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Abstract: Understanding the socio-economic factors that are associated with fishers‘ 

willingness to delay gratification may be useful for designing appropriate fisheries 

management and conservation policies. We aim to identify the predictors of low 

discounting behaviour among fishers, which is analogous to having a longer-term outlook. 

We base our empirical study on two small-scale tropical reef fisheries in Sabah, Malaysia, 

and Fiji. We use an experimental approach to identify fishers with low discount rates, and 

then use a logistic regression model to identify predictors of low discount rates. We find 

that 42% of the respondents have low discount rates, and that site and village level 

variables are significant predictors of low discount rates. Within Sabah and Fiji, boat 

ownership and relative catch differentiate low discounting from non-low discounting 

fishers, but these variables have contradictory effects in Sabah and Fiji. Overall, our results 

imply that a substantial proportion of reef fishers may be willing to engage in conservation 

initiatives; however, local socio-cultural, economic, and ecological conditions have to be 

considered first during the process of designing management interventions.  
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1. Introduction 

Coral reef fisheries sustain the livelihoods and food security of millions of people worldwide [1], 

but have been extensively overexploited [2]. Well-managed reef fisheries are rare [3], and exacerbated 

by the fact that the majority of coral reefs occur in developing countries where restricting fishing 

activity will impose significant societal and economic costs on poor coastal communities [1,4-6]. The 

combined pressures of dwindling fish stocks and the need to earn a livelihood have led many fishers to 

engage in ‗outright resource destruction‘ [7], a behavior which is consistent with an inability to delay 

economic gratification. In this context, understanding the socio-economic factors which contribute to a 

longer-term outlook or willingness to delay gratification among fishers may be useful for designing 

appropriate fisheries management and conservation policies. To address this, our study objective is to 

identify the socio-economic characteristics that are associated with fishers who have low discount rates. 

We base our empirical study on two small-scale tropical reef fisheries in Sabah, Malaysia, and Fiji.  

An individual‘s willingness to trade current for future consumption can be measured by one‘s 

private discount rate. Understanding fishers‘ discount rates is important for fisheries management 

because fisheries economics theory suggests that overexploitation occurs when fishers‘ discount rates 

are high [8,9], i.e., they prefer receiving an immediate, certain, smaller benefit over future, uncertain, 

but potentially larger benefits. Akpalu [10] supports this assertion by showing that, in Ghana, fishers 

with higher discount rates engaged in less sustainable fishing practices. In another developing country 

study done in rural fishing villages where fishing was the main occupation and there was free access to 

fishing grounds, Fehr and Leibbrandt [11] found that more patient Brazilian fishers were less likely to 

exploit the fisheries resource heavily. We therefore adopt the standpoint that low, rather than high 

discount rates are desirable for achieving the goal of sustainable marine resource use for both current 

and future generations. The question of what socio-economic factors are associated with a low 

discount rate is therefore of policy interest. Pollnac and Poggie [12] examined factors that affect  

small-scale fishers‘ economic gratification orientation, a parallel concept to discounting. However, we 

do not know of any study that explicitly deals with the socio-economic predictors of fishers‘ discount 

rates. As such, our study fills a research gap that also has important management implications. 

Factors such as wealth, income, education, and age are thought to lower individuals‘ discount  

rates [13], although case studies involving communities in comparable socio-economic settings to 

Sabah and Fiji have provided inconclusive evidence. For example, Pender [14] and Holden et al. [15] 

found that income was inversely related to discount rates, but Poulos and Whittington [16] found no 

relationship. Similarly, education and age have been both positively and negatively related to discount 

rates [17,18]. Differences in individuals‘ discount rates are also likely due to neurophysiological 

features (e.g., impulsiveness), personality, or learning differences [19,20]. We focus on the socio-economic 

correlates of discount rates, as these bear the most relevance in terms of developing management 

policies for small-scale reef fisheries. 

