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ABSTRACT

Aiming to optimize the calculations of mechanicataion requirements ihitopenaeus vannamel
marine shrimp cultures, oxygen consumption was tifiethin combined conditions of temperature
(20, 25 and 30°C) and salinity (1, 13, 25 and 37a&%ihree body weights (2, 6 and 12 g) for juvenile
L. vannamei. To measure oxygen consumption, shrimps were @late semi-open respirometry
system. Results demonstrate that temperature,itgalshrimp size and the interaction of these
parameters significantly influence the specific gaty consumption (mgQy* h%). The 2-g shrimp
perhaps suffered osmotic stress and consumed mygem at salinity 37 %0, whereas 6 and 12-g
shrimp suffered such stress at salinity 1 %.. AgR8 30°C oxygen consumption was more stable at
salinities 13 and 25 %o for all groups. At 20°C aaldinity below 25 %o, oxygen consumption was
higher, possibly due to the reduced hyperosmoré&gylability in lower temperatures. The resulting
regression equations allowed the calculationLoffannamei shrimp oxygen consumption at the
temperatures, salinities and sizes tested in thdysThe equations can be used for the estimation
the environmental capacity and also the mechawiesdtion requirements to secure ideal levels of
oxygen inL. vanname culture systems.

Resumo

Com o objetivo de aperfeicoar os célculos a ceecaatessidade de aeracdo mecanica em sistemas
de cultivo de camardo marinthdtopenaeus vannamei, foi quantificado o consumo de oxigénio em
condi¢des combinadas de temperaturas (20, 25 € g08@linidades (1, 13, 25 e 37 %o) para juvenis
de L. vannamei com trés tamanhos diferentes (2, 6 e 12 g). Padirm consumo de oxigénio por
animal foi utilizado um sistema de respirometrigtido semi-aberto. Os resultados evidenciaram que
a temperatura, salinidade, peso do animal e a aifdier dos trés fatores influenciam
significativamente o consumo de oxigénio especific & g* h?). Animais menores (2 g)
possivelmente sofreram estresse osmético com roaimumo de oxigénio em salinidades de 37 %o,
enquanto que em animais maiores (6 e 12 g) esessatfoi observado em 1 %.. Em temperaturas de
25 e 30°C o consumo apresentou-se mais estaveBen?3 %. em todos tamanhos analisados, sendo
que em 20°C o consumo abaixo de 25 %o foi maiorsigebnente devido ao comprometimento da
capacidade hiperosmorregulatéria em baixas tempamtCom base nos resultados encontrados,
foram obtidas equacgdes de regressdo que permifemlaceo consumo de oxigénio devannamel

para as diferentes combinacdes de temperaturasidades e tamanhos avaliados neste trabalho.
Estas equacdes podem ser empregadas em célcutapatedade suporte dos ambientes de cultivo,
bem como em célculos a cerca da quantidade dedaenagcanica necessaria para manutencdo de
valores ideais de oxigénio dissolvido nos sistedeagroducéo de. vannamei.

Descriptors: Oxygen consumption, Temperature, Bglibitopenaeus vannamei.
Descritores: Consumo de oxigénio, Temperaturani@alie Litopenaeus vannamei.

INTRODUCTION ponds). In America, the main sources of cultured
shrimp are Ecuador, Brazil and Mexico (AQUACOP,
The Pacific white shrimp, Litopenaeus 1984; WYBAN; SWEENEY, 1991). In Brazil, in the
vannamei, is native of the eastern Pacific OceannOrtheast region, all of 70,000 ton of shrimp/year
commonly caught or farmed for human food. ThigProduced in marine farms, ks vannamei (CAVALLI
specie habits the eastern Pacific, from Sonor§t &l 2007). . _
(Mexico) to Tumbes (northern Peru), into tempemtur Dissolved oxygen is considered the most

and salinity ranges of 15-%8 and 5-45 %o (natural limiting factor in semi-intensive and intensive
environment), and 20-8@ and 0-40 % (culture aquaculture systems as it participates in natural



306 BRAZILIAN JOURNAL OF OCEANOGRAPHY, 57(4), 2009

biological processes and also determines the dgpacimodulating the effect of the other in the metabolic
of the aquaculture environment (BOYD, 1990;response (MANTEL; FARMER, 1983; VERNBERG,
VINATEA, 1997). During the shrimp grow-out, it is 1983).
crucial to maintain adequate oxygen levels. The exact requirement of mechanical
Inappropriate conditions are potential stressors taeration in shrimp aquaculture is complex to
animals, resulting in limited growth, increaseddetermine since the production units present differ
susceptibility to diseases, and even mortalities iecological characteristics and, thus, differentgety
extreme cases (BOYD; TUCKER, 1998; JIANG et al. demands (BOYD, 1989). Therefore, the determination
2005). With the intensification of shrimp culture, of the respiration rate of the white shrifmnpvannamei
oxygen from natural sources (primary photosynthetin different environmental conditions is essenfiai
production and atmospheric diffusion) becomehe improvement of the calculations to quantify
insufficient to provide adequate concentrationsisth mechanical aeration requirements (VINATEA,
mechanical aeration has become the most efficiel@ARVALHO, 2007), contributing to enhance the
method to increase oxygen supply allowing higheenergetic efficiency of marine shrimp culture syste
stocking densities, better effluent quality, andn this way, the objective of the present study s
eventually, yield enhancement (BOYD; WATTEN, quantify and assess the influence of temperature,
1989; FAST; BOYD, 1992). salinity, and the combination of both on the oxygen
To determine the oxygen demand inconsumption rate of juvenile. vannamei of different
aquaculture ponds, in addition to the animalsbody weights.
respiration rate, which, according to Fast and leann

