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Abstract: 

 The objectives of the research was to compares the economics of regulated and unregulated fisheries through the 

estimates of technical, allocative and economic efficiency of micro entrepreneur or artisanal fishers in  the central 

Nigerian state of Plateau, with a view to examine the economic benefits and sustainability on inland water 

fisheries as renewable resource in developing economics. Stochastic frontier production and cost functions using 

the maximum likelihood estimation (MLE) technique was used to analysed data collected from, daily fishing 

observations made for 4 weeks, and through questionnaire from 20 micro entrepreneurs from unregulated lakes 

of Polmakat, Shimankar, Deben, Janta and 30 micro entrepreneurs from the only regulated Pandam Lake to give 

a sample size of 110 respondents selected in a multi-stage sampling technique. The mean technical, allocative 

and economic efficiency of unregulated fishers were 0.83, 0.56 and 0.68 respectively, while, the mean technical, 

allocative and economic efficiencies of the regulated fishers were 0.91, 0.68 and 0.72 respectively. This study 

shows higher potential for increase in fishing output at unregulated fisheries through better use of available 

resources, given the current state of technology. The MLE result suggested that extension contact, age and 

educational status were major determinants of efficiency in unregulated fishing, meaning that the transformation 

for effective and sustainable fisheries exploitation requires the involvement of educated fishers, extension 

education, and redefinition of property rights of unregulated fishery and constraining of inputs at regulated 

fishery. 
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1 Introduction  

 The diverse farming environments of Sub-Saharan Africa, among other factors, suggest an Asian-type Green 

Revolution is unlikely and there is a need for more localised innovation and solutions to enhance and sustain 

productivity of smallholder production systems centred on agriculture, forestry and fisheries (Madison, 2006). 

The global captured fishery is in a crisis with a majority of the world’s fisheries being fully exploited and about 

one third of them being either depleted or over-exploited (FAO, 2003. This crisis has been deepen by both 

market and policy failures which manifest themselves through, among other things, improper management and 

inadequate property rights. The results of these are extinction of species, disturbances of delicate ecosystem, 

collapse of important fisheries, and destruction of natural environment, less dramatic, but of enormous 

importance, is the decrease in yield, income, and employment from fisheries. FAO (2004) also stated that 

deterioration of global fisheries is raising significant concern, mainly because an estimated one billion people, 

mostly in low-income countries, depend on fish as their primary source of protein and further stated that the 

industry, ranging from subsistence fishermen to large-scale mechanized fishing vessels, directly or indirectly 

employs some 200 million people worldwide. 
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 Fisheries development plans in Nigeria have spanned for a period of 44 years however, the key objectives to 

make Nigeria self sufficient in fish production, conservation of the resource and other economic factors were 

considered targets of fisheries management remains unfulfilled((Azionu et al., 2005). However, there is a 

growing consensus among ecologist, conservationist, biologist and fisheries managers that conventional season 

length and gear restriction management methods are bound to fail in the future, and that a new approach is 

therefore needed (Bohnsack, 1993).  Plateau state government in the last eight years (2004) adopted a new 

management regulatory mechanism (henceforth called regulated fishery) at Pandam Wildlife Park lake fishery 

and the only of its kind in Nigeria. The main objective of the study was to compares the economics of regulated 

and open access systems (henceforth called unregulated fishery) inland water fisheries. Specific objective was to 

measure the technical efficiency (TE), allocative efficiency (AE), and economic efficiency (EE) of fishing micro 

entrepreneurs at both governments regulated and unregulated natural lakes in central Nigerian state of Plateau. 

This research seeks to test the null hypotheses that there was no difference in the economics of regulated and 

unregulated fisheries in the study area. 

2 literature review 

 The stochastic frontier modelling is becoming increasingly popular because of its flexibility and ability to 

closely marry economic concepts with modelling reality. And, based on this, the model is employed in this paper 

to provide the basis for measuring household-level technical, allocative and efficiency as a basis for assessment 

of current property rights, management and exploitation levels for beneficial and sustainable fishery indicators. 

The modelling, estimation and application of stochastic frontier production function to economic analysis 

assumed prominence in econometrics and applied economic analysis following Farrell’s (1957) seminar paper 

where he introduced a methodology to measure technical, allocative and economic efficiency of a firm. 

 Technical efficiency is defined (Kumbhakar and Lovell, 2000) as the ability of a decision-making unit (DMU) 

to obtain the maximum output from a set of inputs. However, over the years, Farrell’s methodology had been 

applied widely, while undergoing many refinement and improvements. And of such improvement is the 

development of stochastic frontier model which enables one to, measure firm level technical and economic 

efficiency using maximum likelihood estimate (a corrected form of ordinary least square –COLS).Aigner et al. 

(1977) and Meeusen and Van den Broeck (1977) were first to proposed stochastic frontier production function 

and since then many modifications had been made to stochastic frontier analysis. Aigner et al. (1977) applied the 

stochastic frontier production function in the analysis of the U.S agricultural data. Battese and Corra (1977) 

applied the technique to the pastoral zone of eastern Australia. 

