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RESUMEN

Se evaluaron y compararon tres caracteristicas de las postlarvas de Litopenaeus vannamei que se usan como indicadores
de su calidad, utilizando organismos de cuatro edades progresivamente crecientes de cuarenta cultivos larvarios de un
laboratoric comercial de Ecuador, con la finalidad de utilizar los resultados para el control interno de calidad. Se
encontré gue la concentracion de Vibrio y la sebrevivencia a la prueba de estrés osmético a diferentes edades no estan
interrelacionadas y no proporcionan informacién sobre el resultado de la prueba a la fecha de venta. Una menor
variabilidad de talla puede ser usada como indicador de una probable buena sobrevivencia a la prueba de estrés, pero
no puede ser utilizada cuantitativamente para fines predictivos.

Palahras clave: Litopenaeus vannamei, calidad larval, pruebas de estres, larvicultura, camaran.

ABSTRACST

Three characteristics of postlarvae of Litopenagus vannamei Boone which are used as indicators of postiarval quality,
were evaluated and compared as tools for internal quality contro! at a commercial hatchery in Ecuador, using organisms
of four successive ages from each of forty different larval cultures. The resulis indicated that Vibrie concentration and
resistance to withstand osmotic stress at any given age were not refated, and provided little or no information to
evaluate future quality in terms of survival to the point of sale test of resistance to osmotic stress. Low size variability
may be used as indicative of a probable better survival to the osmotic stress test but cannot be used quantitatively as
a predictive tool.

Keywords: Litopenaeus vannamei, larval quality, stress test, larviculture, shrimp.

INTRODUCTION {Rosenberry, 1996; Lucien-Brun, 1997; Jory et af., 1999}
This is of concern to hatchery operators, because there is
no universally accepted standard to be used to negotiate
an asking price, on the basis of the health conditions and

hardiness of their postlarvae.

In recent years the appearance of several diseases has
caused severe economic losses to the Latin American
penaeid shrimp aguaculture industry, which for this reason
has become progressively more selective with regard fo

the quality of the postlarvae (PL) used for pond stocking
which, at least in the leading countries in cultured shrimp
production, are mostly produced in commercial hatcheries

Since the standard test of resistance to hypoosmaotic
siress is not considered a safe predictive tool of initial
survival in ponds, which is the aim of the test run on the
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day of sale, most buyers have developed their own
accessory criteria some of which are not quantifiable, such
as those based on general body apparearance, swimming
activity, presence and extent of spots, of necrotic areas or
of ectoparasitic growth, because the limits of acceptability
are set personally by each observer.

However, many buyers insist on early trials of
resistance to osmotic stress or on the presence or numbers
of Vibrio and practically all rely also on variability in size,
which they tend to associate with larvae of different ages,
possibily due to mixing of the survivors of several poorly
performing lots.

This study aims to find if there is any relationship
among the last three of these criteria and the outcome of
the final hypoosmotic strass test, which still remains as
the criticaf standard of larval quality at the time of sale.

If this were so, one ar more of these tests could be
used for early detection of internal problems for guality
control, or possibly as a starting point to establish the rules
for standards of larval quality.

MATERIALS AND METHODS

The observations were carried out in two commercial
laborateries owned and managed by the same company
(Serviacuatica Cia Ltda., Guayaquil, Ecuador). The larval
cultures were run with nauplii obtained from wild-caught
temales at different times, between April and August 1996,
and observations were started in all cases when postlarvae
were 15 days old {mostly PL 5) and ended at day 22, when
they were put up for sale as PL 12. Gulture conditions were
the standard ones for Litopenaeus vannamei Boone and
were the same for the 22 and 18 batches from laboratory 1
and 2, respectively, from which our data were obtained:
temperature ranged between 28 and 28.5 °C, salinity was
34 ppt, pH varied between 7.9 and 8.0 and ammaonia
concentrations, from an initial mean value of 0.05 + 0.02
increased to 0.09 = 0.04 mg- .

