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Abstract

Techniques for head starting or nursing postlarvac (PL) has received considerable attention
with regards to nursery protocols, yet there is little dats pertaining to the effects of nursery
perlod on the final growout of shrimp to marketable size. This study was performed to
investigate the influence of nursery duration vn survival and growth of Litopenaeus vannamei
during subsequent pond culture. For this research, a single popuiatien of high health PL
were received from a commercial hatchery and held in a tank for acclimation, quantification,
and distribution to nursery tanks or ponds. Treatments included direct stocking of 10-d-old
postlarvae (PL,,} into production ponds as well as the nursing of P1. in a covered greenhouse
nursery system for an additional 10 or 20 d. After nursing, the PL were harvested, quantificd,
und transferred to growout ponds. All ponds were stocked at a density of 35 PL/m? and
maintained vnder standardized conditions. Shrimp were fed with a 35% protein shrimp feed,
twice daily during the 112-d growth trial. Ponds were aerated as needed using a maximum
of 19 hp/ha to maintain adequate dissolved oxygen (DO > 3.0). No statistical differences (P
> 0.05) were found in survival, yield, or growth between treatments. At harvest, survivals
during growout were generally higher in ponds with nursed shrimp (77 % for PL.,, and 79%
for PL.,,) than in ponds receiving PL,, shrimp (67%). Yields were similar between treatments,
ranging from 3,525 for direct stocked shrimp to 3,747 kg/ha for those that were nursed for
10 d. Although growth rates of PI. under pond conditions will be faster than that of a nursery
system, resuits suggest that a nursery period of at least 10 d helps improve survival during
pond production and promotes better size uniformity. Shrimp nursed for 20 d showed little
improvement in survival over shrimp nursed for 10 d but did result in a more uniform size
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of shrimp at harvest.

Among the challenges faced by shrimp
pond managers is the need to have constant
and predictable production. Consistent pro-
duction is often based on an accurate esti-
mation of shrimp densitics in culture ponds.
Density during the growout cycle is often
predicted based on the initial stocking den-
sity, assumed survival, and sampling. Im-
proper stocking and poor estimates of den-
sity can affect growth rates, feed inputs, fi-
nal yields, and ultimately profitability, The
first few weeks after stocking are thought
to be the most critical in terms of survival
of postlarvae (PL). Conscquently, methods
to allow more accurate stocking and im-
prove survival during the early stages of
production period could significantly im-

' Corresponding author,

pact overall production and facilitate a
more predicable harvest.

Marketable shrimp can be produced ei-
ther by direct stocking of PL into growout
ponds resulting in a single phase growout
system, or by stocking the PL imo transi-
tional systems for a short period, followed
by transfer to growout ponds. A culture sys-
tem that incorporates only one transfer of
shrimp from the nursery to the growout
pond is referred to as a two-phase growout
system (Lawrence 1985; New and Rabanal
1985; Lawrence and Huner 1987). Advan-
tages given for the use of nurseries include:
tmproved control of counts when stocking
growout ponds; more size uniformity at
pond harvest; better utilization of farm in-
frastructure; improved risk management,
particularly for biosecurity; stronger PL;
and decreased feed waste (Hirono 1983:
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Pretto 1983 Aduacop 1985: Scidman and
Issar T98&: Fast 1991; Sturmer et al. [992).
The major disadvantage atiributed te nurs-
ery systems is the additional stress caused
by harvesting and transferring from the
nursery o growout ponds, The increased
investment in culture systems and the in-
creased management skills needed to rua
these systems could also be considered dis-
advantages.

The wse ol nurseries s more common
with semi-intensive and intensive tarming
systems (Samocha and Lawrence 1992). In
tropical und subtropicat regions the nursery
system is not eriticul hence, their use de-
pends on the preference ol the producer.
Nurseries may be more critical in temperate
climates and low salinity environmeni are-
as, as well as those with potential discuse
problems. In temperate climates nurserics
can serve o extend the culture period at the
front end as pond waters are warming
through the spring. so they are often built
within ‘“greenhouse-like™ structures. In ar-
eus of low salinity, the acclimation of
young Pl to the low salinity water is also
a eritical component of production (M-
Graw et al, 20012), which can be performed
in conjunction with the nursery systen.
Furthermore. in arcas where diseases are
preblematic. the nursery is an excellent way
to extend biosecurity through early devel-
opment.

