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INTRODUCTION

White spot disease (WSD) is a disease of shrimp
caused by a virus known as white spot syndrome virus
(WSSV). WSD outbreaks were first detected in Japan
and China in 1993 (Nakano et al. 1994, Zhan et al.
1998) and in the following years quickly spread
throughout Asia (Wongteerasupaya et al. 1995, Anony-
mous 1997, Mohan et al. 1998, Park et al. 1998). 

Stocking of WSSV-infected seed has been implicated
as a risk factor for WSD by several authors (Limsuwan
1997, Flegel & AldaySanz 1998, Mushiake et al. 1999).
As a result, screening of postlarvae (PL) and broodstock
for the presence of WSSV has been recommended as
part of a strategy to reduce the amount of virus intro-
duced into shrimp farming systems (Limsuwan 1997, Lo
& Kou 1998, Withyachumnarnkul 1999). Other pro-
posed methods for reducing the risk of WSD are forma-
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ABSTRACT: White spot disease (WSD) is a viral disease of shrimp caused by white spot syndrome
virus (WSSV). Stocking WSSV-infected seed has been implicated as a major risk factor for outbreaks
of WSD. In addition, the quality of postlarvae batches has been proposed as a predictor for good
crops. This paper describes the relationship between indicators of quality and WSSV in postlarvae
(PL) of Penaeus monodon from Karnataka, India, over the period September 1999 to January 2000.
Three outcome variables were considered: the WSSV status of the PL, as determined by PCR, and 2
subjective assessments of PL quality, namely the activity of the PL and the quality of the PL as deter-
mined by research assistants and farmers, respectively. Of the 73 batches of PL, 49.3% from a ran-
dom sample of farms tested positive for WSSV. After adjusting for confounding, stocking earlier in the
growing season and duration of transportation were the main risk factors for the presence of WSSV.
The quality assessed by farmers and the PL activity assessed by research assistants showed only fair
agreement (kappa 0.252) reaffirming the subjective nature of such techniques. The only variables
consistently associated with either assessment of quality in univariate analysis were PL length, num-
ber per bag and salinity of the water in the delivery bags. After adjusting for confounding, no single
variable was consistently associated with PL quality and activity. The research assistants’ assessment
of PL activity was also associated with the hatchery and a brown-orange hepatopancreas in univari-
ate analysis. After adjusting for confounding, a brown-orange hepatopancreas was still significant
and fitted into the model together with the salinity of the water in the PL bags. The farmers’ assess-
ment of quality was associated with PL length, date of stocking and duration of transportation in both
univariate and multivariable analyses. There was no relationship between quality assessment and
WSSV in PCR-positive PL. 
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lin treatment (Limsuwan 1997) and quality assessment
tests (Chanratchakool et al. 1998). However, there is no
published evidence for any association between the
general quality of PL and either the presence of WSSV
in the PL or productivity at harvest. 

In this paper, we evaluate quality assessment of PL
with respect to the presence of WSSV, examine the risk
factors associated with WSSV presence in PL, and
identify factors associated with subjective measures of
PL quality. The data were collected as part of a longi-
tudinal epidemiological study of WSD in Karnataka,
India. 

MATERIALS AND METHODS

Study design. As part of a longitudinal observational
study conducted to identify the risk factors for WSD in
Penaeus monodon farms in Kundapoor, Karnataka,
India, a random sample of 100 shrimp ponds was se-
lected. Of these postlarvae, 70 were enrolled and data
were collected on the PL batches stocked in each pond.
Farms were visited at each stocking event and samples
of 500 PL collected by pooling scoop samples from all
the delivery bags. After examination, they were stored
in iced water for 1 to 3 h and removed to a field labora-
tory. Here they were aliquoted into batches of 50 and
stored in methanol, for up to 6 mo, until PCR analysis.
The unit of study used in all data analysis was the PL
batch, that is the PL in all the bags stocked on any one
occasion.

Variables used. Predictor and outcome variables
were as follows.

Predictor variables: The following variables were all
recorded by interviewing the farmer using a structured
questionnaire. 

Hatchery source of postlarvae: This was a nominal
categorical variable with 4 levels.

Number of postlarvae per bag: This number was a
continuous variable.

Method of transportation: This was a nominal cate-
gorical variable with 2 levels.