(1992), can contribute with more than 10% of the M ATERIALS AND METHODS
respiration losses in shrimp culture systems, it is
necessary to know the water and sediment respiratio Factorial design was used combining

rates (SANTA; VINATEA, 2007). In super-intensive temperatures (20, 25 and 30°C) and salinities (1, 13

cultures this - demand can be more than 30.(’@5 and 37 %o) for juvenilé. vannamei of three size
(BROWDY et al, 2901' BURFORD et al.,, 2003; 5.5 (2, 6 and 12 g). For each combination, axyge
HARGREAVES, 2006; DE SCHRYVER et al., 2008). consumption of resting animals was quantified

Water temperature and salinity are(CECH, 1990).
considered to be the main abiotic factors influegci ' A total of 306 juvenilel. vannamei shrimp

oxygen  consumption in  aquatic  animalSyiarine Shrimp Laboratory (LCM), Federal University
(VERNBERG, 1983). Crustaceans’ metabolism syt santa Catarina (Florianopolis, Santa Catarina,
directly influenced by temperature fluctuationstio Brazil) were used for the three size groups withmea
surrounding environment, as enzymatic reactions alSdy weight +standard deviation of 11.88 3:88 g
temperature-dependant and  crustaceans’ bogyq7 4 0.77_9 and 2.27 9.57 g. Animals Wer,e
temperature i§ not internally regulated (RANDAL.L eleultured in 1000-L tanks k_ept inside a greenhousk a
al., 1997). Within the tolerated temperature V&t feq ith 359% crude protein pelleted feed, according
range, oxygen consumption rate increases constantyir developmental stage and the LCM feeding
and_ regularly with temperature elevation. In geher_aprotocols, which are based on tray consumption.
an increase of 10°C results in oxygen consumptioByjinity and pH were weekly monitored with an
two to three times higher. Such increase igprical salinometer (Aquafauna Inc.) and pH-meter
denominated thermallicoefﬁment {@.and represents (Hanna Inc.), respectively, and temperature and
the degree of sensibility of an organism to temipeea  gissolved oxygen were daily measured with a digital
(SCHMlDT'NI,ELSEN’ 1999)' ) . oxymeter (YSI-55). About 50% of the tank water was
Salinity fluctuations also cause alterations '”changed at least once a week, depending on the wate
the metabolic rate as a result of a series of berav quality parameters.
and physiologicql chang_es_, such_ as _osmoregulation. As mentioned above, shrimps were divided
The need to malntqln within stralt_llmlts the volen_n into three size groups according to body weighalsm
and the concentration of solutes in the body flulds(l to 4 g), medium (5 to 8 g) and large (10 to }4 g
which invariably differ from that of the surroundin Each group consisted of 15 shrimps and they were

environment, compels the animals to keep adequalgnosed to the pre-determined combinations of
mechanisms to sustain the equilibrium, guarante i0 temperature and salinity. Hundred liter tanks were
and osmotic homeostasis, and protect internal €8su g itioned in three. with plastic screen, to hdhe

against oscillations of the surrounding environmeni ae size groups simultaneously at a temperatfire o

with metabolic costs that can reflect on oxygerny7_ pgecand salinity of 32-34 %o, values close to those

consumption  (MANTEL; ~ FARMER, = 1983). {404 in the original tanks. Shrimp were fed twize

Furthermore, there might be a complex imeraCtior&Iayadlibitum.
between temperature and salinity, with one variable
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Twenty-four hours after, shrimps were acclimating shrimp and keeping high levels of
stocked and water temperature was gradually adjusteissolved oxygen was then shut and only the water
either heating with 100-W heaters or cooling withdc volume of the respirometer and of the system
water coils. Natural seawater salinity was adjustedonnected to the pump (35 mL) circulated through th
after 48 h exposure period to test temperaturesystem. Readings started 1 minute after pump was on
Basically, initial salinity (34 %0) was adjusted t8 % to ensure stabilization of initial values, and daled
and the adjustment period protocol, adapted frorevery 30 seconds until 3 minutes and every 1 minute
McGraw and Scarpa (2004), consisted of a constanttil the final reading, i.e., when dissolved oxyge
decrease of 7.9%Hfor salinity 25.0 %o (3 h), 7.3% reached 70% saturation (MARTINEZ-PALACIOS et
h* for salinity 13.0 %o (12 h) and 7%%Hor salinity al., 1996), to avoid influence of oxygen tension on
1.0 %o (48 h) using a system with constant influx oftconsumption, or to a maximum of 15 minutes per
dechlorinated fresh water (132 mL ijrl22 mL min  respirometer. For every two respirometers (two
1 and 117 mL mif}, for 25, 13 and 1 %o, respectively) replicates) one unit was used as identical corfiul
and a drain pipe to keep tank water volume constantith no shrimp to detect the decrease during regdin
Only in the treatment with salinity more than 34 %.,due to the system itself and to animal respiration.
sodium chloride PA was added at a rate of 2.0%oh Readings in the control respirometer had the same
increase salinity to 37 %o. duration as the corresponding trial unit.

