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ABSTRACT

A number of factors which affect oxygen consumption of Hacrobrachium

rosenbezgii vere investigated.
The commonly observed higher rate of oxygen consumption by sma2ler

an~le compared ~th 2arger an&az2s on a unit might basis aes not c2ear2y
observed foz the size range  89 to 219 vm! of animals tested. There vere

also no apparent di fferences in oxygen consumption rates betaeen sexes.
The tao gravid females tested displayed no unusual inczeases in oxygen
consumption as amc2d norma22y be expected by sexua22y active individuals.
An avez'age seventeenfold increase in the rate of oxygen consumption res
observed aa a result of gzoup interaction. Hence, the amount of energy

expended on respiration by the experimental anima2s @as a gross underesti-
mate of the actua2 metabo2ic expenditure under more na~2 conditions
vhere group interactions occuz. A ~fold increase in oxygen consumption
fo22otding feed ingestion um observed.
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INTRODUCT I ON

Of immediate concern to prawn farmers is the diagnostic use of law
dissolved oxygen levels as predictive indicators of "adverse" changes in
water quality  Leary and Iwai, 1974; Iwai, 1976b!. Iwai �.976a! noted
that upon exposure to "stressed conditions," such as poor water quality,
the normal amount of ingested energy expended for growth would be taxed
for routine metabolism, thereby "limiting" growth and overall production.
The present study was conducted to determine how certain factors affect
the oxygen consumption rate of M. meenber gii. Among the factors
examined were:

of weight-specific respiration on oxygen consumption
of sex on oxygen consumption
of group interaction on oxygen consumption
of feeding on oxygen consumption
of reproduction on oxygen consumption by females

The effect

The effect

The effect

The effect

The effect

1.

2.

3.

4,

5.

This study was carried out at the Hawaii Institute of Marine Biology
with support from University of Hawaii Sea Grant College Program.

NATERIALS AND METHODS

Individuals of Maczebrachium used in the respiratory experiments
were collected from an outdoor tank population at the Hawaiian Institute
of Marine Biology, Kaneohe, Hawaii; a prawn pond  Pond No.l! at Pacific
Aquaculture Corporation, Laic, Hawaii; and tanks kept at the Anuenue
Fisheries Research Center, State Division of Fish and Game, Honolulu,
Hawaii.

The experimental animals, ranging in size from 27 to ll9 mm, were
acclimated to laboratory conditions for 1 to 2 weeks before measurements
were made. The sex of each individual was determined prior to each
experiment.

Respiration measurements were conducted in a closed 2-liter cylin-
drical plexiglass container with a Yellow Springs Instrument polarographic
oxygen probe  Figure 1!. Weight-specific oxygen consumption readings
were made on individual prawns starved for 24 to 48 hours.

Macmb~hiwn pond culture has continued to develop into a viable
industry in Hawaii. In recent years M. zeeenbergii has been successfully
produced at a rate of 2,000 to 4,000 pounds/acre/year, However, the
risk involved in these high yields has led to a major concern over the
oxygen requirements of the prawn. Stephenson and Simmons �976! reported
that oxygen consumption ranges from an average of 0.21 vl/animal/hour to
400 pl/animal/hour for stage 1 and stage 8 larvae, respectfully. Juveniles
were observed to be metabolic regulators at higher oxygen tensions and
metabolic conformers at lower oxygen tension  Sharp, 1976! . Five to
eight-month-old animals ranging in size from 44.3 to 1,267.3 mg were
observed to apportion a range of about 29 to 78 percent of their
ingested energy for metabolism  Iwai, 1976a!.
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The animals were carefully transferred from 3-liter funnel-shaped
plexiglass holding containers to the respirometer using polystyrene basket
containers, Following transfer, the oxygen probe fitted with a rubber
stopper was firmly secured in the stirrer column containing a plastic-
coated stirbar. The magnetic stirrer provided even circulation throughout
the chamber and a constant flow of water past the oxygen probe. Those
animals which were unusually excited after the transfer to the respirom-
eter were not tested.

