








In the preliminary analysis, the survey supported the working hypothesis that the 
shrimp farm industry in eaeh coastal provinee of Thailand has distinctly different 
characteristics. To find the variables that would identify the provinces, logistic 
regression analysis was applied. 

Results of the Analysis 

General overview 

From the survey data it was possible to use 276 variables, out of which 15 were 
descriptive (fixed), 36 were outcome (sustainability) variables, 118 were manage­
ment (modifiable) variables, 54 were problem (identification) variables, 42 were eco­
nomic (analysis) variables and the remaining 11 variables related to planning. The 
problem of non-response or missing values was very noticeable, particularly with 
regard to economic variables. Furthermore, due to the nature of the variables, many 
were categorical and some were continuous. This made it difficult to apply statistical 
methods where specific underlying assumptions had to be fulfilled. We therefore 
tried to analyse some variables separately, although it would give interesting results 
if they were analysed together. As the whole scope of results from this large survey 
could not be presented in one article, more analysis will be presented in the future, 
including results of studies on time-series aspects and analysis of differences in 
regions of Thailand, as well as making comparisons with the experiences of research­
ers in other countries. 

In analysing the data, the main interest was to find the researchable issues in sus­
tainable coastal shrimp aquaculture and to build models to describe the relationship 
between the production of shrimp and other factors. Another aspect was to find the 
variables or factors which would allow the provinces to be identified, particularly 
when the problems faced by the fanners in different provinces are not the same. 

Initially the analysis tested the equality of average market production (kg/ha/yr) 
and feed conversion ratio (FeR) in the provinces and this showed that average 
market production in the provinces was different. The least significance difference 
(LSD) method was found to be the most sensitive method out of five methods availa­
ble in the Statistical Package for Social Scientists (SPSS). By that method, Krabi 
Province, which had the highest average production level ( 16,035 kg/ha/yr), was dif­
ferent from all other provinces. Songkhla Province had the second highest average 
production level (12,067 kglha/yr) and was different from all other provinces except 
Krabi and Satun. Satun was the third highest province in average production and it 
was similar to Songkhla. The lowest in average production (4,622 kg/ha/yr) occurred 
in Phetchaburi Province and it was different from the other provinces except for 
Samut Sakhon (5,662 kg/ha/yr) and Chanthaburi (5,703 kg/ha/yr). 

Average FCR was also found to be different when we tested simultaneously for 
all 10 provinces using the LSD method. Songkhla, which had the highest average 
FCR (2.51), was different from the provinces of Phetchaburi (1.78), Trat (1.66), 
Krabi (1.70) and Surat Thani (1.92). Chumphon, which had the second highest 
avcrage FCR (2.30), was different from Phetchaburi and Trat. Other provinces were 
not significantly different in average FCR. From this, a crude picture of the situation 
in the provinces was obtained. The investigation of the four major regions in Thai-
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land (i.e. central, eastern, south-western and southern) did not reveal extra useful 
intormation. 

Relationship between problems and provinces 

In the survey covering lO provinces, 54 variables on problem identification were 
included. Thc key variables were: major problems; water or sediment related prob­
lems; disease problems; and other problems. The number of farms was reduced to 
eliminate those that consistently recorded 'no' to most questions under investigation 
and showed clear discrepancies in their responses. Thus, using 292 farms with com­
plete data for the variables under study, the analysis revealed that 9.93% of the farms 
had all four types of problems and 13.01 % had none of the problems, while the rest 
had at least one type of problem. The association between the provinces and all four 
problems was found to be significant even at the 1 % level. This means that the asso­
ciation between the provinces and the problems was significant and serious. 

The degrees of association between the provinces and 'major problem', 'water or 
sediment related problem', 'disease problem' and 'other problems' were 0.4533, 
0.3863, 0.313 and 0.4253, respectively. 'Major problem' was significant in Chum­
phon, Chanthaburi, Samut Sakhon and Trat, whereas 'water or sediment related prob­
lem' was significant in Chanthaburi, Nakhon Sri Thamarat, Samut Sakhon (on the 
border), Songkhla and Surat Thani. 'Disease problem' was significant in Nakhon Sri 
Thamarat and Trat, whereas 'other problems' were significant in Krabi, Satun, Surat 
Thani and Trat. 

As one might have expected, using general loglinear analysis, the hypothesis of 
independence of the problems was rejected since the observed significance levels 
associated with the likelihood ratio chi-square = 69.04 and Pearson chi-square 
74.71 were very small (2.E-I0 and 2.E-11, respectively). This means that there exists 
a strong association between problems. 

Identification of provinces by logistic regression analysis 

The introduction of intensive shrimp farming in the provinces of Thailand 
occurred in stages after the initial farms were set up in Samut Sakhon. However, the 
oldest farms in the survey were from the eastern province of Trat, followed by the 
southern provinces ofSurat Thani and Songkhla. Phetchaburi was the latest province, 
preceded by Samut Sakhon and Chumphon. 

To determine the variables that would identify a province, the method oflogistic 
regression was used, since the variable 'province' is categorical. For logistic regres­
sion, the probability of an event occurring was estimated using the model: 

Probability (event) = 11(1 + (1) 

where Z bo + bl Xl + b2 X2 + ..... + bp Xp; in which case Xi' i = 1, 2, ... p are inde­
pendent variables, and bi' i = 0, 1, 2, ... p are constant coefficients to be estimated trom 
the data. 

The analysis initially included many (independent) variables that could contribute 
to identitying a province. Then, using the method of likelihood, the procedure deleted 
step-by-step those variables which were not significant. The process was repeated 
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until all variables had been tested. The following results were obtained for each prov­
mce. 

Chanthaburi Province 

The key variables which identified Chanthaburi were: type of soil (variable code 
= SOIL), and four variables relating to measures taken to reduce the impact on the 
farm, i.e. environmental impact assessment during planning (Q8_1), design of sepa­
rate water supply/drainage system (Q8_ 4), number of aquaculture farms within 3 km 
of the farm (Q7 _8) and number of farms discharging into water supply (Q7 _10). It 
was possible to identify the farms in Chanthaburi Province from the total farms in the 
survey with an accuracy of99.61 % using only those five variables (see Appendix). 

Trat Province 

In this province the key variables were: major problem (Q2_3); three variables 
relating to measures taken to reduce the impact on the farm, i.e. site selection to avoid 
impacts on other users (Q8_2), effluent treatment pond (Q8_6) and other measures 
taken to reduce the impacts of the farm (Q8_7); the existence of water or sediment 
related problem (QI4PROB); other problems which have resulted in diminished har­
vest, loss of crop or missed crop (QI60TH); and depth of production ponds (Q6_ 4). 
It was possible to identify the farms in Trat Province from the total farms in the 
survey with an accuracy of93.82% using only those seven variables (see Appendix). 

Chumphon Province 

In this case, the key variables were: major problem (Q2_3); type of soil (SOIL); 
four variables relating to measures taken to reduce the impact on the farm, i.e. envi­
ronmental impact assessment during planning (Q8_1), retention of mangrove buffer 
zone (Q8_5), number of aquaculture farms within 3 km of the farm (Q7 _8), and 
number of farms discharging effluent into water supply (Q7 _10); number of poach­
ings over the past 3 years (Q 16_6B); number of power cuts over the past 3 years 
(QI6_7B); number of years of farming (QLl); and depth of production ponds 
(Q6_ 4). It was possible to identify the farms in Chumphon Province from the total 
farms in the survey with an accuracy of 93.44% using only those 10 variables (see 
Appendix). 

Krabi Province 

The key variables were: three variables relating to measures taken to reduce the 
impact on the farm, i.e. design of separate water supply/drainage system (Q8_ 4), 
retention of mangrove buffer zone (Q8_5) and effluent treatment pond (QL6); and 
other problems which have resulted in diminished harvest, loss of crop or missed 
crop (QI60TH). It was possible to identify the farms in Krabi Province from the total 
farms in the survey with an accuracy of 95.75% using only those four variables (see 
Appendix). 

Nakhon Sri Thamarat Province 

In this province the key variables were: seven variables relating to measures taken 
to reduce the impact on the farm, i.e. environmental impact assessment during plan-

72 



ning (Q8_1), site selection to avoid impacts on other users (Q8_2), design of separate 
water supply/drainage system (Q8_ 4), other measures taken to reduce the impacts of 
the farm (Q8_7), number of aquaculture farms within 3 km of the farm (Q7_8), 
number of aquaculture farms sharing water supply (Q7 _9) and number of farms dis­
charging effluent into water supply canal (Q7 _10); the existence of water or sediment 
related problem (QI4PROB); and feed quality problem over the past 3 years 
(Q 16_ 4B). It was possible to identify the farms in Nakhon Sri Thamarat Province 
from the total farms in the survey with an accuracy of 93.44% using only those nine 
variables (see Appendix). 

Phetchaburi Province 

Petchaburi Province was different from most other provinces and, although the 
four variables which follow are included in the model, none of the farms from that 
province could be identified. Surprisingly, the farms not in Petchaburi Province 
could be identified perfectly using the four variables: source of salt water (WSAL T); 
environmental impact assessment during planning (Q8_1); design of separate water 
supply/drainage system (Q8_ 4); and effluent treatment pond (QL6) (see Appendix). 

Samut Sakhon Province 

For Samat Sakhon, which had only one farm in the analysis, it was not possible to 
find a set of variables which could identify only that fann. However, by using just 
two variables-soil type (SOIL) and environmental impact assessment during plan­
ning (Q8_1)-it was possible to identify 99.61% offanns as being in the other prov­
inces. This solution was not unique because other variables could be statistically 
determined which could also identify a high proportion of the farms as being in other 
provinces Appendix). 

Satun Province 

The farms in Satun Province could be identified from the total farms in the survey 
with an accuracy of 94.59% by using the following nine key variables: source of salt 
water (WSAL T); three variables relating to measures taken to reduce impacts, i.e. 
site selection to avoid impacts on other users (Q8_2), number of aquaculture farms 
within 3 km of the fann (Q7_8) and number offarms discharging effluent into water 
supply canal (Q7_10); salinity problem over the past 3 years (Q14_lB); temperature 
problem over the past 3 years (QI4_2B); bacteria problem over the past 3 years 
(Q15_lD); feed quantity problem over the past 3 years (Q16_3B); and other prob­
lems which have resulted in diminished harvest, loss of crop or missed crop 
(Q160TH) (see Appendix). 

Songkhla Province 

Thc key variables for this province were: number of years of farming at the site 
(QLl); major problem (Q2_3); four variables relating to measures taken to reduce 
the impact on the farm, i.e. site selection to avoid impacts of other users (Q8_3), 
design of separate water supply/drainage system (Q8_ 4), number of farms sharing 
water supply (Q7 _9) and number of farms discharging effluent into the same water 
supply canal (Q7_10); seed quality problem over the past 3 years (Q16_2B); and feed 
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quality problem over the past 3 years (QI6_ 4B). It was possible to identify the farms 
in Songkhla Province from the total farms in the survey with an accuracy of 92.28% 
using only those eight variables (see Appendix). 

Surat Thani Province 

The key variables for Surat Thani were: source of salt water; number of farming 
years at the site (Ql_l); major problem (Q2_3); depth of production ponds (Q6_ 4); 
four variables relating to measures taken to reduce the impact on the farm; i.e. envi­
ronmental impact assessment during planning (Q8_1), site selection to avoid impacts 
on other users (Q8_2), design of separate water supply/drainage system (Q8_ 4) and 
number of aquaculture farms sharing the water supply (Q7 _9); the existence of water 
or sediment relatcd problem (QI4PROB); flooding problem over the past 3 years 
(QI4_lOB); and other problcms which have resulted in diminished harvest, loss of 
crop or missed crop (QI60TH). It was possible to identify the farms in Surat Thani 
Province from the total farms in the survey with an accuracy of 89.58% using only 
those lO variables (see Appendix). 