Duration of transportation: This was a continuous
variable measured in minutes.

The following were all recorded by a research assis-
tant or, when this was not possible, by interviewing the
farmer.

Time of arrival: This was measured as a continuous
variable but used as an ordinal variable in analysis
with 4 categories each representing quartile values.

Total number of bags: This number was measured as
a continuous variable but analysed as a binary variable
with values either above or below the median.

The following variables were measured directly.
Date: Date was recorded as a continuous variable

but divided into quartiles and used as a 4-level ordinal
variable in analysis.

Salinity of water sample: This was a continuous vari-
able, measured on a sample of water from one of the
PL bags, using a densimeter, after a delay of at least 1 h
to allow the sample to reach ambient temperature.

Colour of postlarvae: This was a categorical variable
measured using a colour chart; 10 colours were re-
corded but these were divided into 3 categories, dark,
a mixture of dark and light, and light for analysis.

Average length: This was a continuous variable mea-
sured in millimetres and calculated from the individual
values of 100 PL.

Coefficient of variation: The CV was calculated as a
percentage from individual length measurements and
used as a continuous variable in analysis.

Outcome variables: Three outcome variables are
considered in this paper: the presence of WSSV in the
PL and 2 subjective assessments of PL quality, the ac-
tivity of the PL as determined by the research assis-
tants and the quality of the PL as determined by the
farmers. 

WSSV in postlarvae: This was assessed by 2-step
PCR (Lo et al. 1996) and used as a binary variable in
analysis, positive, by 1- or 2-step, or negative. Pooled
samples, each of 50 PL, were examined. PCR testing
was carried out until 1 sample gave a positive result or
300 PL (i.e. 6 pooled samples) had been tested. This
sample size was chosen to allow 95% confidence of
detecting WSSV if present at a prevalence of at least
1% in the population stocked . This assumed that pool-
ing did not prevent the detection of even 1 positive PL
in the batch tested. This assumption was tested by
Thakur et al. (2002), who calculated a limit of detection
lower than the equivalent of one 2-step WSSV-positive
PL in 50. DNA was extracted by first removing and dis-
carding the anterior portion of each PL, homogenising
them in a mortar with 3 ml of a solution of 0.05N NaOH
and 0.025% SDS, and then boiling for 5 min (Kiatpath-
omchai et al. 2001).

Activity of postlarvae determined by research assis-
tants: This was measured at the time of stocking by
transferring the 500 freshly sampled PL to a bucket,
gently stirring the water, and observing the proportion
of PL actively swimming against the current. A 3-level
scoring system based on the proportion of active PL
(>2/3 = good; <2/3 and >1/3 = average; <1/3 = bad)
was used. The 4 research assistants were trained and
tested in the use of this technique to improve inter-
observer agreement. 

Quality of postlarvae determined by farmers: The
farmers’ opinion of quality of the PL was obtained by
interviewing the farmers soon after the stocking had
been completed and asking whether they thought the
quality of the batch stocked was good, average or bad.
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No effort was made to influence the method by which
a farmer evaluated the quality of the PL.

Data analysis. Univariate and multivariable analyses
were performed as follows.

Univariate analysis: ANOVA was used to analyse
continuous variables when the variance of the tested
groups was homogeneous (Bartlett’s test at 5% signifi-
cance level). The Kruskal–Wallis test was used for
non-normal data and for data expressed as percent-
ages (Epi Info 6.04b: see Dean et al. 1996). 

Categorical variables were analysed by testing 2 × n
contingency tables with Yates corrected χ2-test or
Fisher’s exact test when 1 or more expected value was
<5. Data were categorised by median and quartile val-
ues. Associations with a p-value of 0.05 or lower were
considered significant. All the tests used were 2-sided.

Agreement between the 3 outcome variables was
evaluated by using the percentage of observed agree-
ment and the kappa test (Epi Info 6.04b: see Dean et al.
1996). Kappa coefficients were interpreted accord-
ing to the criteria of Landis & Koch (1977) and
1-sided χ2-tests were used for assessing the statistical
significance. McNemar’s test (www.fearn.com/McNe-
mars.htm) was performed in order to evaluate the dis-
tribution of the disagreements.