After desired salinities were reached, shrimp After reading, shrimp were weighed in a
were kept at the combined conditions for at least B.01-g precision scale and volume measured in 50 or
days before submitting to oxygen consumptiori00 mL graduated cylinders.
measurement procedures. Only shrimp with hard To determine the time required for the
exoskeleton were selected for the oxygen consumpticstabilization of the shrimp oxygen consumption rafte
trials. Shrimp were submitted to a 24-h fasting tdntroduction in the respirometer, consumption mei
reduce oxygen demand due to the digestive processro (immediately after introduction), and afte213
(SPANOPOULOS-HERNANDEZ et al., 2005). and 4 h inside the system was measured for the thre

Semi-open respirometry system constanshrimp test sizes. Four shrimp per group size with
water influx during shrimp adjustment period to themean body weights and standard deviations of 1.68 +
system and no water influx during dissolved oxygei®.37g, 7.45 +0.59 g, and 11.64 6.40 g were tested.
concentration readings were used. Polypropylenghis trial was carried out at 27°C and salinity 32 %o
containers of three different sizes (40, 270 an@ 53 The total oxygen consumption per shrimp
mL) were used as respirometers for the small, nmdiuwas obtained using the following equation:
and large size shrimp groups. All respirometersewer
volume-calibrated and numbered. Each respirometer
had an adapted inlet for a second connection andv% = (Shrimp O consummion*total\]/.glou?f‘:_;ngomrolO consumption * total volume)
water outlet, so during shrimp adaptation period (1)
constant water flow was kept proportional to the
volume of the respirometer. Water flows were adjdst where:
to 100, 270 and 530 mL min Respirometers were VO, = Shrimp oxygen consumption (mgl)h
semi-submerse in the respirometry water systeni.(30 0, consumption = Final value — Initial value read by
PVC box) in the test salinity and temperature, stbas the oxygen meter (mg'JD_
ensure temperature was maintained constant duriftal volume = (respirometer volume + reading
readings. The water used during the tests wasikept system volume) - shrimp volume (mL).
tank right under the boxes with the respiromet&id a Time = Oxygen reading time for each unit (h).
it was pumped to recirculate through each
respirometer and the boxes, thus keeping the desire The specific oxygen consumption (mg/@
water quality characteristics (temperature, salinitd  shrimp/h) was obtained dividing the YCby the
dissolved oxygen). The respirometry water system® washrimp wet weight (g).
covered with black plastic to avoid disturbance &md The thermal coefficient was obtained for
ensure the shrimp rest in standard metabolic rate. each experimental combination by the equation

Following adaptation period, respirometer(SHMIDT-NIELSEN, 1999):
outlet was connected to a pump system adjustdueto t
same flow of the respirometer inlet. Outflow waterQ,,= (R/R,) 1% 2™ 2)(
was sucked and forced through a device connectad to
dissolved oxygen meter (YSI 55), calibrated acewrdi where: R and R are metabolic rates (specific oxygen
to the salinity. Then, water went through the dutleconsumption) at temperaturesand T, respectively.
connection and returned to the respirometer through
the adapted inlet. The respirometer water inletl dse
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Data from the respirometer adaptation test Analyses were performed using
were submitted to ANOVAQ < 0.05) followed by STATISTICA 6.0 and Excel 2003 applications.
Tukey's multiple comparisons tegi € 0.05). For the
oxygen consumption data in the combined REsuLTs
experimental conditions, regression equations were
obtained for total individual consumption and, from Dissolved oxygen values were influenced by
them regression equations derived for the specifige fiow applied in the system. As the oxygen meter
oxygen consumption (oxygen consumption per masgohe demands constant agitation of the water ineer

unit). Individual consumption — regressions = wWerénemprane, the higher the flow, the closer would the
compared by ANCOVA g < 0.05) followed by 5 es be to those measured in the usual manner

Tukey's multiple comparisons tesp &€ 0.05) (ZAR, (gtirring). However, the difference between thdiani
1996). The effect of temperature, salinity, Shrisi® 5,4 final values used for the calculation of oxygen
and their interactions on the specific 0xygenonsymption would absorb such error. Because of this
consumption was assessed by multi-factorial ar@lySiegyit, water flow in the small respirometer wasast

of variance g < 0.05), as well as the effect of yice a5 high as the volume of the respirometeyure
temperature and salinity on the specific 0xygen ghows the behavior of the oxygen values in the 50
consumption in each size group, followed by Tukey'sy| respirometer at different water flows. As foeth
multiple - comparisons p( < 0.05). The thermal pepavior of the oxygen consumption in the control

coefficient obtained in each shrimp size werg,it values were stable during the reading time ai
compared by ANOVA i < 0.05) followed too by gjignt reduction between the initial and final rieas

Tukey’s multiple comparisons test. (Fig. 2).

7
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Statistical test verified that one hour afterconsumption and consumption per specific body
introduction to the respirometer, shrimp oxygenweight are in Table 2.
consumption was stabilized for the three size gsoup The ANCOVA test used to compare the
Two hours adjustment period was adopted as theguations for individual consumption demonstrated
protocol before readings were commenced. Oxygethat inclinations are significantly differenp & 0.05),
consumption rate along the hours was similar fer thi.e., the variation rate of oxygen consumption per
three size groups and followed the model presenteshrimp per unit of weight was influenced by the
(Table 1). treatments, and it was followed by Tukey’'s multiple
Power regressions representing oxygertomparison test (Table 3).
consumption at the different conditions for indivadl

Table 1.Litopenaeus vannamel mean oxygen consumption per hour inside the resyter (n = 4).