       In the fisheries context, there is a growing interest in the measurement of technical and cost efficiency 

under different fishing management scenarios. In this context, knowledge of the technical and cost efficiency at 

fleet level and its determinant factors would be valuable information not only to obtain the maximum output from 

a set of inputs or to produce an output using the lowest possible value of inputs, but also for a decommissioning 

program (Idda et al., 2009; Lindebo et al., 2007; Maravelias & Tsitsika, 2008) In fact, the success of a 

decommission program depends both on the variation and the level of efficiency within the fishing fleets. The 

actual reduction in fleet capacity will be less than expected if fleets with lower than average efficiency levels are 

decommissioned. Further, if the remaining fleets improve their technical efficiency it may even further offset the 
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effects of the decommissioning program ( Lindebo et al., 2007). Due to the key role of efficiency and its 

determinant factors in fishing management and a  decommissioning program, there is a growing interest in the 

measurement of technical efficiency and the factors determining it at fishing fleet level (Esmaeili, 2006; Garcia 

del Hoyo et al., 2004; Hjalmarsson et al., 1996; Huang & Wang, 2002; Idda et al., 2009; Kirkley & Squires, 

1999; Kirkley et al., 2002; Lindebo et al., 2007; Maravelias & Tsitsika, 2008; Pascoe et al., 2001; Reid et al., 

2003; Reinhard et al., 2000; Squires et al., 2003; Tingley et al., 2005; Vestergaard et al., 2003). 

All of the aforementioned studies measure the technical efficiency of fleets within the similar management system 

based on the stochastic frontier production function.  Different fisheries differ from each other in management, 

natural endowment and level of economic development, therefore ignoring the variation in management systems 

may lead to biased estimates of efficiency scores, and hence misleading policy implications. However, for 

making efficiency comparisons across management systems was done by measuring economic efficiency of the 

two systems found on the plateau state in central region of Nigeria.  

3 Materials and Methods 

3.1 Study area 

 Plateau State is located in the middle belt region of Nigeria and lies between latitude 8
o
30′ and 10

o
30′N, 

longitude 7
o
30′ and 3

o
37′E with a land mass covering 53,585 square metres, the state has an estimated population 

3.9 million (projected 2012 population, NPC, 2006).  The Shimankar, Polmakar, Deben, and Janta Lakes and 

Pandam Lake (is about 200 hectares located within the Pandam wildlife Park) all lies within the Northern guinea 

Savannah. 

3.2 Data Collection 

Primary data were employed for the research and collected using questionnaires and a catch assessment record 

logbook.  The questionnaires were administered to the 30 micro entrepreneurs or artisanal fishers of Pandam 

Lake (regulated fishery) while, another 20 micro entrepreneurs or artisanal fishers each from the unregulated 

fishery at Shimankar, Polmakar, Deben, and Janta Lakes.  Furthermore, daily fishing observations of selected 

fishers was carried out through a catch assessment survey (CAS), to capture the lean months (July/September) 

and peak months (Nov/Jan) of fishing for period of two weeks each at unregulated, while, the lean months 

(April/May) and peak months (Dec/Jan)  for the regulated fishery. The total observations of one thousand five 

hundred and forty in twenty weeks from one hundred and ten fishers (observations: 1540; 4wks; 110 samples). 

4 Theoretical Frameworks 

4.1 Stochastic Frontier Production and Cost Function Models. 

 The basic method for measuring fishery vessel level efficiency is to estimate a stochastic frontier production 

and cost functions that envelop all the input-output data. The efficiency comparisons of the different types of 

management systems (e.g., comparing efficiency levels of government regulated fishery vessels with efficiency 

levels of unregulated fishery vessels) in this study was  done by measuring both technical and allocative 

efficiency of individual household.  The estimate of efficiency can be done using data envelopment analysis 
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(DEA) or stochastic frontier analysis (SFA).  The SFA models have the advantage of separation of impact of 

weather and luck from contribution of variations. DEA, however, does not account for random variation (a 

common feature in fishery) in the output. Apart from measuring efficiency, applications using SFA have been 

recommended by FAO (1998) to also measure fishing capacity (Garcia del Hoyo et al., 2004; Kirkley & Squires, 

1999; Kirkley et al., 2002; Pascoe et al., 2001; Reid et al., 2003; Vestergaard et al., 2003). A frontier model with 

output-oriented technical inefficiency is specified as follows: 

Yi = Ei β + (εi = Vi – Ui)   --        -      -      -       -         -      -     - -      -    -     -      -       -     -   (1) 

Where Yi is output in kg of individual i (i= 1, 2 ... N) Ei is the corresponding matrix of K inputs and β is a k x 1 

vector of unknown parameter to be estimated. The disturbance term is made up of two independent components, 

εi = Vi – Ui where Vi ~ N (0, σv
2 

)
 
, and Ui is a one-side error term. The estimated frontier is stochastic since 

fishing is sensitive to random factors (Kirkley et al., 1995). The first-best option is to consider a translog flexible 

functional form, because it represents a second-order approximation of any arbitrarily chosen function as well as 

being theoretically possible (Berndt and Christensen, 1973); it is specified as follows: 

In Yj = βo+ β1InE1 + β2InE2 + β3InE3 + β12InE1InE2 + β13InE1InE3 + β23InE2InE3+ ½ (β11InE1 + β22InE2 + 

β33InE3)
2
 + (Vi - µi) -     -       -       -       -       -        -        -        - -    -      -      -     (2) 

Where; subscript j refers to the jth fisher in the sample. 