Resources from coral reefs and adjacent mangrove and seagrass ecosystems have traditionally 

formed the backbone of fishing economies along the coasts of Sabah and Fiji [21,22]. Coral reef 

fisheries in both locations are small-scale, making use of various manually operated gears such as hook 

and line, gillnets, traps, and spears or spear guns to catch a wide variety of reef and reef-associated 

species. The main fish families caught in both Sabah and Fiji include groupers (Serranidae), emperors 
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(Lethrinidae), snappers (Lutjanidae), and various mackerels and tunas (Scrombidae). Trevallies and 

other carangids are also commonly caught in Sabah, whereas surgeonfish (Acanthuridae) are more 

common in Fiji. In addition to fish for domestic consumption, fishing for internationally traded 

organisms such as live reef food fish species and sea cucumbers provide a valuable source of income 

for fishers in both locations [23-26].  

Inshore fisheries resources in Sabah and Fiji have shown signs of overfishing, and fishers in both 

places have similarly noted a decrease in catch rates and the size of fish caught [27-29].The depletion 

of coral reef fisheries resources has serious socio-economic consequences for fishing communities in 

both locations, as these tend to be poor, with high reliance on inshore reef resources for food and 

income [30-32]. Faced with the pressure of having to meet immediate consumption needs from 

declining inshore marine resources, reef fishers in Sabah and Fiji can be expected to engage in high 

discounting. In the rest of this paper, we will first identify those fishers who, contrary to expectations, 

have low discount rates, and then examine what socio-economic factors may predict their low 

discounting behavior.  

2. Methodology 

Data for this study were obtained from 122 interviews conducted with fishers in Fiji and Sabah. The 

interviews were semi-structured and followed a prepared questionnaire, although interviewees had the 

flexibility to expand on topics of interest. The discount rate elicitation exercise formed part of a longer 

questionnaire that also covered topics on ecology, socio-economics, catch rates, spatial use of fishing 

grounds, and perceptions of change to fishery management.  

2.1. Study Sites 

Interviews in Fiji (n = 47) were carried out in May and June 2008, while interviews in Sabah  

(n = 75), a Malaysian state situated on the northeast corner of Borneo, took place in April and May 

2009. Interviews in Fiji covered 9 villages and 2 settlements located on Viti Levu and Vanua Levu, the 

two largest and most developed islands, as well as on the smaller islands of Yasawa and Kadavu 

(Figure 1a, Table 1). These interview sites were selected to provide a wide geographical coverage of 

Fiji, and artisanal and/or subsistence fishing took place at all the interview sites. Our study in Sabah 

was conducted in 11 rural fishing villages grouped into two main geographical areas, which were 

chosen due to the prevalence of reef fishing. Four villages were located in the Semporna group of 

islands, off the south-eastern coast of Sabah, while another 7 villages were located in Pulau Banggi 

(Table 1), which is an island located off the northern tip of Sabah (Figure 1b). 
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Figure 1. (a) Map of Fiji showing the islands where interviews took place. Fiji base map is 

from [33] (b) Map of Sabah showing the two study sites: Pulau Banggi and the Semporna 

islands. The inset map shows Malaysia shaded in grey. 

 

(a) 

 

(b) 
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Table 1. List of interview villages in Sabah and Fiji. 

Site Island Village 

SABAH Banggi Batu Sirih, Damaran, Dogoton, Maligu, Manawali, Sibogo 

Air, Sibogo Balak 

 Semporna Denawan, Hampalan Laut, Mabul, Omadal 

   

FIJI Vanua Levu Galoa, Moata,Tavea,Vunivutu 

 Viti Levu Nakavita, Natawarau,Seroa 

 Kadavu Galoa, Namouna 

 Yasawa Malakati, Nacula 

2.2. Estimating Personal Discount Rates 

We used an experimental economics approach to estimate personal discount rates. The procedure 

involved providing fishers with a series of binary choices consisting of monetary payments that 

occurred at different points in time. The choice series followed a ‗multiple price list‘ format similar to 

Harrison et al. [34], and was chosen because it was easy for respondents to quickly grasp how to do 

the exercise. For example, we asked ―Would you prefer $100 today or $100 + x in one month?‖ The 

value of each subsequent delayed payment increased while the immediate payment remained constant. 

