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Abstract

The survival, development and growth of Litopenaeus vannamei protozoea (PZ) larvae were evaluated in three
experiments during which they were fed five different rations of the diatom Chaetoceros muelleri, from emerging PZ 1
larvae until the day of change to mysis I. The total amount of food and energy supplied in 5 days to each larva ranged
from 85.5 to 223.2 pg larva™' (ash-free dry weight) and between 2.25 and 5.88 J larva™'. After 2 days, the development
index (DI) showed that some of the larvae fed the highest ration had reached the stage of PZ IIl. At the end of the
experiment the mean DI ranged from 2.9+ 0.2 to 3.2+ 0.3 and the differences among treatments were not significant. The
mean percentages of survival ranged from 35.8% to 51.7% and were not statistically different, but total length was
progressively higher with increasing ration. The final values were 1.9140.54, 2.10+0.53; 2.34 +£0.36; 2.454+0.37 and
2.55+0.42 mm and were all statistically different with the exception of treatment 4, that was intermediate between
treatments 3 and 5. However, the highest final organic weight (26.0 + 1.7 pg larva_ ') was treatment 4, which was different
from the values obtained with the two lower rations. Treatments 3 and 5 had intermediate values. The percentages of the
food ingested did not vary with the rations supplied or with the age of the larvae and ranged from 74% to 86%. Food
ingestion (F;) was a function of the food supplied (F,), according to the equation F;=0.848F,—4.025 (R*=0.992;
P<0.001). Using the amount of food supplied and ingested with each feeding regime and the respective organic weight
gains, it was calculated that the percentages of Fg and F; used for body growth were 14.4% and 17.9% with the lowest
ration and 6.9% and 8.3% with the highest, whereas the three intermediate rations gave similar efficiencies (9.8% to 10.2%
of Fy and 11.8% to 12.5% of F;). However, the weight and energy gains obtained with the highest food utilization
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efficiency were lower than those obtained with the higher rations, indicating that cautious overfeeding is a more convenient

alternative for L. vannamei PZ culture.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction

Shrimp larvae are usually fed live feeds and al-
though the protozoea stages of several species may
ingest small zooplankters such as rotifers or Artemia
nauplii (Yufera et al., 1984; Kurmaly et al., 1989;
Jones et al., 1997), the food used in most hatcheries
for these larvae consists of one or more microalgae
species supplied at different concentrations and with
different feeding routines, depending on the shrimp
species, on the larval stage and also on the personal
experience of the operators in charge of each hatchery
(Aguirre-Hinojosa et al., 1999).

A survey in approximately 40% of the 33 hatcheries
registered in Mexico in 1999 showed that most use the
diatom Chaetoceros muelleri as the only feed for the
protozoea stages of Litopenaeus vannamei. This is
supplied with an initial concentration of 40-50 - 10°
cells ml~ " when the larvae in the last nauplius stage (N
V) are close to moulting to protozoea I (PZ I). The daily
ration is increased to 80—100 - 10° cells ml~ ' day~ ' for
PZ 1, and the final varies between 120 and 150 - 10°
cells mlI~ " day ™' until the larvae reach the first mysis
stage (M I), which is fed Artemia nauplii and 20—
50 - 10° cells ml~ ' day ™' of C. muelleri or of the
green flagellates Tetraselmis suecica and occasionally
Dunaliella tertiolecta (Lopez-Elias et al., 2003).

There is information on the ingestion and growth
response to different food densities of the larvae of
some penaeid species (Emmerson, 1980; Loya-Javel-
lana, 1989), but the effect of lower or higher rations
than those used in commercial hatcheries has not been
studied with the protozoea stages of the most impor-
tant species for aquaculture in Latin America, that is
the Pacific white shrimp L. vannamei.

In this work we evaluated the survival, develop-
ment and growth, as well as the food conversion
efficiency of L. vannamei protozoea larvae fed five
different rations of the microalga C. muelleri until the
date of change from PZ III to M L.