E1 = is the length of fishing gears measured in meters. 

E2 = the time taken for passive gears to remain active in water (hours) per fishing trip as a proxy for hours fished 

(Kirkley et al, 1998). 

 E3 = the number of fishing gears owned by the individual fishers active during survey period. 

  In = the natural logarithm (base e). 

In Equation (2), the symmetry restriction is imposed a priori to be able to identify the coefficients (βij=βji). The 

corresponding cost frontier of Cobb-Douglas functional form which is the basis of estimating the allocative 

efficiencies of the fishers is specified as follows: 

Ci = g (Pi; α) exp (Vi + Ui); = 1, 2….n        -     -     -     -     -     -     -    -    -      -    -     -    -    - (3) 

a1 = cost of gillnet used by fishers  

a2 = Cost of malia trap used by fishers 

a3 = Cost of hook line used by fishers 

a4 = Cost of gura trap used by fisher 

a5 = Cost of repairs/maintenance 

a6 = Cost of depreciation on equipment 

Where Ci represents the total input cost of the i-th fisher; g is a suitable function such as the Cobb-Douglas 

function; Pi represents input prices employed by the i-th fisher and measured in naira; α is the parameter to be 

Estimated, Vis and Uis are random errors and assumed to be independent and identically distributed truncations 

(at zero) of the N (µ, σ
2
) distribution. Ui provides information on the level of allocative efficiency of the  i-th 

fisher. The allocative efficiency of individual fishers is defined in terms of the ratio of the predicted minimum 
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cost (Ci*) to observed cost (Ci).That is: AEi= Ci*/Ci = exp (Ui) Hence, allocative efficiency ranges between zero 

and one. 

4.2 Technical inefficiency model 

In the Battese and Coelli (1995) inefficiency effect model, the one-sided error term is specified as: 

Ui = δ0 +  +      - -      -     -       -      -      -      -      -      -      -     -     -     -     - (4) 

Where Zs are socioeconomics variables used to explain efficiency differentials among fishers, δ’s are unknown 

parameters to be estimated and i is an iid random variable with zero mean and  variance defined by the 

truncation of the normal distribution. The specific Z-variables the above model can be specified as follows: 

Ui = δ0 + δ1Z1 + δ2Z2 + δ3Z3 + δ4Z4 +    -     -     -     -     -     -     -     -      -      -     -     -       (5) 

Where Ui is individual fishers’ technical inefficiency measure in production and allocative efficiency in 

stochastic cost function and Z1, Z2, Z3 and Z4 represents age of fishers, family size, extension contact and level 

of formal education respectively. The inefficiency equation (5) can be estimated if the technical inefficiency and 

allocative inefficiency effects, Ui are stochastic and have particular distributional properties (Battese, et al, 

1996).  

4.3 Description of the Fisheries 

 

The Pandam lake reserve regulated fishery is the only natural lake reserve inland water body in Nigeria that 

employs three major activities; limit entry, mesh size restriction and a close season. Current regulation requires 

mesh size to be at least 3.5 inches in diameter and a full closure is in effect from 1
st
 June to 31

st
 October every 

year and only 30 licensed fishers to fish every day for the period of open season in the fishery. The unregulated 

other natural lakes in the state have; no direct government control, the number of people going to fish at the lakes 

are unlimited, mesh size are not regulated, fishery is expose to poisonous fishing and fishing is done throughout 

the year.  

5.0 Results and Discussion  

5.1 Descriptive Statistic 

 The descriptive statistics of variables for the stochastic frontier estimations for both fisheries are presented in 

Table 1 and 2. The  Results  revealed that the average total value of fish caught by regulated fishers (obtained by 

adding cash receipt from selling of fish and those consumed by family and given as gifts) was NN60,889.49 with a 

standard deviation of NN24, 324.30, while the unregulated fishers had NN56, 820.49 with a standard deviation of 

NN13,650.80.  The large value of standard deviation implies that the fishers were operating at different levels of 

exploitation  which was confirm by the minimum value of NN11,376.00 and maximum value of NN131, 328.09 for 

regulated and the minimum value of NN3,640 and maximum value of NN87,360 for unregulated fishery,  this tend to 

affect their output levels. For the regulated fishers, the minimum value of length of gears owned was 45.72 
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metres and maximum was 5943.60 metres.  The mean length of gear owned was 1341.63 metres with a standard 

deviation of 1328.57 metres, while mean length of gear owned was 1821.05 metres with a standard deviation of 

1633.25 metres for unregulated fishers.  The variability in length of gears measured by the minimum, maximum 

values and confirm by standard deviation may be due to the high cost of fishing gears as was reported by fishers 

during the oral interview.  