O, consumption (mgH

Adaptation time (h) 0 1 2 3 4
Small size group

Mean 1.17 0.62 0.68 0.52 0.68
Standard Deviation 0.29 0.19 0.35 0.10 0.40
Medium size group

Mean 5.18 2.88 227 2.49 217
Standard Deviation 0.22 0.59 0.48 0.53 0.48
Large size group

Mean 7.1% 4.07 3.4% 3.3¢ 3.28
Standard Deviation 0.60 0.67 0.71 1.04 0.59

Different letters among oxygen consumption meanéeh size group indicate significant differenegween the
hours p < 0.05).

Table 2. Regression equations fidtopenaeus vannamei oxygen consumption and specific consumption in diféerent
combinations of temperature and salinity.

Temperature Salinity N Individual consumption rate R? Specific consumption rate
(°C) (%o0) (mg Gy shrimp*h™) (mg &:g* hY)
30 37 29 0.4172W% 0.86 0.4172W
30 25 29 0.3343W%% 0.89 0.3343W906
30 13 27 0.3112W?2 0.92 0.3112RF223
30 1 24 0.3011WH92 0.96 0.3011W*92
25 37 29 0.4407\Wf?%° 0.67 0.4407W3""*
25 25 28 0.2358\f248 0.77 0.2358\R°24®
25 13 25 0.2422\Wf1% 0.80 0.2422\RF192
25 1 19 0.2049WP%2 0.80 0.2049\R°%2
20 37 29 0.0934 W% 0.87 0.0934\RA153
20 25 26 0.1145WW° 0.91 0.1145\R6
20 13 27 0.1615W*™ 0.91 0.1615\W"=78
20 1 14 0.1907\Ap3e8 0.90 0.1907v§ 0612

W = wet weight (g).
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The multi-factorial analysis of variance temperature, salinity and shrimp body weight were
showed that the specific oxygen consumption isbtained (Table 6).
influenced by temperature, salinity, body weight an
the interaction of these factors (Table 4, Fig. 3).

At 25 and 30°C oxygen consumption tende
to be more stable at 13 and 25 %o salinity, atiaks Inclinations (b) Multiple Comparison (Tukey's test)
tested. At 1 %o salinity, oxygen consumption was| F 30-37%  30-25%° 30-13° 30-P
higher in the large size group than in the smaeési 347 P<005) | 25-37%° 25:28°¢ 25.13%9 2570
group especially at 30°C, whereas at 25°C such effe¢t
was practically attenuated. The opposite was okserv
in the small size group when high oxygen Different letters indicate statistical differencbstween the
consumption in those temperatures occurred atigalin ~ temperature-salinity combinations € 0.05).

37 %o. At 20°C specific oxygen consumption behavecjr ble 4. Multi
differently in the different salinities for the & size able 4. Mult
groups when compared to 25 and 30°C. At 20°(‘€
oxygen consumption was higher in salinities below
25 %o, except at 1 %o in the medium and large siz¢  Source DF SS SM Calculated p
groups. F

Thermal coefficients for the temperature emperawre| 2| 13481 06746 106036 =

interval (20-30°C) analyzed in this study evidenced

Table 3. ANCOVA and multiple comparison test betwee
c[egressions fokitopenaeus vannamei oxygen consumptian

20-37¢  20-28°¢ 20-13°¢  20-f°

-factorial ANOVA forLitopenaeus vannamei
pecific oxygen consumption in the different expemtal
ombinations.

higher sensibility at salinity 37 %o for the smaites Salinity 3 | ooier) 00054 84.6 -
group, whereas in the medium and large size groupsBdyweight | 2 | 0.0033 0.0011 26 -
sensibility was higher at 1 %o (Table 5). Based an th| Interaction 12| 0.1209 0.010 157.9 ok
influence of shrimp size on the specific oxygen Error 270 | 0.0172| 0.0014

consumption, equations for the calculation of sfeci
oxygen consumption per size group as a function gf* (p<0.001).

Fig. 3. Interaction of temperature, salinity andlypaveight on specific oxygen consumption. Differéetters
indicate statistical differences between tempeeatund salinity combinations for each size grqug: 0.05).
S: small, M: medium, L: large.
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Table 5. Litopenaeus vannamei thermal coefficients for the relation has not been observed in all treatmertschw
three size groups per salinity tested. S = smalk Medium;  demonstrates the effect of abiotic factors, i.aliniy

L = large. and temperature on oxygen consumption, as well as
their interaction, in addition to endogenous fagtor

Salinity (%o) such as body weight, could be influenced the

Temperature | 37 25 13 1 respiratory response at different experimental
(20-30°C) combinations. Such relation has not been obsened t
S 314 2.48 1.78 1.8% by Yagi et al. (1990) ifPalaemon serratus larvae.
v S0P 103 157 >3 The . effect of salinity on oxygen
consumption in the present study does not follow a
L 156 164 148 267 predicted pattern for the animal response as meedio

Different letters at the same column indicate stiatl differences by Vemberg (1983)' and yet the interaction between

between size groupp & 0.05). temperature and salinity seems not to affect
predictably the oxygen consumption in a determined
species. Little or no effect of salinity on oxygen

Table 6. Regression equations obtained for theutzlon of  consumption have been reported Formonodon and

the Litopenaeus vannamei specific oxygen consumption (g p, serratus (SALVATO et al., 2001), Penaues

