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Abstract
White spot disease (WSD) is caused by white spot syndrome virus (WSSV) and is an acutely fatal
pandemic disease of crustaceans. It has resulted in massive losses to the shrimp-farming industry in
Asia and has now spread to the Americas. This paper reports the problems and solutions associated
with the design and execution of a longitudinal epidemiological study of shrimp (Penaeus monodon)
health on farms practising a crop rotation of rice and shrimp in the Mekong Delta of Vietnam. The
pre-sampling phase of the project involved selecting an appropriate site and sampling variables,
obtaining permission and establishing the necessary laboratory and logistic facilities. At the start of
the sampling phase, 40 farmers were selected and 32 of these were visited and interviewed. This
resulted in the enrolment of only 17 farmers. A further seven had to be enrolled to obtain the
maximum number of farmers that could be sampled by the study team. Compliance was enhanced
through meetings, regular visits by senior members of the project team and ensuring that visits were
punctual and that all information was treated con®dentially. The production cycle began in January
1998 and lasted for approximately 5 months. An attempt was made to collect 500 post larvae (PL)
before each pond was stocked to assess the health of the batch and to test for the presence of WSSV by
one-step PCR. After stocking, the wild crustaceans also were sampled from the pond for PCR
analyses. Information was collected on the management practices and samples of water, pond bottom,
feed and shrimp collected throughout the production cycle. Water quality variables with predictable
diurnal variation were sampled in the morning and afternoon, twice a week. Two months after
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stocking, the ®rst outbreak of WSD occurred; subsequently, 18 farms conducted a complete
emergency harvest due to the actual or perceived presence of a WSD outbreak. Detectable mortalities
were reported from 19 farms, and moribund shrimps were collected from four of these for PCR and
histological analyses. # 2002 Elsevier Science B.V. All rights reserved.
Keywords: White spot disease; Aquatic epidemiology; Penaeus monodon; Rice±shrimp

