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Abstract: The coastal ecosystems in Southeast Asia are under increased pressure from local 
and global change. This paper examines human migration and the use of marine resources in 
coastal villages in the Minahasa district of North Sulawesi, Indonesia. Primary data were 
collected through interviews with village leaders, focus groups, and a sample survey of 600 
fishing households. Migration is responsible for at least one quarter of the total growth 
during the past decade. All groups of fishermen report falling productivity of the near shore 
fisheries. Econometric analysis is used to examine the weekly fish catch of the artisanal 
fishing sector. Migration status and socioeconomic variables seem to have no systematic 
effect, while fishing effort (labor, boat, and gear), the degree of specialization, and the 
remoteness of markets are found to be positively related to weekly fish catches.  
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Introduction 

The world’s marine resources have long been viewed as inexhaustible supplies of protein 

and other products for the human population. However, as the adverse effects of human activity 

on marine and coastal ecosystems have become better understood, views of the sustainability of 

resource use have changed. Globally, there are increasing concerns about the sustainability of 

marine and coastal fisheries, as marine catches have plateaued, and some fisheries have been 

closed entirely. This has led to calls for a better understanding of the biological and economic 

productivity of the ecosystems that humans inhabit, and for increased knowledge of ways to 

manage human effects on marine and coastal resources (1). 

Coastal ecosystems are of great economic importance throughout Southeast Asia. The 

regions’ fisheries supply the main source of animal protein in the region, and coral reefs supply 

30% of the total fish catch (2). In Indonesia, the total annual fish catch in 1994 was 2.8 million 

tons, with 90% of this harvested by artisanal fishers. The region’s coastal resources are under 

threat from coastal development, population growth, over-fishing, and climate related events, 

including widespread coral-bleaching (3). This paper reports on a study of human population 

changes and the use of coastal resources in several communities in North Sulawesi, Indonesia. 

The area between Sulawesi and Irian Jaya has some of the highest levels of marine 

biodiversity in the world, and has been identified as a global priority area for marine conservation 

efforts (4). The province of North Sulawesi lies close to this fertile marine area and has a large 

population that depends on the coastal and marine resources for their economic well-being (5). 
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One example of the importance of this region for marine biodiversity conservation was the 

discovery in 1998 of a population of coelacanth, a rare, primitive fish with a fossil record dating 

back 370 million years. Before this discovery, its habitat was thought limited to the Comoro 

Islands off the coast of Africa, 6,000 miles away (6). 

The study area is on the northern tip of North Sulawesi in the district of Minahasa, an area 

that has attracted many migrants in recent decades, among them many fishermen. Minahasa 

contains the Bunaken Marine National Park, one of the most popular marine parks in Southeast 

Asia. Nearly 10,000 scuba divers travel from Indonesia, Southeast Asia, Europe, and North 

America to visit the park every year (7). The population of the province has been increasing at a 

rapid rate, particularly in areas near the capital of Manado. From 1980 to 2000 Manado’s 

population more than doubled, from 228,000 to 457,000 (8, 9). Rapid increases in population in 

the area have been correlated with increases in destructive fishing practices, coastal erosion, and 

depletion of mangrove and forest trees (10). 

 

Conceptual Model 
A conceptual model is employed that draws on the production economics literature. The 

model was developed to explain the fishing behavior of small-scale Minahasa fishers. Such 

individuals fish from small canoes, sometimes with a motor or sail, extracting many different fish 

species with a variety of gear types. Rather than develop a utility theoretic supply function for a 

specific good, a simple model is used to shed light on the bio-physical relationship between the 

inputs and outputs of the fishing activity at a somewhat aggregate level (11). The following 

relationship for the production of fish (F) is postulated: 

     F = f(Li, Ki, Ri) 

where Li is the labor available from household i, Ki is the amount of capital owned by the 
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household, and Ri is the amount and quality of the available coastal resources available to each 

household (12). 