Summary of logistic regression analysis 

In summary, the results of the analyses to find the variables that were able to 
identify the lO provinces are shown in Table 1. A total of 29 variables were identi­
fied, a high proportion of which related to environmental aspects of shrimp farming. 
This is an important and interesting finding because it provides strong evidence to 
support the hypothesis that environmental problems are the cause of reduced produc­
tivity and incidence of disease in shrimp farms. In this survey, the initial analysis has 
shown that the provinces differ significantly in their productivity. The deeper analy­
sis has now identified the key variables that characterise the differences among the 
provinces. We conclude that some or all of those identified variables are contributing 
to the variation in farm productivity among the provinces. 

Application of GIS to Logistic Regression Analysis 

The results of the logistic regression analysis in Table 1 are also shown using GIS in 
Figures 1 to 4. Any key variable that defined a particular province is indicated by a 
value = 1 on the column graphs, while a non-significant variable has a value = O. In 
Figure 1 there are three key fixed or descriptive variables (i.e. type of soil, number of 
farming years and sourcs of salt water). In Figure 2 there are lO key environmental 
variables: number of farms within 3 km; number of farms sharing water supply; 
number of farms discharging into water supply; environmental impact assessment; 
site selection to avoid impact on others; site selection to avoid impact of others; sepa­
rate water supply/drainage system; retention of mangrove buffer; effluent treatment 
pond; and other environmental measure. 

74 



Table 1. A summary of the key variables that characterise the 10 shrimp farming provinces 
in Thailand (see text and Appendix for explanation of codes for variables). An 
asterisk (*) indicates a variable that identifies that province. 
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Q8_1 '" * '" * * 
Q8_2 * '" * * '" 
Q8_3 * * 
Q8_4 * '" '" '" 
Q8_5 * '" '" '" 
Q8_6 '" '" 
Q8_7 '" 
Q14PROB * * '" 
Q14_1B * 
Q14_2B * 
Q14_3B 
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QI5PROB 
Q15_lD * 
QI60TH * * '" * 
Q16_2B '" 
Q16_3B * 
Q16_4B * 
Q16_5B 

Q16_6B '" 
Q16_7B * 

There are three key problem variables in Figure 3 (Le. major problem, water or 
sediment related problem, and other problems). The other nine key variables for 
problem analysis are shown in Figure 4 and they were: salinity problem; temperature 
problem; flooding problem; bacteria problem; seed quality; feed quantity; feed 
quality problem; poaching problem; and power-cut problem. 
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Variables Contributing to Shrimp Production 

This section reports on attempts to build a model for the production of shrimp where 
the first obstacle was the problem of missing values. In applying SPSS to the original 
data file, the results indicated that as the number of independent variables was 
increased to get a better picture, the number of cases left decreased significantly until 
finally only 27 farms remained in the analysis. For this reason the list-wise deletion 
of cases was not pursued further. When the substitution of missing values by the 
means was tried, the value of coefficient of determination (i.e. proportion of variation 
in the dependent variable explained by the independent variables) decreased due to 
the reduction in variation of the variables. This method was therefore not acceptable. 
Then the multiple regression method was used repeatedly to estimate the missing 
values in the independent variables, resulting in a significant improvement in the 
coefficient of determination. 

Market production of shrimp (kg/ha/yr) was the variable of interest (dependent 
variable) and all other variables that could contribute to the variation in the produc­
tion of shrimp were considered. But due to the missing value problem and in order to 
avoid the violation of underlying assumptions of multiple regression analysis, the fol­
lowing continuous variables were left in the analysis: 

number of years at site (Q I_I YRF A); 

wet season intake water salinity (ppt) (Q7_6); 

dry season intake salinity (ppt) (Q7 _7); 

number of farms sharing intake water (Q7 _9); 

number of fanns within 3 km (Q7 _8); 

number of farms discharging into water supply (Q7 _10); 

depth of production ponds (Q6_ 4); 

total cost of water and sediment problems (Q14_cost); 

total cost of disease problems (Q1530st); 

total cost of other problems (QI6_cost); 

total estimated fertiliser cost (Q17EFERC); 

total estimated seed cost (Q 17ESEED); 

all costs of production (Q 17 ALCOS); 

• estimated power cost (Q17EPOWC); 

estimated feed cost (Q17EFEDC); 

total ovcrheads (Q 17TOHD); 

total labour cost (Q17TCLAB); and 

total other input costs (Q17TINC). 

Using 200 fanns in all 10 provinces with complete information on the variables 
under consideration, only the following six variables were significant: total over­
heads (QI7TOHD); total estimated fcrtiliser cost (Q17EFERC); total labour cost 
(Q17TCLAB); total feed cost (Q17EFEDC); seed cost (QI7ESEED); and total other 
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input costs (Q17TINC). This method of analysis could explain 75.6% of the total var­
iation in market production of shrimp. 

The linear multiple regression model was: 

Q17KGTOT -2216.08 + 0.005512*QJ7EFEDC + 0.08124*Q17EFERC + 
OJJ3953*Q17ESEED + O.005279*Q17TCLAB + 0.009421 
*Q 17TINC + 0.0041 18*Q 17TOHD (2) 

Application of GIS to Modelling Shrimp Production 

The relationships between average market production and other variables are shown 
in Figures 5 to 8. GIS was applied to get a summary picture of some relevant statisti-
eal intormation (Table 2) for the shrimp farms in Thailand, with emphasis on the 
provinees. 

Table 2. Some relevant statistics for shrimp farming provinces in Thailand (figures given 
are averages for eaeh provinee). 

Market Feed Farm Depth of Area of Size of Depth of 
produe- conver- area (ha) pond (m) pond effluent effluent 

tion sion ratio (ha) pond (% pond (m) 
(kg/halyr) offarm) 

Trat 10,122 1.66 2.71 1.84 1.47 5.95 1.57 

Chumphon 8,776 2.30 1.94 1.81 1.37 0.43 0.15 

Krabi 16,035 1.70 2.15 1.84 1.56 0 0 

Nakhon Si 8,322 2.04 2.63 1.57 2.02 0.28 0 
Thammarat 

Phetchaburi 4,622 1.78 3.11 1.50 1.70 0 0 

Samut 5,662 1.72 2.22 1.36 1.30 6.40 0.03 
Sakhon 

Satun 11,190 2.25 3.65 1.78 2.14 0.87 0.20 

Songkhla 12,067 2.51 1.28 1.51 0.95 0.38 0.Q3 

Surat Thani 8,322 1.92 3.20 1.57 1.64 Ll8 0.10 

Importantly, analysis of data summarised in Table 2 revealed that (a) there was a 
positive correlation between depth of ponds and average market production (P < 
0.05%); (b) there was a negative correlation between FeR and average market pro­
duction (P < 0.01 %); and (c) there was a negative correlation between the area of pro­
duction ponds and average market produetion (P < 0.05%). These correlations were 
also significant when the province was fixed (i.e. partial correlation~~when the anal­
ysis was carried out on the variation within each province), however the relationship 
was not as strong. This is an important observation because it indicates that variabil­
ity at the farm level becomes obscured when examined at each level above that. That 
is to say, the relationships that are statistically significant at the lowest unit in this 
survey (i.e. farm level) are less clear at the second (i.e. province level) and are totally 
lost at the third level (i.e. four major regions--central, eastern, south-western and 
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southern). The linear regression model given above is based on the variability at the 
farm level, while the GIS mapping (Figures 5 to 8) is viewed at the province level. 

Finally, the findings indicate that the most appropriate unit for investigating 
shrimp fanning should be at the pond level rather than the fann level. To support this 
idea, there is ample anecdotal evidence that each pond at a fann acts as a unit and the 
shrimp in a pond present with common disease symptoms, while neighbouring ponds 
often have different characteristics. Hence, future surveys could provide for more 
powerful analysis by placing greater emphasis on questions that investigate the indi­
vidual ponds at each fann. 

Conclusions 

The previous sections have described the results of the analysis of the data from the 
Thai fann survey from the point of view of identifying the problems prevalent in the 
provinces. The survey was a very large and ambitious one and consequently a large 
number of interviewers were needed. The quality of the interviews and the complex­
ity of the questions in the survey became evident when perfonning data analysis and 
editing. Consequently, cleaning up of the data was a lengthy process and even after 
that there was still the problem of missing values in many variables. 

Nevertheless, the results of the analysis demonstrated that the average level of 
production in the 10 provinces was different and due to a few clearly identifiable fac­
tors. It was possible to identify eight provinces using a total of 29 key variables, a 
high proportion of which related to environmental aspects of shrimp fanning. This is 
an important and interesting finding because it provides strong evidence to support 
the hypothesis that environmental problems are the cause of reduced productivity and 
incidence of disease in shrimp fanns. 

Petchaburi and Samut Sakhon Provinces, which are near Bangkok, could not be 
identified using the variables in other provinees. Hence, there are factors other than 
those measured in the survey whieh are detennining the charaeteristics of these prov­
inces. In general, using the problem variables and descriptive variables it was possi­
ble to identify more than 90% of the fanns correctly. 

One interesting point was that the depth of production ponds did contribute to the 
variability in the production of shrimp. Also, there was a negative correlation 
between market production and FCR as well as between market production and area 
of production ponds. This supports the findings of the earlier analysis (see Smith 
1999a) that small, family-owned fanns are the most productive units. 

Finally, the design of the questionnaire for future surveys needs to be greatly 
altered to enable powerful statistical analysis to be carried out. It is suggested that to 
investigate the key issues for sustainable coastal shrimp aquaculture, a more appro­
priate sampling unit could be the pond rather than the fann. Further, it is suggested 
that field measurements, global positioning system (GPS) readings and environmen­
tal samples should be taken by the interviewer in the process of future surveys. 
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Appendix. Results of logistic regression to determine the variables 
that identify each province 

Variable Explanation of variable 
code 

SOIL 

Ql_l 

Q2_3 

WSALT 

Q6_4 

Q7_8 

Q7_9 

Q7_10 

Dominant soil type at the site 

Number of years at site 

Major problems at the site in the past 3 years 

Souree of salt water to the farm 

Total area of production ponds at the farm 

Number of aquaculture farms within 3 km of the farm 

Number of aquaeulture farms which share the water supply 

Number of aquaculture farms which discharge effluent into the water supply 
canal 

Environmental impact assessment during the planning design process 

Made site selection to avoid impacts on other users 

Made site selection to avoid impacts of other users 

Q8_ 4 Design of separate water supply/drainage system 

Q8_5 Retention of mangrove buffer zone 

Q8_6 Effluent treatment pond 

Q8_7 Othcr measures to reduce impacts of the farm on the environment 

Q14PROB The farm has suffered from a water or sediment related problem 

Q14_1 B Thc number of times that the farm has suffered from salinity problems in 3 years 

Q 14_2B The number of times that the farm has suffered from temperature problems in 3 
years 

Q14_3B The number of times that the farm has suffered from bioactive chemical prob­
lems in 3 years 

QI4_lOB The number of times that the farm has suffered from flooding problems in 3 
years 

Q15PROB The farm has suffered from a serious disease-related problem 

Q15_1D The number of times in 3 years that the fann has suffered from a serious disease 
problem 

Q 160TH The farm has suffered from other problems 

Q 16_2B The number of times that the fann has suffered fi'om seed quality problems in 3 
years 

Q16_3B The number oftimes that the farm has suffered from feed quantity problems in 3 
years 

Q164B 

84 

The number of times that the farm has suffered from feed quality problems in 3 
years 

The number of times that the farm has suffered from predation problems in 3 
years 

The number of times that the farm has suffered from poaching problems in 3 
years 

The number of times that the farm has suffered from powercut problems in 3 
years 



Key to abbreviations used in the province classifications below: 

B 

S.E. 

