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ABSTRACT 

Sex-specific nutritional requirements for crude protein and 

fat were demonstrated in cultured (Fl) Penaeus stylirostris brood 

stock. Female shrimp required diets which had higher protein (32 

versus 27%), lower fat (2.5 versus 3.9%), higher protein/calorie 

ratios (8.5 versus 6.8 % protein/kcal/g) and much higher protein/fat 

ratios (15.4 versus 7.8 % protein/% fat) than males. These studies have 

also demonstrated a nutritional demand corresponding to the onset of ovarian 

maturation, a phenomenon which was explained as a reduction in growth 

rates at the attainment of 30 to 35 g in shrimp fed deficient diets. 

Both the quality and the quantity of dietary fat were shown to 

affect the growth of ]?. stylirostris brood stock. Male growth was 

positively correlated with the quantity of eicosapentaenoic acid 

(20:5 >s3) in the diets. The females were not affected by the types of 

fatty acids in the fat; they were influenced more by the quantity of 

fat, i.e., as the fat level of the diet increased, the growth decreased. 

Cold extrusion feed (CEF) diets supplemented with squid, and 

diets which included squid as one of the ingredients in the formulation, 

were found to stimulate better growth in both male and female brood 

stock as compared to CEF diets of equal protein and fat content without 

squid. The protein/fat ratio, as well as the content of polyunsaturated 

fatty acids (PUFA), were suggested to be responsible for the improved 

growth. 

xi 



xii 

Comparisons were made between the quality of spawns from wild 

P_. stylirostris matured in captivity (PI) and F1 shrimp. Protein levels 

of the eggs did not correlate with either the number of eggs spawned or 

the eclosion rate. The number of the eggs spawned was correlated 

positively with the levels of eicosaenoic acid (20:1 co9) in both PI and 

F1 eggs, and correlated negatively with linoleic acid (18:2 0)6) in PI 

eggs only. 

Spawning times were reported to occur later in the evening as 

summer approached. A significant, negative correlation was observed between 

the elapsed time from copulation, i.e. , collection of fertilized shrimp to 

spawning and eclosion rate. Also, a significant positive correlation was 

observed between the number of spawns which contained eggs which did 

not hatch, and the elapsed time from copulation to spawning. 

The number of eggs spawned and the eclosion rate were found to 

be higher in PI shrimp as compared to F1 shrimp. Also, first breeding 

season spawners (FBS) had better quality spawns than second breeding 

season (SBS) spawners, i.e., more eggs with higher eclosion rates. A 

general reduction in the quality of the spawns was therefore implicated 

as a result of the culture conditions. Multiple spawning behavior was 

observed and there appeared to be no qualitative or quantitative dif

ference between spawns. 

Tank size and shape were demonstrated to affect the onset of 

ovarian development and the transfer of the spermatophore. A minimum 

of three meters was thought to be required for the development of the 

ovaries and the successful transfer of the spermatophore. 



CHAPTER 1 

INTRODUCTION 

Over forty years have passed since Hudinaga wrote his treatise 

on the extensive (pond) culture of Penaeus japonicus [1]. Since then, 

many species of penaeid shrimp, spawned from wild brood stock, have 

been successfully cultured (Table 1). This success has encouraged 

research into the behavioral aspects of sexual maturation and spawning, 

and the nutritional components of ovarian development and larval pro

duction of cultured brood stock. Aspects of the reproductive biology 

of penaeid shrimp which have received attention are: nutrition 

[2-10], water quality [4, 11, 12], stress [4, 9, 13], conditions of 

the culture environment [2, 4, 5, 6, 9, 12, 14], hormonal milieu 

[4, 5, 7, 9, 10, 15, 16], and phases of the moon [20]. Despite this 

effort, the requirements for consistent, successful reproduction 

under intensive (laboratory or controlled) culture conditions remains 

a mystery. 