In our specific case, capital can be further decomposed as: 

F = f(Li, Bi, Gi, HCi, Ri) 

where Bi is the fishing boat, Gi is the gear used by each household, and HCi is the human 

capital embodied in the household head that is directly related to fishing. 

For an individual fisherman, the time spent fishing and the choice of boat and gear are 

the most prominent decision variables. The human capital component is mostly beyond each 

fisherman’s control, at least within the near-term time frame. While the collective action of 

all fishermen affects the coastal resource, the individual takes resource conditions as given. 

While the time and physical capital components can be easily measured, human capital 

presents more difficulties. A fisherman’s experience, intelligence, physical health, and many 

other characteristics contribute to his success at fishing. As most of these variables are not 

directly measurable, we use proxies such as age, education, and socio-economic status (migration 

and agricultural activity of the household) in our analysis. Migrants might have less knowledge 

and experience regarding the local (fishing) area, while respondents also engaging in agricultural 

activities might not be as specialized or have less experience in fishing activity. 

 

Data 

Background information for the study initially was collected through personal interviews 

with key informants, local experts, and other researchers. Further information was collected 

through focus groups with fishermen in two villages in the study area. The focus groups revealed 

that fishermen were aware of human effects on fish stocks and had a variety of explanations for 

why they perceived fishing quality to be declining. Focus group participants indicated that 
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migration was driven largely by access to job opportunities and fishing markets in the population 

centers of Minahasa. In addition to the focus groups, basic demographic information was 

collected by visiting the administrative office of each coastal village in the district. 

Based on the researchers’ previous survey experience in other parts of Indonesia and on a 

rapid assessment of fishing villages by Pollnac et al., a draft fishing household survey was 

prepared. The survey was pretested in a village not included in the final sample set, and 

interviewers were debriefed thoroughly to uncover problems in question order, wording, and 

clarity. Interviewers were recruited among recent graduates in fisheries, economics, agriculture, 

and related fields from Sam Ratulangi University. Before conducting the survey, the interviewers 

went through a three-day training course that included lectures, discussion, and role-playing. The 

interviewers also served as an additional focus group for pretesting the survey. 

The survey was implemented in July 1999 in 17 villages, with 599 households engaged in 

fishing. A sample was obtained following stratified, multi-stage sampling methods (13). The 

target population was the marine fishing households in the district of Minahasa and the urban 

areas of Manado and Bitung. Within this area, sub-districts were stratified as east or west coast, 

and three sub-districts were selected randomly from each stratum. In the second stage of the 

sampling process, 17 villages in the six sub-districts were chosen randomly. In the third and final 

sampling stage, interviewers were assigned a number of completed surveys per village based on 

population weights. The population weights were determined from population estimates for each 

village, using data the study team collected from the leaders of Minahasa coastal villages. Once 

in a village, the interviewers established a sampling frame from listed households and randomly 

selected from the frame. If after repeated attempts they were unable to contact a selected 

household, the interviewers followed a standard replacement protocol. (Fewer than 3% of 

selected households required replacement.) 
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 During the three-week data collection period, the study team closely supervised the 

interviewers. In most cases, the interviewers went through daily debriefings, in which surveys 

were checked for completeness and readability. The completed questionnaires were entered into 

Excel spreadsheets following a coding protocol, and were error checked thoroughly. 

 

Results 

 Descriptive statistics for the villages in our sample are presented in Table 1. The 

average village contained 2518 people. The average village population growth rate during the 

preceding decade was 2%, although some villages grew at a rate four times faster, and some 

lost population. The ethnic diversity of the area is shown by the fact that some villages were 

95% Muslim, and some were almost entirely Christian. Some villages were dominated by 

fishing households; on average fishing households made up 44% of the population. Table 1 

also shows the average fish catch per unit of effort. On average, the artisanal fishermen in the 

sample caught 3.1 kilograms of reef fish and 3.4 kilograms of pelagic fish per hour of time 

spent fishing. There was great variation in this number across villages, indicating either 

variations in fishing skill or quality of nearby fish stock.  