Although technigues tor nursing shrimp
(Sumocha et al.
2002). there is little data pertaining to the
effects of nurseries on the linal growout of
shrimp 1o marketable size. Conscquently,
this study was designed to evaluate the cl-
fect of nursery durations on survival and
growth during subsequent pond culture.

have been well stadicd

Materials and Methods

The study was conducted at the Alabama
Depurtment ot Conservation and  Natural
Resources Marine Resource Division™s
Claude Peteel Mariculture Center in Gulf
Shores, Alubama, USA. Six 4.3-m* liber-
glass tanks and eleven 0.105-ha rectangular
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ponds were atilized. Ponds were lined with
high density. black polyethylene plastic and
the bottoms covered with native soil. Euch
pond had an internal conerete catch basin
with an internal screened stand pipe to con-
trol the water level to an average depth of
1 m. Ponds were filled with pre-liltered wa-
ter from the Intracoastal Canal between
Maobile and Perdido Buay, Alabama. Aficr
filling. the ponds were fertilized at a rate of
18 L/ha with 3880 liquid fertilizer 7 d
before the experiment started. Twelve to 24
h before stocking, a 1:15 motor oil and die-
sel fuel mixture was applicd evenly over
each pond’s surface at a ratc of 9 L/ha to
reduce the air breathing inscet population.

Ten-d-old postlarvae (PL.,) of L. vanna-
mei were received trom a commercial
hatchery (Harlingen Shrimp Farms LTD,
Los Fresnos, Texas, USA). Upon arrival the
silinity, temperature, and dissolved oxygen
(1D0) of the shipping water was recorded
and the acclimation process to transfer the
PL into ponds or the nursery system was
begun. Acclimation consisted of increasing
the temperature and decreasing the salinity
of the water at a vate of 2 C/h and 2 ppmy/
h., respectively. After acclimation, a volu-
metric count was performed to determine
the number of PL.

Three treatments were assigned random-
ly o 1] ponds and included: direct stocking
ol PL,, (DS), 10-d nursed shrimp {N10).
and 20-¢d nursed shrimp (N20). One treat-
ment (1I5) had five replicates und the other
twao weatments (NLO and N20) had three
replicates each. Asxpirator-pump acrators
(0.75 kW, 2 hp Aire-Q.. Minneapolis, Min-
nesota, USA) were installed in all ponds for
an aeration capacity of 19 hp/ha, Acration
was used as needed to maintain adequate
dissolved oxygen (DO > 3 mg/L at dawn).

The nursery system consisted of six 4.3-
m* semi-rectangular fiberglass tanks. Nurs-
ery tanks were equipped with airstones for
aeration, and bottled oxygen was kept in
reserve o oxygenate tanks in case the elee-
tric blower talled. During the first 4 d of
nursing, PL. were fed with Artemia (2/ml).
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Beginning on the fifth day, PL were fed m
50%, 30%, and 25% of their estimated
bady weight with crumbled shrimp feed for
weeks |, 2 and 3. respectively. Postlarvae
were stocked into the nursery system at a
density of 28 PL/L.. The system’s mauke up
water was exchanged with unfilicred low
salinity water from a reservoir pend. The
system was initially run as a static system
and then the water exchange was slowly in-
creased up to 100%/d by the second week
of culture. At the conclusion of the nursery
period, the appropriate nursery tanks were
drain harvested, then shrimp numbers and
average weights were determined gravimet-
rically. A portion of the shrimp trom each
harvested nursery tank wus distributed 1o
the assigned ponds.

All ponds were stocked at a density of
35-PL shrimp/m? Direct stocked shrimp
were fed at a rate of 10 kg/ha per d for the
first 10 d and at a rate ot 20 kg/ha per d {or
the next 10 d. After 20 d, feeding was based
on estimated biomass. Atter 10 d of nurs-
ing, the second group of shrimp (N10) were
stocked into ponds and feed was offered at
a rate of 20 kg/ha per d for the first 10 d,
after which they were fed based on esti-
mated biomass. After 200 d in the nursery,
the third group ot shrimp (N20) were
stocked into ponds and fed based on their
estimated biomass, At least 30 shrimp were
taken weekly from each pond to monitor
growth and to adjust feeding rates, A com-
mercial 35% protein shrimp feed was given
twice u day on a 7 d/wk basis. The feeding
calculations were based on a fixed Food
Conversion Ration (FCR) of 1.6, and a
forecast growth bascd on the averuge
growth of the last 2 wk for cach pond. For
example: if the average shrimp growth wus
| g/wk during the previous 2 wk and the
estimated population of a pond was 19,687
shrimp, the calculated feed input would be
the forecasted growth. multiplied by the
number of shrimp in the pond, multiplied
by the FCR, divided by the number of days
per week (1 X 19,687 x 1.6/7) resulting in
a feed input of 4.5 kg/d (45 kg/ha per d).
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The assumed survival rate (over the course
ot the pond culture period) used in feed cal-
culations was 709% for the DS and 85% for
the NI and N20 treaiments.

