability 

trends, recent extreme weather events were commonly cited as the cause for 

decreased income, both from farming and fishing activities.  

 

Figure 40. Changes in household fishing income over the past 5 years (2014-2019) (n = 52) by district 

and percentage of respondents in 18 coastal villages in Tanzania in 2019.  
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4.5 DISCUSSION 

No model predicted the perception of the government’s campaign against blast 

fishing. The failure of the blast history model to produce significant results may be due 

to inaccuracies in the classification of blasting history. Several local experts were 

consulted, and when using one classification system, the perception of the campaign 

was significantly predicted by blasting history: high blasting history villages were more 

likely to perceive the campaign positively than low blasting history villages. However, 

the final and most accurate protocol used for the analysis revealed that no factors 

significantly predicted respondents’ perceptions. This could also be due to sampling 

bias: out of the seven districts, only three included control sites with a low blasting 

history. It was also surprising that fish availability trends did not predict the response 

to the campaign, as both variables displayed similar distributions. The literature 

suggests that when communities perceive direct benefits from enforcement measures, 

such as the increased fish catches cited by respondents in this study, they are more 

likely to support enforcement and adhere to rules (e.g. Gorris, 2016). However, we 

were unable to find evidence to support this link. This may be due to the considerable 

among-district variation, in which more respondents from southern districts Lindi and 

Mtwara reported both critical views of the campaign and decreased fish catches than 

those from northern districts. This variation emphasises the importance of considering 

fisheries governance on small spatial scales, and allowing for variability and 

complexity within a nation-wide enforcement campaign (Dietz, Ostrom, & Stern, 

2003). 

 

Although modelling was unsuccessful, the very positive assessment of the 

government campaign supports previous studies, in which it was argued that while 

blasting may provide individual financial benefits in the short-term, blasting generates 

short- and long-term negative effects for individuals and communities (Cesar et al., 

1997, Pet-Soede et al., 1999). The uneven distribution of benefits from blast fishing, 

even in the short-term, is particularly relevant for this study as anecdotal evidence in 

Tanzania suggests that while blasting was widespread, it was not practised by the 

majority of fishers, rather by small numbers of locals financed by middlemen and well-

connected officials (Slade and Kalangahe, 2015). The near universal nature of the 

reports of blasting cessation suggest that the campaign was not only positively viewed, 

but successful in its goal. The response to the campaign was not unanimously positive: 
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allegations of violence against suspected blast fishers and the destruction of homes and 

gears in blasting hotspots mirror those levelled following the 1997 campaign Operation 

Pono, albeit to a far lesser extent (Rubens, 2016; Rubens 2019). Moreover, positive 

reviews of the campaign and the reports that blasting has virtually disappeared should 

be treated with caution. Fear of reprisals and previous negative experiences with navy-

led anti-blasting campaigns may have prevented respondents from openly expressing 

criticism or judgement on the campaign, and led them to hide blasting incidences in the 

vicinity. However, even allowing for these caveats, the impression gained during data 

collection is that the campaign achieved its goal largely without the negative outcomes 

of Operation Pono, in which allegations of human rights abuses were made (Rubens, 

2016). 

 

Respondents from high blasting history villages were significantly more likely 

than those from low blasting villages to perceive fish availability as increasing rather 

than stable or decreasing; this could suggest that following the reduction in blasting, 

communities in previous blast fishing hotspots have observed recovery in fish stocks.  

The literature concurs that extensive repeated blasts reduce habitat complexity (e.g. 

Fox et al., 2003) and that loss of rugosity can negatively affect species richness and 

abundance (Tyler, Manica, Jiddawi, & Speight, 2011), and biomass (Ainsworth et al., 

2008). Blasting directly destroys reefs and associated species, particularly smaller fish 

with thin-walled swimbladders (Calud et al. 1989), and indirectly affects apex 

predators through the reduction of food sources and breeding grounds, such as pelagic 

species commonly fished in Tanzania like tuna and sharks (Tudela, 2004). There is 

also consensus that recovery following blasting is temporally variable, ranging from 

rapid to no observable regrowth, and depends on factors such as current strength and 

the level of destruction (e.g. Alcala, 2000; Fox & Caldwell, 2006; Riegl & Luke, 

1999).  

 

However, what has received substantially less attention in the literature is the 

specific assessment recovery of fish stocks following blasting cessation. There is 

evidence that fish biomass can quickly increase on blasted and neighbouring healthy 

reefs once blasting ceases, particularly herbivore biomass (Raymundo et al., 2007, 

Verheij, Makoloweka, & Kalombo, 2004). Moreover, the removal of disturbances in 

general and an increase in protection should encourage fish species repopulation, 
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albeit at substantially different rates (e.g. Russ & Alcala, 2004). Therefore our 

finding, although perception-based, supports the limited data available in the 

literature showing that a relatively rapid recovery of fish stocks following blasting 

cessation is possible. This provides further support that blasting cessation has, in a 

relatively short time frame, benefited both coastal fishers and coral reef ecosystems. 