Migration status can be defined in a variety of ways. For example, whether a person was born 

in another village, another district, another province, or another country. For this study, we chose 

as our definition being born outside the Minahasa district (14). Many in our sample were born in 

other nearby villages. From the standpoint of managing coastal resources in the Minahasa area, 

accounting for fishermen moving among nearby villages within the region is less important than 

the new fishermen moving into the area from outside the region. 

Three-fourths of our migrants originated from the Sangir-Talaud islands, located some 100 to 

400 kilometers to the northeast, between Sulawesi and the Philippines. To determine to what 
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extent migration contributes to the overall growth rate of our fishing sub-population, we 

compared the number of migrants that arrived in the last 10 years with the number of children 

born during the same time span. Forty-four of the household heads in the sample arrived in the 

Minahasa region in the past 10 years. Assuming that each household migrated with the average 

number of household members, this leads to a growth rate of 0.77% per year, which is due 

entirely to migration. During the last ten years, the average number of children born per year to 

our sample of households was 59. Divided by the entire population of the households (2670), this 

leads to a growth rate of 2.21% per year that is due to solely to reproduction. Secondary sources 

put the net growth rate of our surveyed villages at 2.61%. While these calculations embody many 

assumptions and imprecision, we make the tentative conclusion that approximately one quarter of 

the total gross population growth is due to in-migration rather than reproduction. We have not 

accounted for the fact that much of the reproduction occurs in households whose members 

migrated into the area more than 10 years ago (approximately 18% of the surveyed households). 

When this element of reproductive growth is attributed to the effects of migration as well, the 

one-quarter contribution to the overall gross population growth rate most likely represents a 

lower bound. 

Table 2 reports the distribution of migration status by village type: remote, rural, or urban. 

“Remote” refers either to villages on the more distant islands (15), or villages with difficult or no 

road connection to the closest larger town. In either case, fishermen in remote villages face long 

transportation times, usually by boat, to market centers. “Urban” refers to villages within the 

municipal area of Bitung, which has a large fish market, fish processing factories, and a harbor 

for large fishing vessels. Villages between these extremes are labeled “rural.” The remote villages 

contain 21% of our sample, and only 10% of their fishermen were migrants. The rural villages 

comprise roughly half our sample, of which 16% are migrants. The urban villages make up 30% 
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of our sample, and are almost equally split between locals and migrants. Overall, one quarter of 

the fishermen interviewed were migrants. 

When asked why they had moved to the village where they currently live, 58% of the 

migrants indicated it was to seek higher income (Table 3). The next most important reason for 

moving was to follow family. However, income motivations for moving were much stronger in 

the urban villages. As seen in Table 4, migration has been an important demographic force in the 

study villages for several decades. Slightly less than one third of the migrants arrived during the 

past decade. Since these data were generated by a cross-sectional survey (we do not observe 

attrition due to mortality and out-migration over time), we only can speculate that the rate of 

migration increased slightly over time. 

There are further indicators that migration has been a significant force through the last half-

century. In the sampled households, 31% include marriage unions between a migrant and a local 

person. Migrants married a local Minahasan 63% of the time. One generation further, and 81% of 

all surveyed households have at least one grandparent (or parent) who is classified as a migrant, 

i.e., arrived from outside the Minahasa region. 

The migration occurring from the Sangir-Talaud islands to Minahasa (three-fourths of the 

migrants in our sample) can be characterized further (16). The younger generation is leaving the 

islands, not because of resource pressure, but because they are drawn to the more developed 

setting to seek job opportunities. Extensive family ties (networks), especially in the bigger towns, 

make the migration decision easier. While individuals originally are drawn to the bigger towns by 

employment opportunities in factories or on large fishing boats, when they stay, they often work as 

small-scale, independent fishermen in the more rural villages. Connections to place of their origin 

are maintained because remittances are sent back often. Also, when clove prices warrant, there 

exists a temporary return migration during harvest time to take advantage of the economic returns 
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from this major crop on Sangir-Talaud. Overall, the intervening obstacles hindering migration (or 

in economic terms, the transaction costs) are low, which helps explain the large number of 

migrants. The preliminary evidence that the migration proceeds in stages is a further interesting 

feature. 