1. Introduction
White spot disease (WSD) is an acutely fatal pandemic viral infection of crustaceans.
The causative virus is most commonly known as white spot syndrome virus (WSSV). The
disease was ®rst identi®ed in Japan in 1993 (Nakano et al., 1994). It spread rapidly through
Asia and recently was reported in the Americas (Lightner et al., 1997). WSD has affected
shrimp in all types of culture systems. Losses associated with WSD exceeded 0.5 billion
US$ in Thailand during 1996 (Flegel and AldaySanz, 1998).
Most efforts to control WSD have relied on conventional studies of the pathogen
(Durand et al., 1997; Inouye et al., 1996; Nadala et al., 1998), experimental infection (Chou
et al., 1998; Kanchanaphum et al., 1998; Lightner et al., 1998) and uncontrolled ®eld trials
(Chanratchakool et al., 1998; Mohan and Shankar, 1997). These have resulted in only
limited control of the disease. There have been relatively few epidemiological studies of
farmed aquatic species and studies on shrimp have been even more limited (Nakano et al.,
1994; Thompson et al., 1997).
The aim of the present project was to identify the risk factors associated with WSD in the
Vietnamese rice±shrimp system, using a longitudinal study design. The rice±shrimp
system is a form of crop rotation unique to the Mekong Delta. It involves rice culture
during the rainy season and shrimp culture during the dry season. The rice is grown on a
central plateau around which a ditch is dug to provide a pond for the shrimp.
As epidemiological studies in aquaculture are scarce, this paper describes the design of
this observational study, the problems encountered in setting it up and the solutions used.
2. Materials and methods
2.1. Study design
The aim was to measure water quality, presence of WSSV infection and the health of
Penaeus monodon on 24 farms over one 5-month (January±June 1998) production cycle in
a rice±shrimp farming system in Vietnam. The maximum number of farms that could be
visited and sampled twice weekly was estimated to be 24 (i.e. eight per day). This sample
size allowed 80% power to detect a risk ratio of 3.5 with 95% con®dence, assuming an
attack risk in the non-exposed population of 25%.
The criteria used to select the study site were: proximity to a laboratory in which labile
samples could be analysed (i.e. Research Institute for Aquaculture No. 2, Ho Chi Minh
City); a dense concentration of rice±shrimp farms and a high probability of a WSD
outbreak occurring.
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The site was located in Can Duoc District (108300 N, 1068360 E), Long An Province, in the
northern part of the Mekong River Delta, 50 km south of Ho Chi Minh City. Can Duoc was the
largest of the three rice±shrimp farming districts in the province with 800 ha of farms in 1997.
There were eight villages in the district but over half the total shrimp production area was in
Tan Chanh, a village with 500 ha of ponds and almost 800 households in 1997. An address list
of farmers producing shrimp in the district was provided by the district director of ®sheries.
To visit and work at the study site it was necessary to obtain authorisation from the
Ministry of Fisheries and the provincial and district administrative committees.
2.2. Data analysis
The statistical tests used to analyse categorical and continuous variables were Fisher's
exact and Student's t-test, respectively (a Mann±Whitney test was used for ordinal data).
Comparison between different people scoring post larvae (PL) quality was assessed using a
1-sample Wilcoxon signed-rank test. Repeatability of water analysis was tested with the
coef®cient of variation. Alpha was 0.05 (2-tailed).
3. Intentions, problems and solutions
3.1. Selection of the farmers
3.1.1. Intentions
The initial aim was to select a random sample of farms from the study area. Farms had to
be accessible by motorbike or on foot. Our previous experience suggested that it would be
necessary to select 40 farms initially to enrol 24 (French et al., 1994; Green et al., 1994).
3.1.2. Problems and solutions
In spite of the available address list, the village committee did not consider the selection
of a random sample to be practical because farms in Tan Chanh were widely dispersed over
a peninsula 3±4 km long and 3±4 km wide with some only reachable by boat. Therefore,
they agreed to select a ``representative'' group of 40 farmers using the following criteria:
size; degree of success; geographical distribution; presence of a shrimp crop and ease of
access. They appointed a liaison of®cer to assist the project team.
3.2. Farmer enrolment
3.2.1. Intentions
Once the 40 farms had been selected, the aim was to visit individual farmers to explain
the goals of the project, see if they were eligible for enrolment and discuss the details of
data collection. To be eligible for enrolment, the farmers had to have grown rice during the
previous season, be planning to stock shrimp in 1998 and be prepared to notify the research
team of the time of stocking. Eligible farmers who agreed to participate were interviewed
using a structured questionnaire and invited to a pre-study meeting involving all the
selected farmers.
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3.2.2. Problems and solutions
Four of the study team (with one Vietnamese researcher as an interpreter) and the village
liaison of®cer visited each farm on foot or by motorbike over 3 days (15, 19, 20 December,
1997). Only 32 of the 40 farmers were visited. The remaining eight were either not
available or were not visited because of lack of time. Of the 32 farmers interviewed, 97%
(31/32) declared a willingness to participate and 88% (28/32) indicated that they would be
available to attend a pre-study meeting.
A pre-study meeting was held, on the 21st of December, 1997. Only 57% (16/28) of the
farmers who indicated that they were available attended and 25% (4/16) did not meet the
enrolment criteria. Three had not cultivated rice during the previous season and one had
decided not to farm shrimp during the current season. The meeting was also attended by the
other farmers who had not been selected or interviewed.
A second pre-study meeting was held on the 10th of January 1998. Half of the remaining
16 farmers attended and all were considered eligible for enrolment. At this point, only 20
farmers had been selected. Only 17 (85%) of these were enrolled; three farmers (15%)
failed to inform the research assistant of the time of stocking. These included all 12
selected farmers from the ®rst pre-study meeting and 71% (5/8) of those who attended the