0 g* h?) in the condition intervals tested. S = small; M = ggiferus (ROSAS et al., 1999), arfgarfantepenaues

medium; L = large. paulensis (LEMOS et al., 2001), whereas others report

Shrimp Regression R | Adjusted | direct influence irF. californiensis (VILLARREAL et
size R2 al., 2003), L. stylirostris (SPANOPOULOS-
S 05168 T 0018 T T XFIF] 53 HERNANDEZ et al, 2005), L. vannamei
' ) ' ' (VILLARREAL et al., 1994),P. serratus (YAGI et
0.0008"S - 0.0080"W al., 1990),M. acanthurus (GASCA e LEYVA et al.,
M -0.1717 + 0.0162*T — 0.0009*§ 0.9245 | 09221 | 1991),M. japonicus (SETIARTO et al., 2004), or yet,
- 0.064*W others report the effect of the interaction of
T 10,0281 F 0.0135"T —0.0019"9 07749 | 07679 | temperature and salinity on oxygen consumptioR.in
— 0.0007*W serratus (YAGI et al., 1990), M. acanthurus
(GASCA-LEYVA et al, 1991), L. vanname

T= temperature (°C); S= salinity (%o); W= wet weidhj. (VILLARREAL et al.,, 1994), andL. stylirostris
(SPANOPOULOS-HERNANDEZ et al., 2005).
In this study, at 25 and 30°C oxygen
Discussion consumption was more stable for 13 and 25 %o in all
size groups, the latter being close to the isogmoti

The result from this study demonstrated thaPOint for L. vannamei reported by Castille and
1 h is sufficient for the stabilization of oxygenL@wrence (1981): 24.7 %o (718 mOs Bg The
consumption of.. vannamei, but 2 h was adopted as aPehavior of oxygen consumption in salinity 1 %o
standard protocol. Such result may reflect the higeémonstrated that small shrimp may have more wbilit
degree of adjustment of the shrimp used in thip osmoregulate in such cqndltlon when compared to
experiment to laboratory conditions, i.e., theyetate arger shrimp. The opposite has been observed at
handling and confinement very well. salinity 37 %o with higher oxygen consumption. The

According to the angular coefficient of the behavior was inversed in the medium and large size
specific consumption regression equations, oxyge/0UPS; I.€., consumption at 1 %o was higher at 30°C,
consumption per mass unit did not show any clesand at 25°C such effect was practically attenudted.

tendency as a function of weight in the differenShould be taken into account that _smaII shrimp are
temperature-salinity combinations tested. The iseer better osmoregulators than larger animals (VARGAS-
relationship between metabolic rate and body m&ss PLBORES; OCHOA, 1992; LEMAIRE et al., 2002).