We inferred that the respondent‘s discount rate was higher than x% per month if they chose the 

immediate option, and less than x% per month if they chose the delayed payment. Consequently, each 

payment choice was bounded by upper and lower discount rates (r), which were calculated as  

r = −ln (x/y)/t, where x and y were the immediate and delayed payment, respectively, and t was the  

time delay. We used hypothetical payments in both Fiji and Sabah due to budgetary and logistical 

considerations. While other studies have used food or cash payments [18,35], there has been no 

conclusive evidence that real payments result in more realistic answers [20].  

Fijian fishers completed two sets of choice series: the first series (AF) had a one-month delay period 

while the second series (BF) had a one-year delay. These delay periods were chosen to represent the 

short and long term in order to investigate whether fishers‘ discount rates varied over time, a topic 

which we do not examine further in this study. Both series had an immediate payment of FJD 400 

(USD 204), which was approximately the average monthly income of fishers. Each series consisted of 

13 choices, with associated annual discount rates ranging from 29 to 471% for Series AF, and 27 to 

103% for Series BF. Forty-five out of 47 respondents completed both choice series.  

Fishers completed three sets of choice series in Sabah. As with Fiji, the first series (AS) had a one 

month delay. We shortened the delay for the second series (BS) to 6 months due to the inclusion of a 

third series (CS), which had a front end delay of one year, so that the choice was between payment in 

one year and one year plus one month. Each series had 14 choices. Delayed payments in all 3 series 

were calculated to correspond to an annual discount rate range of 29 to 637%. The immediate payment 

for Series AS and BS was RM 100 (USD 29), while for Series CS it was RM 500 (USD 146). These 

payments were roughly equivalent to a fishers‘ net income for one week, and one month, respectively. 

Of the 75 participants, 73 completed the choice series. 

The difference in discount rate ranges used in Sabah and Fiji did not affect our present analysis 

because we did not focus on fishers‘ absolute discount rate values. Rather, we were interested in low 
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discounting fishers, whom we defined as those who chose the smallest future payment presented to 

them. We considered all other payment choices to be non-low discounting because they represented 

some degree of unwillingness to delay consumption. 

2.3. Explanatory Variables 

Our study was exploratory, with the aim of identifying factors associated with low discount rates. 

As such, the study was not designed to determine the direction of causality between low discount rates 

and socio-economic variables. We split the explanatory variables into 3 groups as detailed below and 

summarized in Table 2. 

Table 2. Expected relationship between explanatory variables and low discount rates. 

Explanatory 

variable 

Variable type Variable definition Expected relationship 

with a low discount rate 

Demographic    

Age  Continuous Age in years +/− 

Education  Dichotomous 0 if not educated or primary 

education, 1 if secondary education or 

higher 

+ 

Household size  Continuous No. of people in household +/− 

Economic    

Poverty index  Continuous Standardized measure of net monthly 

fishing income (USD) 

+ 

Boat ownership  Dichotomous 1 if own a boat, 0 if do not own a boat + 

Relative catch  Continuous Standardized measure of catch (Kg) 

per fisher per week 

− 

Alternate income  Dichotomous 1 if have an alternate income, 0 if none + 

Temporal decline  Dichotomous 1 if perceive decline, 0 if none ? 

Location    

Site  Dichotomous 1 if survey site is Sabah, 0 for Fiji ? 

Market access Dichotomous 1 if village is accessible, 0 if poor 

accessibility 

+ 

Protection initiative  Dichotomous 1 if there is community initiative to 

protect fishing area, 0 if none 

+ 

Demographic 

1. Age—The effect of age on discount rates is ambiguous. Becker and Mulligan [13] suggested a U 

shape relationship between age and discount rate, indicating that discount rates decrease through 

childhood, reach some minimum during adulthood, and then increase again as people grow older. 