Multivariable analysis: Three unconditional logistic
regression models, 1 for each outcome variable, were
developed using forward stepwise models (EGRET:
Statistics and Epidemiology Research, Seattle, Wash-
ington, 1991). Variables included in the model were
those with a p-value of 0.25 or less in univariate analy-
sis. ‘Duration of transportation’ and ‘number of PL per
bag’ were also included in the model in which the out-
come variable was WSSV infection because of their
potential biological significance. Interactions were
identified by screening all combinations of variables
for which a biologically plausible interaction might
occur using Mantel-Haenzel stratified analysis. Indivi-
dual variables and their interaction terms were en-
tered into the logistic regression model. 

RESULTS

Descriptive statistics

Between September 1999 and January 2000,
74 stocking events occurred in the 70 enrolled ponds;
4 ponds were stocked twice. Ponds were stocked
more frequently in November (34 of 74 = 45.9%;
CI 34.3–57.9%) than in September–October (19 of 74,
25.7% = CI 16.2–37.2%) or December–January (21 of
74, 28.4% = CI 18.5–40.0%).

Penaeus monodon PL were supplied to the study
ponds by 4 hatcheries. Hatchery 3 supplied 37.8% of

ponds (28 of 74 = CI 26.8–49.9%). Hatcheries 2, 1 and
4 provided PL for 19 (25.7%; CI 16.2–37.2%), 16
(21.6%; CI 12.9–32.7%) and 10 (13.5%; CI 6.7–23.4%)
ponds, respectively. In 1 pond, PL from both Hatch-
eries 2 and 3 were stocked, and in this case the source
of the largest number of PL (i.e. Hatchery 3) was used
in analyses.

At each hatchery, PL were packed in bags, with
between 1150 and 3060 PL per bag in approximately
5 l of water with a salinity of between 7 and 32‰. They
were then delivered to the destination pond, mainly by
car or van (70 of 74 = 94.6%; CI 86.7–98.5%). Other
means of transportation were 3-wheeled auto-rick-
shaws (3 of 74 = 4.0%; CI 0.8–11.4%) and a motorbike
(1 of 74 = 1.3%; CI 0.0–7.3%). The duration of trans-
portation ranged from 30 min to 4.5 h. The PL always
reached the pond either in the late afternoon or
evening (i.e. between 16:15 and 22:45 h).

Between 2 and 77 bags of PL were released into the
ponds by the farmers, resulting in a total of 5000 to
144760 PL being stocked at each event. The mean
length of PL in the batches was between 9 and 14 mm,
with an average for all the batches of 11 mm. The
length within each batch was relatively homogeneous,
with coefficients of variation no greater than 17.0 %.

The colour of the PL was recorded on 69 (93.2%)
occasions. The majority of the batches (43 of 69, 62.3%;
CI 49.8–73.7%) consisted entirely of dark PL, while 14
(20.3%; CI 11.6–31.7%) were light and 12 (17.4%;
CI 9.3–28.4%) were a mixture of both dark- and light-
coloured PL. The PL in 25 (36.2%; CI 25.0–48.7%)
batches had a brown-orange hepatopancreas that
differed from the colour of the rest of the shrimp.

WSSV in the postlarvae

In all but one of the 74 stocking events, the farmers
notified the research team, allowing 73 (98.6%) of the
batches to be sampled. Of these, 49.3% (36 of 73 =
CI 37.4–61.3%) were PCR-positive for WSSV (1- or
2-step PCR).

Significantly more batches were WSSV-positive at
the beginning of the study period. In univariate analy-
sis, PL stocked before 31 October were 2.96 times
(CI 1.24–7.07; p = 0.016) more likely to be infected
than batches stocked in the second half of November
(Table 1; Fig. 1). The colour of the PL was also associ-
ated with being WSSV PCR-positive. Light-coloured
PL were twice as likely to test WSSV-positive (relative
risk 1.99; CI 1.25–3.15; p = 0.040). PL activity or quality
assessed by a research assistant or farmer was not
associated with WSSV infection and there was no sig-
nificant difference in the frequency of WSSV-positive
PL batches from the different hatcheries (Table 2). 
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When adjusted for confounding,
stocking before 31 October remained
in the model (odds ratio 25.59; CI
3.48–188.0). Transportation time also
emerged as a risk factor for WSSV-
positive PL (Table 3), with the odds
ratio increasing by 1.01 (CI
1.001–1.026; p = 0.038) for each
minute. For example, PL with a trans-
port time of 2 h would be at an approx-
imately 1.82 (1.01 to the power of 60)
greater risk of being WSSV-positive
on arrival at the pond compared to
those with a transport time of 1 h.