Table 1: Descriptive statistics of regulated micro entrepreneurs or artisanal fishers used in the analysis 

Variable                             Notation Mean S ± D MIN MAX 

 Average Total Catch (kg)  

Total value of catch  (NN)            Y              

3815.94 

60889.49 

1621.62 

24324.30 

758.40 

11376.00 

8755.20 

131328.09 

Length of fishing gears (M)        E1  1341.63 1328.57 45.72 5943.60 

Time of passive gears in water  E2 1046.77 1001.21 48.00 4920.00 

Number of gears owned/fisher  E3 46.24 38.24 14.00 210.00 

Age of the sampled fishers        Z1 38.51 11.61 20.00 75.00 

Family size of fishers                Z2 6.51 4.26 03.00 15.00 

Extension contact                    Z3 18.57 11.68 02.00 55.00 

Cost of malia trap used           c2 8.05 

16062.71 

6.27 

1456.57 

00.00 

1200 

13.00 

60000 

 Cost of hook line used           c3 9016.66 9371.66 1000 60000 

 Cost of gura trap used            c4 7088.74 10132.40 70 50000 

Cost of repairs/maintenance    c5 7715.80 10139,8 90 55000 

 Cost of dep. on equipment     c6  1503.55 3186.82 352 30000 

Total cost of investment          ct 46910 21452.81 14344 214528.10 

 

Table 2: Descriptive statistics of unregulated micro entrepreneurs or artisanal fishers used in the analysis 

Variable                             Notation Mean S ± D MIN MAX 

 Average Total Catch (kg)  

Total value of catch  (NN)                            Y             

2841.52 

56820 

687.54 

13650 

1820 

3640 

4368 

87360 

Length of fishing gears (M)                     E1  1821.05 1633.25 45.72 5943.60 

Time of passive gears in water                 E2 1072 878.29 288 3840 

Number of gears owned/fisher                 E3 53.8 39.81 15 160 

Age of the sampled fishers                       Z1 45.167 14.66 23 72 

Family size of fishers                               Z2 6.167 4.73 03.00 12.00 

Extension contact                                     Z3 27.20 12.80 10.00 55.00 

Formal educational status                         Z4 8.05 6.27 00.00 13.00 

Cost of malia trap used                              c2 4,997 5349 1000 24000 

 Cost of hook line used                             c3 4,663 2992 1500 15000 

 Cost of gura trap used                              c4 15,970 13832 2000 50000 

Cost of repairs/maintenance                      c5 717 365 200 1500 

 Cost of dep. on equipment                       c6  7,042 11541 1210 66825 

Total cost of investment                             ct 56,642       26546 22340 120225 
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5.2 Productivity Analysis 

5.2.1 Technical efficiency  

The maximum likelihood estimates of the stochastic frontier Production functions for regulated and unregulated 

fishers in the study area are presented in Table 3. The estimated coefficients of all the parameters of stochastic 

production function using translog specification is not necessarily meaningful in fisheries economics, however, 

the return to scale (RTS) from both estimates shows that the estimated elasticity’s of the explanatory variables of 

the model shows that all the variables have decreasing function to the factors. The regulated and unregulated 

fisheries returns to scale (RTS) were 2.020 and 0.964 respectively, the decreasing return to scale at unregulated 

fishery points to the fact that fishing exploitation at the fishery was at the stage of economic optimum (in stage II) 

in the production surface. For the regulated fishers, an increasing rate of return, suggests that fishing at regulated 

site was not at the stage of economic or technical optimum. This shows the existence of a potential for expansion 

of the present scope of production/ harvesting to actualise the full economic potential of fishers which could 

result to the attainment of more output in regulated fishery. Furthermore, at unregulated fishery, the result shows 

that about 68% of variation in output of fish was due to their difference in technical efficiency. 

 The results of inefficiency model estimate suggested that there was no technical inefficiency existing in the 

regulated fishery, while educational level and extension contact were factors influencing fishers’ technical 

efficiency at the unregulated fishery. Educational level and extension contact were significant and positive; 

indicating that increasing a unit of these factors can lead to decrease in technical inefficiency of fishers in an 

unregulated fishery. Specifically, educational status was statistically significant at 5% (p>0.001), suggesting that 

for an increase in one year of formal education there will be  14.4 %  probability or chance of the micro 

entrepreneur or fisher being technically efficient. Also, extension contact was statistically significant at 5% 

(p>0.01), indicating that for a unit increase in extension contact there will be about 9%  probability or chance of 

being technically efficient.   
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Table 3: Technical Efficiency estimate Using Translog Specification for both fisheries 

( DF; 6, 095 = 12.59)   *and ** significant at 1% and 5% respectively 

5.2.2 Allocative efficiency 

  The allocative efficiency refers to the estimates of the parameters of cost functions model showing the cost 

minimisation abilities or otherwise of the fishers in both regulated and unregulated systems and presented in 