2. Materials and methods

Three batches of L. vannamei larvae, obtained
from two commercial hatcheries at the stage of N 111
were used for an equal number of experiments. The
larvae were maintained under controlled conditions
(temperature 29 °C; salinity 34 g 17 '; O, concentra-
tion close to saturation maintained by profuse aera-
tion, 50 - 10° cells ml~ ' day ' of C. muelleri starting
at the stage of N V), until >50% of the larvae reached
the stage of PZ L.

On that date, 450 larvae were placed in each of 20
3-1 containers (4 for each treatment). The initial con-
centration (150 larvae 17 ') was maintained constant
until the end of each experiment, adjusting the volume
of each culture after the daily evaluation of survival
and of food consumption.

This was done immediately before total water ex-
change, counting all the larvae of each container
concentrated with a submerged sieve in 500 ml of
recently filtered seawater, that were restored to the
original aquarium with the volume of 1-pm filtered
seawater necessary to maintain the concentration at
150 larvae 1 '. The amount of algae consumed was
calculated as the difference between those supplied
the previous day and those remaining in each aquar-
ium, evaluated with direct counts with a hemacytom-
eter of three 10 ml samples concentrated to 1 ml to
improve the precision of counting. These data were
corrected for microalgae growth in two controls for
each ration (Marin et al., 1986).

The larvae of four containers chosen at random at
the beginning of each experiment were fed with one
of five feeding routines, that ranged from 40 to
120 - 10° cells ml~" day ! for the stage of PZ I-
PZ 1II, 80 to 200 - 10* cells ml~! for PZ II-PZ 1II
and 120 to 300 - 10° cells ml~ ' day ' for PZ III-M
I (Table 1).

All daily rations were supplied in two equal por-
tions at 12 h intervals and were changed to that of the
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Table 1
Feeding regimes for the larval cultures of L. vannamei protozoea
larvae (PZ), in 10° cells ml~!

Stages Treatment

1 2 3 4 5
PZ 1-PZ 11 40 60 80 100 120
PZ 1I-PZ 111 80 100 120 150 200
PZ 1II-MI 120 150 200 250 300

Larval concentration: 150 larvae 17!,

following stage of development in all containers,
when the larvae of the four replicates of at least one
of the treatments had started to moult to that stage.

Samples of 15-20 larvae were obtained every 24
h from each container before water exchange, fixed
with the solution suggested by Correa-Sandoval and
Biickle-Ramirez (1993) and their total length (TL)
was measured under a dissecting microscope with a
calibrated eyepiece. Additional samples of the same
size, obtained every 6 h, were used to determine in
vivo their stage of development. These larvaec were
restored to their original container to reduce mortality
due to sampling. The development index (DI) was
calculated as:

DI =n"! Zni
i

where /=absolute value for each larval stage (N V=0;
PZ 1to III: 1 to 3; M I=4); n;=number of larvae of
each stage; n =number of larvae in the sample (Ville-
gas and Kanazawa, 1979).

All experiments ended when the mean DI was >3.1
in all the replicates of at least one treatment, indicating
that at least 10% of the larvae had reached the stage of
M I, when their main diet consists of Artemia nauplii.

After obtaining the samples for TL and the evalu-
ation of final survival, the larvae remaining in each
container were concentrated in triplicate precalibrated
GF-C Whatman glass fiber filters, washed with 5-6
ml of a 4% solution of ammonium formate to elimi-
nate sea salt, dried to constant weight (total dry
weight=TW) at 60 °C for 48-60 h and ashed in a
muffle furnace at 475 °C to obtain their inorganic
content (AW). This was used to calculate by differ-
ence their ash-free dry weight (AFW=TW —AW).

The experiment was repeated three times with four
replicates for each treatment, with a total of 12 repli-
cates in three blocks. Therefore, the data of survival

(corrected for mortality due to sampling), DI and TL
obtained on the days in which the larvae started to
change from PZ II to PZ I1I and from PZ 11l to M I (DI
>2 and >3), as well as the final AFW, were compared
with one-way block ANOVA or Friedman tests with
2=0.05, depending on the results of the tests of
normality and equal variances. The differences be-
tween treatments were identified with the multiple
comparison tests of Tukey or Nemenyi (Zar, 1996).
Finally, the data of food supplied and ingested ( F
and F;) and the initial and final individual AFW (W;
and ;) were used to calculate the food conversion
index (FCI) and the efficiency of food conversion
(K1), using the traditional equations:
FCI = F{(Wy — WiY1 and Ky = 100(W; — W;)-F;!
These two indicators may be compared directly
using the equation K,=100 - FCI" ', where K|, is the
percentage of the food available used for biomass
growth.