Activity of postlarvae determined 
by research assistants

Data on PL activity were available
for 94.6% (70 of 74) batches. Of these,
32 (45.7%; CI 33.7–58.1%) were
scored as average and 38 (54.3%; CI
41.9–66.2%) as good. 

Univariate analysis (Table 4) re-
vealed a strong association between
hatchery source and PL activity (p =
0.002). All 10 batches supplied by
Hatchery 4 were graded as good.
There were associations between
more activity and batches with longer
PL (p = 0.040), those with a brown-or-
ange hepatopancreas (RR 2.36; CI
1.13–4.93; p = 0.015) and transporta-
tion in water with higher salinity (p =
0.001). There was also an association
approaching significance (p = 0.053)
between lower numbers per bag and
higher PL activity. There were no sig-
nificant associations between activity
and duration of transportation, time of
arrival at the pond, number of PL bags
stocked or total number of PL stocked.

When adjusted for confounding,
higher salinity in the bag and the presence of a brown-
orange hepatopancreas remained associated with
more active PL (Table 5). The model failed to converge
when hatchery was included.

Quality of postlarvae determined by farmers

Data were obtained for the 74 stocking events. Of
these, 1 (1.3%; CI 0.0–7.3%) batch was bad, 35
(47.3%; CI 35.6–59.2%) were average and 38 (51.3%;

CI 39.4–63.1%) were good. Bad and average batches
were combined in analysis.

Five variables, date of stocking, PL size, number of
PL per bag, salinity in the bag and transportation time
were associated with the farmers’ assessment of PL
quality in univariate analysis (Table 4). PL stocked in
the first half of November were 2.46 (CI 1.22–4.99)
times as likely to be graded as good than batches
stocked before 31 October (p = 0.027). Good batches
had longer PL (11.6 mm cf. 10.4 mm; p < 0.001), fewer
PL per bag (1930 cf. 2237; p = 0.006), water of higher
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Table 1. Penaeus monodon. Results of univariate analyses of variables affecting
WSSV status in postlarvae (PL) using PCR result as outcome (= Outcome 1). 

RR: relative risk

Variable WSSV- WSSV- RR (95% CI) p
positive negative

Date of stocking: 0.016
Before 31 Oct 1999 15 4 2.96 (1.24–7.07)
1 Nov–15 Nov 8 10 1.67 (0.62–4.46)
16 Nov–30 Nov 4 11 1
After 1 Dec 1999 9 12 1.61 (0.61–4.26)

Hatchery: 0.230
1 11 5 2.29 (0.84–6.25)
2 8 11 1.40 (0.47–4.15)
3 14 14 1.67 (0.60–4.61)
4 3 7 1

No. of PL per bag (mean) 2104.0 2051.4 0.650

Salinity of water in 17.89 18.21 0.820
PL bags (mean, ‰)

Method of transportation: 0.614
Car/van 35 34 2.03 (0.37–11.25)
Other 1 3 1

Duration of transportation 132.9 121.1 0.309
(mean in min)

Time of arrival at pond: 0.306
Before 19:00 h 12 8 1.90 (0.90–4.03)
19:00–20:00 h 6 13 1
20:00–21:00 h 9 7 1.78 (0.81–3.93)
After 21:00 h 9 9 1.58 (0.71–3.55)

No. of PL bags: 0.282
≤ 20 23 18 1.38 (0.84–2.27)
>20 13 19 1

No. of PL stocked: 0.417
≤ 35 000 18 14 1.28 (0.81–2.03)
>35000 18 23 1

Avg. PL length (mean, mm) 11.20 10.86 0.247

CV of PL length (mean, %) 10.26 10.86 0.330

Presence of PL with brown-orange hepatopancreas: 0.362
Yes 10 15 1
No 24 20 1.36 (0.79–2.37)

Colour of PL batch: 0.040
Dark 17 26 1
Light 11 3 1.99 (1.25–3.15)
Dark and light 6 6 1.26 (0.64–2.49)
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salinity (19.2 cf. 16.7 p = 0.077), and were transported
for a shorter time (116 min cf. 139 min; p = 0.041).
There was no association between either the hatchery
or the time of arrival at the pond and the farmers’
assessment of the PL quality.