In all cases the postlarvae were fed Artemia nauplii,
plus Zeigler’s “Larva AP 100" and "Larva Z plus” artificial
diets, according to the manufacturer’s feeding tables.

Samples of between 100 and 150 organisms were
taken from every culture on days 15, 18, 20 and 22 (PL 5,
8, 10 and 12, respectively), for microbiological examination,
to test their survival to hipgrosmotic stress and to evaluate
their variability in size, which was expressed as the
coefficient of variation (ratio between standard deviation
and mean size x 100).
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To evaluate Vibrio concentratiens, 15 organisms were
thoroughly washed with sterile, distilled water and ground
with mortar and pestle to a fine paste, which was then
diluted with three ml of sterile seawater: three 1 pl
subsamples were then plated on TCBS agar, incubated at
29-30 °C for 16 hours, after which the green and yellow
colonies were counted to obtain the average concentration
of total Vibrio and of the green and yellow types of C.F.U.
(Carvaca, 1990; Brock and Main, 1994).

To evaluate survival to osmotic stress the 15 days-old
organisms were left for 60 min at 50 % reduced salinity (17
ppt) and the number of survivors was counted after an equal
time of recuperation in full seawater. The 18, 20 and 22
days old postlarvae were transferred to distilled water for
20, 25 and 30 min, respectively, to allow for differences in
resistance to stress due to their age {Samocha et a/., 1998),
and their survival was evaluated after the same time in water
of the original salinity, the last treatment being the test used
at the hatchery as the point of sale test for postiarvae of
that stage (PL 12),

Size was measured according to Kitani {1986} from
the base of the antennal flagellum to the telson, and the
mean total length and coefficient of variation were
calculated for each culture and day of sampling.

To find out if, in spite of pertaining to the same company
and being under the same technical supervision, the two
laboratories might be producing postlarvae of different
quality, the results were first compared using nonparametric
{Mann-Whitney) tests, since in all cases the data deviated
from normality or were heteroscedastic (Zar, 1996).

All the individual results of each culture and age were
then used to obtain correlation matrices, to identify any
relationship between the supposed indicators of quality and
also to find out if any of these could be used to predict the
quality of the postlarvae at fater ages, until the date of sale.
Again, the tests were nonparametric {Spearman’s rank
correlation), for the reason given above.

RESULTS

The comparisans between laboratories yielded no
significant differences. Mean sizes of PL 5 were close to
6.6-6.7 mm and the fina! values were between 8.35 and
9.08 mm. Survival to the stress test were close or higher
than 90% in all cases and the mean numbers of colony-
forming units of Vibrio, both of the yellow and green types,
though widely varying, showed also a wide overlap for all
PL stages (Table 1}. However, there was a consistent
tendency to better values for the second lahoratory: the
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Table 1.- Mean values {standard deviation in parenthesis) of total length and relative coefficient of variation (C.V.), of
survival to the hypoosmotic stress (%} and of the Vibrio concentration fin yellow, green and total CFU-ind") of L.
vannamei postlatvae, registered in laboratory 1 and 2 during the present work. In ail cases differences did not reach
the 0.05 level of significance (Mann-Whitney U test). Laboratory 1: n=22; Laboratory 2: n=18.

Stage Lab Mean size CV  Surv. Stress  Vibrio yehow  Vibrio green Vibrio total
{mm)} % CFU-ind" CFU-ind? CFU-ind"
PLS 1 6.67 10.26 88.28 3634.09 461.36 4327.21
{0.29) {1.69) (7.21) (6510.09) (1006.87) (6443.63)
2 6.64 8.28 92.61 933.33 35278 1236.11
(0.35) (2.00) {3.65) (1038.66) { 759.542} (1726.85)
PL8 1 1.64 9.99 9093 4763.64 1104.55 6618.00
{0.37) (2.32) (4.93) (10465.39) {1502.45) (10403.19)
2 1.31 7.46 93.02 3086.11 236.11 3641.11
{0.24) {1.68) (5.81) {2400.97) (485.31) {3035.89)
PL10 1 8.43 10.97 91.94 5395.45 3518.18 9418.18
{0.45) (2.66) {4.64) (5203.06) (6513.29) (8285.81)
2 7.93 7.91 93.32 6258.33 24444 6505.56
{0.29) (1.49) (2.14) {3692.65) {686.399) (3815.33}