A 15 to 30-minute acclimation period within the chamber, together
with continuous flushing  -100 ml/min! of oxygen-saturated filtered tap
water �.45 pm! which was kept at room temperature, eliminated any initial
increase in oxygen consumption due to handling. Prior to each run the
inlet valve was turned off and lead plated � to 3 lbs! were placed on the
lid of the chamber to keep it sealed. Oxygen uptake was then monitored at
10 to 15-minute intervals for' 1 to 3 hours.

A water bath within a 5-gallon plexiglass aquarium minimized tempera-
ture fluctuations. Water bath temperatures ranged from 23.9' to 26.0'C
with an average temperature of 25.3'C. Black polyethylene plastic secured
around the aquarium aided in reducing any external visual stimulus. An
insulated pad was placed under the aquarium to reduce the amount of heat
transfer from the magnetic stirrer to the water bath.

Each animal's body length  post orbit to telson! was recorded to the
nearest 0.1 mm. individuals were gently blotted with a paper towel and
placed on a preweighed aluminum tin pan; their live weight  wet weight!
was then recorded to the nearest 0.01 mg. The prawns were later oven-
dried to a constant weight at 80'C. The volume of the individual prawns
was measured by gently blotting them with absorbent paper towel, then
placing them into a graduated cylinder containing a known volume of fil-
tered water. The difference between the initial and final meniscus
readings provided the displacement volume  in ml! of the prawns. These
measurements were incorporated with earlier measurements  Iwai, 1976a!
for calcu!ating logarithmic least squares regression equations, relating
body length measurements to individual dry weight, wet weight, and dis-
placement volumes  Table 1!.

Correction of the actual respirometer volume due to individuaL volume
displacement was made in estimating oxygen consumption. For example,

Initial prawn actual
respirometer � displacement = respirometer
volume  ml! volume  ml! volume  ml!

Oxygen consumption of the prawns was determined by subtracting blank
readings  respirometer without the animal! taken at 10 to 15-minute inter-
vals for 1 to 2 hours before each test run from initial oxygen consumpti.on
readings.

Preliminary experiments indicated that the reliability of the oxygen
consumption readings decreased with animals less than 39 mm in length.
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Hence, the weight-specific measurements were determined only for select
animals ranging from 39 to 119 mm in length. The average amount of
weight-specific oxygen consumption for the smaller animals was determined
by placing five individuals in the respirometer at the same time. After
a 10 to 15 minute acclimation period, group oxygen consumption readings
were made. The group volume of these animals was estimated using the
least squares regresssion equation shown in Table 1.

The effect of feeding on the rate of oxygen consumption was deter-
mined �! by starving the experimental animals for 24 to 48 hours and
then measuring their oxygen consumption rate or �! by immediately mea-
suring their oxygen consumption rate within 1 hour after feeding. Each
individual was carefully transferred in the polystyrene baskets from the
holding container to the respirometer  Figure 1! . With practice, stress
due to handling was reduced to a minimum. In any case, however, animals
which appeared "stressed" or displayed bursts of activity following
transfer to the respirometer were not measured.

A pelleted formulation of chicken broiler feed  Iwai, 1976a! was
used throughout the study,

RESULTS

The amount of oxygen consumed per animal increased with increasing
body size. This relationship was plotted on a double logarithmic grid
 Figure 2! and may be expressed by the following equation:

0 = aWb2

where 02 is the amount of oxygen consumption in microliters per animal
per hour, W is the body weight in milligrams, a is the intercept, and
b is the slope.

An expansion of equation �! for N. zosenbergii is expressed as:

02 = 0.0625W1.2713

or in

loge02 = 1.2713 logeW - 2.7724

Weight specific respiration values  pl 02/mg/hour! of males and
females are presented in Table 2. Group weight-specific respiration
determinations are shown in Table 3 and Figure 3. Group interaction
resulted in a substantial increase in oxygen consumption on a weight-
specific basis when compared with individual animals. For example, a
comparison of females No. 1 and No. 2  Table 2! with group No. 4
 Table 3! indicated an average seventeenfold increase in oxygen
consumption for animals of similar size.