When adjusted for confounding, PL length, duration
of transportation and stocking date remained in the
model but, in this case the only significant period was
the second half of November (Table 5).

Comparison of postlarvae activity and quality
assessment by farmers

Scores for individual batches of PL assessed by
research assistant and farmers were compared using
Cohen’s kappa (Table 2). They agreed significantly
more often than would occur by chance (p = 0.018), but
the 2 tests agreed only on 62.9% of the observations
and the level of agreement was only fair (kappa coeffi-
cient 0.252). 

DISCUSSION

The control of WSSV is a priority for shrimp farmers
throughout the world. The introduction of WSSV-
infected PL into a pond is thought to be a major risk
factor for the development of WSD, and there is need
for information on the predictor variables associated
with PL infection. Farmers use a number of techniques
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Table 2. Penaeus monodon. Assessment of associations and agreements between the 3 outcomes (WSSV in PL, research assistant 
PL activity, famer PL quality) considered

WSSV
Research assistant PL activity

Positive Negative

Average 16 16 Proportion agreement: 52.9% 1-sided χ2: p = 0.330
Good 17 21 kappa: 0.053 McNemar test: p = 1.000

WSSV
Farmer PL quality

Positive Negative

Average 17 18 Proportion agreement: 49.3% 1-sided χ2: p = 0.549
Good 19 19 kappa: –0.014 McNemar test: p = 1.000

Research assistant PL quality
Farmer PL quality

Average Good

Average 19 13 Proportion agreement: 62.9% 1-sided χ2: p = 0.018
Good 13 25 kappa: 0.252 McNemar test: p = 0.845

Fig. 1. Penaeus monodon. Frequency distribution of number
of postlarvae batches stocked and WSSV status (+: positive; 

–: negative) according to time of year

Table 3. Penaeus monodon. Results of multivariate analyses of effect of stocking date (dd/mm) and transport duration on pres-
ence of WSSV in postlarvae (= Outcome 1). Deviance for 61 df = 74.773; likelihood ratio statistic for 1 df = 4.730, p = 0.030. 

OR: odds ratio

Variable Coefficient SE p OR 95% CI

Date of stocking (before 1/11) 3.242 1.02 0.001 25.59 3.482–188.0
Date of stocking (1/11–15/11) 1.316 0.890 0.139 3.729 0.651–21.36
Date of stocking (after 1/12) 0.704 0.886 0.426 2.023 0.357–11.48
Date of stocking. Wald statistic for 3 df = 11.97, p = 0.007
Duration of transportation 0.013 0.006 0.038 1.013 1.001–1.026
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in an attempt to reduce the risk of purchasing infected
PL, and qualitative assessment is one of these. 

In this population-based study on PL of Penaeus
monodon from the west coast of India, when adjusted
for confounding, 2 variables— date of stocking and
transportation time— were associated with PL which
were WSSV-positive.

Batches stocked earlier in the farming season (i.e.
September–October) were more likely to test positive
with an odds ratio of 25. Seasonality of WSSV in PL has
been reported previously in Thailand, where a similar

temporal pattern was observed (Withyachumnarnkul
1999). Similarly, WSSV infection in female broodstock
collected from the coastal waters of Taiwan were
shown to be more prevalent between July and Novem-
ber than from December to February (Lo et al. 1997).
In the present study, season may have been con-
founded by the geographical origin of the broodstock.
Anecdotal reports from local hatchery managers sug-
gest that although most of the PL stocked in the study
area were from broodstock caught off the west coast of
India, in some cases Penaeus monodon nauplii were
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Table 4. Penaeus monodon. Results of univariate analyses of variables affecting WSSV status in postlarvae (PL) using PL activity 
and PL quality as outcomes (Outcomes 2 and 3). RR: relative risk

Variable Research assistant Farmer
Avg. Good RR (95% CI) p Avg. Good RR (95% CI) p

batches batches batches batches

Date of stocking: 0.0270
Before 31 Oct 1999 8 110 1.00 (0.47–2.11) 0.814 6 130 1
1 Nov–15 Nov 100 8 1.32 (0.68–2.58) 140 4 2.46 (1.22–4.99)
16 Nov–30 Nov 6 8 1.02 (0.46–2.27) 6 100 1.19 (0.48–2.97)
After 1 Dec 1999 8 110 1 100 110 1.51 (0.68–3.35)