In contrast, Kirby et al. [18] found a positive relationship between age and discount rates. 

2. Education—Education is expected to focus attention on, and facilitate planning for the future [13]. 

It is also assumed that people with higher education levels are more likely to earn larger incomes, 

which are associated with lower discount rates.  
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3. Household size—Households with more children may be more forward-looking; thus, larger 

households may be associated with lower discount rates [15]. On the other hand, having a higher 

number of dependents may be associated with higher discount rates due to the pressure of having 

to fulfil larger immediate consumption needs. Therefore, the effect of household size appears to  

be ambiguous. 

Socio-economic variables 

4. Poverty index—People with lower income levels tend to be less patient due to the need to provide 

for current consumption, which leads to an inverse relationship between discount rates and income 

or wealth [13-15]. We used a poverty index [36] as a standardized measure of income for fishers in 

Fiji and Sabah. This was calculated as a fisher‘s net monthly fishing income standardized to the 

monthly poverty line income of each country. 

5. Boat ownership—Owning a boat is indicative of economic security and may thus be associated 

with a fisher who is more oriented towards delaying gratification[12]; the maintenance that has to 

be done on a boat also requires a fisher to be future-oriented [12]. Boat ownership was coded as a 

dichotomous variable with 0 and 1 indicating not owning and owning a boat, respectively. 

6. Relative catch—A fisher who catches more relative to others may exhibit an unwillingness to delay 

current consumption, everything else being equal. Relative catch was calculated as the total catch 

per fisher per week, standardized to the average weekly catch for all fishers in Sabah and Fiji.  

7. Presence of an alternate job or income source—Due to the seasonal and periodic nature of fishing, 

having another source of income or livelihood other than fishing is indicative of increased 

economic security, which has been found to be positively related with a deferred gratification 

orientation [12].  

8. Temporal decline in fish catch—We hypothesized that fishers‘ perceptions about whether there had 

been a temporal change in their fish catch would affect their willingness to conserve fisheries 

resources. Perceiving a temporal decline may incite a fisher to become more aware about the need 

to conserve for the future. On the other hand, it may also motivate a fisher to fish harder and adopt 

a shorter term focus.  

Location-specific variables 

9. Site—A dummy variable was used to control for site differences, with Sabah = 1 and Fiji = 0. 

10. Market access—Having good market access may mean that fishers are more certain that their 

produce will be sold for a reasonable price. This added certainty may decrease discount rates. The 

accessibility of each fishing village was categorized as ‗good‘ or ‗poor‘, based on the distance to 

the nearest main town or fish market, and how accessible it was transport-wise. In both Sabah and 

Fiji, 8 villages (73%) were considered to have poor market access. These villages were either 

situated on outlying islands located away from the mainland or main island, or were isolated 

villages located far from main fish markets. 

11. Protection initiative—Previous findings indicated that lower discount rates may be associated with 

villages where inhabitants had taken the initiative to protect their village fishing grounds from 

outside fishers [37]. At the study villages, forms of protection included (i) marine reserves in 

which no fishing was allowed; and (ii) semi-protected fishing grounds which outside fishers were 
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prevented from fishing, but villagers were allowed to fish. Three villages in Sabah had protection 

initiatives, as opposed to one in Fiji. 

2.4. Analysis 

We fitted a binary logistic regression model using R software (www.r-project.org) to investigate 

which socio-economic factors predicted the probability that fishers would choose low discount rates. 

We had 3 regression models: separate models for Sabah and Fiji, and a pooled model for both Sabah 

and Fiji. Excluding two missing values in Sabah and Fiji led to sample sizes of 118, 73, and 45 for the 

pooled, Sabah, and Fiji models, respectively.  