Table 5 presents socio-economic characteristics for the surveyed fishermen. The average 

fisherman in the sample was 39 years old, and had completed primary and some secondary 

schooling. On average, each fisherman had 2.6 children. Migrants tended to be slightly older and 

to have more children. Malaria was much more prevalent in the remote villages than in the rural 

and urban villages. In terms of wealth, 86% of the fishermen owned their own houses. Less than a 

third reported indoor plumbing, but plumbing was much more prevalent in the urban villages. 

Fishing was the primary economic activity of most of the subjects interviewed, with 71% 

reporting fishing as their primary occupation. 

Information about fishing activity is reported in Table 6. There are two distinct types of 

fishermen in the sample—artisanal and commercial. The artisanal fishermen are individuals with 

small, mostly wooden boats or canoes, three to six meters long, and rarely powered by a motor. 

They comprise the majority of our survey respondents. They fish by themselves, or occasionally 

with a family member, and their average catch ranges from a few kilograms to less than one 

hundred kilograms of fish per day. They usually fish closer to the shore and coral reefs 

(explaining their encounters with bomb and cyanide fishing and a lower incidence of 

encountering foreign fishermen noted later in the paper). These fishermen consume a portion of 

their catch and sell the rest directly to consumers, often through their wives, or to small traders 

from nearby villages. The second group is comprised either of individuals who own medium 

sized vessels, or those who work as crew members on larger, motorized fishing vessels that head 

farther off shore. Their average daily catches are measured in hundreds of kilograms for owners, 
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and in metric tons for crews. These fishermen usually sell their catch to traders who transport the 

fish great distances to large, often inland, markets. Since the large commercial fishing vessels 

require ports, the crew respondents are concentrated in the urban area of Bitung and to a lesser 

degree around the city of Belang. For purposes of analysis, we have used a threshold of 100 

kilograms fish catch per trip. Those catching more than that are classified as commercial 

fishermen. 

Overall, the average length of a fishing trip was 38.1 hours, and the average time to fishing 

ground was 4.3 hours (see Table 6). Both of these numbers were considerable higher for crews 

engaged in commercial fishing, where fishing trips usually last multiple days. Artisanal 

fishermen, on the other hand, went on daily fishing trips lasting nine to 10 hours. About one 

quarter of the fish reported caught were reef fish, (although commercial fishermen tend to catch 

very few reef fish, as they fish with boats in deep waters quite far from the reefs.) The fishermen 

report that 62% of their catch is sold to fish traders. Not surprisingly, this number is lower for 

artisanal fishermen whose families consume the catch or sell directly to consumers. Eighty-four 

percent of the artisanal fishermen own their own boats. The catch in kilograms per hour of human 

labor varies greatly between artisanal and commercial fishermen, signifying the different capital 

investments (boat and gear) and fishing strategies. 

Both artisanal and commercial fishermen reported noticeable declines in catches 

during the past five years (Table 7). Although questions that rely on recall may not be highly 

reliable, the fact that three-fourths of the respondents reported declining catches raises the 

possibility that fish stocks actually are in decline. A higher proportion of migrants than locals 

reported declines. Notably, the most frequently cited cause of fishing declines (27%) was the 

presence of more fishermen in the area. In addition, commercial fishermen blamed foreign 

fishermen and artisanal fishermen blamed destructive fishing practices for the decline. 
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Interestingly, those fishermen who feel the catch increased attribute this predominantly to 

having better fishing gear. Despite the declines in catches, 90% reported that if they had 

money available to invest in business activities, they would invest it in fishing. Relatively few 

of the fishermen reported conflicts with other villages’ fishermen, but more than 40% of the 

artisanal fishermen reported observing dynamite or cyanide fishing, non-sustainable fishing 

practices that destroy coral reefs and non-target fish species. Some 9% of the artisanal and 

56% of the commercial fishermen reported encounters with foreign fishermen. Encounters 

with foreign fishing fleets in the area were much more common for the commercial 

fishermen, because they fish in deeper waters where such fleets operate. Based on a 5-point, 

Likert-scale question, both groups of fishermen reported that they felt “bothered a lot” by 

foreign fishermen and destructive fishing practices.  