Wald 

df 

R 

Exp(B) 

logistic regression coefficients estimated from the data; 

standard error of the mean; 

Wald's test statistic; 

degrees of freedom; 

R statistic showing the partial contribution of individual variables; 

e to the power B (logistic regression coefficient); 

~2 log likelihood ~2 times log of likelihood (L) ratio test statistic (measure of how well the 
estimated model fits the data); 

Model Chi-square the difference between ~2 log L for the model with only a constant and 
~2 L for the cun'ent model; and 

Improvement the change in ~2 log L between the successive steps in building a model. 

1) Chanthaburi Province 

Classification table 

Predicted 

Observed Yes No % correct 

Yes 249 0 100.00 

No 1 9 90.0 

Overall 99.61% 

Variables in the equation 

Variable B S.E. Wald 

SOIL ~12.816 124.09 .0108 

Q8~1 26.4480 1449.40 .0003 

Q8~4 28.8098 1499.97 .0004 

Q7~10 27.5447 204.05 .0182 

Q7~8 ~28.1809 204.05 .0191 

Constant 11.4136 2082.19 .0000 

···2 log likelihood 5.389 

Goodness of fit 5,092 

Chi-square 

Improvement 

df Significance R Exp(B) 

.9171 .0000 .0000 

.9854 .0000 3.06E+II 

.9847 .0000 3.25E+12 

.8926 .0000 9.17E~1l 

.8902 .0000 .0000 

.9956 

df significance 
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2) Trat Province 

Classification table 

Predicted 

Variables in the equation 

Variable B 

Q8_2 -1.945 

Q8_6 2.719 

Q8_7 2.264 

QI4PRB 1.581 

Q160TH -2.220 

Q6_4 DE 1.984 

Constant -6.831 

-2 log likelihood 

Goodness of fit 

3) Chumphon Province 

Classification table 

Predicted 

S.E. Wald 

.72(H 7.2963 

.6972 15.2031 

1.1025 4.2163 

.6657 5.6415 

.7265 9.3413 

.8965 4.8970 

2.2704 9.0511 

84.157 

144.102 

Chi-square 

Observed Yes No I % correct 

Yes 204 1 96.68 

No 10 38 I 79.17 

Overall 93.44% 
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df Significance R Exp(8) 

.0069 -.1847 .1430 

.0001 .2916 15.157 

.0400 .1195 9.6206 

.0175 .1531 4.8606 

.0022 -.2]74 .1086 

.0269 .1366 7.2710 

.0026 

df significance 



mriables in the equation 

Variable B 

SOIL 1.0347 

Q8_1 -1.6813 

Q8_5 -2.6927 

Q7_8 .1098 

Q7_10 .0981 

Ql_IYRFA .5000 

Q16_6B -2.7381 

Q16_7B .9749 

Q6_4 DEPT 3.2392 

Constant -7.4199 

··2 log likelihood 

Goodness of fit 

4) Krabi Province 

Classification table 

Predicted 

S.E. Wald 

.2697 14.7235 

.6062 7.6930 

.8610 9.7789 

.0433 6.4281 

.0405 5.8600 

.1839 7.3901 

.6560 17.4228 

.7616 1.6387 

.8419 14.8050 

1. 9391 14.6417 

107.689 

459.349 

Chi-square 

Observed Yes No % correct 

Yes 242 

No 7 

Variables in the equation 

Variable B 

Q8_5 10.8247 

Q8_6 -1.3882 

Q160TH -2.0013 

Constant 8.4725 

-2 log likelihood 

Goodness of fit 

4 98.37 

6 46.15 

Overall 95.75% 

S.E. 

30.488 

.8531 

.8874 

30.507 

53.874 

75.690 

Wald 

.1261 

2.648 

5.086 

.0771 

df Significance R Exp(B) 

.0001 .2264 2.8144 

.0055 -.1514 .1861 

.0018 -.1770 .0677 

.0112 -.1335 .8960 

.0155 .1247 1.1031 

.0066 -.1473 .6065 

.0000 .2492 15.4583 

.2005 .0000 2.6509 

.0001 .2271 25.5144 

.0001 

df significance 

df Significance R Exp(B) 

.7226 .0000 50249.20 

.1037 ~.0793 .2495 

.0241 -.1730 .1352 

.7812 

87 



Model Chi-square 

Improvement 

Chi-square 

49.252 

5.156 

5) Nakhon Sri Thamarat Province 

Classification table 

Predicted 

Observed No % correct 

Yes 4 98.24 

No 19 59.38 

Overall 93.44% 

Variables in the equation 

Variable B 

Q8_2 2.6844 

Q8_3 2.8305 

Q8_5 2.8311 

Q7_8 ,0448 

Q7_9 .1031 

Q7_10 .1668 

Q14PROB 2.4520 

Q16_4B .6977 

Constant -1.2147 

-2 log likelihood 

Goodness of fit 

S.E. 

.7290 

.7258 

.8204 

.0107 

.0326 

.0386 

.7788 

.3808 

1.0197 

89.198 

179.332 

Wald 

13.558 

15.208 

11.909 

17.413 

9.9988 

18.680 

9.9128 

3.3572 

1.4189 

Chi-square 

6) Phetchaburi Province 

Classification table 

Predicted 

88 

Observed 

Yes 

No 

% correct 

100.00 

0.00 

df 
4 

df Significance 

.0002 

.0001 

.0006 

,0000 

.0016 

.0000 

.0016 

.0669 

.2336 

df 

significance 

R 

.2243 

.2611 

-.2262 

.2821 

.2032 

.2934 

-.2021 

.0837 

0.0000 

0.0232 

Exp(B) 

14.6493 

16.9535 

,0589 

1.0458 

1.1086 

.8464 

.0861 

2.0091 

significance 



Variables in the equation 

Variable B 

Q8_1 10.3461 

Q8_4 -10.8880 

Q8_6 -10.5500 

Constant 0.6890 

-2 log likelihood 

Goodness of fit 

S.E. 

55.213 

51.868 

69.811 

0.9305 

38.645 

46.898 

Wald 

.0352 

.0441 

.0228 

0.5483 

Chi-square 

7) Samut Sakhon Province 

Classification table 

Predicted 

Observed Yes No % eorrect 

Yes 258 0 100.00 

No I 0 0.00 

Overall 99.61% 

Variables in the equation 

Variable B S.E. Wald 

SOIL 1.9329 .9673 3.9927 

Q8_1 ~1O.9592 84.4736 .0168 

Constant -13.6361 5.6378 5.8501 

-2 log likelihood 6.446 

Goodness of fit 9.010 

Chi-square 

df Significance R Exp(B) 

.8511 .0000 .0000 

.8537 .0000 .0000 

.8799 .0000 .0000 

0.4590 

df significance 

0.0148 

df Significance R Exp(B) 

.0457 .3899 6.9094 

.8968 .0000 .0000 

.0156 

df significance 
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8) Satun Province 

Classification table 

Predicted 

Observed Yes No 

Yes 232 3 

No 11 13 

% correct 

98.72 

54.17 

Overall 94.59% 

Variables in the equation 

Variable B S.E. Wald 

WSALT -.6961 .2070 11.3113 

Q8_2 1.4097 .6457 4.7672 

Q7_8 -.0473 .0258 3.3584 

Q7_10 -.1967 .0978 4.0418 

Q14_lB .8193 .2395 11.6996 

Q14_2B .4682 .2053 5.2018 

Q15_1D .2827 .1113 6.4516 

Q16_3B 3.8289 1.804 4.5043 

QI60TH -1.2009 .6542 3.3694 

Constant .8195 1.1942 .4709 

-2 log likelihood 78.867 

Goodness of fit 131.376 

Chi-square 

Model Chi-square 

Improvement 

9) Songkhla Province 

Classification table 

Predicted 

90 

81.018 

5.185 

df Significance R Exp(B) 

.0008 -.2413 .4985 

.0290 .1316 4.0948 

.0669 -.0922 .9538 

.0444 -.1 130 1.8214 

.000 .2463 2.2690 

.0226 .1415 1.5971 

.0111 .1669 1.3267 

.0338 .1252 46.0096 

.0664 -.0925 .3009 

.4926 

df significance 

9 0.0000 

1 0.0228 



Variables in the equation 

Variable B S.E. Wald df Significance R Exp(B) 

Ql_lYRFR .1878 0406 21.350 .0000 .2675 1.2066 

Q2_3 ~ 1.8996 .7177 6.9824 .0082 -.1357 .1501 

Q8~3 -1.9457 .8275 5.5293 .0187 -.1142 .1429 

Q8_4 ~2.1239 .6511 10.631 .0011 -.1786 .1197 

Q7~9 ~.2640 .0650 16.489 .0000 -.2315 .7680 

Q7_1O .2716 .0648 17.553 .0000 .2398 1.3120 

Q16_2B -2.0181 .7305 7.6316 .0057 1443 .1329 

Q16_4B ~5.4565 10.601 .2649 6067 .0000 .0043 

Constant -1.3816 .3768 13.443 .0002 

-2 log likelihood 103.202 

Goodness offit 177.639 

Chi-square df significance 

Model Chi-square 7.234 

Improvement 2.568 0.0004 

10) Surat Thani Provine 

Classification table 

Predicted 

Observed Yes No % correct 

Yes 206 95.37 

No 17 60.47 

OveraI189.58% 

Variables in the equation 

Variable B S.E. Wald df Significanee R Exp(B) 

WSALT .3418 .1413 5.8549 .0155 .1287 1.4075 

QI~ lYRFR -.1971 .0788 6.2508 .0124 -.1351 .8211 

Q2_3 1.4143 .5181 7.4526 .0063 .1530 4.1136 

Q6_4DEPT -2.350 .7247 10.5176 .0012 -.1913 .0953 

Q8_1 2.2671 .5266 18.5357 .0000 .2655 9.6509 

Q82 2.233 .6037 13.6870 .0002 -.2240 .1072 

Q7_9 .0212 .0087 5.8834 .0153 .1291 1.0214 

Q14PROB .5691 .5037 1.2764 .2586 .0000 1.7667 

QI4_IOB .9705 .5143 3.5607 .0592 .0819 2.6393 

Q160TH 2.5014 .7443 11.2960 .0008 .1998 12.1999 

91 



Variables in the equation 

Constant 

-2 log likelihood 

Goodness of fit 
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-5.179 2.046 

125.594 

153.288 

6.4058 

Chi-square 

.0114 

df si ani ficance c 



Priorities for Shrimp Research in Thailand 
and the Region 

Paul T. Smith* and Michael J. Phillipst 

Abstract 

This chapter reports on the results of the discussion sessions that were held at the 
project's Workshop in Hat Yai, Songkhla. October 1996, as well as the findings of a 
Post-Workshop Survey of participants. A total of 49 participants from 12 countries 
were present at the Workshop, while 25 participants from 6 countries responded to the 
survey. Researchable issues were identified in areas: disease and health; environ­
mental impact assessment and monitoring; feed and nutrition; genetics and broodstock; 
farm and pond management; remediation of disused farms and damaged habitats; soci­
oeconomics, trade and licensing; and information transfer and training. The two most 
important areas for research were disease and health, and farm and pond management. 
Participants considered that the three greatest constraints to sustainability in their own 
countries were viral diseases, poor pond management, and self-pollution. Thc same 
constraints were identified for the Asia-Pacific region, suggesting that there is good 
scope for intra-regional research projects and linkages with related projects. A total of 
122 researchable issues were identified by the participants and the features of the 
issues were characterised in terms of: impact on productivity; achievability; impor­
tance; ongoing research; target of resean:h; and a ranking for the priority of the 
research. The priority for each researchable issue was detennined by scoring each 
issue on a scale from lowest priority 1 to highest priority == 10. Eleven issues 
received the highest priority, with a median score of ;:>:8. These issues were from five of 
the eight areas of research and they received broad support from participants across the 
Asia-Paeitlc region. In the ranking process, genetics and brood stock was the area 
which participants gave most support, with 79% of its issues receiving a median score 
of ;?6. Additional comments by participants in the survey suggested that some of the 
issues were related and could be combined in research projects. 