The correlations between all independent variables were examined for collinearity. We also 

checked for excessive multi-collinearity using Variance Inflation Factor (VIF) values. We found that 

market access and protection initiative (PI) were almost perfectly correlated (r = −0.98), and decided to 

leave market access out of the regression because our prior findings indicated that PI may be 

associated with low discounting behavior [37]. The dummy variables for site and boat ownership were 

also highly correlated (r = 0.8). As other studies had found inter-country differences in discount rates 

or willingness to defer gratification [12,16], we decided to leave site in the pooled model, and used 

boat ownership in the individual location models instead.  

We used our results from the choice experiments to create a dichotomous indicator variable to 

identify low discounting individuals. We considered two options for identifying low discounters:  

(i) one who chose the smallest future payment offered in Series A, or (ii) one who chose the smallest 

payment offered in all series. Hyperbolic discounting behavior may have confounded individuals‘ 

choices for option (ii). Therefore, we decided to use option (i), which involved the same one month 

period delay for both Fiji and Sabah. The dichotomous dependent variable was defined as Y = 1 for 

those who chose the smallest payment offered in Series A, and Y = 0 otherwise. For each model, we 

started with a ―full‖ model containing the explanatory variables of interest. The logistic regression 

equation we tested was: 

  WZXY  (1)  

where X, Z and W were matrices of demographic, socio-economic and location variables, respectively, 

as defined in Table 2. The term  is a constant and the residual term, є, was assumed to be normally 

distributed ε 
iid

~ N (0,1). We tested this equation using the full sample of fishers from Sabah and Fiji as 

well as two more models on a subset of observations consisting of only fishers from either Sabah or 

Fiji. We controlled for site and village level variation by using dummy variables for site and protection 

initiative, respectively. Nevertheless, we acknowledge that lack of independence in the Y values may 

be a possibility due to the hierarchical nature of our sampling, and this may have resulted in 

overestimates of significance for these terms.  

As we were undertaking exploratory analysis, it was appropriate to use a stepwise model selection 

procedure in both directions to identify a model which presented the ―best‖ fit to the data. Akaike 

information criterion for small samples (AICc) was used to compare between models fitted to the same 

data. We accepted significance levels of 0.1 due to the exploratory nature of the analysis, and because 

we were making observations of human behavior, which may by nature be more unpredictable [38]. 
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Following model selection, we assessed the model goodness of fit and predictive accuracy using the 

log likelihood test and receiver operating characteristic (ROC) curve. Residual and leverage plots were 

visually inspected to check for severe outliers and for data points which exerted excessive influence on 

the parameter estimates. 

3. Results  

3.1. Site Comparisons 

3.1.1. Between Site Comparisons, all Fishers 

Overall, 42% of fishers chose the low discount rate option in Series A; a substantially higher 

proportion in Sabah chose this option, compared to Fiji (51% vs. 27%). Fishers in Sabah and Fiji were 

similar in terms of age, household size, and dependence on fishing as the only source of income  

(Table 3). Based on interview data, the mean catch per unit effort (CPUE) across all gears in Sabah was 

16.0 ± 3.8 kg person
−1

 trip
−1

. Mean CPUE in Fiji was slightly lower, at 15.4 ± 1.8 kg person
−1

 trip
−1

, but 

the difference was not statistically significant. Poverty levels at both sites were similar, with no 

significant difference in fishing poverty index between Sabah and Fiji, although it was slightly higher 

in Fiji (0.79 vs. 0.59). Fishers in Fiji also had higher levels of education, and were less likely to own 

their own boats. Twenty-seven percent of fishers in Sabah resided in villages with some form of 

protection initiative, compared to 9% in Fiji. 

