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INTRODUCTION 

The Hawaiian environment is ideal for aquaculture; there are year

round warm temperatures and suitable land and water for the culture of 

fresh, brackish, and salt water organisms (Aqua. Plan. Prog., 1978). 

Since Takuji Fujimura developed a practical mass larvae-rearing technique 

in 1966 (Fujimura, 1966) the freshwater prawn has become the foremost 

aquatic organism cultured in Hawaii. 

The major problem plaguing the prawn aquaculture industry is that of 

low yields. Low yields can be due to either low growth rates or high 

mortality rates. The possible causes of low yields are many, but of 

greatest importance is poor water quality; specifically temperature, 

dissolved oxygen, metabolite buildup and water clarity. It is necessary 

to establish criteria of optimal water quality requirements so that 

potential farmers and farmers expanding their operations can correctly 

make the necessary decisions regarding site selection and capital 

improvements to insure the availability of good water. 

Poor and variable water quality can become the result of the intensive 

culture of any aquatic species. The effects of poor water quality can 

lead to an overall hardship on the animal which might lead to a state of 

disease. In addition the known effects of poor water quality on growth 

rate, molting frequency and normal homeostasis of several crustacea have 

been demonstrated. 

One of the most important water quality parameters is water 

temperature. The water temperature at a selected site should be known 

before pond construction begins and long before growth rates of the area 

can be estimated. Water temperatures of either extreme, as will be 
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evaluated in this thesis, can have detrimental effects on population 

growth and therefore on the financial success of the prawn aquaculture 

industry. 

The working hypothesis behind this project is that poor water quality 

consti tutes hardship on the animal which decreases growth rates and 

increases mortality rates. It is the purpose of this thesis to report on 

laboratory studies conducted to evaluate the relationship between a water 

quality parameter (water temperature) and growth rate in the freshwater 

prawn, Macrobrachium rosenbergii. 
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LITERATURE REVIEW 

I. The Animal 

The culture of Macrobrachium rosenbergii represents a rapidly 

emerging industry in Hawaii. The primary aspects of the animal that 

should be discussed are its taxonomic classification; biology and life 

cycle; and the economics and worldwide distribution of the industry. 

Taxonomic Classification 

The freshwater prawn is taxonomically classified as follows: 

Kingdom: Animal 

Phylum: Arthropoda 

Class: Crustacea 

Order: Decapoda 

Sub-order: Natantia 

Tribe: Caridea 

Genus: Macrobrachium 

Species: rosenbergii 

The freshwater prawn is in the same sub-order, but different tribe, as the 

freshwater crayfish. The prawn is also in a different tribe than the 

penaeids (marine shrimp) to which it is so often compared. The lobster 

taxonomically differs from the prawn and shrimp as it is a different sub

order, Reptantia (Green, 1961). 

Biology and Life Cycle 

Decapods can be defined as crustaceans with a body divided into two 

regions: the cephalothorax and the abdomen (Green, 1961). The 

cephalothorax has the eye stalks and thirteen pairs of appendages, 

beginning at the front of the animal with the antennule and ending with 
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the walking legs. The abdomen is usually composed of six segments, each 

segment bears a pleopod. The telson is the terminal end of the animal. 

Car idea is the tribe of prawns which carry their eggs attached to the 

pleopods of the abdomen (Wickins, 1974). Females spawn three to four 

times annually. At each spawning, usually from 2 to 48 hours after a pre

mating molt, 10,000 to 120,000 eggs are produced. The eggs are attached to 

the under side of the abdomen. Unfertile eggs are released and/or eaten 

within a few days after their appearance. Fertile eggs are held close to 

three weeks and aerated by the movement of the pleopods. During this 

incubation period the eggs change in color from a bright orange to a dull 

brown. The newly hatched larvae are active but development will not occur 

unless they are in a saline environment (Ling, 1961). In one to two 

months time, the larvae develop through twelve stages and are then 

considered juveniles. It is at this time that they are stocked into the 

ponds at a stocking density of 1.5 to 2 animals per square meter (Brock, 

1980). Juvenile prawns gravitate to the pond's bottom and become benthic 

feeders • 

In the natural environment larvae are swept downstream to a saline 

estuary. When metamorphosis takes place the juveniles gravitate to the 

bottom and begin the slow crawl upstream. Sexual maturity is reached in 

seven to nine months (Ling, 1961). Mature Macrobrachium rosenbergii 

reach lengths up to 15 and 25 cm, for females and males, respectively 

(Bardach, 1972). 

Economics and Distribution of Prawn Industry. 

Decapod crustaceans of the sub-order Natantia are found throughout 

the world. Peoples of southeast Asia have been cultivating various 

species for five hundred years (Bardach, 1972). The freshwater prawn 
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Macrobrachium rosenbergii, commonly found in the Indo-pacific region, has 

emerged as one of the decapod crustaceans having very high potential for 

aquaculture (Shang and Fujimura, 1977), due to its adaptability to 

varying environments and the development of mass cuI turing techniques 

(Fujimura, 1966). 

The first commercially successful culture of the freshwater prawn in 

the Western hemisphere was achieved in the State of Hawaii (Goodwin and 

Hanson, 1976) • Freshwater prawn farming in Hawaii is considered 

profitable and successful with an annual production of 3,000 pounds per 

acre (Shang and Fujimura, 1977). Production rates tend to increase as the 

farm size increases (Shang and Fujimura, 1977). Market price naturally 

fluctuates with the total industry yields. Economic projections indicate 

that this will become a 300 million dollar industry by the year 2,000 

(Aqua. Plan. Prog., 1980). 