Table 8 contains the results of estimating a fishing production function. The goal is to 

explain the effects of various inputs on fishing output. Ordinary least squares regression 

analysis is used with a dependent variable of weekly fish catch measured in kilograms. The 

sample of 297 for this analysis corresponds to the boat-owning, artisanal fisherman in our 

sample—those who catch less than 100 kg on an average fishing trip. The commercial 

fishermen are excluded due to their very different technologies and catches. There are four 

groups of independent variables in the model: labor (effort), physical capital, human capital, 

and village location. Overall, the model explains a significant amount of the variation in fish 

catch, and there is no evidence of multicollinearity. The adjusted R2 is .32. 

Not surprisingly, fishing effort has a strong positive effect on weekly catch. For every 

additional hour devoted to weekly fishing, about one kilogram of additional fish are caught. 

All of the physical capital variables have positive and significant effects on fish production. 
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Other things being equal, those with longer boats, which correlates closely with having a sail, 

motor, or larger crew size, have greater weekly catches. While most gear groups are 

indistinguishable from the most common ‘hook and line’ gear type, the use of fly-fishing and 

coastal nets has a positive and significant effect on productivity. Most of the human capital 

variables are not significant in the model. The coefficients for the age, education, and 

migration variables are not significant. Given the similarities of local and migrant fishermen, 

the result for the migrant variable is not surprising. Those who engage in agricultural activity 

have significantly lower fish catches, perhaps due to less specialized skills. Those who farm 

catch 31 kg less fish per week on average, i.e., they have a lower catch even after correcting 

for their lower levels of effort. Finally, the dummy variable for remote villages is positive and 

strongly significant. This variable is picking up unique characteristics of the remote villages 

not captured by other variables in the model. We speculate that it can be interpreted as a 

proxy for resource quality, as there is probably less pressure on reefs and fish stocks in the 

more remote areas, both because of lower population density and the difficulty of getting fish 

to market. 

 

Discussion 

There is considerable variation in fishing activities, migration, population growth, 

religion, resource status, and market access among our study villages. Yet it is clear that 

fishing remains the center of economic and cultural activity for many residents of coastal 

communities in the Minahasa district of North Sulawesi. There is some subjective indication 

of declining catches in the study area based on respondents' recollection of what fishing 

conditions were like five years ago. If catches have in fact declined, some of this may be due 
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to natural forces such as changing weather patterns. Other possible sources are human related; 

there is substantial evidence of widespread use of destructive fishing practices. There is some 

indication that large markets may correlate with impaired local marine resources. 

Human migration has affected fishing communities in the study area, with 

approximately one quarter of the fishermen born in another district. The Minahasa area 

attracts fishermen from other areas, largely due to job opportunities and strong fish markets. 

Once migration shifts get underway, other migrants follow their friends and family. Not 

surprising, the local and migrant fishermen are quite similar in many ways. This is in part 

because marriages between locals and migrants are quite common. The main resource effect 

of the migration is not through differential fishing behavior of migrants as compared to locals, 

but through overall population growth. We estimate that migration accounts for at least one 

quarter of the population growth in coastal villages during the past decade. 

Migration is higher in the urban communities, where many of the migrants find jobs 

as crew members on large fishing vessels. The fishing conducted by these migrants is usually 

more industrial and targets offshore fish stocks. This migration appears driven largely by 

income opportunities. In contrast, the migration into rural and remote villages is driven more 

by family connections. The exploited fish stocks for these fishermen are found near-shore, 

including among the coral reefs. While the two groups of migrants target different fish 

resources, there is some overlap. Indonesian law forbids vessels over five gross tons from 

fishing within three miles of shore, so as to reserve the in-shore fisheries for small-scale 

fishermen. Yet this restriction rarely is enforced.  