3.1.2. Within Site Comparisons of Low and Non-Low Discounting Fishers 

Low discounting fishers in Sabah tended to be slightly older than non-low discounters, had slightly 

smaller families, less education, and a higher boat ownership rate (Table 3). In contrast, low 

discounting fishers in Fiji tended to be slightly younger than non-low discounters, achieved a higher 

level of education, and had a lower boat ownership rate. A larger proportion of low discounting fishers 

in Fiji had alternative income sources, had noticed a temporal decline in catches, and lived in 

accessible villages, whereas the proportion for these variables was roughly the same in Sabah. The 

difference in proportions between low and non-low discounting fishers who lived in PI villages was 

statistically significant within Sabah (Fisher‘s exact test, p < 0.01), but not in Fiji (Table 3). There was 

no other outstanding factor that distinguished low discounting from non-low discounting fishers within 

sites, as none of the other independent variables were statistically different at the 0.05 level between 

low and non-low discounting fishers.  
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Table 3. Between and within site comparison of socio-economic variables for low 

(DRLOW = 1) and non-low (DRLOW = 0) discount rate respondents.  

Variable SABAH (n = 73) FIJI (n = 45) 

 Non-low 

discounting 

fishers 

Low 

discounting 

fishers 

All fishers Non-low 

discounting 

fishers 

Low 

discounting 

fishers 

All fishers 

Age 37.3 ± 1.9 41.9 ± 1.9 39.6 ± 1.4 39.4 ± 2.4 37.0 ± 2.4 38.9 ± 1.7 

Household size (people 

household
−1

) 

8.1 ± 0.9 7.0 ± 0.6 7.0 ± 0.4 6.4 ± 0.6 5.8 ± 0.9 6.3 ± 0.5 

No. years fishing 20.3 + 2.0 22.2 + 1.9 21.2 ± 1.4 13.6 + 1.5 14.7 + 3.1 14.2 ± 1.4 

Relative catch  1.0 ± 0.4 1.5 ± 0.7 1.3 ± 0.4 0.9 ± 0.2 1.2 ± 0.4 1.0 ± 0.2 

Poverty index 0.6 ± 0.1 0.6 ± 0.1 0.6 ± 0.1 0.8 ± 0.1 0.9 ± 0.3 0.8 ± 0.1 

Education 

None (%) 

Primary (%) 

Secondary/Tertiary (%) 

 

37 

57 

6 

 

61 

32 

8 

 

47 

45 

8 

 

0 

42 

58 

 

0 

25 

75 

 

0 

32 

68 

Boat ownership =1 (%) 84 95 89 39 17 9 

Alternate income =1 (%) 24 21 25 33 42 35 

Temporal decline =1(%) 89 89 90 52 67 56 

Accessible =1 (%) 24 21 23 30 58 38 

Protection initiative =1 (%) 
a
 11 42 27 6 17 9 

a
 Significant difference between low and non-low discounting fishers within Sabah (Fisher‘s exact test, p < 0.01). 

3.2. Logistic Regression Models 

3.2.1. Pooled Model 

The stepwise procedure indicated that the following variables had non-significant relationships with 

fishers‘ choice of a low discount rate: age, education, poverty index, relative catch, temporal decline, 

and the presence of an alternate job or income source. We removed these from the model and tested 

the model using the 3 significant regressors: site, protection initiative, and household size (Table 4). 

The location specific variables (site and protection initiative (PI)) were significant predictors of a low 

discount rate. Although the coefficient estimate for household size was not statistically significant, we 

left it in the final model because a nested Chi test showed that its inclusion significantly improved the 

model fit. The significance of the overall model meant that the explanatory variables as a set allowed 

us to make better predictions of low discounting fishers than we could have made without the 

explanatory variables. 
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Table 4. Regression coefficients and standard errors for logistic regression models of 

socio-economic variables predicting the probability of fishers choosing a low discount rate. 

Z values are provided in brackets, and italics indicate the odds ratio for each variable. 

Significance levels are indicated by asterisks. 