The results of oxygen consumption determinations of fed and unfed
males and females are presented in Table 4. An average twofold increase
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in oxygen consumption on a unit weight basis was observed in fed animals.
Individual increases in oxygen consumption after feeding ranged from
4.SO to 176.92 percent.

The oxygen consumption rate of two gravid females are presented in
Table 2.

DISCUSSION

Oxy en consum tion

Oxygen consumption is reported to be proportional to the exponential
2/3 power of the body weight  Wolvekamp and Waterman, 1960!, A "b" slope
value between 0.67 and 1.0 is generally observ' d.. Although a significant
correlation  r = 0.9310! was obtained relating body dry weight to oxygen
consumption, there was no apparent reason for the higher "b" value of
1 ~ 2713 for M. maenbergii . However, Wolvekamp and Waterman �960! noted
that differences in body shape, the presence of more than one type of
respiratory surface, or the fraction of living protoplasm to metabolically
inert elements may cause deviations of the "b" value, Nonetheless, the
higher "b" value observed does suggest that oxygen consumption is pro-
portionally affected more by body surface area and less by body weight.

Wei ht-s ecific res iration

The generally observed higher rate of oxygen consumption by the
smaller animals compared with the larger animals on a unit weight basis
 Weymouth et al., 1944; Zeuthen, 1947; Ellenby, 19S1! was not clearly
observed in the present experiment  Figure 3!. This discrepancy was
probably due to the inability to reliably test individually a larger
sample of smaller animals with the present respirometer.

Effect of sex on ox en consum tion

There were no apparent differences in the rate of oxygen consumption
between sexes. Weymouth et al. �944! similarly reported no significant
differences in the rate of oxygen consumption between sexes of the caridean
shrimp, Fuget&a p2 odueta. Thomas �954! also noted no apparent difference
in oxygen uptake between sexes of a decapod crustacean, Homrmca vu2pavie.

Grou effects on ox en consum tion

The substantial seventeenfold increase in oxygen consumption values
between individually tested and grouped animals of similar size reflects
the importance of group interaction in pond growout systems. For example,
stress factors such as poor water quality, lack of food, over-crowding,
etc., may drastically affect communal respiration through intensified
group interaction. As individual respiration increases, less of the
ingested energy will be available for growth  Iwai, 1976a!. Thus, every
effort should be made to minimize these "stressed conditions" to achieve
optimal prawn production.

11



Feedin effects on ox en consum tion

The observed individual increase in oxygen consumption is probably
attributed to specific dynamic action. However, in one instance there
was a decrease in oxygen consumption after feeding  observation 8, Table
4! . This anomaly was probably the result of the prawn's increased
physical activity level during the unfed respirometry run. Marshall
et al. �935!, working with the zooplankter Calanua fi~ahicus, reported
no difference in oxygen consumption between fed and unfed animals. Kutty
�967!, however, observed a marked reduction in the oxygen consumption
rate of the starved marine shrimps Penaeus indieua and Penaeua semiaulatus.

Effect of re roduction on ox en consum tion b females

Two of the gravid females tested  Table 2! displayed no unusual
increases in oxygen consumption as would normally be expected of sexually
active individuals.

CONCLUSIONS

l. The relationship between oxygen consumption and dry weight of
Mac2'obmohi~ roaenbe~ii can be expressed by the regression equation:

LogeOg = 1.2713 logeW - 2.7724.

However, the commonly observed higher rate of oxygen consumption by
smaller animals compared with larger animals on a unit weight basis
was not clearly observed.

2. There was no apparent difference in the oxygen consumption rate
between males and females.

3. The two gravid females tested displayed no unusual increase in
oxygen consumption.

4, A seventeenfold increase in oxygen consumption was observed between
individually tested and grouped animals of similar size.