II. Stress Concept and Acclimation 

Hans Selye is most credited for the evolution of the stress concept 

which he described as the nonspecific response of the body to any demand 

made upon it (Selye, 1950). In 1958 J.R. Brett further defined stress as 

a state produced by an environmental or other factor which extends the 

adaptive responses of an animal beyond the normal range. In either case, 

the chances of survival are significantly reduced. Selye (1973) 

described stress reactions as occurring in three phases which he called 

the General Adaptation Syndrome (GAS) or Stress Syndrome. Phase one of 

the GAS is the alarm reaction which progresses to phase two, a stage of 

resistance. Since no animal can continually stay in a state of alarm, the 

animal eventually enters phase three and either adapts to the environment 

or becomes exhausted (Selye, 1950). 
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Schreck (1976) theorized that the GAS could be used as an indicator of 

the effect that a particular environment has on a subject animal. Changes 

in hormone concentrations or body weight of the animal are among numerous 

measurements of physiological capacity that could indicate the degree of 

stress. Mammals that have exhibited the GAS reaction have suffered loss of 

appetite, weight, activity level and muscle tone (Schreck, 1976). 

Poikilotherms have long been known to acclimate themselves 

physiologically to a wide variety of water temperatures (Gunn, 1942; 

Scholander, 1953; Bullock, 1954). Acclimation can be defined as a 

reversible non-genetic adaptation which allows the adjustment of the 

general metabolism of living systems to new environmental conditions 

(Thebalt, 1980). Animals contend with adverse environmental conditions 

by behavioral, anatomical, physiological and biochemical means; usually 

in that order (Hochachka and Somero, 1973). Behavioral modifications are 

primarily regulation in activity level in the prawn (Hochachka and 

Somero, 1973). This includes feeding and cleaning patterns, lying upside 

down and bursts of intermittent activity, as well as other behavioral 

reactions noted by Uno (1975). Few instances of anatomical regulation of 

body temperature by crustaceans are found although Ray (1960) reported on 

Allens' Rule that protruding body parts, such as tails, ears, bill, 

extreme ties , and so forth, are relatively shorter in the cooler 

environments of a species than in the warmer parts. Later ammended to 

this rule is "Poikilothermal animals generally attain larger size in 

warmer climates." Physiological regulation is usually measured in terms 

of metabolism (see below). 
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Relationship to Disease. 

In this study factors involved in inducing stress have been 

considered to enhance other disease-causing agents and may themselves be 

an etiological agent. Disease-causing factors can be broken down into 

those which are directly infectious or toxic and those which are due to 

biochemical malfunctions and nutritional deficiences. Unfavorable 

environmental conditions, e.g. those due to adverse temperatures affect 

an animal's well-being and can breakdown the system that keeps an animal 

healthy (immune system) and allows disease to take over. 

The immune system of the freshwater prawn is not well studied. An 

immune response has been documented in several aquatic poikilotherms 

including the Austrailian crayfish (Ambroski et. al., 1974). 

Phagocytosis, augmented by humoral factors with low specificity, seems to 

be the fundamental means of internal protection in crustaceans as well as 

other invertebrates (Sindermann, 1971). 

Magarelli et. ale (1979) linked ascorbic acid deficiency with 

specific diseases in the penaeid shrimp. Hetrick et. ale (1979) used 

elevated water temperatures to prevent and control a viral disease in 

salmonids, although they found the latter to be impractical. 

III. Stressors 

Stressors are stress-producing agents. They are distinguished from 

stress in that stress is the reaction to a stressor. The stressor is 

always the causal or stimulus factor. Stressors occur either in an 

animal's internal or external environment. Anything in the environment 

can act as a stressor. This usually occurs when stressor levels are 

either extremely low or extremely high. Normally extremely low levels of 

a particular variable or substance will lead to metabolic deficiences 
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creating an internal stress. Such situations seem to develop slowly and 

the stress response is not so obvious. High levels of a stressor produce 

the same stress response both internally and externally but do so much 

more quickly than low levels of a stressor. The many stress-producing 

factors (stressors) all produce essentially the same biological stress 

response (Selye, 1973). 

Water temperature was chosen as one of the important water quality 

parameters in prawn production (Iwai, 1977). Temperature and nitrate, 

nitrite, and ammonia concentrations are not normally measured in 

production-oriented ponds (Wallace, 1980) as it would be very unusual for 

either factor to reach extremes in the normal workings of the pond. 

Temperature as a Stressor. 

Body temperature in poikilothermal aquatic animals is normally either 

the same as its surrounding medium or a little higher due to metabolic 

heat formation (Hochachka and Somero, 1973). Since aquatic animals 

cannot lose heat by evaporative cooling, body heat must be transformed 

into other forms of energy such as chemical, kinetic, electrical or 

radiant energy (Gunn, 1942). These forms of energy are passed to the 

surrounding environment primarily by conduction and convection. Cold 

water slows down the rate of biological functions such as energy 

transformation; warmer water temperatures have a tendency to accelerate 

biological functions (Scholander, 1953; Bullock, 1954; Fujimura & 

Okamoto, 1970; Leary & Iwai, 1974; ). 

Cech et. al. (1979) simulated drought conditions to see what effect it 

would have on large-mouth bass. As the temperature of the water increased 

to 120 C above normal, oxygen tension increased to more than 20 torr above 

normal and arterial blood samples indicated increased anaerobic 
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metabolism. Hutcheson (1979) found the metabolic rate to weight ratio to 

be variable through seasonal changes of temperature and that acclimation 

to environmental temperature had a significant effect on oxygen 

consumption. 

In studying acclimation versus lethal limits, McLeese (1956) reported 

that molting lobsters are less resistant to high temperatures, low 

salinity, and low oxygen conditions than hard-shelled lobsters. In the 

brown shrimp, Penaeus aztecus growth increased with temperature up to a 

certain point (Zein-Edlin & Aldrich, 1965). This same study showed a 

decreased tolerance to salinity by young postlarval shrimp subjected to 

lower water temperatures. 