Hatchery: 0.461
1 5 9 Undefined 0.002 9 7 1.88 (0.66–5.31)
2 140 5 Undefined 8 110 1.40 (0.47–4.15)
3 130 140 Undefined 160 130 1.84 (0.68–5.01)
4 0 100 1 3 7 1

No. of PL per bag (mean) 2189.0 1959.8 0.053 2237 1930 0.006

Salinity of water 
in PL bags (mean) 15.6 20.3 0.001 16.72 19.16 0.077

Method of transportation: 0.615
Car/van 300 360 1 1.000 350 350 2.00 (0.36–11.10)
Other 2 2 1.10 (0.40–3.04) 1 3 1

Duration of 
transportation (mean) 133 121 0.178 139 116 0.041

Time of arrival at pond: 0.820
Before 19:00 h 110 9 1.41 (0.70–2.85) 0.743 9 110 1.03 (0.49–2.15)
19:00–20:00 h 7 110 1 9 100 1.08 (0.52–2.25)
20:00–21:00 h 6 9 1.03 (0.44–2.40) 7 9 1
After 21:00 h 8 9 1.21 (0.56–2.61) 110 8 1.32 (0.67–2.60)

No. of PL bags: 0.332
≤20 16 22 1 0.675 23 19 1.35 (0.82–2.22)
>20 16 16 1.19 (0.71–1.98) 13 19 1

No. of PL stocked: 0.467
≤ 35000 10 20 1 0.119 14 19 1
>35 000 22 18 1.65 (0.93–2.94) 22 19 1.26 (0.78–2.06)

Average PL length (mean) 10.75 11.34 0.040 10.38 11.60 <0.001<

CV of PL length (mean) 10.78 10.34 0.443 10.88 10.29 0.288

Presence of PL with brown-orange hepatopancreas: 0.785
Yes 6 18 1 0.015 13 12 1.14 (0.70–1.88)
No 260 18 2.36 (1.13–4.93) 20 24 1

Colour of PL batch: 0.705
Dark 200 220 1.90 (0.68–5.34) 0.134 200 230 1.09 (0.55–2.15)
Light 9 5 2.57 (0.90–7.38) 6 8 1
Dark and light 3 9 1 7 5 1.36 (0.63–2.94)
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supplied by east coast hatcheries and grown locally.
Broodstock are more difficult to obtain from the west
coast early in the season because of a monsoon-associ-
ated fishing ban. No data were obtained on hatchery
practice in relation to sourcing broodstock and no asso-
ciation was seen between individual hatcheries and
the risk of being WSSV-positive. Although this sug-
gests that stocking later in the season would reduce
the risk of crop failure associated with WSD, paradoxi-
cally, information collected in this study indicates that
this is not the case (authors’ unpubl. data). 

Duration of transportation also increased the proba-
bility of the batch testing positive, with a relative
change in odds of 1.01 for each additional 1 min trans-
portation. This might have been related to an increase
in transmission of WSSV between the PL, either be-
cause of more effective contacts between PL within the
bag or because of the relatively high population den-
sity and the presence of WSSV in the water. 

A critical aspect of this study is the method used to
identify WSSV. PCR identifies DNA, not viable virus
particles. The absence of a cell line and routine meth-
ods of isolation for WSSV means that this is the most
convenient way of identifying viral presence. How-
ever, it is possible that the virus identified in this study
was non-viable or even on the surface of the PL rather
than a true infection. We estimate that between 37 and
61% of all PL batches in the Kundapoor area were
PCR-positive. We are confident that this is a reliable
estimate. Care was taken to use a sample size which
would allow a low prevalence of infection to be de-
tected, and the nested PCR technique has a lower limit
of detection than the 1-step method (Lo et al. 1996). In
our case, this was estimated to be less than the equiva-
lent of 1 positive PL in 50. 

PL activity assessed by research assistants or quality
by farmers were not associated with WSSV-positive
PL. The only gross feature that showed an association

with PCR-positive PL was colour. Light-coloured PL
were twice as likely to be WSSV-positive in univariate
analysis, but this was not significant when the data
were adjusted for confounding. 