Background 

The research issues identified at the project's Workshop held at Hat Yai, Thailand in 
1996, have been previously summarised (Smith et al. 1996; Anon. 1997), however 
the ranking of issues by the experts at the Workshop has not previously been 
reported. This chapter details the findings of two methods which were used to rank 
issues: (a) consensus opinions obtained at the Workshop during discussion sessions 
in October 1996 and (b) a Post-Workshop Survey of all participants in Septem­
ber~October 1997 . 

.. University of Western Sydney Macarthur, PO Box 555, Campbelltowl1, New South Wales 2560, Aus­
tralia. 

t Network of Aquaculture Centres in Asia-Pacific (NACA), PO Box 1040, Kasetsart Post Office, Bang­
kok 10903, Thailaud. 
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A total of 49 partIcIpants were involved in the Workshop and most of them 
described themselves as either researchers (n = 27) or fisheries officers (n = 10). 
Other groups represented in the process included shrimp farmers (n = 2), consultants 
(n = 4) and executive officers of government. Participants were mainly from Thai­
land (n = 30) and Australia (n = 8), though China, India, Indonesia, Malaysia, the 
Philippines, Sri Lanka, Vietnam, Bangladesh, Denmark and the United Kingdom 
were represented. 

A total of 25 participants from 6 countries completed the Post-Workshop Survey. 
Most participants were from Thailand (16) and Australia (5), while the rest were 
from China, Sri Lanka, the Philippines and Malaysia. The average period of involve­
ment with shrimp farming by participants who completed the survey was 10.2 years 
(range of 1 to 23 years). 

Perceived Constraints to Sustainability and Preferred Weighting 
for Research Funding 

Participants were surveyed to determine the overall weighting that should be given to 
the main areas of research funding . The results are shown in Table 1 and Figure I. 
The most important areas were: disease and health, and farm and pond management, 
followed by genetics and broodstock, and feed and nutrition. The least important 
areas were: socioeconomics, trade and licensing; and remediation of disused t~lrIns. 
A comment by one participant was that effOlts to bring disused farms into production 
could exacerbate problems with achieving sustainability. 

Information transfer and 
training 

Socioeconomics, trade 
and licensing 

Remediation of disused 
farms and damaged 

habitats 

Farm and pond 
management 

Genetics and 
broodstock 

Disease and health 

Impact assessment 
and monitoring 

Figure 1. The average weighting which should be given for research funding, as considered 
by survey participants. 
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Table 1. The preferred weighting for research funding. Points werc allocated to each 
research area according to its importance in improving the sustainablity of shrimp 
farming. Each participant allocated a total of 100 points. Results show mean ± 
standard deviation (minimum maximum). 

Research area 

Disease and health 

Environmental impact assessment and monitoring 

Feed and nutrition 

Genetics and broodstock 

Farm and pond management 

Remediate disused farms and damaged habitats 

Socioeconomics, trade and licensing 

Information transfer and training 

Weighting 

20.6 ± 7.5 (10-40) 

11.8 ± 5.7 (5~20) 

11.1 6.5 (0~30) 

14.3 ± 7.1 (5-30) 

17.7 ±9.7 (5-40) 

7.6 ± 5.6 (0-25) 

7.2 ± 5.5 (0~25) 

9.9 3.5 (5-20) 

Participants considered that the three greatest constraints to sustainability in their 
country were viral diseases, poor pond management and self-pollution (Table 2) and 
were the same constraints that participants identified for the Asia··Pacific region 
(Table 3). The three least important constraints to sustainability in their own country 
were identified as trade restrictions, poor infrastructure and market competition 
(Table 2). In comparison, the least important constraints for Asia-Pacific were 
impact of civilisation, trad restrictions and market competition (Table 3). 

Table 2. Factors which were considered to be the most important constraints to sustainabil­
ity of the shrimp industry in the participant's country. Points were allocated to 
each research area according to its importance in improving the sustainability of 
shrimp fanning. Each participant allocated a total of 100 points. Results show 
mean ± standard deviation (minimum~~maximum) 

Constraint Points allocation 

Bacterial disease 

Self-pollution 

Impact of civilisation 

Hatchery problems 

Broodstock problems 

Lack of training 

Trade restrictions 

Government regulations 

Poor pond management 

Feed problems 

Degrading of ponds with time 

Conflicts over land use 

POOf infrastructure 

Market competition 

Lack of appropriate research 

7.3 ± 5.9 (0-25) 

10.2 ± 7.1 (0-30) 

3.6 ± 3.4 (0~15) 

6.7 ± 5.7 (0~20) 

7.5 ± 5.1 (0-20) 

6.2 ± 6. I (0-20) 

2.0 ± 3.2 (0-10) 

5.6 ± 4.2 (0-13) 

12.4 8.2 (0-30) 

5.3 ± 5.1 (0-20) 

8.8 ± 6.1 (0-20) 

4.1 ± 5.7 (0-25) 

2.2 ± 2.8 (0-10) 

1.1 ± 1.9 (0-6) 

7.7 ± 6.0 (0-23) 
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Figure 2 shows the levels of constraints to issues of sustainable shrimp farming in 
the participant's own country and the Asia~Pacific region. The similarity between the 
levels in the participant's own country and Asia~Pacific suggests there is good scope 
for cooperation in research within the region. Common problems could be addressed 
by developing intra-regional research projects and linkages with related projects. 

Table 3. Factors which were considered to be the most important constraints to sustainabil­
ity of the shrimp industry in the Asia-Pacific region. Points were allocated to each 
research area according to its importance in improving the sustainablity of shrimp 
farming. Each participant allocated a total of 100 points. Results show mean ± 
standard deviation (minimum-maximum). 

Constraint Points allocation 

Bacterial disease 

Self-pollution 

Impact of civilisation 

Hatchery problems 

Broodstock problems 

Lack of training 

Trade restrictions 

Government regulations 

Poor pond management 

Feed problems 

Degrading of ponds with time 

Conflicts over land use 

Poor infrastructure 

Market competition 

Lack of appropriate research 

8.6 ± 4.9 (0-20) 

10.6 ± 7.0 (0-30) 

2.8 ± 3.4 (0-10) 

7.4 ± 6.2 (0~30) 

7.3 ± 4.9 (0-20) 

5.0 5.3 (0-20) 

2.9 ± 3.7 (0-10) 

5.9 ± 3.7 (0-10) 

11.3 ± 6.1 (0~20) 

4.7 ± 5.0 (020) 

8.3 ± 5.3 (0-20) 

4.4±4.1 (0-15) 

4.4 ± 3.9 (0-14) 

1.4 ± 2.4 (0-9) 

6.8 ± 7.5 (030) 

Results of Workshop Discussions and the Post-Workshop Survey 

Eight major areas of research were identified at the Workshop and each area was sub­
divided into a total of 122 researchable issues (see Appendices I to 8). These issues 
were concisely written by sub-groups and consensus views were obtained during dis­
cussion sessions that were held during and after the Workshop. In particular, each 
issue was categorised according to five factors: the impact on productivity; achieva­
bility; importance; ongoing research efforts; and application of the research to target 
groups. In the Post-Workshop Survey, participants were asked to score each issue on 
a scale of 1 to 10 (lowest to highest, respectively) to indicate the priority of the 
research with respect to developing a sustainable shrimp industry. Each score could 
be used a maximum of 15 times. 

For each of the 122 issues, summary statistics were calculated for the scoring. 
The mean, standard deviation and median are listed in the tables in the Appendices. 
Figure 3 shows that there were 11 issues that received a median score of 8 out of 10 
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by the participants. These 11 issues also received broad support from participants 
from across the Asia~Pacific region. Table 4 shows that for the six countries repre­
sented in the survey, the median score was 28 for those 11 issues in three to five of 
the countries represented. Hence, these issues would be highly suitable for coopera­
tive research projects. Figure 3 also shows that there were 31 issues that received a 
median score of 7. and 20 issues had a median score of 6. 

Lack of appropriate research 

Market competition 

Poor infrastructure 

Conflicts over land use 

Degrading of ponds with time 

Feed problems 

Poor pond management 

Government regulations 

Trade restrictions 

Lack of training 

Broodstock problems 

Hatchery problems 

Impact of civilisation 

Self-pollution 

Bacterial disease 

Viral disease 

o In participant's country • In Asia-Pacific 

~ 
f-------l 

'------' 

o 5 10 15 

Level of constraint to sustainability 

Figure 2. The levels of constraints to sustainable shrimp aquaculture as derived 
from survey responses. 

Figure 3. The frequency of median scores for all of the 122 researehable issues. 
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All issues are listed in Appendices 1 to 8 and they are briefly discussed in the fol­
lowing sections. The columns in the Appendices characterise cach issue according to 
six features (see caption to Appendix 1). This characterisation will assist researchers, 
institutions and fisheries managers to assess the value that can be obtained from 
projects which address these issues. 

Table 4. The researchable issues that received the highest priority for research by the partic­
ipants in the Post-Workshop Survey. All of these issues received a median score of 
8 out of 10. 

Issue No. Researchable issue Area of research Countries giving 
median scores ~ 

7 Develop high health-Iow Disease and health Thailand, Australia, 
risk pond management Philippines 
methods 

16 Develop practical Disease and health Thailand, Australia, 
methods of immuno- Philippines, China 
prophylaxis for shrimp 

30 Interactions between Disease and health Thailand, Australia, 
nutrition and shrimp Philippines, China 
health 

32 Assess causes of water Environmental impact Thailand, Australia, 
quality deterioration assessment and monitor- Philippines, China 

ing 

34 Effluent management Environmental impact Thailand, Australia, 
and waste treatment tech- assessment and monitor- Philippines, Sri Lanka 
nologies ing 

67 Endocrinology of brood- Genetics and broodstock Thailand, Australia, 
stooek maturation Philippines, China 

69 Develop techniques for Genetics and broodstoek Thailand, Australia, 
sustainable broodstock Philippines, China, 
supply, preferably with Malaysia 
domesticated broodstock 

77 Develop high health Genetics and broodstock Thailand, Australia, 
hatchery production China 
methods 

81 Study pond dynamics Farm and pond manage- Thailand, Australia, 
and pond ecology ment Philippines, China, 

Malaysia 

82 Better control of pond Farm and pond manage- Thailand, Australia, 
environment through bio- ment Philippines, China, 
logical agents and micro- Malaysia 
bial ecology 

120 Develop cost-effective Information transfer and Thailand, Australia, 
training and technology training Philippines, China, 
transfer methods and Malaysia 
approaches to overcome 
inadequacies in transfer 
of information from 
research to farm 
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Disease and health 

Appendix I lists the 31 issues and the descriptive statistics for issues in the area of 
disease and health. The overall trends in the descriptive statistics suggest that this 
area was a high priority for research, with a total of 19 of the 31 issues (i.e. 61%) 
scoring a median score of 2.:6 out of 10 (Figure 4). [n addition, the scores for impact 
on productivity were re[atively high, with 18 research issues receiving more than 
average scores. With respect to the score for achievability, most issues were classi­
fied as short to medium term, with only two issues being scored as long-term and 
three issues as medium to long term. The scores for importance were mainly either 
adaptive or strategic, with only eight issues being described as tactical. Ongoing 
research was scored as limited, with 19 issues having some or very little ongoing 
research. The application of the research was generally targeted at the whole 
Asia-Pacific region, for semi-intensive and intensive systems, and for all scales of 
farming. Interestingly, five issues had application to the fishing industry either by 
determining the extent of disease in wild stocks (issue 13), determining modes of 
transmission of viral disease (issue 14), impacts of toxicants (issues 20 and 29), or 
managing disease in order to reduce the spread of disease to the wild (issue I). 