When freshwater shrimp, Palaemonetes kadiakensis, were exposed to a 

horizontal temperature gradient, most animals selected temperatures 

between 28 and 320 C (Nelson, 1976). Macrobrachium rosenbergii can accli

mate to a relatively wide range of temperatures, with an optimal 

temperature between 26 and 310 C. Lethal limits vary from 12 to 40 °c 

(Ling, 1969b j Leary & Iwai, 1974 j Shang & Fujimura, 1977). This wide 

range is probably due to the acclimation phase given before the animal is 

subjected to temperature extremes. Thus, animals from cold waters have an 

upper lethal temperature which may be below the lower lethal temperature 

of similar animals from warm waters (Prosser, 1962). Armstrong (1978) 

reported a more rapid death at high temperature extremes than at low 

temperatures. In his study, animals held in 400 c water were hyperactive 

for about one and one-half hours and then all animals died over a one-half 

hour period. Uno (1975) saw similar results at both temperature extremes. 

Nagabhushanam et. al. (1979) documented characteristic changes in the 
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size of neurosecretory cells when freshwater prawns (sp. kistnensis) were 

subjected to warm and cold stress. 

IV. Internal Mechanisms 

This section includes a discussion of the internal mechanisms that 

are ongoing in the everyday life of animals and how they might be effected 

when the animal is subjected to varying environmental conditions. 

Molting and the Endocrine System. 
, 

Molting and the endocrine system are very closely related; the 

endocrine system exerts control over molting. In addition, the 

crustaceans' endocrine system is closely associated with the nervous 

system and are collectively known as the neurosecretory system. 

Neurosecretory cells are found in various parts of the brain and in all 

ganglia of the ventral nerve cord (Wilson, 1979). The sinus glands, a 

neurohumoral organ, is the site of storage and release for the hormones 

produced in the neurosecretory cells. Hormonal release is comparable to 

the synapse of neurons in vertebrate systems. The hormones are contained 

in tiny vesicles which are evaginated from the sinus gland into the 

hemolymph. 

A neurosecretory organ closely associated with molting is the x-

organ, or medulla terminalis, which is located in the eyestalk. Removal 

of the eyestalk accelerates the molt in some crustaceans (Sehnal, 1970). 

However, this may lead to an imbalance of other bodily cycles (Carlisle, 

1959). The x-organ neurohormone is a molt-inhibiting hormone. The y-

organ is a counterpart to the x-organ as it produces a molt-initiating 

hormone. The y-organ is located in the cephalothorax and slightly forward 

from the eyestalk in most crustaceans. No y-organ has been found in 
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lobsters or crayfish (Wilson, 1979) and none has yet been described in the 

freshwater prawn. 

The molting process is normally broken down into four periods 

consisting of a postmolt, intermolt, premolt and molt. Molt stages from A 

to E have been designated to the four molting periods so that the periods 

can be identified in the animals. Each molt stage has specific bodily 

characteristics and time durations (Yamaoka and Scheer, 1970). Peebles 

(1977a) described a molt staging scheme for Macrobrachium rosenbergii. 

Although molting is normally associated with growth, molting may take 

place without any increase in size and even with a decrease in size 

(Carlisle, 1959; Passano, 1960). External conditions such as temperature 

and photoperiod influence the molting process and its control. Passano 

(1960) noted increased molting activity with higher water temperatures 

and postulated that higher temperatures affect not only molt initiation, 

but also the duration of the molt cycle. Low temperatures are known to 

decrease the molting incidence. Carlisle (1959) reported several species 

of crabs which show short molting intervals (diecdysis) during the summer 

months and longer molting intervals (anecdysis) during the winter months. 

Other Hormonal Responses. 

Many other hormonal responses to adverse stimuli are well-known in 

mammalian systems, but less is known in crustaceans. Archer (1979) 

explains how the sympathetic nervous system is ultimately responsible for 

these hormonal responses. The catecholamines, adrenaline and 

noradrenaline have been shown to increase enormously when adverse stimuli 

are presented to vertebrates (Wilson, 1979; Archer, 1979 and others) and 

are known as the fight or flight hormones. Stimulation of the sympathetic 

nervous system by unfavorable conditions increases secretory activity in 
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the stomach. Glucocorticords also increase when an adverse stimulus is 

applied. These hormones increase the blood sugar giving the body needed 

energy to respond (Wilson, 1979). Most of these relationships are 

carefully described for mammalian systems, but much work needs to be done 

among crustaceans to determine if these same responses are operative. 

Respiration and Metabolism. 

Crustacean gills are located inside the carapace, but are considered 

"external" organs. They are thin vascularized membranes that allow for 

rapid diffusion of gases from the environment to the blood. When water 

flows across these membranes, oxygen is taken up and carbon dioxide is 

given off. The scaphognathite, which is a specialized structure, creates 

water currents directed toward the gills by means of flagellar motion. 

In most crustaceans, integumentary respiration also aids in supplying 

oxygen to the body. This mechanism is used with all larval forms before 

specialized respiratory tissues develop (Wolvekamp and Waterman, 1960). 

Several factors affect oxygen consumption. Feed ingestion has been 

shown to increase oxygen consumption two-fold in Macrobrachium 

rosenbergii (Iwai, 1978) and three to five fold increase in crabs 

(Aldrich, 1975). Subrahmanyam (1961) found smaller prawns consumed up to 

75% more oxygen than larger animals of the same species. Vernberg and 

Costlow (1966) demonstrated that fiddler crabs consumed more oxygen as 

the environmental temperature increased. Armstrong (1978) found that the 

respiration in Macrobrachium rosenbergii was significantly influenced by 

increasing water temperatures from 16 to 34 °C. In the same study, 

increases in salinity (at all temperatures) resulted in decreased oxygen 

consumption. 
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The basic requirements of respiration are determined by the metabolic 

oxygen demand and the need to eliminate carbon dioxide (Wolvekamp and 

Waterman, 1960). One common means of expressing this ratio is the respi

ratory quotient (R.Q.), the volume of CO2 expired to the volume of O2 

consumed. The quantities of oxygen and carbon dioxide involved depend 

upon the metabolic rate and the metabolic sUbstrate. The metabolic rate 

is usually measured in terms of the temperature coefficient or Q10 value. 