S. A twofold increase in oxygen consumption following feed ingestion
was observed.

ACKNOWLEDGMENTS

This study was done in cooperation with the Hawaii Institute of
Marine Biology, Pacific Aquaculture Corporation, and Anuenue Fisheries
Research Center. I am particularly grateful to Mr. John Corbin,
Dr. Robert May, Mr. Mike Santerre and staff at HIMB. In addition, I am
grateful to Ms. Thea Holmes, Ms. Kathleen Hoff, and Mr. Francis Oishi, all
volunteer UH Marine Option Program students, who contributed their time
and effort to the successful completion of this report.



Special thanks also goes to Mr. Takuji Fujimura and the staff at the
Anuenue Fisheries Research Center, Division of Fish and Game, Department
of Land and Natural Reserouces, State of Hawaii.

Financial support foz' this study was obtained from the University of
Hawaii Sea Grant College Program through Institutional Grant No.
04-5-158-17 from NOAA Office of Sea Grant, Department of Commerce.

REFERENCES

Ellenby, C. 1951. "Body size in relation to oxygen consumption and
p1.eopod beat in Ligia oceanica." L.J. Exp. Biol. 28:492-507.

Iwai, T., Jr. 1976a. "Energy transformation and nutrient assimilation
by the freshwater prawn Macmbzvzchi~ meenbezgii under controlled
laboratory conditions." Masters Thesis, Department of Animal
Science, University of Hawaii. Unpublished.

Iwai, T., Jr. 1976b. "Seven monthly diel measurements of selected water
quality parameters of e prawn  Macr'obrachium rosenbergii} rearing
pond, Oahu, Hawaii." Anuenue Fisheries Research Center. Unpublished
report.

Kutty, M.N. 1967. "Oxygen consumption of the prawns Penaeue indicue
H. Milne Edwards and Penaeus semisu&atus De Haan." ZAO Zieh.
Report No. 87 3.957-969.

Leary, D., and T. Iwai, Jr. 1974. "A five-month study of selected
water quality parameters in a freshwater prawn  Macrabrachium
xosenbez'gii! rearing pond, Oahu, Hawaii." Hawaii Institute of
Marine Biology. Unpublished report.

Marshall, S.M., A.G. Nicholls, and A.I. Orr. 1935. "On the biology of
CaZanue fiemzzchicus: VI. Oxygen consumption in relation to
environmental conditions." J. Maz'. Biol. Ass. D.Z. 20:1-28.

Sharp, J. 1976. "Section I. Effects of dissolved oxygen, temperature,
and weight on respiration of Macrobrae&um rosenbergii ." In
8yc&obmbogy Labor'atory: Laboratory Studies on Selected Nu~-
tionaK, Physica7. and Chemical Factors Affecting Gma!th, ~ival,
Reepv:mtion, and Bioenexgetics of the giant p~ Mac~brachium

California, Davis Water Science and Engineering.

Stephenson, M., and M.A. Simmons. 1976. "Section V. Respiration and
growth of larval Macmbmchiwn zoeenbezgii ." In HydzebioEogy
Laboratory: Laboratory Studies on Selected Nu~tionab, Physical
and Chemical Factors Affecting Granth, Bumival, Respiration, and

f h ~&
4501. Hydrobiology Laboratory, University of California, Davis
Water Science and Engineering.

13



Thomas, H.J. 1954. "The oxygen uptake of the lobster Homrus vulgarize
Edw. " J. Exp. Bio l. 31: 228-251.

Weymouth, F.W. J.M. Crismon, V,E. Hall, H.S. Belding, and J. Field.
1944. "Total and tissue respiration in relation to body weight; a
comparison of the kelp crab with other crustaceans and with mammals."
Phpaaol. Zool. 17:50-71.

Wolvekamp, H.P., and T.H, Waterman. 1960. "Chapter 2. Respiration."
In Physiology of C~etacea, Vol.. Z. Metabo2zsm and Gz'~th, ed.
T.H. Waterman, pp. 35-100, New York: Academic Press.

Zeuthen, E. 1947. "Body size and metabolic rate in the animal kingdom
with special regard to the marine microfauna." Comp. Reed. Lab.
Car'eben. Ser . Chem. 26: 17-161.

14