Figure 4. The frequency of median scores for issues in the area of disease and health. 

However, the four issues with highest ranking (i.e. mean score >7) had scores 
which varied to some extent from the norm. The four issues were: development of 
high health-Iow risk pond management methods (issue 7); interactions between 
nutrition and shrimp health (issue 30); studies on biological control of disease in 
hatchery and farms including vertical transmission of disease in broodstock (issue 
31); and development of practical methods of immunoprophylaxis for shrimp (issue 
16). These issues varied from other issues in that (a) all four were given the 
maximum score for impact on productivity, and (b) the time frame for achievability 
was medium to long rather than short term. 

Also, one participant commented in their completed survey that issues 2, 7, 9 and 
11 (see Appendix 1) were similar and may be incorporated in a single research study. 

Environmental impact assessment and monitoring 

The general trends in the scores for the 22 research issues in the area of environmen­
tal impact assessment and monitoring are shown in Appendix 2. Overall, 9 of the 22 
issues (i.e. 44%) had a median score of 2.:6 out of 10 (Figure 5). With respect to 
impacts on productivity, scores ranged fairly evenly from high to low. The time 
frame for achievability was generally either medium to long term; only two issues 
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were short tenn and one issue was short to medium tenn. As for importance, most 
issues were scored as strategic and/or adaptive, with only six issues having a tactical 
impoliance. The ongoing research effort was generally scored as very low, with 15 
issues having the lowest possible score. The application of research was very broad; 
all issues had application to the Asia-Pacific region, and to semi-intensive and inten­
sive systems. Interestingly, the research was rated as having benefits for a large 
group of people, with the community and fishing groups being targets for 16 of the 
issues. 
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Figure 5. The frequency of median scores for issues in the area of environ­
mental impact assessment and monitoring. 

The four issues with the highest ranking (i.e. mean score ;::>6.8) were: assessment 
of causes of water quality deterioration (issue 32); effluent management and waste 
treatment technologies (issue 34); reduction of pollutant loads through development 
of low pollution feeds (issue 35); and integrated participatory approach to improve 
shrimp wastewater management (issue 53). These issues were considered to have the 
highest impacts on productivity, to be achievable in the medium to long tenn, and to 
be mainly of strategic and tactical importance. In keeping with the overall trends, the 
ongoing research for these four issues was very low, and the application of the 
research was to broad socioeconomic groups, including the fishing industry and the 
community. 

Further, one participant commented that issues 34 and 53 could be incorporated 
into one research project, and issues 46, 48, 50 and 52 (see Appendix 2) were on a 
similar theme and could be combined in one research project. 

Feed and nutrition 

The statistics for the 13 issues identified in the area of feed and nutrition are 
shown in Appendix 3. The overall trends show that only 4 of the 13 issues (i.e. 31 %) 
had a median score of;::>6 out of 10 (Figure 6). Also, the issues had a relatively 
modest score for impact on productivity, with only seven issues scoring greater than 
average. Issues were achievable in either a short or medium tenn; no issues were 
rated as long tenn. The issues were either adaptive and/or strategic, with no issues 
identified as tactical. Ongoing research efforts were relatively low, with 10 of the 
issues having had little or very little research efforts. The targets of the research were 
generally the Asia-Pacific region, semi-intensive and intensive systems, and all 
scales offanns. The exception was issue 5 (use of local raw materials), which was of 
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benefit only to some countries. Other exceptions were issues which had application 
to either the fishing industry or the community and these exceptions were: studies to 
reduce feed conversion ratio (FCR) (issue 55); removing shrimp by-products or 
marine protein from feed (issues 57 and 63); and reducing the impact of feed on the 
environment (issue 64). 

2 3 4 5 6 7 8 9 10 

Median score 

Figure 6. The frequency of median scores for issues in the area of feed and 
nutrition. 

The four most highly ranked issues (i.e. scoring ~6.4) were: reducing FCR (issue 
55); feed management strategies (issue 54); improved protein digestibility and utili­
sation of animal/marine protein (issue 63); and strategies to reduce impact of feed on 
the environment (issue 64). These four issues all received a high rating for impact of 
feed on productivity and were mainly achievable in the medium term. Issues 54 and 
55 have received a relatively high level of ongoing research while issues 63 and 64 
have had less research effort. Except for issue 54, these issues had impacts on the 
fishing industry and the community. 

Also, one participant commented that issues 54, 55 and 64 were related and could 
be combined in a research project, and that issues 34, 35 and 53 (see Appendix 3) 
could also be investigated in the same project. 

Genetics and broodstock 

The statistics for the 14 issues in the area of genetics and broodstock (Appendix 
4) reveal there are gaps in research which have the potential for large benefits to the 
industry. Overall, a total of 11 of the 14 issues (i.e. 79%) had a median score of ~6 
out of 10 (Figure 7), a level which identified this area of research as receiving the 
highest support by participants. Also, the impacts on productivity were rated as rela­
tively very high, with ten issues scoring above average impacts. Achievability ranged 
from short to long term; eight issues were long term, or long to medium term, while 
five issues were short or short to medium term. The importance ranged equally 
between strategic, adaptive and tactical. Ongoing research was relatively poor, with 
eight issues scoring the lowest score and the remaining issues scoring average or less 
than average ongoing effort. The application of the research was to the Asia~Pacific 
region, all systems and all scales of farms. Importantly, six issues also had the fishing 
industry as the target group, principally by reducing the need to use wild broodstock 
or by learning more about wild populations. One issue also had importance for 
research effort by providing healthy stocks for disease research (issue 79). 

The four issues with highest priority (mean score ~7.3) were: development of 
high health hatchery production methods (issue 77); the study of endocrinology of 
broodstock maturation (issue 67); development of techniques for sustainable brood­
stock supply (issue 69): and increasing fecundity and nauplius production from pond-
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reared broodstock (issue 71). They all had a high score for impact on produetivity; 
three issues receiving a maximum score. Achievability ranged from short through to 
long term and research was mainly strategic. The ongoing research was relatively 
low, and the application of the research was similar to the overall trend. 
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Figure 7. The frequency of median scores for issues in the area of genetics 
and broodstock. 

Three participants commented that issues in this area were related and could be 
combined in research projects. In particular, one project could incorporate issues 67, 
69, 70 and 71, while another project could combine issues 74, 75, 78 and 79 (see 
Appendix 4). 

Farm and pond management 

Appendix 5 shows the statistics for the 15 issues in the area of farm and pond man­
agement. A total of 10 of the 15 issues (i.e. 67%) had a median score of 2':6 out of 10 
(Figure 8). This area scored relatively highly for impact on productivity, with five issues 
scoring average, and of the remaining ten issues, six received a maximum score. Achiev­
ability was generally medium term while the importance was scored between adaptive, 
strategic and tactical. Ongoing research was relatively low, with eight issues scoring 
average effort, and the remainder below average. Most issues were applicable to the 
Asia-Pacific region, but two issues had application to only some countries (i.e. issue 
94-development of polyculture, and issue 95-integration of alternative species). 
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Figure 8. The frequency of median scores for issues in the area of farm and 
pond management. 



The four issues which ranked highest (i.e. mean score ?7.5) were: studies in pond 
dynamics and pond ecology (issue 81); improved application of existing technologies 
from other disciplines (issue 86); development of cost-effective closed water systems 
(issue 90); and identification and control of factors impOltant in plankton blooms 
(issue 91). These issues had very high scores for impact on productivity. They were 
mainly achievable in the medium term, except for issue 86, which was short to 
medium term, and issue 91, which was medium to long term. Ongoing research was 
reasonable, except for issue 86 which had low efforts. The targets for the research 
were similar to the general trend except for issue 90 which was important for small 
farms. 

Two participants commented that issues 81, 82, 86, 87 and 91 were related and 
could be combined in one research project, and that issues 94 and 95 (see Appendix 
5) could be investigated in another project. 

Remediation of farms and habitats 

The statistics for the 17 issues in the area of re mediation of farms and habitats are 
shown in Appendix 6. Overall, 3 of the 17 issues (i.e. 43%) had a median score of?6 
out of 1 0 (Figure 9). The impact on productivity was scored very highly, with two 
issues scoring average and the remainder above average. Most issues were rated as 
short or medium term, with only mangrove rehabilitation being a long-term issue. 
The importance was eithcr adaptivc or strategic. The ongoing research was relatively 
low, with one issue receiving average effort. The target of the research was mainly 
the region, semi-intensive and intensive systems, and all scales of farms. The notable 
exceptions were issues where the community and/or fishing industry received bene­
fits (i.e. issues 96, 99 and 102-see Appendix 6). Notwithstanding these scores, the 
overall pliority for this area of research was relatively low. 
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Figure 9. The frequency of median scores for issues in the area of remedia­
tion of fanns and habitats. 

The three issues with highest priority (mean ?6.1) were: mangrove rehabilitation 
(issue 102); assessment of technologies for pond rehabilitation (issue 101); and reha­
bilitation case studies in abandoned ponds (issue 99). Although these issues were 
scored as having a relatively high impact in spite of the low ranking, the ongoing 
research effort score was relatively low, suggesting there was room for research. 
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Two participants commented that issues 96, 97 and 98 were related and could be 
combined in one research project, and that issues 99 and 101 (see Appendix 6) could 
be investigated in another project. 

Socioeconomics, trade and licences 

The statistics for the 10 issues in the area of socioeconomics, trade and licenses 
are shown in Appendix 7, None of the 10 issues had a median score of 2:6 out of 10 
(Figure 10), so this area received lowest support from the participants, However, the 
standard deviation for these issues was generally higher than for any other area. This 
suggests there was a greater degree of polarisation of opinions on the priority of these 
issues. In general, the achievability of issues were short to medium term, with only 
two issues (issues 103 and 112) rating as medium to long term. The issues were 
mainly tactical and/or adaptive. The overall ongoing research effort was rated as rela­
tively very low, with six issues scoring the lowest score. The targets of the research 
were generally the Asia~Pacific region, all systems, and all scale of farms. Impor­
tantly, the community was a target for all ten issues, which makes this area unique 
among the eight research areas. 
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The frequency of median scores for issues in the area of socio­
economics, trade and licenses. 