The Q10 value is the ratio of the rates of a reaction measured at two 

temperatures 10 degrees centigrade apart (Wilson, 1979). The "rate 

effects" of temperature on metabolic systems vary. Since the basic 

metabolic functions must be maintained at rates within narrow limits, it 

seems reasonable to find that many ectotherms have the ability to maintain 

relatively stable rates of metabolism inspite of environmental changes 

(Hochachka and Somero, 1973). Hochachka and Somero termed this metabolic 

homeostasis "metabolic rate compensation." Passano (1960) used Q10 

values to demonstrate increased molting activity and accelerated 

metabolism in crustacans subjected to higher environmental temperatures. 

V. Social Interaction 

Social interactions observed in freshwater prawns affect their 

growth. Nelson et. al. (1980) have found density-dependent growth 

inhibi tion in lobsters due to some form of social interaction. The 

commonly observed bull-runt phenomenon may be a similar interaction where 

certain individuals fail to grow in the presence of others. Iwai (1978) 

found a seventeen fold increase in the rate of oxygen consumption as a 

result of group interaction. This is an indication that these crowded 

animals are metabolizing approximately seventeen times above normal. 
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Archer (1979) refers to the threat of conspecifics as social stress 

which is normally brought on, at least in terrestrial animals, by over

crowding. Christian (1950, referenced from Archer, 1979) suggested that 

the physiological stress, ' such as that due to fighting brought about in 

high density populations, leads to increased mortality and decreased 

reproductive output. Thus, social stress has served as a regulatory 

mechanism limiting population growth. Cannibalism is another interesting 

feature of the social interaction in Macrobrachium rosenbergii. It 

occurs most often to the animal undergoing molt or in post molt (personal 

observation). The animal in these molt states is very vulnerable since 

its exoskeleton has not yet hardened and can be easily penetrated. This 

does not appear to be a density dependent phenomenon. Peebles (1977b) 

reported that molt state probably plays a dominant role in determining 

habitat selection, spatial distribution, and survivability. These 

factors obviously affect what type of social interactions an animal will 

encounter. In studying habitat selection and spatial distribution 

Peebles observed that animals in intermolt are usually found on a 

horizontal substrate, whereas animals in late premolt are usually found 

on vertical substrates. His explanation is that by climbing vertical 

substrates, animals in late premolt can avoid intermolt conspecifics. 
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MATERIALS AND METHODS 

The research covered by this thesis is composed of five experiments. 

Three assumptions underlie all five experiments: 

1. Non-optimal water temperatures create unfavorable environmental 

conditions which may be stressful. 

2. The stress response is an energy consuming process. Thus, 

changes in energy consumption will affect the growth rate of the 

animal. 

3. The stress response will be manifested and result in weight 

change and other physiological and behavioral changes. 

I. Animal Selection 

All the animals selected for these experiments were seined from ponds 

which have been stocked by the Anuenue Fisheries Research Center (AFRC). 

This represents the Anuenue strain of Macrobrachium rosenbergii (Malecha, 

1977). Only female animals six to eight centimeters in length and in molt 

stage C or D were used (Peebles, 1977a). o 

II. Physical Parameters 

Thirty-two-liter aquaria with flow-through water circulation systems 

were used in all experiments. Water flowed into each aquarium from the 

front end and then out a standpipe at the opposite end. Two aeration 

lines were placed in the aquarium. The aquaria were compartmentalized 

into three and four sections using plastic fenestrated partitions. Each 

prawn was placed in an individual compartment. 
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The water temperatures were maintained by two thermostatically 

controlled aquarium heaters placed diagonally in opposite corners of the 

tank. Calibrated thermometers were mounted on the front wall of each tank 

for monitoring water temperatures. 

III. Feed 

The feed used was a 40% protein pellet developed by AFRC. Feeding 

amounts are given in Table 1. Prawns were fed every other day and 

leftover debris was aspirated from the aquaria floor before each feeding. 

Table 1. Feeding levels for each experiment 

Experiment Feeding Level 

I 

II 

III 

IV 

V 

All animals were unfed with the exception of one group 

held at 28oC. 

All animals were fed ad libitum (over 3% of the 

average body weight). 

All animals were fed restricted amounts (1% of the 

average body weight) for the first five weeks of 

the experiment and then all were switched to ad 

libitum feeding. 

All animals were fed ad libitum. 

All animals were fed ad libitum. 

IV. Measurements Taken 

All animals were weighed using a Mettler balance, and their lengths 

were measured using a divider and ruler. These data were collected weekly 

over the duration of each experiment. 
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A. Water Quality 

Water samples were taken weekly from each aquarium and tested for 

ammonia, nitrite and nitrate (NH3, N02 and N03) concentrations using a 

Technicon II autoanalyzer. Water temperatures were taken and recorded at 

least once daily. Dissolved oxygen and pH were checked weekly, using a 

YSI Oxygen meter and a pH meter, respectively. Wa ter hardness was 

measured weekly for experiments IV and V. 

B. Temperature 

Water temperatures were taken and recorded at least once daily. 

c. Flow rate 

The flow rate of the water was checked weekly, and "Residence time" 

was calculated. Residence Time = Volume of aquaria 

V. Experimental Design 

• -• Flow Rate. 

The objectives for each experiment are summarized in Table 2 and the 

designs for these experiments are summarized in Table 3. 
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Table 2. Experimental Objectives 

Experiment Objective 

I 

II 

III 

IV 

V 

To determine weig~t gain or loss in unfed prawns held 

in different water temperature. 

To determine weight gain or loss in prawns fed ad 

libitum as affected by water temperatures. 

To determine if weight gain or loss in prawns is affected 

by water temperature when feeding is changed from 

restricted amounts to ad libitum. 

To determine weight gain or loss in different size and 

age prawns as affected by water temperature. 

To determine if the effects of two adverse water quality 

parameters are additive upon the growth rates of prawns 

fed ad libitum. 
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Table 3. Experimental Designs 

Experiment Water Temperatures (oC) Replicates N 

I 34,32,28,23 3 12 

II 33,31,29,27,25,23 2 8 

III 34,32,28,26,23 3 12 

IV 33,31,29,27,25,23 2 6 

V 33,31,29* 2 8 

*Each water temperature group had 0, 10, 15, and 20 ppm Total Ammonia 

concentration. 