second meeting.
A further seven farmers were enrolled. These were: one from the original group of 32
who did not attend any of the meetings because he thought he was already enrolled; three
who, although not selected, had attended one of the pre-study meetings out of interest, and
two who heard about the project from the liaison of®cer. All were interviewed, prior to
enrolment.
At the end of the study, the farmers enrolled by different methods were compared with
each other and with the general shrimp-farming population. The proportion of group
leaders in the 18 farmers recruited from the 32 farmers originally selected was high: 17%
(3/18) compared to 3% in the general population P  0:02. Group leaders were
nominated heads of individual groups of farmers and might have been expected to be
more skilled or experienced than other farmers. However, the proportion that harvested
prematurely because of disease was similar to that in the whole village P  0:34. The
remaining six farmers, although recruited by different methods, were similar to the ®rst 18
in terms of the proportion of group leaders P  0:57, number and size of their ponds
(P  0:92 and P  0:57, respectively), and number of shrimp stocked P  0:57.
3.3. Stocking date
3.3.1. Intentions
To be present in the village at the time of stocking, the study team needed to know the
exact date of stocking. We tried to obtain this information by interviewing farmers,
members of the village committee and Can Duoc district-extension workers.
3.3.2. Problems and solutions
Efforts to obtain an accurate prediction of the ®rst stocking date proved unsuccessful.
Half of the farmers (10/20) were unable to indicate when they would stock. Some said
that they would stock before Tet ( 28 JanuaryÐthe Lunar New Year holiday), whereas
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the village committee suggested that most farmers would stock after Tet. The research team
was based in Ho Chi Minh city at this point, and to avoid missing stocking, kept in frequent telephone contact with the extension workers in Can Duoc. Those workers indicated that stocking would begin on the 15th of January and one research assistant moved
to the study site. In spite of these efforts, one of the selected farmers had stocked by the
time the research assistant arrived. However, he had other ponds and remained in the
study.
Predicting stocking dates continued to be a problem even when the research assistant
was at the study site and in regular contact with the farmers. They postponed stocking on at
least two or three occasions for the following reasons: low salinity of the water, availability
or poor quality of the PL, and personal reasons. Stocking started on the 29th of January and
ended on the 14th of February.
3.4. Collection of wild crustaceans
3.4.1. Intentions
The aim was to collect samples of wild crustaceans from all the ponds before stocking
and to store them in 95% ethanol for PCR analysis for WSD.
3.4.2. Problems and solutions
Wild crabs were not collected before stocking because of time constraints. Crabs were
collected within 1 month of stocking by an individual with experience in catching crabs
wading around the edges of the pond. In total, 478 crabs were collected, delivered to the
laboratory and ®xed in 95% ethanol for WSD PCR analysis.
3.5. Collection of data and PL at stocking
3.5.1. Intentions
The aim was to interview suppliers, to collect information on the source, age,
transportation, storage and number of shrimp PL per bag and to record the total number
of PL stocked (number of bags stocked  number of PL per bag) and the duration and
method of acclimatisation at stocking. We planned to measure PL activity and homogeneity in size by examining a sample of 500 and assigning a group score of between 2
and 1 to each variable (Fegan et al., 1993). The length of the PL, chromatophore
distribution, proportion of abdominal muscle in the shell, gut ®ll, presence of deformities,
fouling organisms and histopathological changes in the hepatopancreas were determined
by examining and scoring 25 individuals PL under a light microscope. To detect the
presence of WSSV, 400 PL were stored in groups of ®ve in 1.5 ml Eppendorfs containing
95% ethanol at room temperature for subsequent WSD PCR analyses. This sample size
allowed 95% con®dence of virus detection if present in more than 0.75% of the population.
3.5.2. Problems and solutions
To develop a questionnaire and sampling strategy for PL, full details of the source and
supply routes were essential. Information about the delivery and distribution of PL
obtained from farmer interviews and meetings was incomplete and to overcome this, a
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meeting was held with one of the suppliers on the 15th of December. A P. monodon
hatchery at Vung Tau, south-east of Ho Chi Minh City was also visited.
At stocking it proved dif®cult to obtain information from the supplier. It was not possible
to trace the hatchery from which the PL had been collected and information about the
number of days since metamorphosis was available only for 37% (10/27) PL samples.
The pre-study interviews suggested that a number of farmers would stock at the same
time. This required the recruitment of ®ve additional people (two to score PL and three to
assist in collection). An attempt was made to reduce inter-observer variation in measurement by providing training and written guidelines. Inter-observer variation was measured.
The three scorers examined the same batch of 500 PL and 25 individuals taking a maximum
of 1 min for each PL. There was no signi®cant difference between the individual PL scores
of the trainees compared with those of the trainer P > 0:2.
The PL were either sold directly to the farmer or stored in a tank at the village before
purchase. Two different sampling strategies were used. PL from direct sales (85%; 23/27),
were collected by taking a proportional sample from every bag at the pond side just before
stocking. Stored PL (15%; 4/27) were sampled directly from the tank at the time of
purchase.
One concern was the deterioration in PL quality between sampling and scoring.
Fortunately, oxygen was available in the village and PL were transported to the ®eld
laboratory in plastic bags ®lled 1/3 with water and 2/3 oxygen. PL examination commenced within 2 h of collection. The PL were kept in an aerated bucket and scoring was
completed within an hour. Assessment of the hepatopancreas proved time consuming and