Incorporating catch data with the perception-based data to triangulate this finding 

would be useful, although unfortunately reliable catch data is currently unavailable in 

Tanzania. The implementation of the new electronic E-CAS catch data collection 

platform will hopefully improve the situation and open up new possibilities for future 

analysis and research. Finally, it should be noted that although there were 

significantly greater odds of these respondents perceiving fish availability as stable 

rather than decreasing, this odds ratio should not be applied numerically due to the 

overly large confidence interval. The confidence interval reveals a limitation of the 

dataset and could be addressed with further data collection. 

 

Mean weekly fishing income also proved useful in predicting fish availability 

trends. My model showed that as fishing income increased, respondents were more 

likely to perceive fish availability as increasing rather than decreasing, displaying a 

significant link between catch volume and value. Some respondents cited changes in 

market demand and taxation as having negatively affected fishing income, 

irrespective of catch volume, and so it is encouraging to see that perceived fish 

availability is strongly and positively linked with increased fishing income. Also 

encouraging is that the majority of respondents reported increases at all: previous 

studies in Tanzania have almost universally received reports of declining catches (e.g. 

Katikiro, 2014; Silas et al., 2020). 

 

The significant differences seen using Kruskal-Wallis tests between perceived 

decreasing, stable and increasing fish availability for some species support the model 

findings. The majority of respondents reported all pelagic species as increasing, and 

Kruskal-Wallis tests for these pelagic species including sharks, snappers, mackerels 

and tuna confirmed significant differences between the three levels of the response 

variable. This confirms the reports from respondents in Kigamboni and Kinondoni 

districts of dramatic increases in tuna catches. The picture was more ambiguous for 

reef-based, semi-demersal and demersal species. Although the data are perception 
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based, they may suggest that mobile pelagic species were able to avoid areas of high 

disturbance when blasting was frequent, and therefore more quickly repopulate 

coastal fishing grounds once disturbance ceased. Reef-dependent and demersal 

species on the other hand may need more time to recover, as their primary ecosystems 

rebuild. If this were to be true, however, it would contradict previous findings in 

which herbivores repopulated faster than larger predatory species following the 

removal of disturbances (McClanahan 2000, Russ & Alcala, 2004). These 

speculations aside, the tests revealed no discernible pattern among reef-based, 

demersal, semi-demersal and pelagic species, and neither could an obvious pattern be 

identified for associated gears and fishing transport modes. This may be due to the 

constraints of the test used: all levels of response variable must be different from one 

another to return a significant result, and thus significant differences between 

decreasing and increasing catches for example may not have been revealed. This area 

remains nonetheless a promising area for future research.  

 

There were some discrepancies observed between fish availability by target 

catch species and gears. For example, although the majority of respondents reported 

increasing octopus catches, respondents using octopus sticks reported stable or 

declining catches rather than increasing catches. Moreover, not all respondents who 

reported targeting octopus also indicated a use of sticks, and vice versa. This may be 

a simple omission because respondents believed it to be obvious and therefore not 

worth mentioning, or because they were indeed using other gears. Additionally, 

householders were generally less accurate in how they reported target catch species 

and gear use than fisher groups. Some fisher groups were very critical of the 

campaign and the destruction of homes and gears as mentioned previously, and 

therefore perhaps also had a negative bias on perceived fish availability which may 

have skewed the data. 

 

Household fishing income trends were not significantly predicted by blast fishing 

history or any other candidate model, which may be due to the small sample size. 

Although the models themselves were not significant predictors of changes in 

household fishing income, comparing the results with total household income and 

household economic trends raises a number of questions. Although the majority of 

households indicated that they had experienced a worsening economic situation over 
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the past 12 months, including those households with a fisher as primary earner, the 

majority also indicated that fishing derived income had increased. This suggests that in 

general, coastal village households are experiencing greater economic precarity in 

comparison to one year ago, independent of whether they depend on fishing as a 

primary income source, and that there are factors influencing general household income 

trends apart from fish catches and fishing income. This apparent discrepancy could be 

explained by the welfare function of small-scale fishing in developing countries, in 

which households increase fishing activities in response to decreased income from 

other sources (Béné, Hersoug, & Allison, 2010). Unprecedented weather conditions 

including floods, strong winds and drought also emerged as a prominent theme from 

the surveys. Given that a large proportion of households rely on farming as a primary 

or secondary source of food and income, these weather events could explain the 

discrepancy between reported trends in fish availability, fishing income, and fish 

catches. However, further analysis is needed to fully understand these factors, as well 

as identify the drivers of the considerable variability observed among villages.  