After the final weighing the animals in Experiment III were bled, 

weighed again and then dried for 24 hours at 1600 c in a forced air oven 

and weighed again. By weighing the animals before and after drying them, 

the body water content of the animals could be determined and comparisons 

between the various temperature treatment groups could be made. 
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RESULTS 

The results of Experiment I are illustrated in Figure 1. All of the 

unfed temperature groups lost weight with an increase in weight loss with 

increased water temperature. The slope of weight change over time is 

equal to the rate of weight change. The value of the slopes of the 

regression lines of weight loss versus temperature become increasingly 

negative as the temperature increases. 2 r is significant for all lines 

except that at 34°c. The significant increase in rate of weight loss . as 

water temperature increased is illustrated in Figure 2 (r2 = .93). There 

is a significant difference between the 32°C and 22.50 C temperature 

groups (p(.01, t-test). It was concluded from Experiment I that unfed 

prawns kept in higher water temperatures lose significantly more weight 

than unfed prawns kept in lower water temperatures. Furthermore, weight 

loss is positively correlated with increased temperatures. The fed group 

of prawns was the only group that gained weight (Table 7). This indicates 

that lack of feed results in weight loss. 

The results of Experiment II are plotted in Figure 3. Weight gains 

increased with increasing water temperature below 29°C. Above 29°C 

weight gains dramatically decreased with increased water temperatures. A 

significant regression coefficient (r2 = .93) for the temperature groups 

29°C to 33°C revealed that the rates of weight change fall very close to a 

straight line. A t-test applied to these data indicated that the rates 

were significantly different (p(.01). The temperature groups between 

23°C and 29°C had a poor correlation coefficient (r2 = .67) when all data 

were included. A consistent set of erratic data were found in the 27°C 

group. When these data were eliminated the regression coefficient 
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Figure 2. -1 
Weight Change ( weight time ) versus Mean 
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improved 2 
(r = .998). There were significant differences in weight 

change between animals held in 230 C and 290 C water (p<.01, t-test). 

Therefore, it was concluded that weight changes were not constant in fed 

animals held at different water temperatures. 

The results of Experiment III are illustrated in Figure 4. Again 

weight gains increased with water temperature up to an "optimum". In this 

case the optimal range was slightly below that found in Experiment II. 

Above the optimium temperature weight gains decreased with increased 

temperature. 

The same regressions were done for Experiment IV) Figure 5. Again 

significant regression coefficients were obtained for the weight gains 

o 0 below 29 C and above 29 C. 

Since the standard error of the water temperatures was fairly high 

(see Tables 8, 9 and 10), it was assumed that there were fluctuations in 

the water temperature. To determine how these temperature fluctuations 

might affect the regression coefficients (r2), r2 of weight changes were 

plotted versus water temperature for the data of Experiments II, III and 

IV (Figure 6). The scatter of data points reveals an insignificant 

relationship between r2 and water 2 temperature (r = .10). 2 r of weight 

changes were plotted against the mean water temperature variance 

(Figure 7). The scatter of data points reveals a highly insignificant 

relationship between weight change and the mean water temperature 

variance (r2 = .002). There were more dea ths in the higher water 

temperatures. 2 The effects of this on the relationship between r of 

weight change and the survival rate was determined. Figure 8 illustrates 

2 that the relationship is insignificant (r = .01). 
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The data from Experiments II, III and IV were combined to produce 

Table 4. In Table 4 each rate is the mean of three rates determined from 

Experiment II, III and IV. Pooling the data in this method eliminates the 

largest criticisms of small sample size and variable feeding. Each datum 

point consists of 26 animals as opposed to 6-12 animals used in the 

individual experiments. When the rates of weight change are regressed 

with the water temperature Figure 9 was obtained. Figure 9 is the best 

estimate of growth rate for fed prawns at varying water temperatures. The 

regression coefficients for both regressions on either side of the 

optimum range are significant. For animals held in water temperatures 

below the optimum, the rate of weight gains for fed animals is .03 grams 

per week per degree C increasing as the temperature increases (r2 = .99). 

The rate of weight gains for fed animals held in water temperatures above 

the optimum is -.06 grams per week per degree C (r2 = .94). 

the animals from Experiment III were weighed and then dried. Table 5 

shows the percent dry weight for each temperature treatment group. 

Plotting body water versus water temperature indicates a linear 

relationship (r2 = .98), (see Figure 10) in which the percent of body 

water decreases when the water temperature increases. 

The unionized ammonia concentration was calculated by measuring the 

total ammonia concentration and correcting for the measured pH and water 

temperature. The corresponding growth rates of each temperature-ammonia 

concentration group are shown in Table 6. The growth rates were 

calculated using the analysis of variance test (BMDP2V, 1979) which 

corrects the final weight and growth rate for the variance in the initial 

weight. In comparing the effects of temperature alone to the effects 

noted in Experiment II, III and IV (see Table 4) no significant 
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Table 4. Rate of Weight Gain (+) or loss (-) and 

Water Temperature Regression 

Each rate is the mean of three rates 

determined from Experiments II, III, and IV 

in which the prawns were fed 

x y 

Water Temperature (C) n Rate 

22.30 3 .01 

25.34 3 .09 

27.46 3 .14 

29.15 2 • 19 

31.30 3 .03 

33.63 3 -.03 
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Mean 
Water 

Temperature 

34.12 + .54 

31.67 + .85 

27.98 + .54 

26.00 + .43 

22.41 + .50 

Table 5. Body Water Content of Experiment III Animals 

Mean Mean 
Wet Weight Dry Weight % Moisture 

4.78 + 1.06 1.02 + 0.32 21 

4.64 + 0.78 1 • 11 + 0.16 24 

4.72 + 1. 12 1.20 + 0.28 25 

5.67 + 1.34 1.53 + 0.40 27 

4.52 + 1.39 1.34 + 0.38 30 

% Dry Weight 

79 

76 

75 

73 

70 

w 
w 
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Table 6 

Growth Rate of Prawns (n=8) Held in X Water Temperature 
and y Ammonia Concentration 

z = a + bx + cy 

x y 
Mean Unionized 

35 

Total 
Growth Rate Water Temperature Ammonia Concen. Ammonia Concen. 