dif®cult to standardise; therefore, the 25 PL were ®xed in 10% neutral buffered formalin for
subsequent histological analyses. PL were not weighed at sampling but because of a later
need to calculate the speci®c growth rate (SGR), their weight was estimated by weighing
the drained formalin-®xed sample.
Some farmers stocked more than once. This had not been mentioned in pre-study
interviews. Consequently, there were 32 stocking events on the 24 farms. Twenty-®ve per
cent (6/24) farmers stocked twice and 4% (1/24) stocked three times. PL were collected
from 84% (27/32) of these events. On the ®ve remaining occasions, the farmers did not
inform the research team of restocking. However, in three cases, shrimp stocked were from
a batch already sampled on that day; therefore, only 6% (2/32) samples were missed. At
restocking, only 200 PL were collected and information on their origin and the method and
duration of acclimation was obtained from the farmer.
3.6. Collection of management data and shrimp samples
3.6.1. Intentions
During the production cycle, our intention was to record management activities and
shrimp mortality at every visit by interviewing the farmer using a structured questionnaire. We planned to collect samples of P. monodon and other shrimp present in
the pond monthly, using four throws of a cast-net at ®xed sites, a number estimated to be
suf®cient to collect 20±25 shrimps. The aim was to record the appearance of individual P.
monodon in this sample and then to ®x them in neutral buffered formalin for subsequent
histological examination. Species of shrimp other than P. monodon were stored in 95%
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ethanol for future PCR analysis. In order to prevent the transfer of disease between ponds,
the cast-net was disinfected after use by immersion in 2 g/l sodium hypochlorite for a
minimum of 1 h.
3.6.2. Problems and solutions
Management practices and shrimp mortalities were recorded in Vietnamese by an
interpreter, using a standardised recording sheet. On a few occasions when the farmer was
not at the pond, information was collected at the following visit. It became clear that there
was a large weekly variation in the type of feed used by the farmer. Therefore, an attempt
was made to collect feed samples during the production cycle and store them at 20 8C.
Only a small proportion of feed samples were collected for each pond, and for three ponds
no sample was available. This occurred because of language problems and misunderstandings.
Cast-net sampling proved more time-consuming than anticipated. It was possible to
sample only two ponds a day; consequently, the ®rst month's samples were collected 28±37
days after stocking. Further, at the time scheduled for the second monthly sampling,
some ponds had experienced mortalities, farmers were carrying out emergency harvests
and only 12 ponds were sampled. For similar reasons, only four were sampled on the third
occasion.
The cast-net samples contained species of shrimp other than P. monodon. In total, 84%
(863/1025) were P. monodon 14% (148/1025) were wild shrimp and 1.4% (14/1025) were
Macrobrachium rosembergii. The P. monodon and wild shrimp were transferred to the
study site laboratory in aerated containers, examined and ®xed as soon as practicable. M.
rosembergii were examined for the presence of WSD clinical signs and thrown back into
the pond.
It proved dif®cult to standardise cast-net sampling. A standard mesh size of 1 cm was
adopted throughout the study but this allowed small shrimp to escape. The same person
threw the cast-net on all but 17% (27/160) of occasions. To overcome the problem of
diurnal shrimp movement (from the ditch during the hottest part of the day to the plateau
when sunset was approaching), ponds were always sampled between 8:00 and 10:00 a.m.
or between 3:00 and 4:00 p.m.
3.7. Water volume
3.7.1. Intention
We planned to estimate water volume by measuring pond area and depth. Area was
estimated from measures of the length of the dykes obtained by using a tape measure, and
depth was measured using a calibrated stick placed permanently in each pond.
3.7.2. Problems and solutions
Attempts to measure pond area using a tape proved unsatisfactory. The irregular shape of
the ponds made an approximation inaccurate. Therefore, pond measurements were
contracted to the provincial surveying department. The same two people using the same
equipment surveyed the area of all the ponds in July 1998. Almost all ponds were drained at
the time of measurement.
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To ensure the quality of pond depth measurements, we had to ®x a horizontal board near
the base of the calibrated stick at the 0 cm mark to prevent it sinking in the muddy pond
bottom. We also became aware of differences in pond depth in different areas, and during
the ®rst month the water depth was also measured in several additional points in all the 24
ponds. This allowed what we assume was a more representative estimate of the mean water
depth in the whole pond. In one farm, the measuring stick was moved between visits but
was repositioned for measurements.
3.8. Water quality
3.8.1. Intentions
Water quality was to be estimated twice a week (eight ponds a day) at ®xed sites in the
ditch area. Owing to diurnal variation, dissolved oxygen (DO), temperature, pH were to be
measured twice a day, around dawn and in the middle of the day. We estimated that the
morning measurements would be possible only on four farmsÐallowing 15 min for
measurements and journeys between ponds. In the remaining four ponds, these variables
were to be measured only once. The sequence of the farms visited on any 1 day was
reversed on the next visit day so that these variables were measured twice-daily on all farms
each week. The measures of water quality, time of the day, location and methods used are
summarised in Table 1. Bio-security was maintained by disinfecting every piece of
equipment at the end of sampling, using hypochlorite solution (1 g/l).
3.8.2. Problems and solution
There was insuf®cient time to start sampling all farms on the day of stocking; however,
all ponds were sampled within 5 days of stocking. Water samples were collected
throughout the production cycle, between the 29th of January and the 9th of JuneÐa
total of 479 potential measurements. Ninety-®ve per cent or more of these were obtained
Table 1
Water quality variable recorded, time of the day, sampling site and the methods used for the steady of WSD in
black tiger shrimp in Vietnam
Variable