applicable within species and between species, ddis may be due to higher gill surface-volume refat
reported in studies with crustaceans such Mis in small gnlmals than in larger animals, WhI.Ch ngean
acanthurus (GASCA-LEYVA et al., 1991), L. the rellatlon. between water .c.ont.ent gnd gill surface
vannamei (MARTINEZ-PALACIOS et al., 1996) and &r€a is higher, thus fac[lltatlng ion exchange
L. stylirostris (SPANOPOULOS-HERNANDEZ et al., (RANDALL et al., 1997). Villarreal et al. (1994)
2005). Nevertheless, according to RANDALL et al.Sudgested, however, that there is a possible iogei
(1997), this relation is frequently hard to demoeust osmoregulatory ability at 35 %. at 28 and 32°C, with
within same specie. As general, body mass variagion high oxygen consumption ib. vannamei post-larvae
small compared to that between species, further 18 these conditions. Lemos et al. (2001) also riegbor
other factors that can exert superposed effectis THhatF. paulensis post-larvae would grow less with low
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protein content at 34 %, and 26°C. A similar effectoxygen consumption in hyposmotic water was higher,
was observed in the small size group, suggestiag thsuggesting a higher metabolic expense involvedtién t
they would suffer higher osmotic stress inhyperosmoregulation. Lemaire et al. (2002) clearly
hyperosmotic water (37 %o), 12 %0 above the isosmotidemonstrated the effect of temperature @n
point with higher oxygen consumption, whereas irstylirostris osmoregulatory ability. Low temperatures
larger animals the stress would be observed iremdr compromise hypo- and hyperosmoregulatory ability,
hyposmotic water (1 %o), 24 %o below isosmotic pointbut mostly the latter. Mugnier and Soyez (2005)
as confirmed by the thermal coefficients determiimed reported for juvenileLitopenaeus stylirostris that
this study, when a higher sensibility of small sipiat reducing temperature from 28°C to 22°C did not affect
salinity 37 %o has clearly been seen, as well ab withyposmoregulatory ability at salinity 36 %o,
larger shrimp at 1 %o. contributing to the idea that the osmoregulatorjitsb
Osmoregulatory ability in low salinities can in low temperatures is mostly affected in hyposmoti
vary between euryhaline species, as observed hyater. The extreme impairment of the
Castille and Lawrence (1981), who reported thahyperosmoregulatory ability due to low temperature
juvenile Penaeus aztecus and P. duorarum are better could be observed in the medium and large sizepgrou
hyperosmoregulators thaP. setiferus, L. stylirostris  at 1 %o, resulting in decreased oxygen consumption.
and L. vannamei, but no difference in The low oxygen consumption found in these
hyposmoregulation was detected. Furthermoresonditions could be reflecting the physiological
according to Mantel and Farmer (1983), increasedysfunction with metabolic depletion to the extreme
oxygen consumption is expected in osmoregulatorgonditions, since lethargic animals, reduced feed
animals in hyposmotic water, i.e., due to diffeeemt intake and high mortalities were observed during th
osmotic pressure the animal tends to gain water argkperiment. Gilles and Pequeux (1983) reported that
lose salts, which demands higher metabolione stressing factor is better handled than twtofac
expenditure due to active transportation of sadtiragf  simultaneously, in this case, extreme temperatoce a
the concentration gradient. Part of this increasedalinity. Such fact could be minimized with a slowe
oxygen consumption would be due to the increase @fdaptation to salinity 1 %. for temperature 20°C, as
the ATP-ase enzymes activity involved in the caiontemperature can interfere in the final survivaluits
transportation. Evidences of the increase in médimbo (TSUZUKI; CAVALLI, 2000). The longer adjustment
cost involved in osmoregulation were observed iperiod could also result in better survival rate
post-larvae L. vannamei submitted to a diluted (MCGRAW; SCARPA, 2004), mainly when
medium where activity of N&K*-ATPase, enzyme considering the adaptation of juvenile shrimp to lo
responsible for active transportation of ‘Nt the salinity water, as it is known that 15 to 20 pastrhe
hemolymph, was increased (PALACIOS et al., 2004)stagel. vannamei have great osmoregulatory ability
Lin et al., (2000) also reported the increase iimaur (MCGRAW et al., 2002).
production by the antennal gland to regulate body The differences found in the oxygen
volume wherPenaeus monodon was submitted to low consumption in different salinities may be reflegti
salinity. Another important factor observed inphysiological alterations, including not only
crustaceans submitted to low salinities and indisat osmoregulatory mechanisms but also feeding,
of increased metabolic rate, is the increase in theproduction and locomotion (VERNBERG, 1983).
ammonia excretion rate and higher utilization ofTherefore, alterations in oxygen consumption do not
proteins as substrate (ROSAS et al., 1999; LEMOS e¢flect directly the energy expenditure with
al., 2001; SETIARTO et al., 2004). osmoregulation, and energy used for this process
The differentiated behavior of specific should be duly quantified based on consideratians o
oxygen consumption at 20°C was also observed kyrermodynamics (SCHMIDT-NIELSEN, 1999).
Martinez-Palacios et al. (1996) in vannamei, where As it could be observed, although the ability
the curves for that temperature did not follow theof L. vannamei to adapt within a wide range of
expected model. This temperature is close to themperature and salinity, these are crucial factors
natural limit found and these results may represenhe results of zoo technical performance in culture
some metabolic response or osmotic disturbance Bystems. Ponce-Palafox et al. (1997) reported that
low temperatures. According to Tian et al. (20Q4¢  within the optimum temperature range, tolerance to
ability of shrimp to adapt to low temperatures @p  salinity is high and growth is unaffected. Therefan
Temperature acts on the transportation of ionsonditions where these parameters cannot be pyoperl
implicated in osmoregulation and high temperaturesontrolled, the animals’ physiological needs must b
provide  better osmoregulation than lowerconsidered for each given condition.
temperatures, also euryhaline species resist bigtter Considering the temperatures, salinities and
hyposmotic stress in high temperatures (GILLESshrimp sizes tested, it can be concluded that thgt m
PEQUEUX, 1983). In the present study, at 20°CGadequate conditions for the comfort of juvenile
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vannamei in temperatures between 25 and 30°C woul®ASTILLE JR., F. L.; LAWRENCE, A. L. The effect of
be salinities from 13 to 25 %o, where recommendation Salinity on the osmotic, sodium and chloride
is to avoid the extreme ends, and in temperatures concentrations in the hemolymph of euryhaline sproh

below 20°C salinity above 25 % would be ideal due to ;hseigoenfgsz?qaws. Comp. Biochem. Physiolv. 68A, p.

the impai_rment of t_he_ _ hyperosmoregulatory abiIityCAVALLL R. WASIELESKY, W. PEIXOTO, S.
observed in lower salinities. Carcinicultura marinha em cercados. In: BARROSQ, G.
The regression equations for each size group POERSCH, L.; CAVALLI, R. (Org.). Sistemas de
resulting from this study can help calculating ocewyg cultivos aquicolas na zona costeira do Brasitecursos,
consumption rate for temperatures between 20 and tecnologias, aspectos ambientais e sdcio-econémicos
30°C, salinities between 1 and 37 %., according to  Rio de Janeiro: Museu Nacional, p. 27-38. 2007.
shrimp size divided into small (1-5 g), medium (-1 CECH. J. J. Respirometry. In: SCHRECK, C. B.; MOYLE

. P. B. (Ed.). Methods for fish Biology. Maryland:
g) and large (11-15 g). The values found can sasve American Fisheries Society, 1990. p. 335-362.

basis for the calculation of th(_e environmental m’iya_ DE SCHRYVER, P.. CRAB, R.. DEFOIRDT, T., BOON.,

as well as for the calculations on the mechanical . VERSTRAETE, W. The basic of bio-flocs

aeration requirements ln vannamei shrimp culture. technology: The added value for aquaculture.
Aquaculture, v. 277, p. 125-137, 2008.

FAST, A. W.; BOYD, C. E. Water circulation, aeratiand
other management practices. In: FAST, A. W,
LESTER, L. J. (Ed.). Marine shrimp culture:

Principles and practices. Amsterdam: Elsevier Swen
The authors are thankful to Bernauer  pypjishers, 1992. p. 457-495.