 

Interesting discrepancies were observed between and within districts for all three 

indicators. Although all Mkinga district respondents reported positive impressions of 

the campaign, they had the highest percentage by far of any district reporting significant 

decreases in fish availability, as well as the highest percentage reporting significant 

increases. There were also differences observed between reports of fish availability and 

fishing derived household income, despite fishing income significantly predicting fish 

availability. This may be due to the fact that fish availability analysis was performed 

on the entire dataset, while household fishing derived income excluded fisher group 

respondents. However, the differences for example seen in Mtwara Rural district, in 

which approximately two thirds reported decreasing fish availability but no household 

reported decreasing or significantly decreasing fishing derived income, suggest that 

there are important distinctions to be made between households deriving some or part 

of their income from fishing and those respondents selected by village and BMU 

leaders for fisher group interviews. The considerable among-district variation observed 

for all three indicators of the reduction of blast fishing also suggests that negative 

impacts of blasting and positive effects of the reduction were not distributed evenly. 

This is not surprising given the considerable variation among districts for a wide range 

of demographic and socioeconomic factors, including population density, income 
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levels, education levels, urbanisation (Kilama, 2016, Tanzanian NBS, 2015), as well as 

among the adjacent coastal ecosystems (Griffiths, 2005). 

 

The picture that emerges from the analysis above is one of positive outcomes as 

coastal communities and ecosystems navigate the new terrain following the 

campaign. We have established a link between blasting history and fish availability, 

and explored the community perceptions of the anti-blasting government campaign as 

well as household income trends following blasting reduction. What is striking is the 

preliminary evidence that even within one to two years following the dramatic 

reduction in blasting, communities are reporting increased fish availability and 

incomes. This gives hope that artisanal fisheries can recover, even with heavily 

blasted reefs such as in Tanzania.  In conclusion, my analysis showed that the 

reduction of blasting in Tanzania has had a perceived positive impact on fishing in 

general, fish availability and fishing derived income by coastal fishing communities. 

The collection of longitudinal income data would further understanding of the 

interactions between blasting history and fishing income. Longitudinal data on 

ecological markers including fish diversity and abundance across villages with low 

and high blasting would further allow the impact of the reduction to be measured and 

modelled. Finally, my study did not consider geographical and market factors such as 

possible climate change impacts and fisher access to infrastructure and markets. 

These factors may well be highly influential, and should be considered for future 

research.  
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Chapter 5: Conclusion 

My study undertook to explore blast fishing as a global phenomenon as well as 

to determine blast fishing drivers and impacts of the blasting reduction in Tanzania. In 

Chapter 2, I assessed the literature on the global status of blast fishing, elucidating 

broad causes, implications and solutions. In Chapter 3, I analysed causal factors 

underlying involvement in blast fishing and the reduction of the activity in Tanzania 

using primary data gathered from households and fishers. In Chapter 4, I investigated 

how Tanzania’s coastal fishing communities and their fish stocks have been affected 

by the reduction of blast fishing, again drawing upon my primary data.  

 

Using a comprehensive search across academic databases and grey literature, my 

literature review of blasting across the globe pointed to a lack of effective enforcement 

and governance structures as important blast fishing drivers. In contrast to the literature 

in which poverty is cited as the predominant blasting driver, my analysis suggests that 

while socioeconomic factors may contribute to blasting, they are not its primary cause. 

A combination of targeted deterrence measures and the implementation of co-managed 

coastal fisheries in which local communities and governments collectively manage 

marine resources emerged as the most effective solution.  

 

These conclusions were supported by primary data collected in Tanzania. 

Collected using structured household and fisher surveys, these quantitative data do not 

support poverty as a primary driver of blasting. To the contrary, higher fishing incomes 

significantly predicted the profitability of blasting being selected as a primary cause of 

blasting. There was strong evidence to show that the primary cause of the blasting 

reduction were the enforcement measures undertaken by the Tanzanian government. 

As with the primary causes of blasting, fishing income significantly predicted the 

primary reasons for the reduction. Respondents with higher fishing derived incomes 

were more likely to select the government campaign as driving blasting reduction over 

community-based education programs, suggesting that higher income earners were less 

likely to be deterred by the “soft” enforcement of community groups. Respondents 

cited increased fish catches, increased diversity of fish species and increased feelings 
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of peace and security as benefits seen after the reduction of blasting. High blasting 

histories predicted higher perceived fish availability, and increases in fishing income 

were significantly associated with increased reported fish catches over the past five 

years. In contrast to previous studies, the majority of respondents indicated that fish 

availability is increasing, which was replicated across the majority of individual target 

catch species and for fishers using a range of fishing gears.  

 

My thesis made an important and significant contribution to the existing 

knowledge concerning blast fishing in Tanzania and across the globe in several ways. 