Timea

Location

Method

DO
Temperature
pH

AM/PM
AM/PM
AM/PM

Membrane oxygen meter (YSI Model 55)
Digital thermometer (YSI Model 55)
pH-meter Jenway 3071

Salinity

AM

Total ammonia

AM

50 cm depth
50 cm depth
Sample taken 15 cm from
the pond bottom
Sample taken 15 cm from
the pond bottom
Sample taken at the surface

Alkalinity

AM

Sample taken at the surface

Planktonic pigments
Turbidity
Water colour

AM
PM
PM

Sample taken at the surface
At sampling site
At sampling site

a

AM: 6±7 a.m. and PM: 2±3 p.m.

Refractometer CSP 1270
HACH kit HACH DR/2000
Spectrophotometer
HACH kit HACH DR/2000
Spectrophotometer
Parson et al. (1984)
Secchi Disc Depth (Stirling, 1985)
Visual scoring
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Table 2
Number of measurements recorded and those omitted from the recording sheet for the steady of WSD in black
tiger shrimp in Vietnam, 1998
Variable

Recorded number (AM, %)

Recorded number (PM, %)

Omitted

DO
Temperature
pH
Salinity
Turbidity
Colour
Depth

465
465
464
478
±
±
462

454
454
452
±
468
430
348

0
0
3
1
11
49
20

(97)
(97)
(97)
(100)
(96)

(95)
(95)
(94)
(98)
(90)
(73)