Aquacultura Ltda. and Mr. Paulo Manso for providingrAST, A. W.; LANNAN, J. E. Pond dynamic processies.
the equipment required for this study; to Dr. Danie  FAST, A. W. and LESTER, L. J. (EdMarine shrimp
Lemos, from Instituto Oceanografico de Sdo Pawalo, f culture: Principles and practices. Amsterdam: Elsevier
his recommendations about shrimp respirometry Science Publishers, 1992. p. 431- 456.
techniques; to Dr. Wilson Wasielesky and Dr. AImgCASGALEYVA, J.F.E.. MARTINEZ-PALACIOS, C.A;
Rachel Magalhaes, for their valuable observatioms; t ROSS. L.G. The respiratory  requirements of
= . Macrobrachium acanthurus (Weigman) at different
CAPE,S (Coorde.nagao. d,e Aperfelgoamgnto e Pessoal temperatures and salinitiedquaculture. v. 93, p 191-
de Nivel Superior, Ministry of Education) for the 197 1991,
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Biology of Crustacea:Environmental adaptations. New
York: Academic Press, 1983. p. 109-177.

) ) 'HARGREAVES, J. Photosynthetic suspended-growth
AQUACOP. Review of ten years of experimental Pethaei systems in aquaculturéquacult. Engng, v. 34, p.

shrimp culture in Tahiti and New Caledonia (South 344363, 2006.
Pacific).J. WId Maricult. Soc., v. 15, p. 73-91, 1984. JIANG, L.X.; PAN, L.Q.; FANG, B.O. Effect of dissatd

ACKNOWLEDGEMENTS

REFERENCES

BOYD, C. E. Aeration of shrimp ponds. In: AKIYAMAD. oxygen on immune parameters of the white shrimp
(Ed.). SOUTHEAST ASIA  SHRIMP  FARM Litopenaeus vannamei. Fish Shellfish Immunol, v. 18,
MANAGEMENT ~WORKSHOP, 1989. Proc. .. n. 2. p.185.188, 2005,

Singapore, 1989, p. 134-140. LEMAIRE, P.; BERNARD, E.; MARTINEZ-PAZ, J. A;
BOYD, C. E.Water quality in ponds for aquaculture. CHIM, L. Combined effect of temperature and sajinit
Auburn University.  Birmingham: AL., Auburn on osmoregulation of juvenile and subadBknaeus

University Publ. Co., 1990. 482 p. stylirostris. Aquaculture, v. 209, p. 307-317, 2002.

BOYD, C. E.; TUCKER, C. SPond aquaculture water LEMOS, D.; PHAN, V.N.: ALVAREZ, G. Growth, oxygen
quality management Massachusetts: Kluwer Academic consumption, ammonia-N  excretion, biochemical

Publishers, 1998. 700 p. . _ composition and energy content &arfantepenaeus
BOYD, C. E.; WATTEN, B. Aeration systems in paulenss Pérez-Farfante  (Crustacea, Decapoda,
aquacultureRev. aquat. Sciv. 1, n.3, p. 425-472, 1989. Penaeidae) early postlarvae in differente saliitie

BROWDY, C.; BRATVOLD, D, STOKES, A; expl mar. Biol. Ecol, v. 261, p. 55-74, 2001.
MCINTOSH, R. Perspectives on the application of| |y SC.; LOU, CH.; CHENG, JH. The role of antennal
closed shrimp culture systems. In: BROWDY, C..;  glands in ion and body volume regulation of cantada
JORY, D. (Ed.). The New Wave. SPECIAL SESSION Penaeus monodon reared in various salinity conditions.
ON SUSTAINABLE SHRIMP CULTURE Comp. Biochem. Physial Part A, v. 127, p. 121-129,
AQUACULTURE, Baton Rouge, 2001Proc. ... The 2000.

WiId Aquacult. Soc., 2001. p. 20-34. MCGRAW, W. J.; SCARPA, J. Mortality of freshwater-

BURFORD, M.; THOMPSON, P.; MCINTOSH, R. acclimated Litopenaeus vannamei associated with
BAUMAN, R.; PEARSON, D. Nutrient and microbial acclimation rate, habituation period, and ionicliemae.
dynamics in high-intensity, zero-exchange shrimpdso Aquaculture, v. 236, p. 285-296, 2004.

in Belize.Aquaculture, v. 219, p. 393-411, 2003.



314 BRAZILIAN JOURNAL OF OCEANOGRAPHY, 57(4), 2009

MCGRAW, W. J.; DAVIS, D. A; TEICHERT- SPANOPOULOS-HERNANDEZ, M. MARTINEZ-
CODDINGTON, D.; ROUSE, D. B. Acclimation of PALACIOS, C. A.; VANEGAS-PEREZ, R. C.; ROSAS,

Litopenaeus vannamei postlarvae to low salinity: C.; ROSS. L. G. The combined effects of salinityl an
Influence of age, salinity endpoint, and rate dfngy temperature on the oxygen consumption of juvenile
reduction.J. WId Aquacult. Soc, v. 33, n. 1, p. 78-84, shrimps Litopenaeus stylirostris (Stimpson, 1874).
2002. Aquaculture, v. 244, p. 341-348, 2005.