As the population in coastal villages of North Sulawesi continues to expand due to 

both fertility and migration, there will be growing pressure on the coastal marine resources. 

This suggests that the laissez faire approach to coastal marine resource management that has 



 14

been typical in the past in Indonesia may need to be reexamined. More sustainable fishing 

could be encouraged by effective bans on destructive fishing methods such as blast fishing 

and live capture of reef fish with cyanide. Another policy approach to encourage sustainable 

fishing would be policy reforms that would allow limits on entry to protect local fishing 

grounds from fishermen from other areas (17). 
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Table 1: Characteristics of the Surveyed Villages (n=17) 

 Average Minimum Maximum
Population Size 2518 535 7115
Population Growth Rate 2% -5% 8%
Muslim Households 38% 0% 95%
Fishing Households 44% 10% 95%
Number of Fishing Households 242 32 566
 

Catch per Effort – Reef Fish 1 3.1 0.6 10.6
Catch per Effort – Pelagic Fish 1 3.4 0.7 13.1
 
1 Catch per Effort represents the average kilogram of fish per hour of time spend fishing by an artisanal 
fisherman with a three to six meter canoe with up to one extra crew member. This attempts to correct for 
different fishing types, i.e. capital investment, and hence is based on a sub-sample of our respondents. 
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Table 2: Distribution of Respondents (n=599) among Village Type 
 and Migration Status 

  Migration Status Type of Village 
Local Migrant Total

Migrants as % 
of Respondents

Remote 19% 2% 21% ~ 10%
Rural 41% 8% 49% ~ 16%
Urban 15% 15% 30% ~ 50%
Total 75% 25% 100% 25%
 



 17

 
 

Table 3: Reasons for Migration (n=150) 

 Remote Rural Urban Full Sample
 n=13 n=46 n=91 n=150

Higher Income 8% 50% 69% 58%
Following Wife 23% 17% 4% 10%
Following Family 69% 26% 21% 27%
Due to Commercial Development 0% 2% 4% 3%
No Response 0% 4% 1% 2%
Total 100% 100% 100% 100%
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Table 4: Temporal Pattern of Migration (n=150) 

  # of Migrants % of Migrants
Arrived Years ago:  0-10 44 29%
 11-20 39 26%
 21-30 34 23%
 31-40 20 13%
 41-50 9 6%
 > 50 4 3%
Total  150 100%
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Table 5: Socio-Economic Characteristics of Surveyed Fishermen 

  Remote Rural Urban  
 Local Migrant Local Migrant Local Migrant 

Full 
Sample 

 n= 113 n= 13 n= 246 n= 46 n= 90 n= 91 n= 599
Age (years) 41.3 43.8 38.2 41.8 35.2 38.5 38.8
Education Level (mean) 1 2.4 2.4 2.5 2.3 2.6 2.6 2.5
Malaria Incidence  57% 54% 24% 30% 11% 7% 27%
Number of Children (mean) 2.7 3.1 2.7 2.7 2.1 2.4 2.6
Household Size (mean) 4.5 4.7 4.5 4.6 4.1 4.6 4.5
House Ownership 93% 100% 88% 83% 76% 80% 86%
Indoor Plumbing 16% 8% 17% 22% 43% 55% 27%
Ownership of Farm Land 65% 73% 26% 34% 2% 2% 31%
Fishing as Primary Occupation 36% 8% 74% 59% 97% 98% 71%
1 For each respondent the education level took a value between 1 and 5, where 1, 2, 3, 4, and 5 represent completion 
of No Schooling, Primary, Secondary, High School and some University, respectively. 
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Table 6: Fishing Activity and Characteristics 