Variable Pooled Sabah Fiji 

    

Intercept −0.55 ± 0.55 

(−1.00) 

−2.83 ± 1.22 

(−2.32) ** 

−1.40 ± 0.55 

(−2.56) 

Site  0.96 ± 0.44 

(2.18) ** 

2.61 

n/a n/a 

Protection initiative 1.64 ± 0.54 

(3.06) *** 

5.16 

2.85 ± 0.99 

(2.89) *** 

17.29 

n/a 

Household size  −0.11 ± 0.07 

(−1.45) 

0.90 

n/a n/a 

Boat ownership n/a 2.77 ± 1.22 

(2.27) ** 

15.96 

−2.91 ± 1.47 

(−1.97) ** 

0.05 

Relative catch n/a −0.17 ± 0.10 

(−1.75) * 

0.84 

0.81 ± 0.42 

(1.93) * 

2.25 

χ
2
 19.81 (df = 3) *** 19.65 (df = 3) *** 8.44 (df = 2) 

Log-likelihood 68.97 (df = 4) −40.71 (df = 4) −20.52 (df = 3) 

Nagelkerke R
2
 0.21 0.32 0.26 

ROC 0.71 0.71 0.79 

Sample size 118 73 44 

* p < 0.1; ** p < 0.05;*** p < 0.01. 

If the other explanatory variables remain constant, the odds of a low discount rate for a fisher from 

a PI village is about 5 times higher than that for a fisher from a non PI village. The odds that a Sabah 

fisher chose a low discount rate is about 2.6 times over that for a Fijian fisher. Having a larger 

household decreased the likelihood of choosing a low discount rate, although this effect was 

statistically insignificant. The Nagelkerke R
2
 value of 0.21 indicated that the model had low usefulness 

for predicting the probability of fishers choosing a low discount rate. The ROC measure of 0.71 also 

suggested moderate discriminating ability.  

3.2.2. Sabah and Fiji Models 

3.2.2.1. Sabah 

The overall model was significant, and included protection initiative, boat ownership, and relative 

catch as significant predictors of a low discount rate. Owning a boat or living in a PI village increased 

the odds that a fisher would have a low discount rate, whereas high relative catch decreased the odds 
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of choosing a low discount rate (Table 4). The Nagelkerke R
2
 of 0.32 indicated a moderate relationship 

between the independent and dependent variables, while the ROC measure of 0.73 indicated that the 

model had moderate discriminating ability.  

3.2.2.2. Fiji 

One data point was removed from the Fiji model due to a high deviance residual, so that the final 

model was fitted to a sample of 44. The removal did not affect the overall model results. The Fiji 

model also included boat ownership and relative catch as significant predictors of low discount rates. 

Interestingly, in contrast to Sabah, boat ownership in Fiji decreased the odds that a fisher would choose 

a low discount rate, while an increase in relative catch actually increased the odds of a fisher choosing 

a low discount rate (Table 4). The model had moderately high discriminating ability with a ROC 

measure of 0.79, and the Nagelkerke R
2
 of 0.26 indicated a moderate relationship between the 

independent and dependent variables.  

4. Discussion 

We find that 42% of the fishers in our study have low discount rates, which is encouraging given 

the urgency of conserving coral reef resources. It also appears that the common assumption that  

small-scale fishers have high discount rates [39] may not be applicable in all cases. In fact, other 

researchers have also found that fishers‘ discount rates are not excessively high [40,41], while both 

Ngyuen [42] and Poggie [43] showed that small-scale fishers had lower discount rates compared to 

workers in other occupations within the same community.  

The significance of the site dummy variable in the pooled model is consistent with the few other 

studies which have compared discount rates across developing countries [12,15,16]. It suggests that 

socio-economic variables we have not controlled for, or some emergent property of local conditions, 

(e.g., cultural values and traditions [15], or local geographical conditions [44]) may account for the 

observed difference in the distribution of fishers choosing low discount rates in Sabah and Fiji. The 

use of certain fisheries management tools may also encourage fishers to develop a longer term 

planning horizon. For instance, based on two well-developed ITQ (individual transferable quota) 

systems in Iceland and New Zealand, Asche [41] estimated that fishers‘ discount rates decreased 

through time.  