(Table 2). Readings were missed because researchers were taking samples from emergency
harvests at other farms (eight afternoon visits) and because readings were mistakenly
omitted from the recording sheet. Water colour was not recorded regularly due to the
considerable variability in different parts of the pond.
Towards the end of stocking, it became apparent that it would be possible to make twicedaily measurements of DO, temperature and pH in all eight ponds. This was done between
5:00±7:00 a.m. and 1:00±3:00 p.m. in 18 ponds by 10 days post stocking and in all the
ponds by 15 days after stocking. Twice-daily water depth measurements were also
introduced approximately 2 weeks after stocking to account for variation associated with
tides.
To collect a representative water sample without disturbing the pond bottom, a sampling
site was selected near pre-existing platforms in 29% (7/24) of ponds. In the other 71% (17/
24), a site ®xed half way from the main sluice-gate was selected. In 94% (16/17) of these
ponds, the farmers subsequently built wooden platforms at the sampling site to facilitate
collection. The same sampling sites were used throughout the whole production cycle.
Technical problems and physical problems were encountered in measuring both DO and
pH. Calibration of the oxygen meter was time-consuming (it had to be adjusted for salinity
between ponds). To overcome this, the instrument was calibrated at 0 ppt salinity before the
morning and afternoon visits and the readings subsequently corrected for salinity (Eaton
et al., 1995). It proved impossible to measure DO and temperature at the planned 50 cm
depth on 33% (151/465) of occasions in the morning and 22% (101/454) in the afternoon
because of the low water level. On these occasions, measurements were taken as close as
possible to the pond bottom. The water level also in¯uenced the turbidity measurements. It
could not be measured on 29% (135/468) of occasions because the Secchi disk reading was
greater than the water depth in the pond.
It proved impracticable to ®lter the samples for planktonic pigments at the pond side and
to process water samples for alkalinity and ammonia at the study site laboratory. Filtration
was carried out at the study site laboratory using Whatman GF/C for planktonic pigments
analysis and 0.45 mm millipore ®lters before being stored at 20 8C. Alkalinity and total
ammonia were measured at the main laboratory in Ho Chi Minh City. Water samples were
transferred there in a refrigerated box and analysed within 12 h of leaving the study site.
Processing of planktonic pigments samples was initiated within 24 h. All but one of the
samples (99.8%, 478/479) were analysed for total ammonia and alkalinity, but only 84.5%
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(405/479) of the planktonic pigments samples were examined. Thirteen per cent (64/479)
of the samples were not analysed because of a delay in receiving the necessary ®lters, 2%
(8/479) samples suffered rodent damage and two samples were either not collected or not
processed. One person carried out all the ammonia, alkalinity and planktonic pigments
analyses. Repeatability of the measurements was determined by submitting unidenti®ed
duplicate samples and the results were satisfactory for ammonia and alkalinity (coef®cient
of variation <12.9 and 6.9%, respectively), but were highly variable for planktonic
pigments (coef®cient of variation sometimes higher than 100%).
3.9. Pond bottom
3.9.1. Intentions
The aim was to collect samples of the pond bottom monthly, and at harvest from two
sites in the rice growing area, and two in the ditch. Pond-bottom pH was measured by using
a soil pH meter (Model DM-I3 Takemura Electric Works); the samples were also scored for
smell and colour.
3.9.2. Problems and solutions
Time constraints during the stocking period made it impossible to collect pond-bottom
samples until 2 weeks after stocking. Thereafter, 55 samples were collected every month
according to plan. Initially, samples were collected using an Ekman dredge; however,
because of the muddy nature of the pond bottom and delicate structure of the wooden
bridges, this proved unsuitable. The large volume collected using the dredge would have
affected the characteristics of subsequent samples collected from the same location.
Therefore, samples were collected with a scoop ®xed to the end of a 3 m handle. This
allowed 200 ml of sample to be collected from the top 5±10 cm of the pond bottom. In 58%
(14/24) of the ponds the plateau could not be reached with the device used. Therefore,
samples were collected from the small rice growing areas along the side of the dyke.
At harvest, pond bottom samples were only collected from one location in each pond
because of time constraints. Four samples were collected within a 1 m radius of the
calibrated stick and pooled to give a 50±100 ml sample. No variables were measured on
site; samples were stored at 20 8C for subsequent analyses.
3.10. Collection of data and samples at harvest and during WSD outbreaks
3.10.1. Intentions
The farmers were asked to inform the research assistant of an intended harvest. The aim
was to collect data on the weight of the different grades of shrimp harvested by interview
and to purchase 410 individual shrimp. Ten of these were taken for histological examination and ®xed in neutral buffered formalin at the pond side. Gill samples were taken from
the remainder into a 1.5 ml Eppendorf containing 95% ethanol for PCR to detect WSSV.
3.10.2. Problems and solutions
In March±April, an outbreak of a disease with clinical signs typical of WSD occurred.
Samples of moribund shrimp seen prior to harvest were collected only from four ponds. It
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was not possible to sample the other ponds because the farmers sold or ate the dead
shrimp. The frequency with which farmers harvested posed logistic problems. Seventy-®ve
per cent (18/24) of the farmers conducted an early harvest and on one occasion seven
farmers harvested within 3 h.
Two farmers failed to inform the research team of the time of harvest. In one case, no
shrimp was collected for histology; in the other farm, 10 shrimps were collected from the
few shrimps remaining in the pond after harvest. On the other farms, 10 shrimps were
collected for histological examination.
Samples for PCR analysis were collected from all ponds at either early or normal
harvest. In ponds harvesting large number of shrimps, 400 gills were collected. It proved
impossible to collect all these gill samples at the time of harvest, so gills from 100 shrimps