PL12 1 9.08 12.11 9195 10265.9 2363.64 13834
(0.61) (2.60) (5.27} {1001.62} {3598.39) {11485.26)

2 8.35 8.65 92.72 5000.00 75.00 5075
(0.36) (1.38) {3.03) {2468.00) (318.10) {2506.89)

organisms grown in the first had larger mean sizes at all
ages, but were also more variable, which is considered a
better indicator of quality than average size (Castille et al.,
1992; Clifford, 1994). In addition, survival to the stress tests
was consistently slightly higher for the PLs of the second
laboratory and only in the case of the yelflow colony-forming
units of Vibrio the numbers relative to PL 10 were in favour
of laboratory 1, though compensated by the higher mean
number of the green colonies, which are taken as an
indication of the presence of more virulent species of Vibrio
(Scura, 1995). Overall, the postlarvae of the first laboratory
had a lower score than those of the second only in five out
of the 24 mean values of the supposed indicators of quality:
they were generally larger, but were more variable in size,
had a slightly lower resistance to stress, higher numbers of
total and green Vibric and only at 20 days of age {PL 10},
scored better in yellow CFU of Vibrio.

In spite of the lack of statistical evidence, we took
this consistence as an indication of a better performance
of the second laboratory, which is surprising when one
censiders that both pertain to the same company, are
located in clese proximity to each other and, at feast when
these observations were made, were under the technical
supervision of the same person, who used the same routines
and the same decision-making criteria for both laboratories.
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For this reason, we decided that the results had to be
considered under two separate paints of view. As decision-
taking tools for the manager, the data of each laboratory
should be handled separately from those of the other, while
the buyer needs an objective indicator of quality,
independent from the origin of the postlarvae he is assessing
on the date of the sale. Thus, in order to find out if they
could be of use from both points of view, the relationships
between the variables we took as indicators were calculated
for each laboratory and also using the data obtained with
all cultures. '

The rank correlation coefficients obtained for each
laboratory, relating the coefficient of variation of the mean
size of the postlarvae to the survival (%) to the hypoosmatic
stress test run on the same date in which the measurements
were made, showed that in the first laboratory the variability
in size was weakly (P<0.1} related to stress survival only
in the case of PL 12, while in the second the correlation
was consistently significant for PL 8, 10 and 12 and,
considering the data of both laboratories, for PL 8 and 12
only (Table 2).

As with the coefficient of variation, Vibrio concentrations
were not related to the outcome of the stress test run on
the day of sampling, in the case of the first laboratory. In
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Table 2.- Spearman’s rank correiation matrix between the cosfficient
of variation of size (C.V) and survival (%) of L. vannamei postlarvae
to the hypoosmatic stress test run with organisms of the same and
of later ages. Laboratory |: n=22; Laboratory 2: n=18 + =P<0.1:
*=P=0.05; **=P<0.01.

Day 15 Day 18 Day 20 Day 22
Lab. 1
CV. 15 -0.2410  -0.3620+ -0.0138  -D.2548
C.v.18 - -0.2680 0.1080  -0.158%
C.v.20 - 0.7931  -0.0939
Cv.22 - -0.3602*
Lab. 2
CV. 15 0.0159 -0.2839 0.1398  -0.3163
cvig - -0.7751** 0,175 -0.7990**
C.V. 20 - -0.4474+  -0.4642+
€V 22 - -0.6441%*
Lab. 1+2
CV.15 -0.2945  -0.3777%  -0.0500 0.3051
C.v. 18 -0.4815**  .0.0580 -0.3478*
cv.2o0 - -0.0385  -0.222¢
C.v. 22 - -0.4139%

the second, total and yellow CFU numbers were inversely
related to survival only for PL 5 and 8, and in the latter case
the correfation was significant also with green CFU, but not
in the stress tests run with the older PL stages. Finally,
considering both laboratories, Vibrio concentrations showed
a relationship to survival io stress only in the case of PL 8
(Table 3). This lack of consistent reiationships between
these two variahles show that the concentration of Vibrig,
at least within the values found in this study, should not be
taken as an indication of a pessible poor future perfomance
of the postlarvae.