(grams weekl;l ) 

.06/50% mortality 

100% mortality 

100% mortality 

100% mortality 

.10 

.05 

.09 

.05/50% mortality 

.15 

.10 

.16 

.10 

( C) (22m) 

32.65 ~ 1.32 0 

32.82 ~ 2.13 .295 

32.93 ~ 2.37 .446 

33.77 ~ 2.21 .628 

30.66 ~ 1.25 0 

31.11 ~ 1.41 .264 

31.10 ~ 1.78 .396 

30.91 ~ 2.45 .521 

29 .30 ~ 1.16 0 

28.87 ~ 1.45 .227 

29.37 ~ 1.27 .353 

29.19 ~ .98 .464 

z = .889 - .026X - .117y 

(n = 8) 

2 
r = .84 

(22m) 

0 

10 

15 

20 

0 

10 

15 

20 

0 

10 

15 
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differences were found. There was no significant interaction between the 

effects of water temperature and the effects of water temperature and the 

effects of unionized ammonia concentration. Using a multiple linear 

regression analysis (ST - 13A) a significant relationship between growth 

rate and water temperature and unionized ammonia concentration (see 

equa tion below Table 6) was determined. This equation indicates that 

growth rate could be a continuous function of water temperature and 

ammonia concentration, for the range of water temperatures used in this 

experiment. 

Behavior 

A multitude of behaviors were observed. Cleaning behavior was the 

most commonly observed behavior. Animals were seen cleaning themselves 

primarily after feeding which took place in the early afternoon. Cleaning 

behavior was seen secondarily during the night when the lights were 

suddenly turned on. Although cleaning behavior has been noticed by other 

researchers, they observed it primarily occuring at dusk and dawn 

(Malecha, 1980). 

Besides cleaning behaivor, a variety of activity levels were 

observed. The prawns held in higher water temperatures appeared to be 

more irritable. Sudden movement anywhere near the tank sent the prawns 

into bursts of erratic activity. This same behavior was noticed to a much 

lesser degree as the water temperature decreased. The prawns in the 

coldest water were much more lethargic. Sudden movements near the aquaria 

had little effect on the behavior or activity level of the prawns. The 

tendency of prawns to appear dead after handling out of the water occured 

much more in the prawns held in higher water temperatures. 
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DISCUSSION 

Animal selection for these experiments was based on some widely noted 

occurances. The population structure of Macrobrachium rosenbergii shows 

a more homogeneous distribution of growth rates for female prawns. The 

growth rates observed for male prawns lay in a bimodal distribution on 

either side of the females distribution (Smith, 1978). Although these 

distributions were plotted for animals in earthen ponds the effect is 

extrapolated to animals held in aquaria. Hence, selecting female prawns 

for experimental use leads to a more uniform experimental design. The 

other important factor in animal selection is that of molt stage. Stage C 

or D is the period of intermolt. It is this stage that is most often o 

selected for as it is the stage of normality to which altered conditions 

of the other stages may be referred (Carlisle, 1959). If all animals 

begin in the same molt state, molting frequency can be more accurately 

compared. 

The physical setup was based on environmental consistency. Of 

particular importance in environmental consistency are the following 

parameters: water movement, water temperature, dissolved oxygen, 

metabolite removal, and dilution of possible behaviorally or 

physiologically active pheromones. The flow-through water circulation 

system contributed the greatest consistency to all of the above 

parameters. Although the flow-through water circulation system did not 

take away much of the left over feed and feces, it also did not allow for 

the water soluble metabolites to build up. 

The aeration lines in the center compartments serve a two-fold 

purpose: to aerate the water and to create air-lift circulation (see 
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Figure 11). The rate of air supply was approximately two liters of air 

per minute. The addition of dye to the aquaria illustrated that the water 

circulation patterns follow Figure 11. The upper and lower corners of the 

tank were the last places to receive the added dye. This was an 

indication that the corners would probably be lower in temperature than 

the rest of the tank and will probably collect debris. Upon 

experimentation, this was found to be true. 

Figure 11. Approximate Water Circulation Patterns in Aquaria 
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The plastic partitions in the aquarium were fenestrated so that the 

water movement would not be restricted between the individual 

compartments. The partitions also reduced the physical interaction 

between the prawns. 

Feed monitoring in all experiments was subjective. It was observed in 

the preliminary experiments of this study that prawns in cool water (21-

250 C) consumed less food than the prawns in warm water (26-330 C). 

Therefore food consumption might affect the relationship between water 

temperature and weight gain. In Experiment I the animals were not fed to 

eliminate the variable of unequal feed consumption. Both warm and cold 

temperature groups had little visible feces. As was expected, the debris 

collected in the corners of the tank. Visible differences were also seen 

with regards to the dissolution of the feed pellets at different water 

temperatures. In the higher temperature groups the pellets dissolved 

faster and often times gave off a yellow color; probably carotene or 

dissolved organic nitrogen compounds. The yellow pigmentation was not 

seen in the cooler temperature groups and the pellets remained in pelleted 

form a longer period of time. After an hour the pellets dissolved at 340 

C were particles scattered across the floor of the tank, while the pellets 

dissolved at 220 C kept a fluffy more cohesive appearance, in the sides and 

corners. The particles in all tanks became suspended only when the prawns 

movement was vigorous enough to create uplifting currents. 

Uno (1975) observed similar behaviors, as were observed during these 

studies, in his studies comparing activity levels to water temperature. 