were collected within 24 h of harvest. The remaining shrimps were stored at 20 8C for a
period of up to 1 month and gill samples collected when practicable. In ponds from which
small number of shrimps were harvested, the sample size needed for the set limit of
detection was recalculated using the Cannon and Roe formula (Martin et al., 1987). In three
ponds (12%), farmers only harvested a proportion of the shrimp. In these cases, gills from a
sample of 60 shrimps were collected for PCR to allow a limit of detection of 5% within
95% con®dence intervals.
Some of the shrimps showed signs of bacterial infection at emergency harvest, therefore,
the protocol was modi®ed to examine and record the clinical signs seen in 100 shrimps at
harvest.
Information about the weight and number of shrimps harvested was collected from every
farmer. Since ®sh, wild shrimp, cultured M. rosembergii and, occasionally, mud crabs were
also harvested, the protocol was modi®ed to collect data on their presence, species and
number.
At the end of the study, it became clear that there were still a number of variables for
which no data had been collected. These included variables such as movements of
equipment between ponds, family composition, people working at the pond and unusual
changes in insect population. Therefore, a supplementary interview-based questionnaire
was used. This was prepared in English, translated into Vietnamese and retranslated orally
into English to double-check the translation. The ®nal version of the questionnaire included
451 questions. The questionnaire was pre-tested on a Can Duoc extension worker who was
a shrimp farmer and it was administered to the 24 farmers by the Vietnamese research
assistant within 3 months of harvest. The overall management skills of the farmer were
also scored independently by the two research assistants at the end of the data collection
period.
3.11. Farmer communication and compliance
3.11.1. Intentions
To maximise participation and compliance, farmers were visited individually prior to the
start of the study and the project was explained in detail. They were invited collectively to
attend a pre-study meeting. The aim of these meetings was to establish a dialogue, allow
farmers to contribute to the study design and to ensure that practical data collection ®tted in
with their management practices and day-to-day activities. In this way, ownership of the
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project was encouraged. The con®dentiality of all data collected by the research team was
stressed throughout these meetings.
It was anticipated that one of the major dif®culties would be in explaining the need for an
observational rather than an intervention study. Farmers were aware that failure of a
successful harvest was a common occurrence, and we predicted that they would be
reluctant to participate in a study in which no advice was offered throughout and from
which there was no immediate bene®t. Another anticipated problem was obtaining
permission and co-operation to sample PL and the cast-net catches of growing shrimp.
Sample collection was carried out punctually on the scheduled days and there was twiceweekly contacts with most of the farmers. Senior members of the study team also visited all
the farmers during the production cycle to encourage their continued participation. It was
important that farmers inform the research team of the time of stocking, shrimp mortality,
intention to harvest or of major changes in management. To facilitate this, a telephone was
installed in the research assistant's accommodation. There was a telephone at the village
committee headquarters which all farmers had access to, and some farmers also had
telephones or close access to other phones. Farmers also were given a timetable of the
activities of the research assistants. During the ®rst 2 weeks of February, the farmers were
informed of the date and time of the following visit. Afterwards, the farmers were given
timetables of the sampling schedule so that they could contact the research assistant at any
time of the day. The timetable also included telephone numbers of the laboratory and in Ho
Chi Minh City.
3.11.2. Problems and solutions
It appeared that all the farmers grasped the importance of understanding WSD prior to
any intervention. They accepted that although frequent monitoring of shrimp health and
water variables would be carried out by the project team, no information, intervention,
assistance or advice would be given before or during the production cycle. They were
assured that the study results would be presented to them collectively at an end-of-project
meeting. Farmers were also promised written reports on the events which took place on
their own farms with advice on any management changes that might prevent disease or
improve productivity.
At the pre-study meetings, farmers suggested that the quality of the PL was the most
important factor in¯uencing the health and productivity of P. monodon. They were aware of
differences in appearance of PL between bags and saw the importance of obtaining a
representative sample. They agreed to order 500 extra PL and to allow sampling from each
of the bags. The PL samples were purchased from farmers at market rates. The need to
collect 20±25 shrimps by cast-net, from 1 month after stocking until harvest was explained,
and to facilitate co-operation full harvest price was offered for these shrimp. All farmers
agreed.
Despite the efforts of the research team and the apparent agreement and understanding
by the farmers, there were some problems with compliance. The research assistant was not
informed of ®ve stocking events and as a result no samples were collected from two of
them. Further, this information came to light only at an advanced stage of sampling. Two
farmers (8%) failed to notify the research assistant of their intention to harvest. Fortunately,
these events were detected and samples collected, although in one case the shrimp had
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already been graded. Farmers also sought advice from the Vietnamese member of the
research team during data collection. His refusal to supply advice did not appear to cause
any resentment.
Noti®cation of intended changes in management was given on two occasions. One
farmer opened a canal to connect the study pond with a neighbouring pond 1 month after
stocking. The second pond was sampled for water quality within 4 days of connection and
on eight other occasions. A shrimp sample was also collected within 3 weeks.
The second farmer added shrimp to his pond from a pond outside the study half way