As mentioned, the scoring for the 10 issues in this area were quite low, with only 
one issue scoring of >6.0, i.e. issue 105 (factors determining profitability of farms 
with respect to disease control and water treatment). Further, one participant com­
mented that issues 41 and 105 were related and could be combined in a research 
project, and that issues 106 and 107 (see Appendix 7) could be investigated in 
another project. Further, issue III could be investigated in combination with issue 
46, and issue 50 could be combined with research into issue 112. The approach of 
combining the issues in this area with research projects in other areas may be an 
appropriate method of establishing linkages between diverse research disciplines. 

Information transfer and training 

The descriptive statistics for the 10 issues in the area of information transfer and 
training are shown in Appendix 8. A total of 5 of the 10 issues (i.e. 50%) had a 
median score of 2:6 out of 10 (Figure 11). One participant commented that issues liS 
and 48 were related and could be combined in one research project, and that issues 
117, 118, 119 and 120 (see Appendix 8) could be investigated in another project. Fur­
ther, some respondents to the survey commented that this area may not be considered 
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an area of research at all, however at the October 1996 Workshop (see Smith 1999), 
the general feeling was that this area did have a research component. 

Overall, the impacts on productivity were scored relatively well, with four issues 
scoring above average. Achievability was rated as short to medium term for most 
issues, with only three issues rated as medium to long term (issues 115, 116 and 122). 
The importance was generally rated as either adaptive or tactical with only three 
issues rated as strategic. The ongoing research effort was rated as below average in 8 
of the 10 issues. The targets for the research were generally listed as the Asia-Pacific 
region, all systems, and all farms. Importantly, seven issues also had application to 
the community. 

Figure 11. 
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The frequeney of median scores for issues in the area of infor­
mation transfer and training. 

The three issues with highest priority (i.e. mean score :2:7.0) were: research infor­
mation extension services and education of farmers (issue 116); development of cost­
effective training and technology transfer methods (issue 120); and improving farmer 
awareness of downstream environmental impacts (issue 119). These issues were 
rated to have a high impact on productivity and were generally medium-term 
projects. Ongoing research was rated as reasonable, and all three have the community 
as one of the target groups for the research. 

Conclusions 

1. The Workshop discussion sessions and the survey of participants have provided a 
list of researchable issues that have been categorised according to a range of prac­
tical criteria. Importantly. it was possible to rank 122 research issues in terms of 
their importance to developing a sustainable shrimp industry. 

2. In the ranking process, research into genetics and broodstock was the area which 
participants gave most support, with 79% of issues receiving a median score of 
:2:6 out of 10. However, in the preferred weightings for each area of research, two 
other areas (i.e. disease and health, and farm and pond management) received 
higher weightings (Table 1). 

3. Research issues which received the highest ranking (Table 4) were spread 
between a range of areas: disease and health; environmental impact assessment 
and monitoring; genetics and broodstock; farm and pond management; and infor-
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mation transfer and training. This may reflect the diversity of the problems that 
confront the shrimp farming industry. 

4. Additional comments by participants suggested that some of the issues were 
related and could be combined in research projects. This research could be carried 
out more effectively if research groups within the Asia-Pacific region increased 
their collaboration. The advantages of linking projects in collaborative studies 
would be: 

better exchange of data between groups during regular joint project workshops; 

application of powerful statistics to pooled databases; 

• increased efficiency in data collection by exchange of equipment and researchers; 
and 

rapid communication of results between the collaborating groups. 

The results presented in this study provide a framework by which linkages could 
be developed. 
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Appendix 1. Descriptive statistics for research issues in the area of disease and health. 

No. Research issue Impact on Achievabihty ImportanceC Ongoing Application of Priority 
(time frame)b research (past research (i.e. target mean score ± s.d. 

and present 
efro 

Application of existing veterinary +++++ medium adaptive ++ region all systems 6.4 ± 2.8 (7) 
health management strategies to farms and fi shing 

2 Assessment of high risk activities in . ++ short strategic ++ some countries all 5.8 ± 2.8 
current shrimp aquaculture systems systems all farms 
(chain of production and marketing) 

3 Carry out case studies of previous + short adaptive and +++ region all systems 4.8 ± 2.1 (5) 
disease outbreaks tactical all farms 

4 Cost-benefit analysis of disease ++ short strategic and ++ region sj. and i. 5.2 ± 2.1 
control practices tactical systems all farms 

5 Development of generic response ++++ short strategic +++ s.i. and 1. 5.2 ± 2.3 (5) 
strategies for different types of systems all farms 
infection 

6 Developmcnt of farm designs ++++ long strategic and + region s.i. and i. 6.8 ±2.3 (7) 
incorporating best disease control adaptive systems big farms 
features 

7 Devclopment of high health-low +++++ medium adaptive + sj. and i. 7.5 ± 1.9 (8) 
risk pond management methods systems all farms 

8 Effect of pond conditions on +++ medium strategic and ++ region s.i. and i. 6.8 ± 1.8 (7) 
predisposition to disease adaptive systems all farms ...... 
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Appendix 1. (coni'd) Descriptive statistics for research issues in the area of disease and health. 00 

No. Research issue Impact on Achievability ImportanceC Ongoing Application of Priority 
producti vitya (time frame)b research (past research (i.e. target mean score ± s.d. 

and present groupt (median)f 
efforts)d 

9 Farm-level risk analysis and disease ++++ medium strategic and +++ region sj. and i. 6.5 ± 1.7 
reduction adaptive systems all farms 

10 Identification and description of ++++ medium adaptive and + region all systems 6.1 ± 2.0 (6) 
base units for disease control (pond, tactical all farms 

zone etc.) 

11 Identification and risk assessment ++++ short strategic ++ region s.i. and i. 6.2 2.0 (6) 
of routes of infection for major systems all farms 
diseases 

12 Improvement of sampling designs +++ short strategic and + region s.i. and i. 5.3 ±2.2 (6) 
for health management activities adaptive systems big farms 

13 Investigation of incidence of major + short strategic and + region all systems 4.0± 2.3 (3) 
viral diseases in wild stocks adaptive farms and 

14 Studies of modes of transmission of ++++ medium strategic region all systems 6.3 ± 2.3 (6) 
viruses between shrimp farms and fishing 

15 Clarification of basic defence +++ medium to long strategic and +++ region all systems 6.8 ± 2.4 (7) 
mechanisms of shrimp against adaotive all farms 
disease 

16 Development of practical methods +++++ long strategic +++ all systems 7.2 ± 2.5 (8) 
of immunoprophylaxis for shrimp all farms 
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Appendix 1. (coni'd) Descriptive statistics for research issues in the area of disease and health. 

Research issue Impact on Achievability ImportanceC Ongoing Application of Priority 
productivity" (time frame)b research (past research (i.e. target mean score ± s.d. 

and present group)e (median)f 
efforts)d 

Development of methods to ++++ medium to long strategic + region s.i. and i. 5.8 ± 2.4 (7) 
measure stress in individual shrimp systems all farms 
and shrimp populations 

Testing of efficacy of +++++ medium to long strategic ++++ region 6.4 ± 2.4 (6) 
immunostimulants and vaccination s.i. and i. systems 

all farms 

Development of procedures for +++ short tactical + region 5.3 ± 2.2 (5) 
health certification of shrimp for s.i. and i. systems 
export all farms 

Development of standard ++++ medium adaptive and ++ region 6.5 ± 1.5 (6) 
diagnostics strategic s.i. and i. systems 

big farms 

Improved real-time, pond-side +++++ medium strategic and +++ region 6.2 ± 1.7 (6) 
disease diagnostics adaptive s.i. and i. systems 

big farms 

Quality assurance and cross- + short adaptive and + region 4.7 ± 2.1 (5) 
calibration of disease diagnostic strategic s.i. and i. systems 
procedures in different big farms 
laboratories- local, national, 
regional 



0 Appendix 1. (cont'd) Descriptive statistics for research issues in the area of disease and health. 

No. Research issue Impact on Achievability ImportanceC Ongoing Application of Priority 
productivitya (time frame)b research (past rcscarch (i .c. targct mean score ± s.d. 

and present group)e (median)f 
efforts)U 

23 RaDid diae:nosis for virulence +++ medium and +++ region 5.8 ± 1.9 (5) 
tactical s.i. and i. systems 

big farms 

24 of accreditation +++ short tactical +++ region 4.7 ± 1.8 (5) 
schemes for chemical agents s.i. and i. systems 

farms 

25 of new and natural +++ mcdium tactical and ++ region 5.1 ± 2.3 (5) 
sources of therapeutants (herbs etc.) adaptive s.i. and i. systems 

all farms 

26 Studies on safe techniques (with ++++ medium tactical and ++ region 5.5 ± 2.4 
respect to user, shrimp, s.i. and i. systems 
environment) for eliminating all farms 
carriers/reservoirs 

27 Development of safe methods for ++++ medium strategic +++ region 4.8 ±2.6 
control of shrimp fouling s.i. and i. systems 

all farms 

28 Residues of pesticidesfheavy +++ short strategic and +++ some countries all 4.9 ± 2.3 
metals-disease interactions adaptive systems farms and 

fishing 



Appendix 1. (cont'd) Descriptive statistics for research issues in the area of disease and health. 

No. Research issue Impact on Achievability Importance" 
productivitya (time frame)b 

29 Studies on sub-lethal/chronic ++++ medium strategic and 
etJects of toxicants on various adaptive 
shrimp life stages (toxicology) 

30 Interactions between nutrition and +++++ medium strategic 
health 

31 Studies on biological control of +++++ medium and 
disease in hatchery and fann adaptive 

vertical transmission of 
disease in broodstock) 

From high to low on a scale from +++++ to +. 
hShort (1-2 yr), medium (2-5 yr), or long (5-10 yr) tenn. 
CStrategic = long-tenn benefits; adaptive = adapt existing technologies; tactical = 'fire 
dFrom large, moderate, some or very little effort on a scale from +++++ to +. 

"Country of application from regional to country); type of system. ranging from extensive 
benefits 

Ongoing Application of Priority 
research (past research (i.e. target mean score ± s.d. 

and present group)" 
efforts)d 

+ all systems 5.3 1.7 
fanns and 

+++ region s.i. and i. 7.5 ± 2.0 (8) 
systems all fanns 

++ region all systems 7.3 ± 2.4 (7) 
all [alms 

semi-intensive to intensive (i.); group which 
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Appendix 2. Descriptive statistics for research issues in the area of environmental impact assessment 

No. Research issue Impact on Achievability ImportanceC Ongoing Application of Priority 
producti vitya (time frame)b research (past research (i.e. target mean score ± s.d. 

and present 
effo 

32 Assessment of causes of water +++++ medium strategic and ++ region s.i. and i. 7.8±2.2 
quality deterioration tactical systems all 

33 Waste utilisation/management of +++ medium to long strategic and ++ region sj. and i. 5.0±2.6 
waste from shrimp processing tactical systems processors 
plants 

34 Effluent management and waste ++++ medium strategic and + region s.i. and i. 7.5 ± 2.2 (8) 
treatment technologies tactical systems 

fishing and 
community 

35 Reduction of pollutant loads ++++ medium strategic and + region s.i. and i. 6.9 ± 1.9 (7) 
through development oflow pollu- taetieal systems farms, 
tion feeds fishing and 

community 

36 Management of pond sedi- +++ medium tactical + region s.i. and i. 6.0±2.4(6) 
ments/sludge disposal and adaptive systems farms, 

fishing and 
community 

37 Development of water quality ++ short adaptive +++ region s.i. and i. 4.6 ± 2.2 (4) 
standards and tests systems big farms 
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Appendix 2. (cont'd) Descriptive statistics for research issues in the area of environmental impact assessment and 

No. Research issue Impact on Achievability ImportanceC Ongoing Application of Priority 
productivitya (time frame)b research (past research (i.e. target mean score ± s.d. 

and present 
effo 

38 Pollution of intake water and red +++ short to adaptive and ++ region s.i. and i. 4.4 ± 1.7 
tide monitoring medium tactical systems big farms 

39 Costing of externalities ++ short adaptive ++ some countries s.i. 2.9 ± 2.0 (2) 
and i. systems all 

farms 

40 Assessment of real environmental ++++ medium to long adaptive and ++ region s.i. and i. 6.6 ± 2.1 
of shrimp farming strategic systems farms, 

fishing and 
community 

41 Full cost~benefit of sustainability ++ long adaptive + s.i. and i. 4.0 2.2 (4) 
of shrimp systems farms, 

and 
community 

42 Impacts on biodiversity long adaptive + region all systems 3.7 ± 2.2 
fishing and 

community 

43 Quantification of the fate ofnutri- ++ medium adaptive + region s.i. and i. 4.7 ± 1.9 (5) 
ents, antibiotics and other pond systems fan11s, 
wastes in the environment fishing and 

community 



- Appendix 2. (cont'd) Descriptive statistics for research issues in the area of environmental impact assessment and .j:>. 