Table 4. The result of unregulated fishery suggested that about 78% variation in total cost incurred by micro 

entrepreneurs or artisanal fishers were as a result of the differences in their minimisation abilities, while,  at 

Variable Description of variables Unregulated  

MLE 

Regulated 

MLE 

  Coefficient  t-ratio Coefficient  t-atio 

E0  Constant 5.560  5.27* 1.30  0.87 

InE1 Length of fishing gears (M)                      0.290  1.72 0.820  4.9* 

InE2 Time of passive gears in water                 0.470  1.21 0.520  1.3 

InE3 Number of gears owned/fisher                 -0.150  -0.23 0.820  0.84 

InE1 InE2 Length of fishing gears (M) x 

Time of passive gears in water         

-0.022  -0.23 -0.098  -7.2* 

InE1InE3 Length of fishing gears (M)  x  

Number of gears owned/fisher                                    

-0.034  -0.22 -0.270  -1.1 

InE2 InE3 Time of passive gears in water                 

x Number of gears 

owned/fisher                  

0.057  0.65 0.016  0.39 

InE1
2
 Length of fishing gears (M) 

squared                      

-0.047  -0.31 0.089  0.32 

InE2
-2

  Time of passive gears in water  

squared                 

0.100  0.55 0.120  0.599 

InE3
-2

 Number of gears owned/fisher 

squared  

 

Inefficiency model                 

-0.120  -0.75 -0.003  -0.0014 

Z0 Contant 1.85  -1.01 -0.220  -0.97 

Z
1
 Age of fishers 0.0097  0.35 0.050  -0.48 

Z2 Family size 0.083  1.27 -0.0023  -0.48 

Z3  Extension contact  0.092  -1.73** 0.058  -1.33 

Z4  Level of formal education 0.144  2.05** -0.220  0.91 

δ
2
 Sigma square 0.340  2.81* 0.840  1.41 

γ gamma 0.680  4.48* 0.990  3962* 

Log likelihood  -34.55                                                        

31.92 

LR test                                      16.84                                         

23.5047 
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regulated fishery  about 99% variation in the total costs were incurred because of the differences in the cost 

minimisation abilities of micro entrepreneurs. The estimate of stochastic cost function using Cob-Douglass point 

to constant return to scale as expected. 

 At both fisheries, the coefficients of cost of repairs/maintenance of fishing crafts/gears E5, although insignificant 

were negative, suggesting excess use of variable. Furthermore, the estimated coefficients of all other parameters 

of the cost functions at both fisheries were positive. This implies that the variables (E1= cost of gillnets, E2=cost 

of malia trap, E3=cost of gura trap, E4=cost of hook line, E6 = depreciation on fishing crafts) used in cost 

analysis have direct relationship with total cost of fishing used for output realised. In other words, cost of fishing 

increases by the value of each positive coefficient as the quantity of each variable is increased by one. At the both 

fishery, the cost of hook line and cost of gillnets were positive and statistically significant at 1% (p>0.001); 

suggesting that increase in a unit of quantity of output could result in the probability of increasing cost of hook 

line by 24% and 3% for regulated and unregulated fishers respectively. Also, the result indicates that the 

variables of depreciation on fishing crafts (E6) were statistically significant at 5% in both fisheries. 

The inefficiency estimated for unregulated fishery the coefficients of Age of fishers and extension contact were 

statistically significant at 5%, this is suggesting that as the fishers become older and as they make more extension 

contact their cost minimising efficiency increases. Furthermore, for regulated fishery, educational status also 

shows statistically significant at 5% level of significance, suggesting that for a one year increase in formal 

education, there will be a 4% probability increase in the fishers cost minimisation efficiency. 
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Table 4: Allocative efficiency estimate using Cob-Douglass specification for both fisheries 

Variable Description of variables REGULATED 

MLE 

UNREGULATED 

MLE 

  Coefficient t-ratio Coefficient  t-ratio 

E0 Constant 4.6 4.70* 7.08  13.99* 

InE1 Cost of gillnets,  0.06 3.72* 0.058  3.0* 

InE2 Cost of malia trap,  0.62 1.60 0.400  0.57 

InE3 

lnE4 

lnE5 

lnE6 

 

Cost of gura trap, 

Cost of hook line 

Cost of Repairs/mainte.on 

gears 

Depreciation on fishing crafts 

Inefficiency model 

0.22 

0.24 

-0.46 

0.32 

 

 

 

 

0.02 

3.02* 

-0.56 

1.9** 

0.102 

0.090 

-0.06 

0.410 

 

 

 

 

0.16 

2.92* 

-1.59 

2.80* 

Z0 Constant -0.03 -0.29 0.77  1.66 

Z
1
 Age of fishers -0.27 -7.55* 0.044      -2.57** 

Z2 Family size 0.03 1.23 0.018  -0.37 

Z3  Extension contact  0.13 0.55 0.040      2.24** 

Z4  Level of formal education 0.06 2.74* 0.013  1.01 

δ
2
 Sigma square 0.20 0.63 0.14  3.03* 

γ gamma 0.99 138* 0.78  3.12* 

log likelihood 

LR test  

                                                    42.88 

                                                     129.1              

25.89 

29.50 

df;6,095= 12.59       *and ** significant at 1% and 5% respectively 

 

4.2.3 Efficiency Score Distribution of Micro entrepreneurs 

4.2.3.1 Regulated Fishery 

   The regulated distribution of fishers according to deciles ranges and frequency distributions of technical, 

allocative and economic efficiency are presented in Table 5 shows that there was no fisher operating below 50% 
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technical efficiency level.  Similarly, all the fishers were operating at 60% or more technical efficiency levels.  