Finally, we looked at the possibility of using the results
of the hypoosmetic stress test at any given date, as a
predictive test of future resistance to the same stressor.
The data obtained with the culiures of the first laboratory
show that the results of one date are not related to the
outcome of later tests, while in laboratory 2 stress
resistance of PL 5 may be used only to predict the results
with larvae three days older, PL § resistance in not related
to that of PL 10, and a good survival of 20 days old cultures
is likely to indicate a good performance of the postlarvae of
that laboratory two days later, when they are offered for
sale. Although with lower absolute values of the correlation
coefficients, the results obtained when the data of both
tahoratories were used to relate the same characteristics,
confirm that only the cosfficient of variation of the mean
size shows some relation with the survival to the stress
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Table 3. Spearman’s rank correlation matrices between total (71,
green and yellow (G and Y, respectively) colony forming  units of
Vibrio-indt and survival (%) of {, vannamei postlarvae to the
hypoosmotic stress test. Laboratory 1. n=22; laboratory 2:
n=18. +=P<0.1: *P<0.05; **P<0.01.

Day Day Day Day
Lab. PL5 PL8 PL10 PL12
Vibrio T 15 0.1896 0.1076 0.2100  -0.0481
Vibrio G 15 -0.0324  -0.2924 0.2858  -0.0616
Vibrio Y 15 -0.1827  0.4088*  0.0634  0.0447
Vibrio T 18 - -0.3323 0.2939  -0.1133
Vibrio G 18 -0.0859 0.0392  -0.0667
Vibrie Y 18 -0.3341  0.4345+ -0.0172
Vibrio T 20 - 0.2379  -0.1192
Vibrio G 20 0.0404  -0.0523
Vibrio Y 20 0.3800 -0.27M
Vibrio T 22 - 0.1056
Vibrio G 22 0.0462
Vibrio Y 22 -0.0413

Day Day Day Day
Lab. 2 15 18 20 22
Vibrie T 15 -0.4771%  0.5942** -0.0769  -0.2936
Vibrio G 15 0.2522  -0.3689  -0.2221  -0.3010
Vibrio Y 15 -0.4655-+ -0.4961* -0.0643  -0.3015
Vibrio T 18 - 0.4609+ -0.0413  -0.3540
Vibrio G 18 0.5686%  -0.3546  -0.1347
Vibrio Y 18 -0.4436+ -0.0005  -0.3320
Vibrio T 20 - 0.3266 0.2930
Vibrio G 20 0.1895 0.3691
Vibrio Y 20 03171 0.2168
Vibrio T 22 - 0.0455
Vibrio G 22 0.3513
Vibrio Y 22 0.0455

Day Day Day Day
iab. 142 15 18 20 22
Vibrio T 15 0.0386  -0.0991 -0.1274  -D.1678
Vibrio G 15 -0.0318 -0.4501**  0.1291  -0.0825
Vibrip Y 15 0.0396 0.0314  -04776  -0.1481
Vibrio T 18 -0.4851**  0.1753 -0.0469
Vibrio G 18 -0.1577 0.0797 -0.0745
Vibrio Y 18 -0.4488%*  0.1733 0.0148
Vibrio T 20 - 0.1296  -0.1030
Vibrio G 20 0.0026 0.0517
Vibrio Y 20 0.1985  -0.2152
Vibrie T 22 - -0.1515
Vibrio G 22 -0.1189
Vibrio Y 22 -0.1448

test and might be used by both parties as further proof of
larval quality (Table 2}, although not in substitution of the
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Table 4. Spearman ‘s rank correlation matrices between the results
of the survival (%)} of L. vanname/ postlarvae o the hypoosmotic
stress test run at any at any given date and three, five and seven
days later. Laboratory 1; n=22; Laboratory 2: n=18, +=P<{.1;
*P<0.05; **P<0.01.