A major hurtle to economical culture of penaeid shrimp are 

quality spawns, i.e., spawning which can be stimulated as needed 

and which produce large numbers of eggs with high eclosion rates 

(hatching rates) and low mortalities of the ensuing nauplii and larvae. 

Understanding the reproductive behavior and the nutritional requirements 

1 



Table 1. Cultured species of penaeid shrimp 

2 

Species Locality (source) Reference 

Penaeus aztecus Gulf of Mexico 

P. californiensis Gulf of California 

Z* duorarum 

_P. indicus 

_P. japonicus 

P^ kerathurus 

_P. merguiensis 

P• monodon 

]?. orientalis 

P^. pleb.jus 

P. setiferus 

P̂ . stylirostris 

P. vannamei 

Florida 

India 

Japan 

Italy 

Tahiti 

Phillipines 

Korea 

Australia 

Gulf of Mexico 

Gulf of California 
Vera Cruz 

Vera Cruz 

Aquacop [2], 
Duronslet et al. [21] 

Moore et al. 
[3] 

Cummings [22] 

Primavera [4] 

Hudinaga [1], Hudinaga 
and Miyamura [23], 
Laubier-Bonichon and 
Laubier [14] 

Lumare [16] 

Beard, Wickins and 
Arnstein [11], 
Aquacop [2] 

Primavera [4, 17], 
Primavera and Posadas [24], 
Aquacop [2, 8, 13], 
Santiago [25] 

Arnstein and Beard [18] 

Kelemec and Smith [16] 

Lawrence et al. [5], 
Conte et al. [19], 
Duronslet et al. [21], 
Johnson and Fielding [26] 

Salser et al. [27], 
Aquacop [10, 13], 
Conte et al. [19] 

Aquacop [10, 13] 
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of penaeid shrimp reared under culture conditions would aid in achiev

ing quality spawns. 

Research at the University of Arizona and the University of 

Sonora's intensive shrimp culture (ISC) facility in Puerto Penasco, 

Sonora, Mexico began in the early seventies and ended in June 1981. 

Feeds were formulated to produce good growth with low mortalities of 

larvae and juvenile shrimp [28, 29]. Larval shrimp were obtained from 

eggs spawned by P_. californiensis caught as immature adults and reared 

to sexual maturity in concrete, PVC-lined raceways housed in inflated 

greenhouses [27]. The conditions under which sexual maturation oc

curred were as follows: water temperature and lighting were set to 

imitate summer conditions, 27 to 29°C and 14 h Light:10 h Dark (14L: 

10D), respectively; commercial flake diets were supplemented with raw 

shark [3]; and algae were allowed to grow within the raceways and 

provided a mat that the shrimp could feed on between meals. P_. 

stylirostris was later cultured under the same environmental conditions 

except cold extrusion feed (CEF) diets were supplemented with squid. 

Sexual maturation and spawning of wild (PI) , then first (Fl) and second 

(F2) generation brood stock were achieved. However, there still 

remained the problems of inconsistent reproduction with poor-quality 

spawns. 

The environmental requirements for reproduction in cultured 

penaeid shrimp have included water temperatures of 25-30°C, salinities 

between 22 and 36 ppt, photoperiod and light intensity resembling 

summer conditions, pH levels varying from 7.5-8.3, and various types of 
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substrates depending on the requirements of the species for burrowing 

(Appendix 1). Water quality was kept such that waste products were 

low and oxygen concentrations high. Growth and survival of nauplii 

spawned from P. japonicus were severely affected by water quality [30], 

and Brown et al. [6] reported larger, more successful spawns by P_. 

setiferus reared in tanks rather than lagoons: more stable environ

mental conditions were suggested to play a role in this improvement. 