The result further indicated that 76.67% of fishers were operating at 90% or more efficiency level.  The mean 

technical efficiency score of fishers of regulated Pandam lake fishery was 92.50%.  Allocative efficiency ranges 

between 40.21% -97.30% with a mean of 72.17% and economic efficiencies ranges from 40.11% - 96.42% with 

a mean of 68.12%. This result suggests that there exist a potential of 27.83% chance of improvement in the cost 

minimising abilities of regulated micro entrepreneurs.  

The arithmetic means of the individual technical efficiency scores of 0.92 and allocative efficiency of 72.17% for 

regulated Pandam Lake fisheries can compare well with Lokina (2008) for Lake Victoria artisanal fisheries and 

Squires et al (2003) also found similar result, for the Malaysian gillnet fleets of artisan fishers. But these figures 

are comparatively higher than those found in Kuperan et al (2001) in Malaysian trawl fishery.  These 

comparatively high efficiency scores are consistent with Schultz’s (1964) thesis of “Poor and efficient” 

smallholders and peasant farmers in developing country agriculture.  

Table 5 Deciles Range of frequency distribution of TE, AE and EE of regulated fishers 

 TE A.E E.E 

Range Freq % Freq % Freq % 

0.00-0.19 - - - - - - 

0.20-0.29 - - - - - - 

0.30-0.39          - -  - - - 

0.40-0.49 - - 2 6.67 2 6.67 

0-50-0.59 - - 6 20 2 6.67 

0.06-0.69 2 8 5 16.67 4 13.33 

0.70-0.79 2 10 4 13.33 7 23.33 

0.80-0.89 3 16 6 20 4 13.33 

0.90-0.99 23 20 7 23.33 11 36.67 

TOTAL 30 100 30 100 30 100 

Min 6.74  40.21  40.11  

Max 98.32  97.30  96.42  

Mean 91.52  72.17  68.12  

St.D 18.11  11.18  8.91  

Return to scale S. P.F  S.C.F  

Variable   Elasticity Variable Elasticity  

LnE1 

LnE2 

LnE3 

LnE1E2 

LnE1E3 

LnE2E3 

LnE1 

LnE2 

LnE3 

  1.300 

0.520 

0.820 

-0.098 

-0.270 

0.016 

0.089 

0.120 

0.003 

LnE1 

LnE2 

LnE3 

LnE4 

LnE5 

LnE6 

0.058 

0.400 

0.102 

0.090 

-0.06 

0.410 

 

RTS   2.020  1.00  

 

5.2.3.2 Unregulated 

 The unregulated distribution of fishers according to deciles ranges and frequency distributions of technical, 

allocative and economic efficiency are presented in Table 6. And the result shows that there was no fisher 
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operating below 30% technical efficiency level.  Similarly, all the fishers were operating at 40% or more 

technical, allocative and economic efficiency levels.  The result further indicated that about 71.25% of fishers 

were operating between 40-59% of allocative efficiency level.  Their mean technical, allocative and economic 

efficiency score of fishers were 83.12%, 56.34% and 68.12% respectively. This result implies capacity of fishers 

to fished/harvest a predetermined quantity of output at a minimum cost is relatively low and that TE was 

contributing more to EE for the study area. It is therefore, pointing to the fact that there is higher potential for 

cost minimization among unregulated fishers than the regulated fishers in the study area.  

Table 6 Deciles Range of frequency distribution of TE, AE and EE of unregulated fishers 

 TE A.E E.E 

Range Freq % Freq % Freq % 

0.00-0.19 - - - - - - 

0.20-0.29 - - - - - - 

0.30-0.39          - -  - - - 

0.40-0.49 2 02.50 37 46.25 10 12.50 

0-50-0.59 10 12.50 20 25.00 25 31.25 

0.06-0.69 21 26.25 15 18.75 30 37.50 

0.70-0.79 37 46.25 6 07.50 10 12.50 

0.80-0.89 10 12.50 1 01.25 5 06.25 

0.90-0.99 2 02.50 - - - - 

TOTAL 80 100 80 100 80 100 

Min 6.74  40.21  40.11  

Max 98.32  97.30  96.42  

Mean 83.12  56.34  68.12  

St.D 18.11  11.18  8.91  

Return to scale SPF  SCF  

Variable   Elasticity Variable Elasticity  

LnE1 

LnE2 

LnE3 

LnE1E2 

LnE1E3 

LnE2E3 

LnE
1
 

LnE
2
 

LnE
3
 

  0.290 

0.470 

-0.150 

-0.022 

-0.034 

0.057 

-0.047 

0.100 

-0.120 

LnE1 

LnE2 

LnE3 

LnE4 

LnE5 

LnE6 

0.058 

0.400 

0.102 

0.090 

-0.06 

0.410 

 

