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ABSTRACT 

The role of aquaculture industry is becoming more prominent in order to supplement marine capture in meeting the 
food need for the growing Malaysian population. In an attempt to minimize depletion of marine fisheries, only tradi- 
tional vessels are allowed to fish along the coastal area while bigger vessels are relegated to deep-sea fishing. During 
the 9th Malaysian Plan (2006-2010) aquaculture has been recognized as the engine of growth in the national food sec- 
tor’s development strategy. Future fisheries policy is expected to focus more on aquaculture production, marketing and 
technological improvement as an alternative to marine capture. This paper investigates the causalities between the se- 
lected freshwater fish prices, aquaculture area and production. The study aspires to establish whether or not market 
price is a key contributor to a rise in the aquaculture area and production. Aquaculture firms comprising the individual 
culturists are generally motivated by the economic potential of the industry which is reflected in excess of price over 
cost of production. Our hypothesis is that government policy and initiation rather than prices had give rise to greater 
participation of culturists and hence augmented the level of employment. However, production increase has a negative 
implication on environment degradation. Thus there is a conflicting view as regards to the employment opportunity 
generated by aquaculture undertakings and the need for sustainable development arising from this growing industry. 
Multivariate time series analysis was used in this investigation. 
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1. Introduction 

The popularity of aquaculture practice in Malaysia comes 
with its commercialization during the last few decades. 
As such aquaculture is dominated by several fishery spe-
cies associated with the market potential which is pri- 
marily reflected in high prices offered to the breeders. 
These fisheries are in fact experiencing shortage in sup- 
ply. Species such as giant prawn (Macrobrachium ros- 
enbergii) and tiger prawn (Penaeus monodon) are delica- 
cies of hotels and restaurants due to the high demand 
while the supply is limited. Another underlying factor for 
their high demand is that special fishery species like the 
catfish (Clarias gariepinus) is believed among the ma- 
jority of its medicinal healing capability. However, the 
success of culturing these aquatic resources either fresh- 
water or brackish-water fisheries is always constrained 
by the economic factors such as high capital outlay to 
start the business and the expertise knowledge required  

in their breeding and maintenance. Availability of finger- 
lings, cost of feeding ingredients, suitability of land area 
in terms of location and lastly problems related to mar- 
keting and distributional system could be the salient fac- 
tors that need to be considered in aquaculture practices.  

In macro perspective aquaculture fishery is an essen- 
tial component of the economy food security and sus- 
tainability. In 2009 the aquaculture statistics on area, 
production and the number of culturist were 4916.2 km2, 
21,051 metric tons and 70361.5 persons respectively. 
The retail value accounted for about RM476, 549.45 for 
2009 [1]. These statistics show continuous growth trends 
over the years indicating that the aquaculture industry is 
escalating perhaps due to the fact investors are attracted 
to the profitability of the prospective species. With an 
increase in demand for food owing to ever-growing 
population and heavy reliance of the present fishery pol-
icy on marine capture, the crucial function of aquaculture  
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as supplementary to marine fisheries becomes obvious. 
By the end of the 9th Malaysia Plan 2010 Malaysia tar- 
geted to produce some 507,550 metric tons of aquacul- 
ture and aquatic products under the National Agricultural 
Policy [2]. Aquaculture is seen as an alternative that 
could reduce the pressure of over fishing on marine fish- 
eries resource. The role of aquaculture in food economy 
is stipulated to become more important in future in view 
of depleting marine fisheries. In the light of this changing 
scenario which the government has agreed to adopt this 
as a new fisheries policy it deems necessary to investi- 
gate the extent to which interactions between pricing, 
area and employment are intertwined in order to provide 
economic rationale.  