Preliminary experiments were conducted to determine the effect 

of variations in the pH of the spawning medium on the quality of P̂ . 

stylirostris spawns. Initially, pH levels below 7.5 were demonstrated 

to adversely affect the eclosion rate of the eggs. However, after 

increasing the total number of spawns studied (n = 90), there did not 

appear to be any difference between spawns that occurred in water 

which ranged in pH from 6.8 to 8.5. Since other environmental condi

tions of the reproduction raceways were maintained at levels conducive 

to sexual maturation and spawning, no further work on environmental 

requirements for reproduction of P^. stylirostris was conducted at the 

ISC facility. 

It should be noted that unlike the research which has been 

conducted on the laboratory white rat, variations about the means of 

experimental results are usually large in shrimp experiments, even 

under controlled conditions. This is thought to be due to the large 

number of unknowns for culturing penaeids and also due to the hetero

geneous makeup of the experimental populations. Therefore, large 



sample populations are needed for determining significant differences 

between treatments. In this investigation sample populations depended 

on availability of shrimp. The largest sample size was used whenever 

possible. 

5 

In order to enhance the amount of data obtained from the exper

iments, a method to uniquely identify each individual was instituted. 

Toggle tagging has been used by Penn [31] for mark-recapture experim

ents on the penaeid shrimp~· latisulcatus, and Primavera [4] placed 

numbered brass tags around the eye-stalk of P. monodon used in multiple 

spawning experiments. In this study, numbered monel metal bands were 

found to be the tag of choice since they were permanent and non

destructive, could be used on a variety of sizes of shrimp, survived 

saline conditions, were retained between molts, could be easily applied 

in the field, and unambiguously identified each individual (Figure 1). 

Determining the specific nutritional and behavioral require

ments of the sexually maturing shrimp were thought to be pertinent to 

eliminating the problems of inconsistent reproduction and variability 

in the quality of spawns. Therefore, studies were conducted on brood 

stock P. stylirostris to determine: (1) the spawning behavior from 

which to establish base-line reproduction characteristics; (2) the 

nutritional requirements for crude protein and fat; (3) the factors 

in squid which are responsible for the improvement in growth and the 

enhancement of ovarian maturation; (4) the relationship between the 

dietary fatty acid composition and growth; and (5) the relationship 



Figure 1. Penaeus stylirostris tagged with a numbered monel tag. -
Photo courtesy of Alex Kerstich. 

0\ 



between the protein and fatty acid composition of the eggs and the 

quality of the spawn. 

This study was divided into two parts: Chapter 2 describes 

some behavioral components of reproduction, while Chapter 3 relates 

experiments conducted to determine the nutritional components of 

reproduction in P_. stylirostris (Stimpson) reared under controlled 

environment condition. 



CHAPTER 2 

BEHAVIORAL COMPONENTS OF REPRODUCTION 

Introduction 

Hudinaga [l] was the first to describe the copulatory and 

spawning behavior of the penaeid shrimp, japonicus. Many other 

authors have similarly described reproduction in other penaids (Appen

dix 1); as an example, the sexual behavior of P. stylirostris is 
I 

described below: 

. . . Some males begin to swim actively in the tank. With 
their antenna [sic] scales they delicately lift the females 
and force them to move, then follow them in a ventral posi
tion, their short feelers situated at the level of the 
posterior part of the female thorax. Each couple swims in 
concert, the male carrying out rapid oscillations of the 
anterior part of the thorax, with the abdomen slightly 
arched (phase 1). At a given moment the male turns back, 
and swimming on its back, firmly seizes the shell of the 
female with its legs and rapidly projects the posterior 
part of its thorax upwards, the abdomen being completely 
arched (phase 2), while carrying out a 90 rotation which 
places it perpendicular to the female who continues to swim 
(phase 3). The spermatophores are put in place during 
phase 2 and 3, which are very brief, some tens of seconds 
Next the males immediately separate from the females. . . 
[13, p. 12]. 

Once copulation has occurred the female spawns. 