Lab. 1 DayPL5 DayPL8 Day PL 10 Day PL 12
Day 15 - -0.0136 0.1288 0.1926
Day 18 - 0.0034 -0.2932
Day 20 - 0.1624
Day 22

Lab. 2 Day 15 Day 18 Day 20 Day 22
Day 15 - 0.639* -0.2676 0.0259
Day 18 - 0.1021 0.1295
Day 20 - 0.5091%
Day 22 -
lab.1+2 Day15 Day18 Day 20 Day 22
Day 15 0.1037 0.1382 0.2503
Day 18 - 0.2350 0.2682
Day 20 - 0.4376%
Stress22 -

hypoosmotic test. Vibrio concentrations, within the values
we obtained during this work, should not be taken as proof
of quality (Table 3), while survival to the stress test two
days earlier bears a relation to the results obtained on the
day of sale {Table 4).

DISCUSSION

In the first laboratory the larvae are reared to the PL
12 stage in circular, flat bottom fiberglass tanks, while in
the second they are kept in more conventional concrete,
rectangular, self-cleaning tanks, which might explain the
consistently better performance of these postlarvae,
possibily due to better mixing and more hygienic conditions.

As to larval quality, this topic has been dealth with in
many studies and in several revisions, such as those by
Bauman and Jamandre (1990), Castille et af. {1992}, Brock
and Main {1394) and Samocha et al. {1998). In most cases,
there seems to be a consensus that the quality of shrimp
postlarvae may be measured in terms of their ability to
withstand the effects of specific environmental stressors,
such as an acute hypoosmotic shock, or of the combination
of this and of a thermal shock (Brock and Main, 1994), or of
a chemically inadequate environment {Arellano, 1990;
Yillalén, 1991; Samocha ef a/., 1998). However, it has been
pointed out that these tests give a measure of the hardiness
of the postlarvae and that they indicate only the probability
of initial survival in the environmental conditions of growout
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ponds, while the quality of postlarvae should be assessed
also in terms of growth rate, which is of equal importante
for the commercial success of shrimp farmers. For this
rason, Castille e a/. (1992) suggested to consider as a futher
proof of quality the coefficient of variation of the postlarvae
mean size which they found to be inversely related fo
postlarval growth, in their case due to the degree of infection
with the IHHN virus of one of their test populations, but
which might also be the result of other stress factors during
farval rearing, to the presence of undetected diseases, or
to differences in the quality of the broodstock.

Our main aim was to find out if there was any
relationship between the results of some of the tests used
to assess postlarval quality, for internal use of the hatchery
rather than as indicators of the future success of the
postlarvae in growout ponds, and we found that the
concentration of Vibrio on the surface or in the tissues of
the postlarvae was not related to the survival to the standard
low salinity test used in commercial laboratories in Ecuador.
On the other hand, we also found that the larger postlarvae
were those of the laboratory where the coefficient of
variation of the mean size was higher, which does not seem
to agree with the results of Castille et al. (1992}, but ihat
there was an inverse relationship between survival to the
hypoosmotic test and variability in size, in spite of the
constantly high percentages of survival to this test we
obtained throughout the duration of this work. While this
is probably due to the fact that we used the standard
operating procedures of the commaercial laboratory in which
we conducted our investigation, rather than the more
stringent tests of quality suggested by other investigators,
this might have only changed quantitatively the percentages
of survival, but would not have affected the overall results
of this work, with which we showed that the variability in
size of a batch of postlarvae may be used as an indicator of
their hardiness and that, at least from this point of view, it
may be used as an additional test of quality of the postlarvae
at the moment of their sale.
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