RTS   0.964  1.00  

 

6.0 Conclusion and Policy Implications 

There is a possibility for improving economic performance through expansion using the present technology and 

existing resources at both the unregulated and regulated fishery. At unregulated fishery, from the perspective of 

equity and distribution improving efficiency is desirable; but improving efficiency at the unregulated at the 

moment when neither effort nor catch is limited could lead to further depletion of stock. One potential policy 

option would be the retirement of a number of individuals preferably those with efficiency scores of less, than 

50%.  Improving efficiency would then lead to similar catch levels with a smaller number of fishers.  However, 

such a prescription may be problematic for two reasons firstly, it presupposes control at the state level, which are 

currently lacking.  Secondly, it requires the decommissioning of a number of fishers and the unemployment of a 
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number of fishers. In the absence of aggregate control of effort and exit of less efficient or part time fishers. The 

situation may be resolve by taking measures that properly redefine the property right of the fisheries.  With such 

reforms, the government of Plateau state could potentially carry out a limited entry, which would provide 

efficiency improvements and sustainability on all lakes in the state. Furthermore, improving allocative efficiency 

by 42% is possible at regulated site, when fishers are educated. Finally, at regulated fishery, managers should 

take steps that will constraint fishing effort not to go beyond acceptable level.  

ACKNOWLEDGMENT 

The authors wish to acknowledge the support and corporation given us by two groups of people; first, the Staff 

and Management of Ministry of Agriculture and Tourism for allowing us access to information concerning 

activities at the lakes. Secondly, the fishing group leaders and fishermen at the five lakes from which data were 

collected.  

References 

Azionu, B.C., Ovie, S.I., B. Adigun and B.Y. Atiribom, (2005). Prospects and Problems of  Nigerian Inland 

Capture Fisheries: The Dimension of Sustainability. Fisheries Society of  Nigeria, Book of Abstracts, pp: 49 

Battese, G.E. and T.J.Coelli. (1995) “A Model for Technical Inefficiency Effect in Stochastic  

 Frontier Production for Panel Data.” Empirical Economics, 20: 325-345. 

Berndt, L., and Christensen, L.(1973), The translog function and substitution of equipment,  

Structures and labor in U.S. manufacturing, 1929-1968. Journal of Econometrics, 1: 81-114. 

Bohnsack, J.A. (1993), Marine Reserves: They Enhance Fisheries, Reduce Conflict, and  Protect  Resoruces. 

Oceanus 36 (3), 63-71.Bohnsack, J.A. (1998), Application of Marine Reserves  to Reef Fisheries Management.  

Australian Journal of Ecology. 23:298-304. 

Coelli, T.J. (1996.) A guide to FRONTIER VERSION 4.1c: “A computer program for   stochastic  frontier 

production and cost function Estimation”. Department of  Econometrics,  University of New England, 

Armidale. 

CBN (2004) Central Bank of Nigeria, annual report and statement of account. 

 Esmaeili, A. (2006). Technical efficiency analysis for the Iranian fishery in the Persian Gulf. ICES  Journal of 

Marine Science, 63, 1759-1764. http://dx.doi.org/10.1016/j.icesjms.2006.06.012 

FAO, (2003) Review of State of World Fishery resources: Inland fisheries. FAO Fisheries  Circular no 942, 

Rev.1 FAO Rome, Italy .pp.60-62.   

FAO (2004). The state of World Fisheries and Agriculture, 2004. FAO,  Rome. 

Garcia del Hoyo J. J., Castilla Espino, D., & Jimenez Toribio, R. (2004). Determination of technical  efficiency 

of fisheries by stochastic frontier models: A case on the Gulf of Cadiz (Spain).  ICES Journal of Marine Science, 

61, 416-421.  http://dx.doi.org/10.1016/j.icesjms.2004.02.003 

Huang, T.-H., & Wang, M.-H. (2002). Comparison of economic efficiency estimation methods:  Parametric and 

non-parametric techniques. Manchester School, 70, 682-709.  http://dx.doi.org/10.1111/1467-9957.00320 

 

Idda L., Madau F. A., & Pulina, P. (2009). Capacity and economic efficiency in small-scale  fisheries: Evidence 

from the Mediterranean Sea. Marine Policy, 33, 860-867.  http://dx.doi.org/10.1016/j.marpol.2009.03.006 

 

Kodde, D and F. Palm (1986),`Wald criteria for jointly Testing Equality and Inequality  Restrictions`. 

Econometrica 54, 1243-1248.  

Kirkley, J.E., Squires, D., and Strand, I.E. (1995) Characterizing managerial skill and technical  efficiency in a 

fishery.  Journal of Productivity Analysis. 9:145-160. 