No. Research issue Impact on Achievabi lily ImportanceC Ongoing Application of Priority 
productivitya (time frame)b research (past research (i.e. target mean score ± s.d. 

and present 
effo 

44 Social cost benefit analysis medium adaptive and + region s.i. and i. 3.8 2.6 
strategic 

45 Imoacts on wild gene pools +++ medium to long adaptive and + region all systems 3.3 ± 1.8 
strategic farms, fishing and 

community 

46 Assessment of optima] wet- ++++ medium adaptive and + region s.i. and i. 4.0 ± 2.0 (4) 
land-fann ratios strategic systems 

fishing and 
community 

47 Strategies for community based, co- +++++ medium to long adaptive and + region s.i. and i. 6.0 ± 2.6 (6) 
management, cooperation and con- strategic systems farms and 
tract farming in coastal zone man-
agement of shrimp culture 

48 Development of plans and strate- +++ long adaptive and + s.i. and i. 6.4 ± 2.3 (6) 
gies for integrated coastal manage- strategic systems farms, 
ment fishing and 

community 

49 Identitlcation, mapping and ameJio- +++ medium adaptive and + region s.i. and i. 4.2 ± 2.5 (3) 
ration of acid-sulphate soils strategic systems farms, 

and 
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Appendix 2. (cont'd) Descriptive statistics for research issues in the area of environmental impact assessment and 

No. Research issue Impact on Achievability ImportanceC 

productivitya (time frame)b 

50 Improved coastal land-use plan- ++++ medium to long adaptive and 
ning geographical informa- strategic 
tion systems and reflecting 
biophysical, social and economic 
characteristics 

51 Habitat monitoring long adaptive and 

52 Ouantification of assimilative +++ long adaptive and 
strategic 

53 Integrated oarticioatorv approach to +++++ medium to long adaptive and 
strategic 

agement 

From high to low on a scale from +++++ to +. 
bShort (12 yr), medium (2·5 yr), or long (5-10 yr) term. 
CStrategic = long-term benefits; adaptive = adapt existing technologies; tactical 'fire fighting'. 
dFrom large, moderate, some or very little effort on a scale from H H+ to +. 

Ongoing Application of Priority 
research (past research (i.e. target mean score ± s.d. 

and present group)e 
efforts)d 

region s.i. and i. 5.3 ±2.4 

++ region sj. and i. 3.7 ± 1.9 (3) 
systems farms, 

fishing and 
community 

+ region s.i. and i. 6.0 ± 2.0 (6) 
systems farms, 

fishing and 
community 

+ s.i. and i. 6.8 ± 2.8 
systems 

fishing and 

<Country of application (ranging from regional to country); type of system, ranging from extensive (e.), semi-intensive (sj.) to intensive (i.); group which benefits (ranging from 
small farms, big farms, community to fishing industry). 
fFrom low to high on a scale from 1 to 10, respectively (s.d. = standard deviation). 



- Appendix 3. Descriptive statistics for research issues in the area of feed and nutrition. 0\ 

No. Research issue Impact on Achievability Importance" Ongoing Application of Priority 
productivitya (time frame)b research (past research (i.e. mean score ± s.d. 

and present target group)e (median)f 
efforts)U 

54 Feed management strategies +++++ short to region s.i. and i. 6.7±2.8(7) 
medium adaptive systems all faTIns 

55 Reduction of feed conversion ratio ++++ medium adaptive +++ region s.i. and i. 7.0±2.4 
nutritional value) systems fanns and 

fishing 

56 Feed supplements ++ short to strategic and +++ region sj. and i. 5.7 ± 2.0 (5) 
medium adaptive systems all fanns 

57 Assessment of the need to remove + short adaptive and + region sj. and i. 4.3 ± 2.3 (5) 
shrimp by-products from feed strategic systems fanns and 

fishing 

58 Screening offeed ingredients for +++ short adaptive + region s.i. and i. 5.1 ± 2.7 
pathogens and contamination systems all fanns 

59 Use ofloeal raw materials versus short adaptive ++ some countries sj. 3.4 ± 2.5 (3) 
feeds and i. systems all 

farms 

60 Development of dietary stimulants +++++ short to strategic and + s.i. and i. 4.6 ± 2.1 (4) 
medium adaptive systems all fanns 

61 Nutritional requirements +++++ medium strategic + region s.i. and i. 5.7 2.3 
unknown/unclear (digestibility) systems all farms 
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Appendix 3. (cont'd) Descriptive 

No. Research issue 

62 Impacts of medicated feeds 

63 Improve protein digestibility and 
reduce utilisation of ani­
mal/marine protein 

64 Strategies to reduce impact offeed 
on environment 

65 )evelopment of live feeds 

66 )evelopment of farm-made feeds 

aFrom high to low on a scale from +++++ to +. 

Impact on 

++++ 

+++++ 

+-1 

+++++ 

++ 

bShort (1-2 yr). medium (2-5 yr). or long (5-10 yr) term. 

!\chievability 
frame)b 

medium 

medium 

medium 

medium 

medium 

ImportanceC 

strategic and 
adaptive 

strategic 

straitegle and 
adaptive 

adaptive 

"Strategic long-term benefits; adaptive = adapt existing technologies; tactical = 'fire fighting' 
dFrom large, moderate, some or very little effort on a scale from +++++ to +. 

the area of feed and nutrition. 

Ongoing 
research (past 

and present 
efJorts)d 

++ 

++ 

+ 

++ 

++ 

Application of 
research (i.e. 

target group)e 

region s.i. and i. 
systems aU famlS 

s.L and i. 
systems 

s.i. andi. 
systems 

and 
community 

region sj. and i. 
systems all farms 

region s.i. and i. 
systems small 

farms 

Priority 
mean score ± s.d. 

(median/ 

4.9 ± 2.5 (4) 

6.7 ± 2.8 

6.4±2.7 (7) 

5.0 ± 2.9 (4) 

3.7 ± 2.5 (3) 

CCountry of application (ranging from regional to country); type of system, ranging from extensive (e.), semi-intensive (sj.) to intensive (L); group which benefits (ranging 
from small farms, big farms, community to fishing industry). 
lFrom low to high on a scale from 1 to 10, respectively (s.d. standard deviation). 
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Appendix 4. Descriptive statistics for research issues in the area of genetics and broodstock. 

No. Research issuc Impact on Achievability Importance" Ongoing Application of Priority 
productivity" (time framc)b research (past research (i.e. target mean score ± s.d. 

and present group)C 
efforts)d 

67 Endocrinology of brood stock matu- +++++ medium to strategic and ++ region all systems 7.3 ± 2.8 (8) 
ration long adaptive farms and fishing 

68 Cost benefit analysis of domcsti- +++ short tactical + region all systems 5.3 ± 2.7 
catcd broodstock all farms 

69 Development of techniques for sus- +++ mediwn to strategic ++ region all systems 7.6 ± 2.1 (8) 
tainable broodstock supply, long farms and fishing 
bly with domestic broodstock 

70 Effect of cnvironment and nutrition +++++ long strategic and + region all systems 7.0 ± 2.0 
on broodstock quality adaptive farms and fishing 

71 Increase in fecundity and nauplius +++++ long stratcgic + rcgion all systems 7.3 2.2 (7) 
production !Tom pond-reared brood- farms and fishing 
stock to cost-effective levels 

72 Studies on pond production pcr- ++++ long strategic + region all systems 5.7 ± 2.0 (6) 
formancc of closcd cycle oroduced all farms 
postlarvae 

73 Genetic improvement of shrimp +++++ long strategic + region all systems 7.0 ± 2.8 
all farms 

74 Identification of base populations +++++ mediwn to strategic and + region all systems 5.7 ± 2.5 (6) 
for selection long adaptive farms and fishing 
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Appendix 4. (cont'd) Descriptive statistics for research issues 

No. Research issue 

75 on desirable characteristics 
for genetic enhancement and evalu­
ation of her edit ability of such char­
acteristics 

76 Development ofuniform criteria for 
assessing quality offry 

77 Development of high health hatch­
ery production methods 

78 Identification of natural stocks free 
of specific diseases 

79 Identification and maintenance of 
stocks for disease research 

80 Use of specific pathogen-free (SPF) 
broodstock for shrimp larval rearing 

aFrom high to low on a scale from +++++ to 

+++++ 

+++++ 

+++++ 

+++++ 

+++ 

+++++ 

bShort (1-2 yr), medium (2-5 yr), or long (5 10 yr) term. 

Achievability 
frame)b 

long 

short 

short 

short to 
medium 

short 

short to 
medium 

ImportanceC 

strategic 

tactical 

tactical and 

tactical and 

tactical 

tactical and 
adaptive 

"Strategic long-tcnn benefits; adaptive adapt eXlsting technologies; tactical = 'fire fighting'. 
dFrom large, moderate, some or very little effort on a scale from I I to ;~. 

the area of genetics broodstock. 

Ongoing Application of Priority 
research (past research (i.e. target mean score ± s.d. 

and present group)" (median)f 
efforts)d 

+ region all systems 5.7±2.5(6) 
all farms 

++ all systems 6.6±2.3 
all famls 

++ region all systems 7.8 ± l.7 
all farms 

+ region all systems 6.0 ± 2.5 (7) 
all farms 

++ region all systems 5.0 ± 2.4 (5) 
farms and research 

+++ region all systems 5.2 ± 2.4 (5) 
all farms 

ec ountry of application (ranging from regional to country); type of system, ranging from extensive (e,), semi-intensive (s.i.) to intensive (i.); group which benefits (ranging from 
small farms, big farms, community to fishing industry). 
fProm low to high on a scale from 1 to 10, respectively (s,d. standard deviation). 
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Appendix 5. Descriptive statistics for research issues in the area of farm and pond management. 

No. Research issue Impact on Achievability Importance" Ongoing Application of Priority 
(time frame)b research research (i.e. target mean score ± s.d. 