Spawning in penaeid shrimp can be categorized as season-

dependent or season-independent, i.e., year-round, depending on the 

species, the geographical location, and culture conditions if 

laboratory-reared. Hudinaga and Miyama [23] demonstrated the 

8 
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following the relationship between season and spawning with~- japonicus: 

spawning occurred later in the evening as the season progressed from 

May to September. For both P. californiensis and P. stylirostris, a 

single prominent spawning season occurs in the spring and a lesser 

breeding period occurs in the fall [32]. 

Courtship and mating behavior were found to begin as early 

as 1400 h on cloudy days or just as sunset on bright days. It could 

last up to three hours [2]. Spawning behavior in some species of 

penaeid shrimp occurred between 2000 and 0100 h [31]. At the ISC 

facility, shrimp reproduce and spawn year-round. What effect this 

alteration of the "natural" schedule has on reproduction was not known. 

Multiple spawning behavior under natural and semi-controlled 

conditions has been reported for f. stylirostris [13] , ~- monodon [25], 

P. duorarum 22 , Metapenaeus dobsoni [33], ~- indicus [33], Parapenaeus 

stylifera [33], M. monocerus [34], f· merguiensis[ll], ~- latisculatus 

[31], and~· orientalis [18]. There has been only one report of 

multiple spawning behavior occurring in P. stylirostris reared under 

intensive culture conditions [35] . 

At the ISC facility, reproduction of P. californiensis and P. 

stylirostris has only been observed to occur in raceways (23 mlong x 

3m wide x 0.5 m deep). P. setiferus, in a study by Brown et al. [21], 

achieved ovarian maturation and spermatophore transfer in a 3 m 

diameter tank at a stocking density of 6.5 shrimp/m2 . Spatial effects 

on reproductive behavior have not been previously investigated, al

though reference to its significance has been mentioned in several 

publications [4, 10, 13, 19, 26]. 
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The purpose of this investigation was to determine: (1) the 

base-line reproductive characteristics of PI and F1 brood stock, i.e., 

their spawning behavior, multiple spawning behavior, the nocturnal 

variation of spawning; and (2) the effects of culture conditions, i.e., 

spatial effects, and genetic history on the quality of the spawns. 

Materials and Methods 

All experiments in this entire study were conducted at the ISC 

facility in Puerto Penasco, Sonora, Mexico. The shrimp in these stud

ies. were either wild (PI) P_. stylirostris brood stock collected from 

the Gulf of California and reared to sexual maturity in the raceway 

systems or cultured (Fl) P^. stylirostris reared from eggs spawned from 

wild stock. 

Shrimp were all fed a CEF diet consisting of wheat, shrimp meal, fish 

meal, marine oils, vitamins and binders, and having a proximate analysis of 

30% protein, 3.0% fat, 3.6% fiber, and 3925 kcal/kg. The diet was supplemented 

with frozen squid cut up into pieces and fed at 50% of total feed given daily. 

They were observed either nightly or every third night for ovarian maturation. 

Water temperatures, pH, salinity, and light/dark cycle were 

maintained at 27-29°C, 7.0-7.8 pH, 38-40 ppt, and 14L:10D, respec

tively. Flow rates were set to insure removal of waste products and 

maintenance of saturated levels of oxygen. 

Base-Line Reproduction Characteristics 

Since Penaeus stylirostris have an open thelycum, they do not 

need to molt before fertilization and usually copulate within a few 
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hours prior to spawning [13] . Optimum collection time for gravid fertil

ized shrimp has been reported to be from one-half to one hour past sunset 

[13]. Therefore, collection of gravid females for the base-line repro

duction information was conducted from one-half to one hour past 

sunset and continued until gravid animals were no longer available. 

Collections were made by one person who would enter a raceway 

and, using a underwater flashlight, shine a beam of light perpendicular 

to a passing shrimp. Because ]?. stylirostris is fairly transparent, 

opacification of the ovary or presence of the spermatophore could be 

easily seen when the shrimp was illuminated. 