Assuming that this erratic behavior is indicative of unfavorable 

environmental conditions or stress then the two sets of observations 

support the second assumption that stress is an energy consuming process. 
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Another factor that surely affects behavior and growth rate is 

density. As was previously mentioned, density dependent growth 

inhibition has been demonstrated in the decapod crustacean Homarus 

(Nelson, 1980). Since the reasons for this are unclear, social 

interaction was ignored in these studies. Water borne substances, 

possi bly pheromones, that are behaviorally and physiologically active 

have been postulated as an explanation for general growth inhibition 

(Malecha, 1981). In comparing growth rates of animals in the pond setting 

and animals in the aquaria setting it was found that the animals in the 

pond grow approximately 78 times faster than the animals in the aquaria. 

Rates for the animals in the pond setting were based on a mean harvest 

weight of 40 grams put on over 1 year. It is interesting to note that the 

densi ty of the animals in the aquaria was 1 per 8 liters, while the 

density in the ponds is 1 per 500 to 750 liters. Thus, the animals in the 

ponds have an approximate 78 times less dense population, and an 

approximate 77 times greater growth rate. 

Water temperatures were variable within each tank and between 

measurements. As was previously shown (see Figure 11) the water 

circulation is not uniform throughout the tank, so the water temperature 

is slightly cooler in the corners. In addition, the convective cooling 

from the sides of the tank is greater than is the cooling from the center 

of the tank. Thus mean water temperatures were used as they are the best 

estimate of the water temperature of each temperature group. To minimize 

the variance around each temperature mean and decrease the variability 

due to feeding, the data were pooled for experiments II, III, and IV. 

Pooling increased the range of temperatures that each data point 
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depicted, and ultimately gave a better view of the overall scheme of rate 

of weight change at various water temperatures. 

A vertical temperature gradient was set up to determine where between 

130 C and 400 c the prawns would locate themselves. A plastic mesh 

structure was hung from the side of the 200 liter nalgene drum for the 

animals to attach themselves to. All of the animals slowly sank to the 

o bottom of the drum where the mean temperature was 13 C. They proceeded to 

become opaque in the abdomen, bent nearly in half, laying on their sides, 

and appeared paralyzed. When the water was allowed to return to the 

temperature of the external environment (260 C), all of the animals, 

except one, returned to their original state. The results of this 

experiment indicated that either the negative bouyancy of the animals is 

so great that they cannot maintain a preferred buoyancy, or the animals 

sensory receptors are so primative that they cannot perceive such a wide 

range of temperatures. As was previously mentioned, Nelson (1976) 

created a horizontal temperature gradient to determine temperature 

preference in the freshwater shrimp, Palaemonetes kadiakensis. He found 

that the shrimp located themselves much more so between 280 C and 320 C than 

anywhere else. 

In the commercial setting the pond managers try to keep the pond 

temperature in the zone of 25-310 C which is thought to be the temperature 

range where optimal growth occurs (Wallace, 1980). Pond temperature can 

be regulated somewhat by the algal density and reducing evaporation by 

limiting the wind flow. The darker the pond the greater is its ability to 

absorb heat. Higher algal densities make the pond water darker. The 

algal density is measured by means of a sechi disc, thus the addition or 

dilution of the algae can be kept constant. Assuming the results of these 
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experiments are valid for the pond setting, and that the mean pond 

temperature for commercial ponds on the island of Oahu is 250 C, then 

extrapolating from Figure 9 the pond production could be raised 40% if the 

pond temperature could be raised 40 c . 

Ammonia occurs in two forms in an aqueons solution: (1) the ionized 

ammonium ion, NH4 +, and (2) unionized ammonia, NH
3

• The pH, and the 

temperature to a lesser degree, determine the ionization state 

(Armstrong, 1978; Spotte, 1979 and others). As the pH increases the 

unionized form of ammonia increases. Both ionization states (NH4+ and 

NH
3

) for the total ammonia concentrations used in experiment V were 

calculated using the general formula for bases (Armstrong, 1978b). 

Ammonia is the predominant excretory end-product of crustacans 

(Hochachka and Somero, 1973). The concentration of unionized ammonia 

-4 found in normal tap water was approximately 2.59 x 10 ppm. The 

concentration of unionized ammonia found in the first four experiments 

conducted ranged from 1.05 x 10-3 ppm to 1.34 x 10-3ppm • The amount of 

unionized ammonia excreted by the prawns per week was approximately 32 ug. 

The unionized state is considered the more toxic form of ammonia. 

Armstrong et. al. (1978b) demonstrated that ammonia toxicity was not 

solely due to the unionized form of the molecule. They explain that at 

higher pH (8.4) the toxicity results from copious diffusion of NH3 into 

the larvae and at lower pH (6.8) the toxicity results from competitive 

inhibition of Na + transport by NH4 +. The pH measured in experiment V 

remained relatively constant (~.25) so any affects of ammonia on the prawn 

probably acted in both of the mechanisms found by Armstrong. 

The concentrations used in this study are approximately 3 to 4 orders 

of magnitude larger than those found in previous experiments. It should 
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be realized that concentrations of ammonia as high as those found in 

Experiment V would never be seen in the natural environment. These 

studies are not meant to be extrapolated to the pond setting, but are to 

be used as a model of what can be expected when an animal is subjected to 

two stressors. 

An important physiological response that was measured in these 

studies was that of body water. Body water is important as it is the 

major solvent in biological processes. It was found in these studies that 

body water increased as the water temperature increased. An interesting 

corallary is that higher concentrations of electrolytes (Na+ and Cl-) 

were found in prawns held at higher water temperatures (Akita, 1981). 

These results might be expected for mammalian systems that have evolved 

evaporative cooling, but seem to be curious for an aquatic poikilothem. 

Ihe size animal that was being used is small enough, that keeping each 

individual animal separate all the time that it was near impossible. For 

this reason individual weight regressions were not used and temperature 

group means were submitted. 

Al though molt numbers were counted -there was enough variability in 

the frequency that no significant differences were seen be-tween the 
/ 

temperature groups. This made weight gain per molt disproportional and so 

weight gain per week was chosen as the rate measurement. 