My literature review updated and expanded the body of knowledge on blasting as a 

global phenomenon and found evidence to challenge the existing theory pointing to 

poverty as the primary blasting driver. Moving from the global to the Tanzanian context 

revealed a gap in the literature regarding the drivers and impacts of the historically 

unprecedented reduction in blasting observed between 2016 and 2018. There is a large 

body of work in Tanzania and elsewhere assessing both the impact of blasting on reefs 

and associated fish species, and the recovery of coral reef ecosystems following 

blasting cessation. The literature concurs that blasting has a singularly destructive 

impact on coral reefs and associated species, and that recovery is highly variable. 

Blasting causality is also widely discussed in the literature, and remains under debate. 

These assertions had not, however, been critically examined in the light of the recent 

anti-blasting government campaign. My study sought therefore to address to address 

this gap. My analysis revealed significant links between blasting drivers and 

socioeconomic factors, as well as among blasting, fish availability and fishing-derived 

income. The association between blasting drivers and socioeconomic factors echoed 

my conclusion from studying the literature, providing no support for the theory that 

blasting is caused by poverty, and strengthening the argument for effective enforcement 

measures against blasting. My finding provides tentative support for the literature 

arguing that relatively rapid recovery of certain fish stocks is possible following the 

removal of blasting disturbance, and paints a generally positive picture of the impact 

of the government campaign. 
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The findings of this study have several limitations. Firstly, the absence of 

empirical data on blasting meant relying on a binary classification system for survey 

sites and respondents. This system, while derived from expert opinion, cannot by 

design encompass the complexities of blasting activities, in which fishers frequently 

travelled to fishing grounds not adjacent to their villages. The relationships found 

between blasting and other variables should therefore be interpreted with this in mind. 

Secondly, due to the non-random selection of survey sites, sampling bias undoubtedly 

influenced the analysis, despite all attempts to select representative survey sites. 

Finally, due to the cultural framework of Tanzanian coastal fishing households and the 

limited time and budget of this study, it was not possible to fully explore the influence 

of gender and women’s views are clearly underrepresented in these data. There were 

also possible issues with model fit for the reasons for blasting reduction, and so output 

from this model should be treated with especial caution. 

 

In conclusion, my findings point to a complex relationship between economic 

drivers and blasting causation, as well as a positive impact of blasting reduction on both 

fishing derived income and fish stocks. These data provide support for importance of 

enforcement in controlling blasting, and paint an encouraging picture of the resilience 

of coastal fisheries to extended disturbances such as seen in Tanzania. My analysis 

indicates that the recovery of fish stocks following blasting reduction is possible. There 

remains much that is not well understood about recovery of fish populations following 

blasting reduction, however, and further ecological research would support a deeper 

understanding of the recovery rates of herbivores and carnivores associated with coral 

reef ecosystems. A deeper exploration of the feelings of responsibility towards marine 

resource management is recommended, given the initial findings on the significant 

differences observed between low and high blasting history villages. There are very 

likely other factors influencing the decisions to blast or cease blasting, including 

market, geographical, climactic and political forces. Studies incorporating secondary 

data on these forces would illuminate further the complex interwoven drivers of 

blasting.  The inclusion of longitudinal income data would also considerably enhance 

the scope of any further studies, and should be considered for future research. Finally, 

a substantial quantity of qualitative data was generated during data collection in 

addition to the quantitative data analysed here. It was beyond the scope of this thesis to 

fully explore the themes raised therein, but the inclusion of such data would 
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undoubtedly improve the understanding of this topic through the triangulation of the 

quantitative data.  
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Appendices  

Appendix A 

Household and fisher surveys 
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Appendix B 

Operationalised variables 

 

Operationalised variable Code 
Original survey 

items  
Description 

Village blast fishing history 1.00b n/a Villages coded as having 

low or high blasting 

history 

Village 1.01c n/a Survey sites 

Total average household 

income over 7 days 

2.13d 2.7 – 2.13 Total normal household 

income and other income 

not previously mentioned, 

standardised over 7-day 

period 

Housing standard 3.13 3.01 – 3.12 Housing standard index, 

aggregate of original 

survey items and 

transformed to 

standardised z-score 

Total average fishing income 

over 7 days 

4.1e 4.07, 4.1 Total fishing income per 

household, standardised 

over a 7-day period 

Gear choice 4.15a – 4.15q 4.15 17 gear choices based on 

previous surveys 

conducted in Tanzania 

Fishing ground 4.23a – 4.23d 4.23 4 fishing grounds 

Target catch species 5.01a – 5.01q 5.01 17 target species choices 

based on previous surveys 

conducted in Tanzania 
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Appendix C 

R code, data files and literature search files 

Reproducible code, primary data files and literature search files may be found 

and accessed on Research UNE https://rune.une.edu.au/  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 