The objective of this study is to investigate the inter- 
dependencies of economic policy variables namely prices 
of freshwater fisheries, area invested with aquaculture 
ponds and the number of culturists. The general hypothe- 
sis is that although aquaculture provides the best alterna- 
tive to marine capture its growth depends on the eco- 
nomic interplays of fish prices and aquaculture area. In 
big cities land competes for alternative investments 
pushing land price extremely high. Since the investment 
in aquaculture activity generally requires high initial cap- 
ital, technical knowhow on fisheries rearing, difficulty of 
getting seedlings, high percentage of fish mortality due to 
river pollution, investing in aquaculture is almost impos- 
sible. Culturally majority of Malaysian favor marine 
fisheries it is therefore, hypothesized that the probability 
of a significant increase in aquaculture operators and thus 
employment is minimal. The results of this investigation 
are useful for decision makers in formulating strategic 
fisheries policies. If price is highly significant and corre- 
lated with employment and area cultured or otherwise, 
then strategic policy can be under-taken to further sup- 
port such relationships.   

2. Freshwater Catch and Production 

Statistics provided by AQUASTAT [3] show that fresh- 
water catch in 1990 was estimated at 12,995 metric tons 
about 10 percent of the total catch of 3,783,743 metric 
tons in Asia (excluding Middle-East). Freshwater catch 
for 2000 figures were 22,636 metric tons and 5,959,055 
metric tons for Malaysia and Asia respectively. The catch 
difference is about 12 percent but there is an improve- 
ment of about 2 percent per annum over the period 
1990-2000. The total share of aquaculture for Malaysia 
in terms of Asian aquaculture production in 1997 was 
relatively small which accounted for only 5 percent.  

One of the more recent developments in aquaculture 
species of market potential is the red hybrid tilapia 
(Oreochromis sp.), a genetic improvement with attractive 
red coloration. In 2007 Malaysia produced 32,258 metric 
tons (80% red tilapia and 20% black tilapia) with the  

wholesale value of MYR170.6 million [4]. According to 
the same source fresh water red tilapia production con- 
stitutes about 46 percent of total aquaculture production 
and 12 percent of this total is from brackish water. In 
value term the production of tilapia is currently leading 
all other aquaculture species constituting 49.4 percent, 
followed by catfish 37 percent and carps 10 percent. The 
major drawbacks in aquaculture, in particular, the red 
hybrid tilapia production are soaring feeds cost, shortage 
of trained workers, diseases resistance fries and the sup- 
ply of fingerlings has to be bought from commercial 
firms. The Institute of Tropical Aquaculture of the Uni- 
versity Malaysia Terengganu (UMT) is doing research to 
produce diseases resistant seeds of tilapia.  

The major drawback during the earlier part of fresh- 
water development in this country originated from the 
domination of the marine capture over freshwater species 
and the consumers’ preference for the former. Over the 
last decade marine capture had experienced drastic changes 
due to depletion of the resource partly caused by the in- 
creased demand as population and income grew. On the 
supply side depletion of the resource is attributable to 
several factors, namely the continuous application of 
efficient fishing methods such as trawlers, the encroach- 
ment of efficient vessels from outsiders within the Ma- 
laysian 200 nautical miles Exclusive Economic Zone 
(EEZ), ineffectiveness policing of the fishing grounds 
owing to insufficient enforcement officers to guard the 
assigned EEZ. Aquaculture investment had been in Ma- 
laysia for a long period of time but had been tried on a 
relatively small scale because of the high risk and large 
capital needed for the industry. Hence, with existing re- 
quirement for additional supply of fish in addition to ma- 
rine capture this industry started to flourish partly due to 
the aquaculture potential for sea food industry.   

Experience shows that the success of aquaculture in- 
vestment is likely to benefit the large scale operators 
more relative to small operators pertaining to the techni- 
cal knowhow, culturing and breeding practices. In de- 
livering their products contracts with the local hotels are 
made and for exporting fish products to destinations out- 
side the country approval and procedures need to be ad- 
hered. The small operators with limited working capital, 
technical knowhow and access to the target market would 
be greatly at the disadvantage. Alternatively small op- 
erators could make this aquaculture undertaking a suc- 
cess through fishermen Association or Cooperatives. Other- 
wise the government policy that attempts to motivate 
culturists on an individual basis would be constrained by 
those farming practices, technicalities of making con- 
tracts and the delivery system requirements.  