MANTEL, L. H.; FARMER, L. L. Osmotic and ionic TIAN, X.; DONG, S.; WANG, F.; WU, |. The effects of
regulation. In: MANTEL, L. H. (Ed.),;The Biology of temperature changes on the oxygen consumption of
Crustacea: Internal Anatomy and Physiological juvenile Chinese shrimpFenneropenaeus chinensis
Regulation. New York: Academic Press, 1983. p. 53  OsbeckJ. expl mar. Biol. Ecol.,v. 310, p. 59-72, 2004.
161. TSUZUKI, M. Y., CAVALLI, R. O. The effects of

MARTINEZ-PALACIOS, C. A.; ROSS, L. G temperature, age, and acclimation to salinity om th
VALENZUELA, L. J. The effects of temperature and survival of Farfantepenaeus paulensis postlarvae.J.
body weight on the oxygen consumption Pénaeus WId Aguacult. Soc, v. 31, n. 3, p. 459-468, 2000.
vannamei, Boone, 1931J. Aqua. Trop., v. 11, p. 59-65, VARGAS-ALBORES, F.; OCHOA, J. L. Variation of pH,
1996. osmolality, sodium e potassium concentrations ia th

MUGNIER, C.; SOYEZ, C. Response of blue shrimp  haemolymph of sub-adult blue shrimpPefaeus
Litopenaeus stylirostris to temperature decrease and stylirostris) according to sizeComp. Biochem. Physial

hypoxia in relation to molt stagéquaculture, v. 244, v. 102A, n. 1, p. 1-5, 1992.
p. 315-322, 2005. VERNBERG, F.J. Respiratory adaptations. In: VERNEER
PALACIOS, E.; BONILLA, A.; LUNA, D.; RACOTTA, I. F.J; VERNBERG, W. B. (Ed.).The Biology of

Survival, Nd/K+~ ATPase and lipid responses to salinity Crustacea: Environmental adaptations. New York:
challenge in fed and starved white pacific shrimp  Academic Press, p. 1-42. 1983.
(Litopenaeus vannamei) postlarvae, Aquaculture, v.  VILLARREAL, H.; HINOJOSA, P.; NARANJO, J. Effect of

234,p. 497-511, 2004. temperature and salinity on the oxygen consumpaion
PONCE-PALAFOX, J.; MATINEZ-PALACIOS, C. A; laboratory producedPenaeus vannamei postlarvae.
ROSS, L. G. The effects of salinity and temperature Comp. Biochem. Physiolv. 108A, p. 331-336, 1994.
the growth and survival rates of juvenile whiteist,  VILLARREAL, H.; HERNADEZ-LHAMAS, A.; HEWITT,
Penaeus vannamei, Boone, 1931Aquaculture, v. 157, R. Effect of salinity on growth, survival and oxyge
p. 107-115, 1997. consumptiom of juvenile brown shrimp,
RANDALL, D.; BURGGREN, W.; FRENCH, KFisiologia Farfantepenaeus californienss (Holmes). Aquacult.
Animal: Mecanismos e adaptacdes. Rio de Janeiro: Res, v. 34, p. 187-193, 2003.
Guanabara Koogan, 1997. 729 p. VINATEA, L. A. Principios quimicos da qualidade da
ROSAS, C.; MARTINEZ, E.; GAXIOLA, G.; BRITO, R;; agua em Aquicultura. Florianopolis:Ed. UFSC, 1997.

SANCHEZ, A.; SOTO, L.A. The effect of dissolved 166 p.
oxygen and salinity on oxygen consumption, ammoni&/INATEA, L.; CARVALHO, J. Influence of water sality

excretion and osmotic pressure BEnaeus setiferus on the SOTR of paddlewheel and propeller-aspirator-
(Linnaeus) juveniles]. expl mar. Biol. Ecol v. 234, p. pump aerators, its relation to the number of aesgper
41-57, 1999. hectare and electricity cost&quacult. Engng, v. 37,
SALVATO, B.; CUOMO, V.; DI MURO, P.; BELTRAMI, p. 73-78, 2007.
M. Effects of environmental parameters on the oryge WYBAN, J.; SWEENEY, JIntensive shrimp production
consumption of four marine invertebrates: a contpara technology. Hawai: The Oceanic Institute, 1991.
factorial studyMar. Biol., v. 138, p. 659-668, 2001. YAGI, H.; CECCALDI, H.J.; GAUDY, R. Combined
SANTA, K. D.; VINATEA, L. Evaluation of respirationates influence of temperature and salinity on oxygen
and mechanical aeration requirements in semi-intens consumption of the larvae of the pink shrirfalaemon
shrimp Litopenaeus vannamel culture in ponds. serratus (Pennant) (Crustacea, Decapoda,
Aquacult. Engng, v. 36, p. 73-80, 2007. Palaemonidaequaculture, v. 86, p. 77-92, 1990.
SCHMIDT-NIELSEN, K. Fisiologia animal: Adaptacdo e ZAR, J. H. Biostatistical analysis New Jersey: Prentice-
meio ambiente. S&o Paulo: Ed. Livr. Santos, 1899. Hall, 1996.

p.
SETIARTO, A.; STRUSSMANN, C. A.; TAKASHIMA, F.;
WATANABE, S.; YOKOTA, M. Short-term responses
of adult kuruma shrimp/arsupenaeus japonicus (Bate)
to environmental salinity: osmotic regulation, ogyg
consumption and ammonia excretidwmuacult. Res, v. (Manuscript received 30 September 2008; revised
35, p. 669-677, 2004. 11 May 2009; accepted 1 August 2009)