If spawning was anticipated, the particular shrimp showing 

ovarian development and the presence of a spermatophore was removed 

from the raceway and placed in a fiberglass 60-Jl spawning tank, 

which was preheated to 28-29°C either by the use of heated seawater 

or by placing an aquarium heater in each tank. Two air stones were 

placed into each spawning tank to keep the static water aerated. 

Hourly observations of shrimp in the spawning tanks were made to 

determine time of spawning. 

The number of eggs spawned and the eclosion rate were deter

mined the following day. The spawners were removed, weighed, and 

returned to their original raceways. The water in the spawning tanks 

was gently agitated in order to suspend the spawned eggs which were 

deposited on the bottom of the tank. Multiple 1:1000 aliquots of the 

now-homogeneous mixture of seawater and eggs were taken with a 60 ml 

beaker and transferred into a 250 ml incubation beaker. The eggs were 
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counted using a dissecting microscope. Samples of eggs were reduced 

to 200/beaker, and the beaker containing the eggs was transferred into 

a hatch tank. The hatch tank was constructed of wood and lined with a 

PVC plastic liner. A plywood board with holes cut out to accept the 

incubation beakers was floated into the water-filled tank. Air mani

folds supplied each beaker with air via a Pasteur pipet connected by 

an air line. The water in the hatch tank was maintained at 27-29°C 

by the use of aquarium heaters. The percent of eggs which hatched into 

nauplii was reported as the eclosion rate. 

The eggs that remained in the spawning tank were collected by 

careful draining of the water through a series of sieves which varied 

in mesh.size. This accomplished both the complete collection of the 

eggs and the removal of debris, both follicular and fecal, from the 

collection. The eggs were then quick-frozen to -140°C, lyophilized 

and stored at -20°C. These eggs were used for subsequent biochemical 

analysis. 

The number of eggs spawned and eclosion rate of the eggs from 

shrimp in two different raceways were determined over a period of six 

months. One of the raceways contained shrimp in their first breeding 

season (FBS) and the other raceway contained second breeding season 

shrimp (SBS). Spawning time was defined as the time of day that 

spawning occurred, and elapsed time was defined as the amount of time 

elapsed between collection, i.e., copulation and spawning. Correla

tions between the spawning time and elapsed time and the quality of the 

spawn were investigated. 
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For the multiple spawning experiment, the spawned shrimp were 

tagged around the eyestalk and returned to their respective raceways 

in the morning. There was no way to determine if the shrimp had 

spawned before data was collected since the raceways were usually 

stocked with over 200 shrimp. Therefore, the "next" spawn refers to 

the spawn which was recorded after the shrimp was initially tagged. 

Changes were noted in the total number of eggs spawned and the amount 

of eggs hatched in the "next" spawn. The studies were conducted from 

January through March. Differences between values were determined by 

the use of the Students' t test or ANOVA [36]. 

Spatial Requirement 

Four types of tanks were tested for their influence on sexual 

maturation and spawning: 1.5 m diameter, 1100 i round tanks; 1.8 m 

diameter, 1500 Z round tanks; 1.5 x 1.0 m, 5000 I rectangular parti

tioned mini-raceways; and 5.9 x 1.0 m, 20,000 5- rectangular unpartitioned 

mini-raceways. The stocking densities for the round tanks were 1.0 kg/ 

2 
1000 I or 22 shrimp/m for the small round tanks, and l'.O kg/1000 % or 

2 20.5 shrimp/m for the large round tanks. The stocking densities for 

2 
the rectangular mini-raceways were 0.14 kg/1000 & or 1.3 shrimp/m for 

2 
the partitioned mini-raceways, and 0.25 kg/1000 ~ or 3.2 shrimp/m for 

the unpartitioned mini-raceways. The final stocking densities for the 

rectangular raceways remained the same; however, due to mortalities, 

the final stocking densities of the round tanks were to 0.7 kg/1000 & 

2 2 
or 8.3 shrimp/m and 0.8 kg/1000 'I or 9.2 shrimp/m in the small and 

large round tanks, respectively. 