3. Materials and Methods  

The theoretical discussion of the econometric multivari- 
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ate model is discussed in Enders [5]. For a general pres- 
entation we begin with Pesaran and Pesaran [6] aug- 
mented vector autoregressive model of order ρ that is 
AVAR (ρ)  

volved in the production activities. The multivariate equ- 
ations for the model for the long run variables are pre- 
sented in Equation (3).  

An increase in the area of pond will attract more pro- 
duction of aquaculture into the market that acts to bring 
down the price of river carps and vice versa. Changes in 
the price of catfish will have both direct and indirect ef- 
fect on the price of river carps depending on whether 
catfish compete or complement the river carps. While a 
rise in the number of culturists would increase aquacul- 
ture production that will ultimately reduce the price of 
river carps. Similar rationales can be used to explain the 
economic interrelationships for the rest of the equations 
in (3).  

0 1 11t t i t ti
y y

    
           (1) 

where t  is an n × 1 vector of endogenous (jointly de- 
termined) variables, a0 is a drift, t is a linear time trend, 

t

y

x is an m × 1 vector of exogenous variables, and t  is 
m × 1 vector of unobserved disturbance terms. The as- 
sumptions for the disturbance terms are the mean is zero, 
E(μt) = 0, not serially correlated E(μtμs) = 0, the variance 
matrix is time-invariant that is it does not vary with time. 
Since not all time series data representing these variables 
are stationary they have to be tested using Dickey-Fuller 
(DF) and augmented Dickey-Fuller (ADF) unit root sta- 
tistics which is necessary in identifying their long-run 
cointegration [7]. Moreover, equation one contains a 
constant drift a0 and the linear time trend which has to be 
de-trended and to achieve the necessary condition for 
cointegration the non-stationary variables have to be dif- 
ferenced. The difference multivariate econometric equa- 
tions exemplifying the general vector error correction 
model (VECM) [5] is shown in Equation (2) below 

1
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y t z w

  t 

A direct impact on number of culturist a proxy for em- 
ployment is anticipated from an increase in the area of 
pond. On the other hand, changes in either price of cat- 
fish or river carps will have a meaningful impact in terms 
of policy implication on the employment attraction to the 
aquaculture industry if the prices were found to be sig- 
nificantly associated with the number of culturists and 
vice versa. In the final analysis only the price of catfish 
(LPCF) was retained while the price of river carps 
(LPRC) was omitted from the endogenous system of 
equation for the long run cointegration analysis. 


            (2)  

4. Results and Discussions  where t is an n × 1 vector of endogenous (jointly de- 
termined) I(1) variables.  
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Table 1 shows results of unit root tests for the selection 
of variables that will be used in the multivariate equation 
model both with trend and without trend. At form level 
I(0) the number of culturists, the price of river carps and 
price of catfish were found to be stationary without trend. 
However, when the linear time trend is considered, with 
the exception of river carps price, all investigated vari- 
ables were stationary at level I(0). The results at first 
difference revealed that all selected variables fulfilled the 
requirement for the stationary test since the estimated 
values were found to be greater than the Dickey-Fuller or 
the augmented Dickey-Fuller critical values as shown in 
Table 1 (see the Equation (3) below). 

  are ny × 1 vector of endogenous I(1) 

and nx × 1 exogenous I(1) variables respectively.  

t

κ0
 & κ1

 are intercepts and deterministic linear trends. 
w is m × 1 vector of exogenous I(0) variables.  

t  is n × 1 vector of unobserved disturbance terms. 
T = 1, 2, …, T represents time periods.  
Analysis of aquaculture development uses time series 

data 1976-2007 obtained from the Department of Fish- 
eries annual statistics, the Ministry of Agriculture Ma- 
laysia. The objective of this investigation is to identify 
causalities between the freshwater fish prices namely that 
of giant prawn, catfish, river carps (Cyprinus carpio, 
Pangasius sp.) and goby (Gobiidae) with the total area (in 
cubic meter) of ponds devoted to rearing of these fresh0 
water fisheries and the total number of culturists in-  

where, LARPt is annual area of freshwater pond in cu- 
bic meters at time t. 