Animal length was measured but not analyzed to the degree that the 

weight measurements were. Malecha (1980) described a mathematical 

relationship between weight and length. This relationship fit for many of 

our animals although a large amount of variability was seen. Most of the 

variabU ty seen can probably be attributed to the experimental design, 

specifically sample size. 
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In the proposal to this research the question of whether weight loss 

was due to stress or increased activity and/or decreased feed 

consumption. From the behavioral observations, it can be said that the 

prawns held below the optimum grew slower due to decreased feed 

consumption. The prawns held above the optimum appeared to be in a state 

of stress as they were very active and very irritable. Since there was no 

measurement to indicate that the activity level was due to stress, the 

weight loss must be contributed to the increased activity level. The 

prawns held at the optimal water temperature grew the fastest. This was 

obviously due to a favorable balance between feed comsumption, metabolic 

rate and activity level. 

Applying two sublethal stressors to the prawns did not have an 

additive or synergistic effect on the growth rate of the prawns. Rather, 

the relationship between water temperature and ammonia concentration and 

growth rate can be summarized by the equation: 

z = .889 - .026x - .117y 

where z = the growth rate 

x = the mean water temperature 

y = the mean unionized ammonia concentration 

and a, b, and c are constants. 
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CONCLUSIONS 

1. Unfed prawns held in aquaria lose weight faster at higher water 

temperatures ()290 C) than at lower water temperatures (29°C). 

2. Fed prawns held in aquaria grow at a faster rate at an optimal 

temperature range (26-29 0 C) than at temperatures above and below the 

optimal range. 

3. Prawns held in higher water temperatures (>290 C) have less body water 

and were behaviorally more active than prawns held at lower water 

tempera tures « 29°C) • 

4. The growth rate of prawns subjected to two subliminal (nigh ammonia 

concentration and high water temperature) stressors is a continuous 

function of water temperature and ammonia concentration, for the 

range of water temperatures used in this experiment; and more 

importantly, the effects of water temperature and ammonia 

concentration on growth rate are independent. 
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Appendix I 

Table 7 

Experiment I. Weight versus Time Regression 

Weight = a + b (Time) 

0 Temperature C Slope y-Intercept Correlation 

34.3 + .80 -0.25 7.62 .71 -
32.1 + .54 -0.26 8.03 .997 -

27.97 + 1.00 -0.16 8.49 .79 

28.04 :t 1.43 0.35 6.59 .89 

22.96 + .82 -0.11 5.67 .89 

Table 8 

Experiment II. Weight Versus Time Regression 

Weight = a + b (Time) 

Temperature-%. Slope y-Intercept Correlation 

33.42 :t .59 .01 7.93 .04 

31. 03 :t .55 .09 8.71 .85 

29.16 + .51 .32 8.21 .94 

27.32 + 1.13 • 15 8.55 .96 -
24.85 + .34 .19 7.81 .96 

22.88 + .54 .12 8.08 .95 
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Table 9 

Experiment III. Weight versus Time Regression 

Weight = a + b (Time) 

Water b 
2 

a r 

TemperatureoC Slope y-Intercept Correlation 

34. 12 :t. .54 .06/.09 4.01/4.53 .701.88 

31. 67 :t. .85 .12/.16 3.87/3.63 .851.93 

27.98 :!: .54 .09/.22 3.95/3.35 .88/.77 

26.00 + .43 .14/.29 4.53/3.58 .921.997 -
22.42 + .50 .03/.06 4.26/4.21 .941.997 -

Table 10 

Experiment IV. Weight versus Time Regression 

Weight = a + b (Time) 

Water b 2 a r 

0 Temperature C Slope y-Intercept Correlation 

33.36 :t. .67 -.19 34.86 .40 

31.21 :t. .82 -.17 37.34 .64 

29.15 :!: .74 .05 34.24 .09 

27.08 :!: .46 .04 35.45 .12 

25.17 :!: .95 -.20 34.73 .67 

21. 62 + 1.00 -.15 33.20 .83 
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Appendix II 

Table 11 

Proximate and Mineral Analysis of Feed 

Dry Crude Crude Crude 
Matter Moisture Protein Fat Fiber 

Dry Matter Basis, % 

Experiment II 40.9 14.5 6.7 
Experiment III 40.6 14.4 6.6 
Experiment IV 45.9 9.8 5.8 
Experiment V 45.6 10.1 5.8 

As Sam,Eled, % 

Experiment II 89.7 10.3 
Experiment III 89.6 10.4 
Experiment IV 86.7 13.3 
Experiment V 86.7 13.3 

Phos,Ehorus Potassium Calcium Magnesium Ash Sodium 

Dry Matter Basis, % 

Experiment II 1.45 0.99 2.77 0.32 16.0 1.22 
Experiment III 1.44 0.99 2.79 0.32 15.8 1.25 
Experiment IV 1.50 1.20 2.94 0.31 16.4 1.05 
Experiment V 1.50 1.13 2.98 0.29 16.3 1.09 

Manganese Iron CO,E,Eer Zinc 

Dry Matter, Basis ,E,Em 

Experiment II 66 388 8.5 123 
Experiment III 65 363 8.0 128 
Experiment IV 70 460 9.0 60 
Experiment V 72 460 11.0 64 



Dissolved 
Experiment Oxygen 

Number EN (EEm) 

I 7.74 .:t .05 7.23 .:t .50 

II 7 .64 .:t .06 7. 47.:t .47 

III 7.55.:t .06 7. 35 .:t .61 

IV 7. 68 .:t .07 7.21 + .49 

V 7.48 + .25 7. 29 .:t .54 

Appendix III 

Table 12 

Quality Control Measures 

caC0
3 NH4+ NH3 

(EEm) (EEm) (EEm) 

.074 1.3XIO-3 

.026 1.3xlO-3 

.048 1.2xlO-3 

26.2 .057 1.5xlO-3 

25.7 See Table 3 

N02-N0
3 

Flow Rate 

(EEm) ml min 

.47 150 

.48 150 

.46 150 

.49 150 

.01 

Turnover 
Time 

Hours 

3.56 

3.56 

3.56 

3.56 
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