Kirkley J., Morrison Paul C., & Squires, D. (2002). Capacity and capacity utilization in common- pool resource 

industries. Environmental and Resource Economics, 22, 71-97.  http://dx.doi.org/10.1023/A:1015511232039 



European Journal of Business and Management                                                                            www.iiste.org 

ISSN 2222-1905 (Paper) ISSN 2222-2839 (Online) 

Vol 4, No.10, 2012 

 

71 

Kirkley J. E., & Squires, D. (1999). Measuring capacity and capacity utilization in fisheries, In:  Greboval, 

D.(Ed.) Managing fishing capacity: selected papers on underlying concepts and  issues. FAO Fisheries 

Technical Paper, FAO, Rome, p. 386. 

Kuperan, K. and Sutinen, J.G. (1998), Blue water crime: deterrence, legitimacy and  compliance in Fisheries, 

Law and Society Review, 32(2): 309-337 

Lokina, R.B. (2004), Technical Efficiency and Skipper skill in artisanal Lake Victoria  fisheries.  Paper 

presented at the XIII Annual Conference of the European  Association of  Environmental and Resource 

Economists, Budapest, Hungary, 25
th

 -2
nd

  June. 

 Lindebo E., Hoff A., & Vestergaard, N. (2007). Revenue-based capacity utilisation measures and 

 decomposition: The case of Danish North Sea trawlers. European Journal of Operational  Research, 180, 

215-227. http://dx.doi.org/10.1016/j.ejor.2006.03.050 

Maddison, D, 2006. The perception of farmers and adaptation to climate change in Africa CEEPA 

 Discussion Paper No. 10. Centre for Environmental Economics and Policy in Africa, 

 University of Pretoria 

Maravelias C. D., & Tsitsika, E. V. (2008). Economic efficiency analysis and fleet capacity  assessment in 

Mediterranean fisheries. Fisheries Research, 93, 85-91.  http://dx.doi.org/10.1016/j.fishres.2008.02.013 

NPC, (2006) National Population Commission, Abuja, Nigeria. 

Pascoe, S., Coglan, L., & Mardle, S. (2001). Physical versus harvest-based measures of capacity:  the case of 

the United Kingdom vessel capacity unit system. ICES Journal of Marine  Science, 58, 1243-1252. 

http://dx.doi.org/10.1006/jmsc.2001.1093 

Reid, C., Squires, D., Jeon, Y., Rodwell, L., & Clarke, R. (2003). An analysis of fishing capacity in  the western 

and central Pacific Ocean tuna fishery and management implications. Marine  Policy, 27, 449-469. 

http://dx.doi.org/10.1016/S0308-597X(03)00065-4 

Schult, T.W., (1964), Transforming Traditional Agriculture. New Haven. CT. Yale University  Press. 

Squires, D., Grafton, Q., Alam, F., Omar, I.H., (2003), Technical Efficiency in the malaysion  Gillnet Artisanal 

Fishery” Environmental and Development Econmics 8, 481-504. 

Tingley, D., Pascoe, S., & Coglan, L. (2005). Factors affecting technical efficiency in fisheries:  Stochastic 

production frontier versus data envelopment analysis approaches. Fisheries  Research, 73, 363-376. 

UNEP (2006), State of the Environment and Fisheries. Policy Retrospective: 1972-2005. 

Vestergaard, N., Squires, D., & Kirkley, J. (2003). Measuring capacity and capacity utilization in  fisheries: the 

case of the Danish Gill-net fleet. Fisheries Research, 60, 357-368. 

 http://dx.doi.org/10.1016/S0165-7836(02)00141-8 

WB (2002) Linking Poverty Reduction and Environmental Management: Policy Challenges  and Opportunities: 

Washington DC World Bank. 

  



This academic article was published by The International Institute for Science, 

Technology and Education (IISTE).  The IISTE is a pioneer in the Open Access 

Publishing service based in the U.S. and Europe.  The aim of the institute is 

Accelerating Global Knowledge Sharing. 

 

More information about the publisher can be found in the IISTE’s homepage:  

http://www.iiste.org 

 

The IISTE is currently hosting more than 30 peer-reviewed academic journals and 

collaborating with academic institutions around the world.   Prospective authors of 

IISTE journals can find the submission instruction on the following page: 

http://www.iiste.org/Journals/ 

The IISTE editorial team promises to the review and publish all the qualified 

submissions in a fast manner. All the journals articles are available online to the 

readers all over the world without financial, legal, or technical barriers other than 

those inseparable from gaining access to the internet itself. Printed version of the 

journals is also available upon request of readers and authors.  

IISTE Knowledge Sharing Partners 

EBSCO, Index Copernicus, Ulrich's Periodicals Directory, JournalTOCS, PKP Open 

Archives Harvester, Bielefeld Academic Search Engine, Elektronische 

Zeitschriftenbibliothek EZB, Open J-Gate, OCLC WorldCat, Universe Digtial 

Library , NewJour, Google Scholar 

 

 

http://www.iiste.org/
http://www.iiste.org/Journals/