LPRCt is annual average price of river carps in MYR 
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Table 1. Unit root tests for the related variables using dickey-fuller. 

Without Trend With Trend 
 

DF ADF (1) DF ADF (1) 

LCUL −4.2311 −3.0532 −4.1422 −2.9732 

LPRC −3.4457 −3.1533 −2.7205 −1.9461 

LPCF −5.2088 −3.7823 −5.5283 −3.7478 

LPGY −1.8526 −1.4778 −3.0975 −2.6430 

At level form 

LPGP −0.9844 −0.6692 −4.1355 −3.5040 

LARP −7.0818 −4.2542 −6.9190 −4.2648 

LCUL −7.4110 −4.7610 −7.5820 −4.7988 

LPRC −5.9698 −3.9135 −6.3416 −4.5241 

LPCF −9.4382 −7.3577 −9.2954 −7.5165 

LPGY −6.5456 −4.7248 −6.4142 −4.6090 

At 1st difference 

LPGP −6.2512 −6.0686 −6.0686 −6.7573 

Note: Dickey-Fuller statistics at 95 percent critical value are −2.9798 I(0) and −3.6027 I(1) with trend and 2.9850 I(0) and 3.0532 I(1) without trend. 

 
per kg at time t. 

LPCFt is annual average price of catfish in MYR per 
kg at time t. 

LCULt is annual total number of culturists in the in- 
dustry at time t.  

LPGYt is annual average price of goby in MYR per kg 
at time t, and 

LPGPt is annual average price of giant prawn in MYR 
per kg at time t.  

All variables are measured in natural logarithmic val- 
ues, ρ > 1 represents lag length greater than one, and ∆ is 
the difference notation. US$1 = MYR3.1. 

i  are intercepts of the multivariate equations, ij  

ij  for i = j = 1, 2, ..., n  ,ij ji ij ji      represent 
the coefficients of endogenous and exogenous variables 
of the multivariate equations to be estimated in the model. 
The terms ecti refer to the error correction terms, whose 
coefficients measure speeds of adjustment and are de- 
rived from the long-run cointegrating relationships, i  

represents the disturbance terms, and ρ is the lag lengths 
for the respective multivariable equations. Causalities 
tests between these endogenous variables in multivariate 
analyses using vector error correction model requires that 
each of these endogenous variables will be used as right 
hand side (RHS) equation as shown in Equation (3). 

4.2. Number of Cointegrating Variables and  
Order of Lags 

Tables 2(a) and (b) show the number of cointegrating  
variables, r, for the case of restricted intercepts and no 
trends in vector autoregressive (VAR) model. Both 

maximal eigenvalue and trace of the stochastic matrix 
suggest that at least the number of cointegrating variables, 
r = 2 for the order of lag, VAR = 2 at either 95% or 90% 
significant level respectively. Pesaran & Pesaran [5] cau- 
tion that the figures reported by Microfit differ from 
those obtained by Johansen and Juselius [8] and also by 
Osterwald-Lenum [9]. However, results from the model 
selection Akaike Information Criterion (AIC), Schwarz 
Bayesian Criterion (SBC) and Hannan-Quinn Criterion 
(HQC) in Table 2(c) suggest the cointegrating variables 
of r = 3, r = 2 and r = 3 respectively. The cointegrating 
vectors based on the theoretical formulation of the en- 
dogenous variables that was originally intended for this 
investigation and those suggested using econometric cri- 
teria will be tested in order to get the most appropriate 
results. The lag order is limited to two after several trials 
were carried out for higher degree of lags had proven to 
yield no significant results. With higher degree of lags 
such as three and above the loss in the degree of freedom 
is somewhat serious given the limitation on the number 
of observations for this study. 