through the production cycle. In this case, 105 shrimps were collected from both ponds by
cast-net. Five were preserved at the pond side for histopathology and the remainder were
examined and gills collected for PCR analysis.
The occurrence of disease did not appear to affect the attitude or compliance of the
farmers in the study; however, some farmers outside the study suggested that the research
team had infected the ponds.
4. Discussion
This paper describes the framework of a longitudinal epidemiological study of WSD in
Vietnam. The starting date of this project was particularly important because there is only a
single shrimp crop in most years. Stocking was expected to start in January and February
1998 and the success of the project depended on being fully prepared and present on site at
stocking. A 3-month lead-in time was planned but funds were not made available until the
end of October 1997. This short lead-in time in¯uenced farm selection and the collection of
pre-stocking data.
Although the planned number of 24 farms was recruited, the selection was not random
and was incomplete at the start of stocking. Random sampling is essential to allow study
results to be generalised to the target population. Sampling required the permission of the
village committee and although the importance of obtaining a random sample was
explained, they were prepared to provide a list of only 40 potential participants based
upon our selection criteria. When compared with the whole Tan Chanh village, this sample
contained a higher proportion of group leaders. However, there was no difference in the
percentage of farms emergency harvesting.
Of the 40 farmers originally selected, only 32 were visited; this was partly due to time
constraints but also because the enthusiastic response of all but one farmer suggested that it
would be possible to recruit 24 farmers from this group. Their willingness to participate
during the original interview may have been in¯uenced by the presence of the village
liaison of®cer, because in spite of their apparent enthusiasm, only 56% (18/32) of the
farmers selected by the village committee were recruitedÐsupporting our original estimate
that 40 farmers would have had to be visited to enrol 24 farmers.
Only 16 farmers attended the ®rst meeting. From previous experience, farmers who fail
to attend such meetings often show poor compliance and our intention was to omit them
from the study. However, it was suggested that the poor attendance re¯ected the short
notice and so a second meeting was held. Repeated postponements of this meeting resulted
in it being held at one day's notice and attendance was poor then too. The compliance of
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farmers attending this meeting was lower than the ®rst; 63% (5/8) gave notice of stocking
compared with 100% (12/12) from the ®rst meeting P  0:05Ðsupporting our original
premise.
Considerable effort was devoted to achieving and maintaining compliance. The research
assistants gave all the farmers a timetable of visits and were punctual throughout the study.
Further, senior members of the team visited all the farmers at the start, in the middle and at
the end of the production cycle to thank them for participating. The only ®nancial
inducement offered was the purchase of shrimp at full market price regardless of size.
The only failures of compliance were failures to notify the study team of restocking,
mixing of shrimp from different ponds and of emergency harvest.
Multiple stocking or mixing of shrimp from different ponds had not been mentioned at
any of the project planning meetings, and the study team was not aware that it took place. It
is also possible that the farmers did not appreciate the importance of collecting PL from
every batch stocked. In the case of mixing, suf®cient notice was given for contingency
sampling strategies. At emergency harvest 2, farmers considered that harvest had to be
conducted without delay and there was insuf®cient time for noti®cation.
In spite of these failures, we consider that the level of co-operation achieved from the
farmers was good. At pre-project meetings, the farmers were given the opportunity to
contribute to the practical design of the project, to voice their concerns and to provide
information on husbandry techniques. The major concern of the research team was that
farmers would be reluctant to participate in a project in which they would be given no
assistance until the end of the study. However, this topic was discussed and the farmers
accepted the concept. Other issues such as sampling by cast-net and at harvest did not cause
any signi®cant problems. Compliance exceeded the requirement of the project team in
some instancesÐallowing the data to be collected on all the planned variables. However,
data collection was often impeded by the harsh working conditions and communication
problems. A regular presence on the farm was essential and two research assistants had to
cope with the onerous work schedule. The working day was sometimes 18±20 working
hours per day; therefore, twice-daily sampling was not possible until 2 weeks after
stocking. In these cases, only the morning sample was taken to allow the detection of
the lowest DO and pH values. The many partial and emergency harvests during disease
outbreaks also resulted in eight afternoon readings being missed and in a restriction of the
pond bottom sampling sites at harvest.
High concentration of partial and emergency harvests, like multiple stocking and mixing
of shrimp, had not been foreseen by the project team. Such activities required additional
sampling protocols which were time-consuming. Communication problems between
farmers and research assistants created other dif®culties.
Misunderstandings arose during the pre-study interview. Three of the 32 farmers
selected and interviewed did not grow rice (therefore were not eligible for selection).
Some farmers said that they had only one pond even if they owned more than one because
they had understood that the project team was interested in studying only one pond. The
lack of any advice or intervention during the study was a source of disagreement with the
local authorities during disease outbreaks. However, relationship between local authorities
and the project team improved dramatically after a series of meetings was held to
disseminate the preliminary results. These meetings were well attended by farmers,
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extension workers and local authorities and provided a forum to plan the future control of
WSD outbreaks in the study area.
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