Dissolved oxygen levels were monitored
twice o day, at sunrise (05000600 h) and
at night (2200:-2400 h}, Weekly water sam-
ples were obtained from ecach pond in the
late aliernoon (1700 h} and anatyzed for to-
tal ammaonia-nitrogen (TAN) and pH. Salin-
ity and Seccchi disk readings were taken
once a week.

After 112 d of culture, the shrimp ponds
were drain harvested over a 5-d period, 1| d
prior to the initiation of harvesting,
Throughout the harvest period the shrimp
were not fed and temperatures were mini-
mal for growth. Harvest was accomptished
by draining two-thirds of the water from
cach pond during the night, The following
morning, the rest of the water was pumped
out through a hydraulic fish pump with a
25-cm suction (Aqualife-Life pump, Magic
Valley Heli-Are Mfg, Twin Falls, ldaho,
USA). The pump was placed in a concrete
cutch basin, and the shrimp were pumped
and dewatered us they were moved to the
harvest truck. Shrimp were then washed
and weighed to determine gross yield. One-
hundred individual shrimp were randomly
collected from cach pond and weighed to
the nearest 0.1 g to obtain mean individual
weighis. Individual weight data was used to
determine mean weights, standard devia-
tion, and coeflicients ol variation for final
shrimp weights which were determined for
each pond. Feed conversion ratios were cal-
culated tor each pond based on feed inputs
and final yields of shrimp. The resulting
data was analyzed by one-way ANOVA to
determine significant differences among
treatments (P = 0.03). To evaluate potential
eftects of nursery duration on size variation
al the vonclusion of the growth trial. the
coetficient of variation for the individual
weights of shrimp swmpled from each pond
was determined and regressed apainst the
number of days in the nursery. Statistics
were conducted using the SPSS software
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TarLE |,
well as mininwon and pcvimon waier femperaitres

Survival of L. vannamei postfervae (1. ax

for rursery tanks stocked as PLy, and nursed for 102
and 200 d at o density of 28 PEAL

Temperawre (C)

Tank Survival Mean  Maximum Minitum
TI 645 24,1 33 25
T2 67%: 288 33 26
T3 645 28.7 33 26
T4 Ruts 283 31 25
T&h 770 K4 3l as
TH BT % 284 i2 6
Average T54% 28.6 322 25.5

* Shrimp nursed for 20 d.
" Tank harvested twice.

(SPSS 10.0 for Windows, Chicago, Iilinois,
USA).

Results and Discussion

Nursery Stage

Overall survival in the nursery system
was 75% (Table 1). This survival is consis-
tent with typical survival at this facility as
well as the 70-80% reporied in a survey of
nursery systems in Latin America (Stern
and Letellier 1992; CICTUS 1983). The ob-
served survival was less than the 90% re-
ported by Samocha (1999) and the 85-95%
by Sturmer et al. (1992).

Survival within the individual nursery
tanks was variable and appears to be related
to the differences in wuler tlemperatures and
handling during the nursery periods. The
three tanks with the lowest survivals (64—
679, received the most solar radiation and
had the highest temperature (33 C), which
wus observed over a 5-d period. One nurs-
ery tank was harvested twice during the ex-
periment and cxpericneed a slightly lower
survival (779), which may be explained by
the stress caused during the harvest com-
parcd to the two tanks that had the better
survivaly (87% and 89%). Nong of the Lthree
tanks with the highest survival received di-
rect sunlight during the experiment. Based
on these obscrvations, stressful tempera-
tures and excessive handling should be

minimized as they may contribute to in-
creased mortality.

Atter 100 and 20 d in the nursery. the
shrimp had an average weight ot (LO18 g

and 0.038 g, respectively. At the time of

stocking the N20 treatment, shrimp were
considerably smaller (0.038 g) than the
shrimp that had been stocked directly into
the ponds (0.707 g), which were sampled
on the sume day. Furthermore at this point
in time, shrimp that were nursed for 10 d
and then stocked into the ponds for 10 d
had an intermediate weight of 0.290 g,

Nursery sizes for the N20 were higher
than the ones reported by CICTUS (1943),
who reported weights of 0.01-0.02 g after
a 22-d nursery period in raceways at a
stocking rate of 20 PL/L and 80% surviv-
als. After 20 d in ponds, DS were similar
in size to those of Villulon (1991}, who re-
ported weights between 0.5 and 1.0 g after
4 wk in nursery ponds. Hence, the observed
nursery results were typical of those re-
ported in other studies.