5. Aquaculture Error Correction Model  

Freshwater species which is widely raised by the majo- 
rity of culturists is the catfish. Catfish species are rela- 
tively easy to breed and they are available in local mar- 
kets. Furthermore, the species are believed by majority of 
Malaysians to have the specialty of healing capacity for 
bleeding. The price of catfish is relatively low compared 
to other freshwater delicacies like giant prawn. Hence, 
there is sufficient reason to believe that catfish prices  
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Table 2. (a) Cointegration with restricted intercepts and no trends in the VAR maximal eigenvalue of the stochastic matrix 
1978-2007; (b) Cointegration with restricted intercepts and no trends in the VAR trace of the stochastic matrix, 1978-2007; (c) 
Cointegration with restricted intercepts and no trends in VAR using model selection criteria 1978 to 2007. 

(a) 

Null Alternative Statistic 95% Critical Value 90%Critical Value 

r = 0 r = 1 21.7735 22.0400 19.8600 

r <= 1 r = 2 18.6515 15.8700 13.8100 

r <= 2 r = 3 6.4055 9.1600 7.5300 

(Order of VAR = 2). 

(b) 

Null Alternative Statistic 95% Critical Value 90%Critical Value 

r = 0 r > = 1 46.8305 22.0400 31.9300 

r <= 1 r > = 2 25.0570 20.1800 17.8800 

r <= 2 r = 3 6.4055 9.1600 7.5300 

(Order of VAR = 2). 
(c) 

Rank Maximized LL AIC SBC HQC 

r = 0 4.1437 −13.8563 −26.4671 −17.8906 

r = 1 15.0305 −8.9695 −25.7839 −14.3486 

r = 2 24.3562 3.6438 −23.2606 −9.9194 

r = 3 27.5589 −2.4411 −23.4590 −9.1649 

(Order of VAR = 2) AIC = Akaike Information Criterion; SBC = Schwarz Bayesian Criterion; HQC = Hannan-Quinn Criterion. 
 
may have a significance influence in attracting culturists 
as well as the cultivated area for the long run cointegra- 
tion analysis. These three policy variables are grouped as 
endogenous variables in the current study while the other 
prices of river carps, giant prawn and goby are included 
as the exogenous variables as they are being influenced 
by unobservable factors outside the currently available 
data. 

The log-linear error correction models (ECM) for the 
three endogenous variables namely the area per pond in 
hectares (dLARP), number of culturist (dLCUL) and 
average price of catfish (dLPCF) are shown in Tables 3 
(a)-(c). These regression equations were first estimated 
using the ordinary least square (OLS) omitting their dy-
namic characteristics; that is, the differences and lags of 
the estimated endogenous variables are of order one I(1). 
The residuals have satisfied the necessary condition for 
the existence of long-run relationships. 

The short-run characteristics of the ECM coefficients 
need to be substantiated from the difference equations of 
Table 3(a) thru Table 3(c). The Granger representation 
theorem (GRT) requires that the ECM coefficients are 
negatives and statistically significant. 

As apparent ecm1(−1) =−0.81661 (Table 3(a)), ecm2(−1) 

= −1.0587 (Table 3(b)) and ecm3(−1) = −0.58028 (Ta-
ble 3(c)) demonstrate that they are statistically significant 
at 99 percent probability level for the ecm1(−1) and 
ecm2(−1) respectively. The ecm3(−1) is also significant 
but at a probability level of 95 percent. Thus, the en-
dogenous vectors used in current aquaculture study are 
cointegrated in the long-run. This is illustrated in Figures 
1 thru 3 showing the impact of generalized impulse re-
sponses to one standard deviation shock on the cointe-
grated variables. 