Quality assessment is subjective and a variety of
measures can be made. In this study a standardised
measure of activity was compared with the farmers‘
assessment of quality. Despite the fact that many farm-
ers base much of their assessment of PL quality on
activity, there was only 62.7% agreement of batches;
however, the kappa coefficient was significant at
0.252. The interpretation of kappa coefficients is itself
a subject of debate. Landis & Koch (1977) consider val-
ues below 0.2 to show slight agreement, whereas
Fleiss (1981) suggests that values below 0.4 be consid-
ered poor. The low level of agreement may reflect dif-
ferences in the method of assessment. Farmers were
asked about the quality of the PL that they purchased;
no details of how they arrived at this judgement were
recorded. It is also possible, however, that the low level
of agreement in this study occurred because bad-qual-
ity PL were only reported once. This is not surprising,
as farmers would be unlikely to purchase poor-quality
stocks. However, the division between average and
good quality may have been less distinct than between
bad and average or bad and good.

In an attempt to identify factors associated with
good-quality PL, we used univariate and multivariable
analyses to examine their relationship with the re-
search assistants’ and farmers’ assessments. In univari-
ate analysis, the only variables consistently associated
with good-quality PL, whether assessed by farmer or
research assistant, were PL length, number per bag
and salinity. An association between longer PL and
better quality is not surprising. There is a preference
for larger size in many systems of animal husbandry.
The association between better PL and smaller num-
bers per bag could also have been a reflection of size,
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Table 5. Penaeus monodon. Results of multivariable analyses of variables affection WSSV status in postlarvae (PL) using activity
and quality as outcomes (Outcomes 2 and 3). Outcome 2 (PL activity according to research assistant): deviance for 63 df = 74.174;
likelihood ratio statistic for df = 4.756, p = 0.029. Outcome 3 (PL quality according to farmer): deviance for 63 df = 60.384; like-

lihood ratio statistic for 3 df = 11.809, p = 0.008. OR: odds ratio. Dates as dd/mm

Variable Coefficient SE p-value OR 95% CI

Outcome 2
Salinity of water in PL bag –0.165 0.062 0.008 1.179 1.045–1.331
Presence of PL with brown-orange hepatopancreas –1.342 0.638 0.036 3.828 1.095–13.38

Outcome 3
Average PL length 1.377 0.381 <0.001 3.969 1.878–8.362
Duration of transportation –0.019 0.007 0.010 0.981 0.967–0.995
Date of stocking (1/11–15/11) –0.589 0.970 0.543 0.555 0.083–3.711
Date of stocking (16/11–30/11) 2.245 1.090 0.038 9.440 1.127–79.12
Date of stocking (after 1/12) 1.674 0.983 0.089 5.330 0.776–36.65
Date of stocking Wald statistic on 3 df = 9.008, p = 0.029
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as fewer large PL are stocked per bag, or it could be
attributed to a better environment and consequently
more active PL. 

When adjusted for confounding, no single variable re-
mained consistently associated with better PL in both
models. In the model based on the research assistants’
assessment, good activity was associated with higher
salinity in the transportation bag and a brown-orange
hepatopancreas. Higher salinity in the transportation
bag may have been associated with a variety of hatchery
practices, and the PL with brown-orange colouration
may have been fed Artemia sp. prior to or during deliv-
ery and, as a result, may have been more active. 

In the model based on the farmers’ assessment, bet-
ter quality was associated with larger PL, the date of
stocking and transportation time. PL stocked in late
November were more likely to be graded as good qual-
ity by the farmer, and this effect was independent of
size. The reason for this is unclear. It may be related to
availability and cost rather than to any physical feature
of the PL. The effect of transportation concurs with
reports that prolonged journeys can adversely affect
the health of the PL (Chanratchakool et al. 1998)
although the maximum transport duration in this study
was 4.5 h. 

When the assessment of PL activity and the quality
according to the farmers were evaluated as predictors
of WSSV infection, no association was detected. This is
consistent with the lack of association between any
variables that reflect the gross appearance of the PL
and the presence of WSSV. This does not mean that
such subjective measures are without value. A system
of subjective evaluation may be a good management
tool for assessing the potential survival and productiv-
ity of the PL stocked, but such techniques need to be
correctly evaluated if they are to be of substantive use
in the field.
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