Growout Stage

Results at pond harvest {112 d of culture)
for DS, N10, and N20 treatments were:
15.01, 1390, and 12.77 gfshrimp mean
weight: 67, 77, and 79% survival: and
3,525, 3,747, and 3.533 kg/ha mean yiekds,
respectively (Table 2). Mean growth per
week was 0.94, 0.87, and (.80 g/wk and
mean FCRs were 1.97, 2.03, and 2.12, re-
spectively. There were no statistical diftee-
ences found in survivals, average weights.
yields, growth per weck, or FCR. among
the treatments. However, there appeared to
be clear trends in the data as individual
weights were lowest in the N20 treatiment
and highest in the DS treatment, This ap-
pears to be due to differences in the initial
weight alter the nursery period. The relative
weight ditferences observed among treat-
ments after the fArst 20 d in culture were
maintained during the entire growing cycle
(Fig. 1).

Observed mean survivals during the gro-
wout were greater when juveniles were
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Tapre: 2.

36l

Averdge precduction at harvest for ovannamen divectly stocked (DS} ax PL,, nursed Jor 100d (NTOQ)

and stocked as PLL, or nursed for 20 d (N20) und stocked as PLg. Pondys were stocked ab o density of 35

Pl with « tened calture peried of 112 d There were ne sienificant differences between treatments (P2

[{XERND
Treatment DS NI M2 I

Yield (kgfha) 3525 3747 3,533 0.757
Mean weight {y) 15.0 13.9 12.8 (3.268
CV of individual weights (%) 21.2 18.7 17.5 (1246
Growth/wk (g) (194 0L.R7 0.80 (1268
FCR™ 1.97 203 2.12 0,795
Survival in ponds (%) L3l 17 T 0.146
Total survival (%)

(nursery & ponds) 67 58 59 0.234
N 2 5 3

s Coefficient of variation = standard deviation/mean X 100).

" Feed Conversion Ratio {FCR} = feed input/finul yield.

¢ N represents the number of replicate ponds analyzed, One pond in the DS treatment was excluded from the
analyses due to a Microeystis bloom which resilied wn high mortality and poor growth of the shrimp.

nursed for 10 or 20 d (77% and 79%) than
those that were stocked directly into ponds
after acclimation (679). Observed surviv-
als were very similar between shrimgp that
had been nursed for 10 and 20 d. When
total survivals, which included the nursery

and the growout periods, were considered,
the order among treatments was reversed.
The DS had a total survival of 67% com-
pared to a total survival of 58% and 59%
for, N10 and N20 (Table 2}. Unlike most
nurseries, this site has traditionally had low
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Friurr 1.

Mean weights for Loovannamed stocked af 35 PL/S in owtdoor production ponds and sampled on a

weekly Deaxis with o total coltire period of 112 40 A single population of posttarvae was received and axsigned

ter the follewing treatments: divectly stocked (DS) ax PL, o narsed for ten days (NIQY and stocked ax PL, or

nirsed for 20 o (N20O) und stocked ay PL,,
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25% 7 T

20% -
15%
10% 11
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0%
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Weight group (g)

ok 2.

14 16 18 20 22 24

Population size distribution at harvest for Loovannumet directfy siocked (DS) as PL,, norsed for 10

o (NT) wnd stocked ax P, or mursed for 200 d (N20) and stocked ax PL, Pends were stocked af « density

aof 35 PLA with w totad cultire period of 112 d,

nursery survival. Hence. if the survival in
the nursery could be improved, the overall
survival would be enhanced. In general, the
more predictable and higher survival in
ponds of nursed shrimp would be more de-
sirable to most producers. Postlarvae are
relatively cheap compared to investments of
feed and time once the shrimp are stocked
in growout ponds; survival determines final
biomass and predicting survival influences
feed input.

Another trend observed at harvest was
differcnces in size distribution of the
shrimp. The longer the nursery period, the
more uniform the shrimp weight (Fig. 2).
This general observation is supported by re-

gression analyses which indicated that the
length of the nursery period reduced the co-
efficient of varistion (£ = 0.09, R-Square
0.31). Stern and lLetellicr (1992) also ob-
served these same improvements in unitor-
mity, which is important (o sheimp farmers
when marketing their product.