Further investigation of interest to the current study 
that utilizes the information given in Table 3(a) through 
Table 3(c) is to derive Granger’s causality test. Accord- 
ing to Rosilawati Amiruddin et al. [10] the works of 
Granger [11], Hendry [12], Engle and Granger [6] and 
Johansen and Juselius [13] on the extension of cointegra- 
tion technique had opened up new avenues for evidence 
of causalities in one and bi-directional which were once 
uncertain due to spurious regression results.  

With cointegration between two or more variables and 
either one or bi-directional causalities could be carried 
out on appropriate model specification and this is done 
with the Wald test using Microfit. The section is dis- 
cussed in next section under Granger’s causalities. 
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6. Granger’s Causality  

Causality between variables in time series multivariate 
analysis was initially investigated by Granger [11,14]. In 
general it provides richer information than the single or 
univariate equation model because several endogenous 
and exogenous variables could be tested simultaneously. 
These causalities are obviously essential for identifying 
national strategies such as that on the current policy of  

promoting aquaculture to supplement the existing de- 
pleting marine fisheries. It looks reasonable to augment 
the present shortage of marine supply with aquaculture 
undertakings but it would be wise to further investigate 
and to ask; are the firms responsive to this strategy? They 
may not be responsive if the non-aquaculture investments 
outside the industry such as manufacturing, services and 
agricultural sector itself are more profitable and suitable  

 
Table 3. (a) Log-linear ECM for dependent variable dLARP estimated by OLS based on cointegrating VAR (2), 1978-2007; (b) 
Log-linear ECM for dependent variable dLCUL estimated by OLS based on cointegrating VAR(2), 1978-2007; (c) Log-linear 
ECM for dependent variable dLPCF estimated by OLS based on co-integrating VAR(2), 1978 to 2007. 

(a) 

Regressor Coefficient Standard Error T-Ratio (Prob) 

dLARP1 0.32130 0.17621 1.8234 (0.083) 

dLCUL1 0.06382 0.19527 0.3269 (0.747) 

dLPCF1 0.28802 0.16021 1.7978 (0.087) 

ecm1(−1) −0.81661 0.19549 −4.1774 (0.000) 

ecm2(−1) −0.18977 0.28099 −0.6754 (0.507) 

ecm3(−1) −0.62160 0.22416 −2.7731 (0.011) 

LPRC −0.14416 0.08403 −1.7157 (0.101) 

LPGP −1.07080 0.29160 −3.6721 (0.001) 

LPGY 0.56681 0.17696 3.2030 (0.004) 

 
R-Squared 0.58779 R-Bar-Squared 0.43076 

S.E. of Regression 0.20525 F-stat.F (8,21) 3.74320 (0.007) 

Mean of Dependent Variable −0.06535 S.D. of Dependent Variable 0.27205 

Residual Sum of Squares 0.88470 Equation Log-likelihood 10.28740 

Akaike Info. Criterion 1.28740 Schwarz Bayesian Criterion −5.01800 

DW-statistic 2.37310 System Log-likelihood 27.55890 

(b) 

Regressor Coefficient Standard Error T-Ratio (Prob) 

dLARP1 −0.10651 0.19277 −0.552530 (0.586) 

dLCUL1 0.06630 0.21363 0.310360 (0.759) 

dLPCF1 −0.19197 0.17527 −1.095300 (0.286) 

ecm1(−1) 0.16165 0.21386 0.755850 (0.458) 

ecm2(−1) −1.05870 0.30741 −3.444000 (0.002) 

ecm3(−1) 0.38988 0.24523 1.589900 (0.127) 

LPRC −0.14773 0.09193 −1.607000 (0.123) 

LPGP −0.01180 0.31901 −0.036998 (0.971) 

LPGY 0.06295 0.19360 0.325130 (0.748) 

 

R-Squared 0.50601 R-Bar-Squared 0.31782 

S.E. of Regression 0.22455 F-stat.F (8,21) 2.6888 (0.033) 