(past and group)e (medianl 
present 
efforts)d 

81 Study of pond dynamics and pond +++++ medium adaptive +++ region all systems 7.6 ± 2.4 (8) 
ecology all farms 

82 Better control of pond environment ++++ medium tactical +++ region all systems 7.1 ± 2.2 
through biological agents and all farms 
microbial ecology 

83 Cost-benefit of best management ++++ long strategic + region s.i and i. 5.6 ± 2.8 
practice i.e. systems development systems all farms 

84 Assessment of carrying capacity of +++ medium tactical and ++ region s.i. and i. 7.2 ± 2.4 (7) 
various culture systems (including systems all farms 
effluent loading) 

85 Different crop management strate- +++ short to tactical and + region s.i. and i. 5.6 ± 2.1 (5) 
gies (rotation, fallowing etc.) medium systems all farms 

86 Improve and increase of +++++ short to tactical and + region s.i. and i. 7.5 ± 1.8 (7) 
relevant existing medium adaptive systems all farms 
other disciolines (water treat-

manage-

87 Improvements in ambient seawater +++++ medium tactical and region s.i. and i. 6.6±2.5 
culture methodologies and pond strategic systems all farms 
management 



Appendix 5. (cont'd) Descriptive statistics for research issues in the area of farm and pond management. 

No. Research issue Impact on Achievability ImportanccC Ongoing Application of Priority 
productivity" (time frame)b research research (i.e. target mean score ± s.d. 

and 
present 
efforts)d 

88 Definition and promotion of eoun- +++ medium tactical + region all systems 4.6 ± 2.5 (4) 
try/system specific systems for small farms 

aquaculture 

89 Detennination of optimum man- +++++ medium adaptive +++ all systems 6.4 2.9 (7) 
agement strategies for different big and small fanns 
pond systems (with regard to 
sophistication) and simple guide-
lines for application 

90 Development of cost-effective, ++++ medium adaptive +++ region s.i and i. 7.5 ± 1.9 (7) 
closed waler management and systems small fanns 
treatment systems 

91 Identification and control off actors +++++ mcdium to strategic ++ region s.i. and i. 7.5 ± 1.9 (7) 
important in development of differ- long systems all fanns 
ent plankton blooms 

92 Identification of simple. easilv +++++ short tactical and +++ region s.i. and i. 6.5 ± 2.7 (7) 
in adaptive systcms all farms 

pond environments 

93 Studies on effects of chemical treat- +++ short to tactical and ++ region sj. and i. 6.2 ± 2.7 
ments/toxicants on oond biota medium adaptive systems all farms 

N 
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Appendix 5. (cont'd) Descriptive statistics for research issues 

No. Research issue 

94 Development of polyculture 

95 Integration of altcrnative species 
into culture systems 

aFrom high to low on a scale from +++++ to +. 

Impact Oil 

productivitya 

+++ 

++++ 

bShort (1-2 yr), medium (25 yr), or long (5-10 yr) telm. 

Achievability 
frame)h 

medium 

medium 

ImportanceC 

adaptive 

adaptive 

'Strategic long-term benefits; adaptive = adapt existing technologies; tactical = 'fire fighting'. 
dFrom large, moderate, some or very little effort on a scale from +++++ to +. 

the area of farm and pond management. 

Ongoing 
research 
(past and 
present 

+++ 

+++ 

Application of 
research (i.e. target 

some countries e. 
and s.i. systems 

small farms 

some countries all 
systems all farms 

Priority 
mean score ± s.d. 

(medianl 

4.7 ± 2.6 (4) 

5.3 ± 2. I (5) 

eCountry of application (ranging from regional to country); type of system, ranging from extensive (e.), semi-intensive (s.i.) to intensive (i.); group which benefits (ranging from 
small fanns, big farms, community to fishing industry). 
IFrom low to high on a scale from I to 10, respectively (s.d. = standard deviation). 



Appendix 6. Descriptive statistics for research issues the area of remcdiation of farms and habitats. 

No. Research issue Impact on Achievability Imp0l1aneec Ongoing Application of Priority 
productivity" (time frame)b research (past research (i.e. target mean score ± s.d. 

and present 
efforts)d 

96 Assessment of alternative uses for +++ short adaptive + region s.i. and 4.2 ±2.4 (4) 
soil systems all farms 

and community 

97 Assessment of pond bottom soil +++++ short adaptive ++ s.i, and i. 5.5 ± 2.8 (5) 
remediation measures (in-pond) systems all farms 

98 Assessment of the necessity of ++++ short adaptive + region s.i. and i. 4.9 ± 2.5 (5) 
sludge removal-real or not systems all farms 

99 Rehabilitation case studies for +++++ medium strategie + region all systems 6.1 2.7 
abandoned shrimp ponds all farms and 

community 

100 Review of water Is oil quality ++++ medium strategic +++ region all systems 5.0 ± 2.2 (5) 
methods employed in examining all farms 
acid sulphate soil or shrimp 
environments 

101 Assessment of the range ofteeh- ++++ short adaptive ++ region s.i. and i. 6.2 ± 2.2 (6) 
niques for pond rehabilitation systems all farms 

102 Mangrove rehabilitation +++ . adaptive + region all systems 6.3 ± 2.7 
fishing and 

community 

aFrom high to low on a scale from 1 H++ to +. (\-2 yr). medium (25 )T). or long (5-10 yr) term. 
CStrategic = long-term benefits; adaptive = adapt existing technologies; tactical 'fire fighting'. dFrom large, moderate, some or very little effort on a scale from +++++ to +. 
"Country of application (ranging trom regional to country); type of system, ranging from extensive (e.), semi-intensive (s.i.) to intensive (L); group which benefits (ranging from 
small farms, big farms, community to fishing industry). fFrom low to high on a scale from 1 to 10. respectively (s.d. = standard deviation). 

N 
w 
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Appendix 7. Descriptive statistics for research issues in the area of socioeconomics, trade and licenses. 

No. Researeh issue Impact on Achievability ImportanceC Ongoing research Application of Priority 
productivitya (time frame)b (past and present research (Le. mean score± s.d. 

efforts)d target group)e 

economic value ++ medium to long adaptive and + 
alternative 'land' use options strategic all systems 

all farms and 
community 

104 Factors affecting success and ++++ short to medium tactical and + 5.3 ± 2.8 
failure of: (a) industry sub- adaptive all systems 
sectors; and (b) contract all farms and 
farming, cooperatives, co-
management and community-
based management struc-
tures and institutions 

105 F actors that determine profit- ++++ short to medium tactical and + region 6.2 ± 2.8 (5) 
ability offanns and (a) eeo- strategic all systems 
nomies of disease eontrol and all farms and 
risk assessment; and (b) eeo-
nomies of elosed versus open 
water management 

106 Post-General Agreement on +++ short tactical + region 5.1 ±2.4(5) 
Tariffs and Trade (GATT) all systems 
developments, tariff and non- all farms and 
tariffbarriers and their eHeets community 

and the 



Appendix 7. (cont'd) Descriptive statistics for research issues in the area of socioeconomics, trade and licenses. 

No. Research issue Impact on Achievability ImportanceC Ongoingn::search Application of Priority 
productiviif (time frame)h (past and present research (i.e. mean score ± s.d. 

efforts),l target group)e (median/ 

107 Information transfer regard- +++ short tactical + rcgion 4.6 ±2.6 
ing post-GATT trade-related all systcms 
restrictions all farms and 

community 

108 Review of government rules ++++ short to medium tactical and ++ region 5.3 2.3 (5) 
and regulations. and identifi- adaptive all systcms 
cation of coordinated strate- all farms and 
gies 

\09 Assessment of the effects of ++ short tactical ++ region 3.6±2.5 
alternative policy options all systems 

all farms and 
community 

110 Land tcnure and property ++ medium and ++ region 4.0 ± 2.6 (3) 
right issues, and their rela- adaptive all systems 
tionship to social and eco- all farms and 
nomic Issues community 

11 Bio-economic assessment of ++ medium tactical and + some countries 5.5 ± 2.9 (5) 
e. system 

all farms and 
community 

ratios 

-IV 
VI 
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Appendix 7. (cont'd) Descriptive statistics for research issues the area of socioeconomics, trade and licenses. 

No. Research issue 

112 Land use planning, licensing, 
tax as defensive or corrective 
measures 

"From high to low on a scale from +++++ to +. 

Impact on 

++ 

bShort (1-2 yr), medium (2-5 yr), or long (510 yr) tenD. 

Achievability Importance" 
frame)b 

medium to long adaptive 

"Strategic long-term benefits; adaptive adapt existing technologies; tactical ~ 'fire fighting'. 
dFrom large, moderate, some or very little effort on a scale from +++++ to +. 

Ongoing research Application of Priority 
(past and present research (Le. mean score ± s.d. 

efforts)d target group)e (median)f 

++ region 5.3 ± 3.1 (4) 
all systems 

all farms and 
community 

eCountry of application (ranging from regional to country); type of system, ranging from extensive (c.), semi-intensive (s.i.) to intensive (i.); group which benefits (ranging from 
small farms, big fanns, community to fishing industry). 

tFrom low to high on a scale from I to 10, respectively (s.d. ~ standard deviation). 



Appendix 8. Descriptive statistics for research issues in the area of information transfer and training. 

No. Research issue Impact on Achievability ImportanceC Ongoing research Application of Priority 
productivitya (time frame)b (past and present research (i.e. mean score s.d. 

efforts)d target group)e (median )f 

113 Development of mecha- ++ short to medium tactical and + region 5.3 ± 2.5 
nisms for improving link- all systems 
ages-locallinstitutional all fanns and 

community 

114 Development of consumer ++ short to medium tactical and + region 4.3 ± 3.0 (3) 
awareness and protection adaptive all systems 
programs to counter bogus all fanns and 
claims made by salesmen community 

115 Establishment of guidelines +H+ medium to long strategic + region 6.3 ± 2.3 (6) 
at a community level for sites all systems 
and carrying capacity all fanns and 

community 

116 Extension services and edu- +++++ medium to long strategic and ++ region 7.7 ± 2.3 
cation for fanners adaptive all systems 

fanns and 
community 

117 Find out how farmers obtain +++ short tactical ++ region 5.6 ± 2.6 (5) 
information all systems 

all fanns 

118 Importance of social struc- medium strategic ++ region 4.7 ± 3.0 (4) 
ture in extension activities all systems 
and development of cultur- all fanns and 
ally appropriate approaches community 

N 
-.l 
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No. Research issue Impact on Achievability ImportanceC 

productivitya (time frame)b 

119 Improvement of farmer ++++ short 10 medium tactical and 
awareness of downstream adaptive all systems 
environmental impacts all farms and 

community 

120 Development of cost-effec- ++++ medium adaptive ++ region 7.5 ± 2.2 (8) 
live training and technology all systems 
transfer methods to over- all farms and 
come inadequacies in the community 
transfer of information from 
research to farm 

121 Potential implications of +++ medium to long adaptive ++ region 4.7 ± 1.8 (5) 
extension service privati sa- all systems 
tion all farms 

122 Promotion of regional coop- +++ medium adaptive +++ region 6.4 ±2.5 
eration in information trans- all systems 
fer and exlension all farms 

"From high to low on a scale from +++++ to +. 
bShort (1-2 yr). medium (2-5 yr). or long (5-10 yr) term. 
CStrategic long-term benefits; adaptive = adapt existing technologies; tactical 'fire fighting'. 
dFrom large, moderate, some or very little effort on a scale from to 
"Country of application (ranging from regional to country); type of system, ranging from extensive (e.), semi-intensive (s.i.) to intensive (L); group which benefits (ranging 
from small farms. big farms, community to fishing industry). 
fFrom low to high on a scale from 1 to 10, respectively (s.d. standard deviation). 
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