3. Results

The mean TW of C. muelleri was 62.3+12.5 pg
cell”!, with an average organic content of 57.2%
(35.6+3.6 pg cell”'). Protein, carbohydrate and
lipid, determined with the methods of Lowry et al.
(1951), Dubois et al. (1956) and Pande et al. (1963) as
in Lora-Vilchis and Doktor (2001) were 34.47%,
9.15% and 13.55%, respectively, of TW. Using the
caloric equivalents of Gnaiger (1983), the energy
content of the biomass was calculated as 15.7 mJ
pg ' of TW (26.35 mJ ug~ ' AFW).

The experiments lasted 5 days and the daily rations
were changed on days 2 and 4. The total amount of
food supplied to each larva ranged from 149.6 to
390.5 ug TW larva~' and from 85.5 to 223.5 g
AFW larva~'. The energy available varied from
2.25 to 5.88 J larva~ ' (Table 2).

By the end of the second day the larvae fed the
highest cell concentration were beginning to change
from PZ II to PZ III (DI>2), whereas with the rest of
the rations most larvae were still between the stages of
PZ T and PZ II. By the end of the experiments only the
mean DI of treatments 4 and 5 were >3 and there was
a tendency to progressively higher values with in-
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Table 2

Range of larval stages in at least one of the treatments before the
change of daily ration, days of supply and pg of food supplied to
each larva during the feeding experiments of L. vannamei protozoea
larvae, in pg total dry weight larva™"' (A) and in pg ash-free dry

weight larva~ ! (B)

Stages Days Treatment
1 2 3 4 5

)

PZ1-PZz1I 2 332 49.9 66.5 83.1 99.7
PZ1I-PZ1II 2 66.5 83.1 99.7 1246  166.2
PZ II-M 1 1 49.9 62.3 83.1 1039 1246
3 5 149.6 1953 2493 311.6 3905
®)

PZ1-PZz1I 2 19.0 28.5 38.0 47.5 57.0
PZ1I-PZ 11 2 38.0 47.5 57.0 71.2 95.0
PZ MI-M 1 1 28.5 35.6 47.5 59.4 71.2
3 5 855 111.6 1425 178.1 2232

SJ 5 225 294 376 470 588

3 =total amount supplied. 3./="Total energy supplied, in J larva™ .

creasing food availability, but the differences were not
significant (Table 3A).

The daily handling needed for a precise evalua-
tion of survival, that was necessary to maintain
constant the individual rations in all aquaria, caused
a low survival in all cases. This tended to be higher
with the higher rations, but the differences were not
significant in either date (Table 3B), whereas the
tendency to progressively higher TL with increasing
rations caused significant differences on both dates
(Table 3C).

The mean initial AFW was 8.6 pg larva~ ' and the
final ranged from 20 to 26 pg larva'. The only
significant difference was for these two values,

Table 3

obtained with the larvae fed the second lowest and
the second highest rations, showing a non-linear re-
sponse of weight growth to the amount of food avail-
able (Table 4).

The mean daily ingestion of the larvae ranged from
74% to 86% of the microalgae supplied with the daily
rations, without any significant difference related to
the age or to the amount of food available or to their
interaction (two-way ANOVA, P>0.05 in all cases).
Thus, the equation relating the food available to that
ingested may be used to evaluate the amounts of food
and energy ingested and the respective percentages
used for individual growth.

Organic weight gains ranged from 11.4 to 17.4 ng
larva~ ' and food ingestion increased continuously in
parallel with its availability according to the linear
model F;=0.848F,—4.025 (R*=0.992; P<0.001).
Comparing growth to the amounts of food supplied
and ingested the lowest ration was the most efficient,
because 14.4% of the food available and 18% of that
ingested was used for weight growth, the respective
values for the highest ration were 6.9% and 8.3% and
the three intermediate rations seemed to be equally
efficient, with between 10.2% and 9.8% of the food
available and 11.8% and 12.5% of the food ingested
used for body growth.