Mean of Dependent Variable 0.01944 S.D. of Dependent Variable 0.27187 

Residual Sum of Squares 1.05890 Equation Log-likelihood 7.59180 

Akaike Info. Criterion −1.40820 Schwarz Bayesian Criterion −7.71360 

DW-statistic 1.82090 System Log-likelihood 27.55890 
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(c) 

Regressor Coefficient Standard Error T-Ratio (Prob) 

dLARP1 −0.01249 0.18242 −0.06848 (0.946) 

dLCUL1 −0.11646 0.20215 −0.57613 (0.571) 

dLPCF1 −0.28045 0.16585 −1.69090 (0.106) 

ecm1(−1) −0.24628 0.20237 −1.21700 (0.237) 

ecm2(−1) 0.35571 0.29089 1.22280 (0.235) 

ecm3(−1) −0.58028 0.23206 −2.50060 (0.021) 

LPRC 0.26741 0.08699 3.07410 (0.006) 

LPGP 0.44522 0.30187 1.47480 (0.155) 

LPGY −0.29847 0.18320 −1.62920 (0.118) 

 
R-Squared 0.63170 R-Bar-Squared 0.49139 

S.E. of Regression 0.21248 F-stat.F (8,21) 4.50230 (0.003) 

Mean of Dependent Variable 0.04446 S.D. of Dependent Variable 0.29795 

Residual Sum of Squares 0.94814 Equation Log-likelihood 9.24860 

Akaike Info. Criterion 0.24860 Schwarz Bayesian Criterion −5.01800 

DW-statistic 2.21240 System Log-likelihood 27.55890 
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Figure 1. Generalized impulse response(s) to one S.E. shock 
for LARP. 
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Figure 2. Generalized impulse response(s) to one S.E. shock 
for LCUL. 
 

LARP 

LCUL 

LPCF 

Horizon

-0.05 
-0.10 
-0.15 

0.00

0.05

0.10

0.15

0.20

0.25

0 5 10 15 20 25 25

 

Figure 3. Generalized impulse response(s) to one S.E. shock 
for LPCF. 

to the investors’ skills and interests. 
Table 4 illustrates the existence of causality among 

the investigated economic variables in the Malaysian 
aquaculture industry. There should be either one, 
bi-directional or nonexistence of causality between these 
policy variables. The null hypothesis indicated that the 
size of aquaculture pond area (in ha.) had no causality 
whatsoever with the number of culturists in the industry 
and vice-versa. An increase in size of the aquaculture 
area had not contributed significantly to the course for 
raising employment. Alternatively, an increase in the 
number of culturists will not have the potential to in-
crease the size of aquaculture area. However, changes in 
the one-period lag price of catfish (dLPCF), current pric-
es of river carps (LPRC), giant prawn (LPGP) and cur-
rent price of goby (LPGY) would draw a direct change in 
the size of aquaculture pond area. On the other hand, a 
change in price of catfish will have no effect on inducing 
one-period lag of size of aquaculture area (dLARP1). 

With the exception of direct and current change in 
price of river carps that have some influence on changing 
the number of culturists, all other variables in the EVCM 
model apparently show no significant causality on cul- 
turists. Price of river carps may attract those anglers who 
fish for recreational purpose. Sometimes river carps can 
fetch a good price for local markets and restaurants and 
at other times organized competition in sea and river 
fishing are held. Private individuals also provide special 
fishing grounds for river carps and selected local fresh- 
water fish species for anglers at reasonable fees. 
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Table 4. Wald statistical tests for multivariate vector error 
correction model (VECM), 1978-2007. 