 Commercial Fishermen 
 

Artisanal 
Fishermen1 Boat Owners  Crew 

 Local Migrant Local Migrant Local Migrant

Full 
Sample

 n=298 n=56 n=40 n=11 n=111 n=83 n=599
Fishing as Primary Occupation 60% 50% 73% 82% 94% 96% 71%
Length of Trip (mean hours) 9.5 9.8 11.9 10.6 75.2 126.1 38.1
Time to Fishing Ground (mean hours) 1.5 1.3 2.5 1.6 6.3 14.5 4.3
Catches Mostly Reef Fish 40% 36% 13% 18% 1% 0% 24%
Catch (mean kg per boat per trip) 19 21 378 509 4,847 4,410 1,555
Sells Catch to Trader 45% 46% 73% 64% 91% 88% 62%
Boat Ownership 84% 84% 100% 100% 0% 0% 58%
      - Motor or Sail Boat 21%2 14%2 70% 64% 2 2 18%
      - Length of Boat (meters) 4.712 4.292 7.58 7.59 2 2 5.07
      - Size of Entire Crew 1.62 1.32 5.7 5.0 2 2 2.1
      - Catch per Labor Effort 
                 (kg per hour) 2.02 2.12 14.8 12.7 2 2 3.8
1 Artisanal fishermen who do not own a boat usually borrow one from parents or share a boat with others. As a 
result, they do not fall into the category of dependent labor and hence do not warrant separate listing. 
2 Due to data limitations, we have only characteristics of the fishing boat for respondents who owned one. For 
artisanal fishermen, these numbers are based on the sub-sample of boat owners (84%). 
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Table 7: Fishermen’s Attitudes and Encounters 

  
  

Artisanal 
Fishermen  Commercial 

Fishermen 
  Local Migrant Local Migrant 

Full 
Sample 

  n=298 n=56 n=151 n=94 n=599

Catch compared to 5 years ago?  
 More 10% 9% 9% 6% 9%
 Same 18% 14% 15% 11% 16%
 Less 71% 77% 77% 83% 75%
Why is the catch less? 1  
 More fishermen 29% 30% 25% 23% 27%
 Foreign fishermen 1% 2% 28% 43% 15%
 Destructive fishing 16% 16% 4% 0% 11%
 Climate 8% 7% 9% 3% 8%
 Pollution 1% 2% 4% 3% 2%
 Other 20% 25% 17% 17% 19%
 Don't know 23% 18% 14% 11% 18%
Where would you invest money?  
 Fishing 91% 86% 88% 93% 90%
Ever witness bomb or cyanide fishing?  
 Yes 46% 43% 16% 6% 32%
 How do you feel about it?2 4.8 5.0 4.4 5.0 4.8
Ever encounter foreign fishermen?  
 Yes 10% 5% 50% 66% 29%
 How do you feel about it? 2 3.4 4.0 3.3 4.2 3.7
Conflict with other fishing villages?  
 Yes 10% 7% 15% 13% 11%
1 Only those respondents who answered “less” to the first question were asked why they believe the catch 
decreased. The sample size in each subgroup is reduced accordingly. 
2 Likert Scale of 1 to 5, where 1,3 and 5 were given as “does not bother me”, “bothers me a little”, and 
“bothers me a lot”, respectively. 
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Table 8: Econometric Analysis of Weekly Catch by Artisanal Fishers 
                Observations = 297; Adjusted R-squared = 0.317 

Coefficient t-ratio Mean1 

Constant -26.0 -0.580  

Time spent fishing (hours per week) 1.0*** 3.898 58.1 

Length of boat (meters) 11.3** 2.353 4.7 
Fly-fish net gear dummy 262.8*** 8.076 7% 
Coastal net gear dummy 227.7*** 5.180 4% 

Age (years) 0.4 0.526 40.3 
Education (secondary and beyond) -8.3 -0.439 28% 
Migrant (born outside Minahasa) -4.3 -0.193 16% 
Engages in agricultural activities -31.4* -1.755 58% 

Lives in a "remote" village 53.2*** 2.804 34% 
    

Note: * significant at the 0.10 level, ** significant at 0.05 level, *** significant at 0.01 level. 
1 % of respondents if dummy variable. 
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