The increase in biomass of the three PZ stages of L.
vannamei follows a linear rather than an exponential
trend, although the correlation between weight and
age is highly significant with both models (linear
model: r=0.988; exponential model: r=0.981;
P<0.001 in both cases, Pina-Valdez, 2004).

In this case, the linear equations corresponding to
the five treatments calculated with the initial and final

Mean and standard error (n =12 in all cases), of the development index (A), survival in percentage (B) and total length in mm (C), obtained after
2 and 5 days, equivalent to the days of change from PZ II to PZ III and from PZ Il to M I

Day Treatment
1 2 3 4 5
A 2 1.42 a+0.09 1.73 b+ 0.11 1.88 bc+0.04 1.94 bc +0.03 2.06 ¢+0.07
5 2.89 a+0.05 3.01 a+0.07 3.04 a+0.07 3.18 a+0.08 3.17 a+0.08
B 2 46.8a+5.9 48.8a+53 472 a+5.1 57.7a%53 555a%53
5 358a+52 354a+5.5 383a+t5.1 425a+7.1 51.7a+72
C 2% 1.17 a+0.06 1.24 a+0.07 1.41 b+£0.05 1.43 b+ 0.07 1.56 ¢£0.08
5% 1.91a+0.16 2.10b+0.15 234 ¢+0.10 2.45 cd+0.11 2.55d+0.12

Equal or common letters indicate lack of significant difference (one-way ANOVA, «=0.05). a<b<c.

* Nonparametric tests.
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Table 4

Mean and standard deviation of initial weight (;; n=3) and mean values and standard error of final weight (W n=12), mean weight gain
(WG), amounts of food supplied and ingested ( F and F), all in pg larva™ ' of ash-free dry weight

Treatment
P] P2 P3 P4 P5
Wi (ng) 8.62 +3.87 8.62+3.87 8.62 +3.87 8.62 +3.87 8.62 +3.87
Wy (ug) 20.90 + 0.64a 19.95+0.97a 23.00+ 0.67ab 26.01 +0.50b 23.96 + 1.06ab
WG (ng) 12.3 114 14.4 17.4 15.4
Fy (ug) 85.5 111.6 142.5 178.2 223.3
F; (ng) 68.8 91.8 114.8 147.0 186.1
Ky (%) 14.4 10.2 10.1 9.8 6.9
Ky (%) 17.9 12.4 12.5 11.8 8.3

K, and K;=percentages of food supplied and ingested used for weight growth. Equal or common letters indicate lack of significant difference

among final weights (one-way ANOVA, «=0.05). a<ab<b and a<b.

mean AFW obtained in each replicate of each treat-
ment were used to calculate the individual AFW of the
larvae after 2 days of culture and these values, as well
as those of final AFW obtained at the end of the
experiment, were transformed into the respective en-
ergy contents.

On the date of change from N V to PZ I the mean
energy content of L. vannamei larvae is 18.85 +0.50
mJ ug AFW ™! (Angulo-Escarcega, 2005), whereas
that of the feeding stages remains practically un-
changed throughout the larval development (Pifia-Val-
dez, 2004). The mean values for PZ II-PZ III
determined in separate experiments by direct calorim-
etry by Chavira-Ortega (2003) ranged from 20.54 to
2236 mJ] pg AFW ! and the global mean was

Table 5

Initial energy content (E) and values calculated after 2 days and 5
days of culture of L. vannamei protozoea larvae (E, and Es) and
amounts of energy ingested from days 0 to 2 (/,), 3-5 (Is)and 0 to 5
(I, in J larva™!