The protection initiative (PI) variable is significant in the pooled and Sabah models. All PI villages 

have low accessibility, as they tend to be situated on islands away from the main island or the 

mainland. Pomeroy et al. [45] found that social and economic conditions prevalent in small island 

communities, such as constant face-to-face interaction among villagers, and sharing similar activities 

and backgrounds, increased the likelihood of villagers cooperatively undertaking a joint venture such 

as implementing community marine protected areas. Although we did not explicitly measure these 

attributes, the findings of Pomeroy et al. [45] are consistent with studies which suggest that the 

presence of social capital among community members can lead to more sustainable marine resource 

management [46-48]. Having said this, we acknowledge that factors which we are not aware of, such 

as villagers‘ exposure to marine education campaigns, or political incentives, could have spurred 
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villagers to initiate protection of their village fishing grounds. In any case, our results highlight the 

need for future research to explore the linkage between fishers‘ time preference and social capital.  

The same fishery-related variables affect low discounting in both Sabah and Fiji, albeit with 

contrary effects. While the Sabah model results are consistent with other empirical studies, the Fiji 

model results counter expectations. Owning a boat increases the chances of a low discount rate in 

Sabah, which supports another study that found boat ownership to be associated with a deferred 

economic gratification orientation among small-scale fishers [12]. Boat owning fishers have invested 

in the fishery, and are therefore more likely to have a longer term perspective about the fishery 

compared to non-boat owners, who have no investment, hence no interest or stake in the future  

well-being of the fishery. The fact that boat ownership is lower in Fiji may explain the lack of the 

positive boat ownership-low discount rate relationship observed in the Sabah model.  

An increase in the relative catch variable is associated with a decrease in the probability of choosing 

a low discount rate in Sabah. This makes sense if a higher fish catch is due to a fisher intentionally 

catching more in order to gain as much as possible from the fishery today. Pursuing one‘s short-term 

interests that ultimately leads to outcomes which are in no one‘s long-term interest is a characteristic 

problem with common pool resources [49]. In Sabah, this type of short-sighted and competitive 

behavior is likely exacerbated by the essentially open access nature of small-scale fishers‘ fishing 

grounds. On the other hand, a higher catch may also indicate a better skilled fisher who catches more 

relative to others. If this effect is stronger than the competitive effect, the negative relationship 

between relative catch and low discount rate may not be present. This appears be the case in Fiji, 

where the presence of a customary marine tenure system may be dampening the competitive mentality 

that seems to occur in Sabah.  

Surprisingly, demographic variables are not significant predictors of a low discount rate, even 

though age, education, and poverty have been correlated with discount rates in other studies of 

resource dependent communities in developing countries [18,44,50,51]. The lack of statistical 

relationship between poverty and discount rates may be because fishers in our study are not completely 

cash-constrained, as fishers in both Sabah and Fiji are able to obtain credit from fish buyers or from 

their friends and families, without having to repay interest. The lack of an explicit debt load may play a 

role in reducing the pressure for fishers in our study to catch as much as they possibly can, but this was 

not completely captured in using fishing income as an indicator. The weak relationships between 

independent and dependent variables may also be because our models do not account for risk attitudes, 

ethical considerations or psychological and neurophysiological traits, which others have found to  

be related to discount rates [20,52-54]. Overall, we must bear in mind that, due to the relatively small 

sample size and exploratory nature of our study, our results should be regarded as tentative rather  

than conclusive. 

5. Conclusion 

In summary, we found that over 40% of the fishers in our study have low private discount rates, 

although the proportion of patient fishers in Sabah is nearly double that in Fiji. This is encouraging for 

conservation of the region‘s coral reefs, particularly in Sabah, where marine protected areas are in the 

process of being established in both Pulau Banggi and the Semporna islands. Our results suggest that 
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location and fishery-related variables differentiate low discounting from non-low discounting fishers. 

Policies which aim to motivate a long-term conservation orientation among fishers may therefore wish 

to focus on the community and fishery level, rather than on individuals. The fact that the same boat 

ownership and relative fish catch variables have contradictory effects on low discount rates in Fiji and 

Sabah cautions against implementing blanket solutions without first carefully considering local  

socio-cultural, economic, and ecological conditions.  
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