 ∆LARP ∆LCUL ∆LPCF 

∆LARP1 3.3249 0.3053 0.00469 

 (0.068)* (0.581)NS (0.945)NS 

∆LCUL1 0.10683 0.09632 0.33192 

 (0.744)NS (0.756)NS (0.565)NS 

∆LPCF1 3.2322 1.1996 2.8593 

 (0.072)* (0.273)NS (0.091)* 

ecm1(−1) 17.4503 0.5713 1.481 

 (0.000)*** (0.450)NS (0.224)NS 

ecm2(−1) 0.45612 11.8611 1.4953 

 (0.499)NS (0.001)*** (0.221)NS 

ecm3(−1) 7.6899 2.5277 6.2531 

 (0.006)*** (0.112)NS (0.012)** 

LPRC 2.9437 2.5825 9.4502 

 (0.086)* (0.108)* (0.002)*** 

LPGP 13.484 0.00137 2.1752 

 (0.000)*** (0.970)NS (0.140)NS 

LPGY 10.2592 0.10571 2.6544 

 (0.001)*** (0.745)NS (0.103)* 

Notes: Figures in parentheses represent the probability values (p-values) of 
significant levels. ***denotes significant at 0.01 probability level. **denotes 
significant at 0.05 probability level. *denotes significant at 0.10 probability 
level. 

 
The one-period lag catfish price (dLPCF1) has shown 

some degree of causality with its own current price  
(dLPCF) at about 90 percent probability level. Similarly, 
the price of exogenous variable goby (LPGY) has exhi- 
bited some degree of causality on the current price of cat- 
fish. The degree of causality between the current price of 
river carps and the difference price of catfish are stipu-
lated to be high at 99 percent probability level. In all of 
these cases the null hypotheses that support no causality 
between the prices mentioned above are rejected. It is 
true that the price of giant prawn has no association with 
the price of catfish. These species have their own market 
specialties.  

In general, the finding revealed that price of catfish 
Granger causes the aquaculture area which is only one- 
directional since the reverse influence of area on price is 
not significantly different from zero. Furthermore, the 
one-period lag aquaculture area Granger causes the cur-
rent area and the one-period lag price of catfish Granger 
causes the current price of catfish. This trend is not ob-
servable in the case of number of culturists. The exoge-

nous variables of the current prices of giant freshwater 
prawn, goby and river carps have greatly influenced the 
increase in size of the aquaculture area. The price of river 
carps and to a lesser extent the price of goby have a 
similar influence on the price of catfish. River carps and 
catfish are substitutes because their prices move in the 
same direction while goby and catfish are complemen-
tary products since their price movements are in the op-
posite direction.  

7. Conclusions 

The multivariate econometric vector error correction 
model was estimated using Microfit software to investi- 
gate the relationship between endogenous and exogenous 
variables namely the size of pond area, the number of 
culturists and the prices of the major fresh fish species. 
The findings revealed that price movements, specifically 
the price of catfish has caused changes in the size of the 
aquaculture pond area but the reverse is not true. This 
indicates that the direction of causality is one way. Fur- 
thermore, the potential of the variation in aquaculture 
area to draw larger investors as indicated by the number 
of culturists in the industry is most likely not going to 
happen. The causality between the determining variables 
is unfortunately insignificant, thus employment wise the 
promotion for aquaculture projects has not been able to 
place big hope in terms of employment generation. Pos-
sible explanations could be that aquaculture activities 
require a large amount of initial capital to start, high 
technical knowhow and it is a risky investment. This is 
without considering problems relating to marketing of 
fish harvests, getting supply of fries and the ever-in- 
creasing prices of land for fishponds compete with other 
economically potential investments. In the case of cage 
culture although it requires high initial outlays competi- 
tion for water use is less profound; however, water qual-
ity needs to be assured from pollution.  

The idea of utilizing freshwater and brackish water fi-
sheries to supplement marine catch is nevertheless a 
worthy strategy that needs to be supported. However, 
special care for degradation of the environment due to 
aquaculture development and activities should be taken 
into consideration by the policy makers. Research and 
development should be conducted from time to time to 
find the best way to invest in aquaculture. It would be 
possible to allow individual households to start a small 
aquaculture projects to reduce costs and to be self-suf- 
ficient in food supply with fishery-based programs in 
addition to a several large privately owned aquaculture 
projects with government assistance. 
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