Treatments

1 2 3 4 5
Eq (J) 0.163 0.163 0.163 0.163 0.163
E, () 0.296 0.288 0.315 0.341 0.323
Es () 0.458 0.437 0.504 0.570 0.525
I, J) 0.318 0.531 0.743 0.955 1.174
Is (J) 1.380 1.751 2.647 2.812 3.607
1, (J) 1.698 2.282 3.390 3.767 4.781
Koo (%) 41.8 23.5 20.5 18.9 13.6
K3 5 (%) 11.7 8.5 7.1 8.1 5.6
Ko 5 (%) 17.4 12.0 10.0 10.8 7.6

Ko 5, K5 5 and K s: efficiency of utilization in % of the energy
ingested used for body growth in the intervals 0-2 days, 3—5 days
and 0-5 days.

21.91+0.48 mJ ug AFW ', that was used to calcu-
late the energy content of the larvae on days 2 and 5.

The energy equivalent of the food ingested, the
initial energy of the emerging PZ larvae and of
those at the stage of change from PZ II to PZ III
and from PZ III to M I were used to calculate the
efficiency of conversion of the ingested food into
energetic content.

In the first 2 days, this efficiency was close or
higher than 20% for the three intermediate rations, it
reached >40% for the lowest and was <14% for the
highest, whereas during the three following days all
efficiencies were lower and ranged between less than
6% and 11.7%. The global values calculated for the
5 days of duration of the experiments for the three
intermediate rations varied between 10% and 12%
and the respective values for the lowest and the
highest ration were 17.4% and 7.6%, indicating
that food absorption varied depending on the amount
ingested, which was particularly evident during the
first 2 days, with the lowest and the highest rations
(Table 5).

4. Discussion

Preliminary experiments indicated that the daily
handling needed for a precise evaluation of survival
may increase the mortality by 15% to 20%, but that
this effect is independent from the experimental treat-
ment. Therefore, it was not considered a significant
source of variation, leading to the conclusion that
survival was not affected by the size of the daily
ration.
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Several authors pointed out that when there are no
differences in mortality, the evaluation of rearing
regimes for shrimp larvae should consider growth in
body weight rather than rates of development or
increases in length (Kuban et al., 1983, 1985; Wilk-
enfeld et al., 1984), although Lora-Vilchis and Volto-
lina (2003) found that the survival of Artemia
franciscana was not affected by a particularly poor
diet whereas development and total length yielded
similar results than weight increase. Similar results
were obtained with the same species fed two micro-
algae that are considered of high food value for filter
feeders, but gave significant differences in rates of
development and different sizes, as well as different
body weights (Lora-Vilchis et al., 2004).

Scope for growth has been used successfully as an
indicator of food suitability in aquaculture, but may
not be considered a reliable estimator of body growth,
because the percentages of assimilated energy that go
into secondary production vary widely according to
the species in culture and even for the same species,
depending on the experimental conditions (Beiras et
al., 1993, 1994; Saoud and Anderson, 2004).

Artiles-Rodriguez (2000) found a negative effect
of overfeeding on the larval survival of Litopenaeus
schmitti, that was tentatively explained as the effect
of toxic metabolites of microalgae or of impaired
swimming caused by the excessive length of fecal
filaments. Our data show that there was no toxic
effect because there were no significant differences
in mortality and survival tended to be higher with
increasing food concentrations, whereas the second
problem, that was observed in some of our earlier
larval cultures, was corrected in these and in other
later experiments using profuse aeration that breaks
up fecal filaments. Confirming the results of Kuban
et al. (1983, 1985) and Wilkenfeld et al. (1984),
survival and development were not affected by the
size of the ration. In addition, an evaluation based on
the increase in size would have been misleading,
because there were some significant differences in
final length that were not confirmed by the respec-
tive weight gains.

From the practical point of view, the amounts of
food supplied that are ingested and those that are used
for weight gain are useful indicators of the suitability
of a diet or of the daily ration, but the gain in weight is
also of utmost importance in larval rearing, because of

the amount of energy needed for the successive
changes of larval stages.

In this case, the percentages of food ingested were
similar with all rations and although the lowest gave
the better efficiency of food utilization, it was condu-
cive to a significantly lower final weight and to the
lowest weight and energy increases. Therefore, a ra-
tion aiming to improve the efficiency of food utiliza-
tion should not be considered a viable option, whereas
cautious superfluous feeding would seem an appro-
priate strategy for culture of the PZ larvae of L.
vannamei.
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