Water Quality

Salinity during the experimental period
ranged from 15 to 24.5 ppt. The pH fluc-
tuated between 6.93 und 9.16 with an av-
erage between 7 and 8 Tor cach pond. Total
ammonii-nitrogen (TAN) was consistently
below 0.01 mg/l.. The highest TAN value
registered was 5.8 mg/L. which occurred
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Tawir 3. Principal water parameters for 1o vanna-
e dfivectiv stocked (D8) ay Ph, wnrsed for MY d
(NI cnned stocked ax P ow meosed for 2004 (N2U)
eerd stocked av P Ponds were stocked af a density
of 35 PLAn with o totd cndtiere peried of 112 o
Fhere werve no differences between treatiirestts o7
(.05

Max Min Average
Salinity (p/1.3 245 15 [
pH y.2 6H.Y 7.5
TAN" (mg/L.) 58 ol (X (]
Temperature () 33 29 27.5
Visibility {(cm) 78 10 20

" TAN

Total annonia-nitrogen,

during a phytoplankton die-off. Aeration
made possible the maintenance of DO
above 3 mg/L during the production cycle.
Temperature ranged between 33 and 21 C,
It was high in the middle of the summer,
and lowest during the harvest week. The
average during the whole cycle period was
between 26 and 29 C. Water clarity was
measured with a Secchi disk. The highest
reading was 78 ¢m, and the lowest was 10
cm. The average range during the growing
cyele wus between 15 and 25 cm (Table 3).

Salinity and pH from all treatiments were
within recommended ranges for f. vannea-
mei (Boyd 1989). Average TAN levels
were acceplable: however TAN spiked in
the pond which experienced a phyloplank-
ton die-off. Because the pH was 748 and
the temperature was 28 C at the time of the
die-olT, the un-ionized ammonia levels
were still within acceptable ranges that have
been observed in other studies such as those
summarized by Somacha ct al. (2002). Dis-
solved oxygen levels at dawn reached 3 mg/
L at times. but generully levels were above
5 mg/L, which are considered o be good
conditions for growth. Secchi readings were
a little lower than the recommended 40--60
cm reading by Boyd (1989). These reudings
were due to heavy phytoplankton blooms
and low water exchange. The heavy blooms
resulted in large BOD's during die-offs. but
heavy aeration maintained acceptable DO
levels. One pond experienced a Microovstis

303

bloom. which resulted in high mortality of
the shrimp: hence, this pond data was ex-
cluded from the study,

At times during the culture period, tem-
perature may have exceeded desirable ley-
els. Wyban et al. (1Y95) reported that re-
duced growth and feeding could be expect-
ed when pond temperature is 30 C or high-
er. Shrimp growth and survivul in the study
may have been affected by the high tem-
peratures present during the culture period,
especially in the nursery when shrimp are
muost fragile. We considered high tempera-
tures u mujor factor for the lower survivals
in thrce of the nursery tanks that had high
temperatures of 33 C during several days.
During growout. water temperatures of the
ponds were between 3() and 33 C during 3
wk of the study. These high emperatures
may have negatively uatfected shrimp
growth and survival. Avcrage growth per
week was below the standard 1.0 g/wk dur-
ing this period (Holtschmit 1998),

Conclusion

Even though no statistical differences in
survival, yield, or growth were observed
between nursed and non-nursed shrimp, the
trends suggest nurseries may have benefits
that merit their use. As one would expect.
if pond conditions are suitable, PL will ini-
tiatly grow faster under low density pond
conditions as compared to high density
nursery conditions. However, the use of a
nursery allows the facilities to be more ef-
ficicntly used. as higher densities are used
per unit area. They alxo reduce the amount
of time the shrimp need 10 be in growout
ponds. which is especially important when
shrimp are raised in temperate elimates or
in arcas with problematic diseases. Trends
suggest that nurseries improve survival dur-
ing growou and inerease size uniformity s
harvest. Size uniformity after an extended
nursery period could offer processing and
marketing benefits. Furthermore, as it is
generally casicr to quantity larger shrimp,
nurseries allow Tor an improved estimation
ol shrimp stocked into the growout ponds,
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which aids in pond management. The pos-
itive trends indicated in this study suggest
that nursing shrimp does have a positive
impact on production primarily in terms of
size uniformity and that work should be
performed linking nursery system protocols
with the growout cycle.
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