14 

Results 

Base-Line Reproduction Characteristics 

Eclosion rates for February and March were statistically dif

ferent between the FBS spawners and the SBS spawners (Table 2). The 

number of eggs spawned were not significantly different between the 

two groups (Table 3). It was also noted that the SBS spawners were 

significantly heavier than the FBS spawners (Table 4). 

The change in the number of eggs spawned as a function of the 

change in weight was similar between the FBS and SBS spawners (20.4 

versus 14.2 for the FBS and SBS spawners, respectively, Figure 2). 

Also, there were high correlation coefficients, r, between the number 

of eggs spawned and the weight of the spawners (r = 0.91 and 0.86 for 

the FBS and SBS spawners, respectively). SBS spawners spawned numer

ically more eggs per spawn than the FBS spawners, possibly due to 

their larger size. 

The rate of increase in eclosion rate over time in FBS shrimp 

was twice that observed for SBS shrimp (Figure 2). This suggests an 

improvement in eclosion rates in the FBS shrimp as the season pro

gressed towards summer (Figure 3). The correlation of eclosion rates 

with time in the FBS shrimp was much higher (r = 0.96) than in the SBS 

shrimp (r = 0.60). A possible explanation for the low correlation was 

the observation that in March, eclosion rates for the SBS shrimp were 

zero (Table 2 and Figure 3). In a related study in which PI and F1 



Table 2. Comparison of the eclosion rates of eggs spawned from 
first and second breeding season Penaeus stylirostris 
during January through April 

- - - - - Eclosion Rates (%)1 - - - - - - - -
Month First Breeding Season 2 Second Breeding Season 

January 3 12 + 25 5 + 8 

February 29 + 3la 12 + 2lb 

March 30 + 35a ob 

April 47 + 21 29 + 6 

1. Values across rows with different superscripts are significantly 
different as determined by the Students' t test (p < 0.05). 

2. n (First Breeding Season) = 90 shrimp 

n (Second Breeding Season) = 22 shrimp. 

3. Values are means plus or minus standard deviations, 
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Table 3. Comparison of the number of eggs spawned by first and 
second breeding season Penaeus stylirostris during 
January through April 

- - - - Number of Eggs Spawned (in 1000's) - - - -
1 2 

Month First Breeding Season Second Breeding Season 

January"^ 108 + 86 180 + 109 

February 158 + 88 218 + 196 

March 158 + 90 208 + 125 

April 177 + 111 231 + 132 

1. n = 90 shrimp. 

2. n = 22 shrimp. 

3. Values are means plus or minus standard deviations. 



Table 4. Comparison of the weights of first and second breeding 
season Penaeus stylirostris during January through April 

Month 

3 January 

February 

March 

April 

First 

- - - - - - -Weight 

Breeding Season 2 

54 + 7a 

59 + sa 

69 + 15a 

66 + sa 

1 
(g) - - - - - - - - - -

Second Breeding Season 

89 + 14b 

93 + 6b 

87 + 9b 

92 + 9b 

1. Values across rows which have different superscripts are 
significantly different as determined by the Students' t test 
(p 2. 0.05). 

2. n (First Breeding Season) = 90 shrimp 

n (Second Breeding Season) = 22 shrimp. 

3. Values are means plus or minus standard deviations. 
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shrimp reproduction statistics were compared, it was found that the 

number of eggs spawned was significantly higher for the two months 

observed in PI shrimp when compared to F1 shrimp of the same weights. 

Eclosion rates were significantly different in June only (Table 5)• 

The majority of spawns occurred between 2200 and 2230 h in 

January, and 2300 and 2330 h in both February and March (Table 6). 

Except for February, the spawning time at which most spawns occurred 

was the same time in which the highest mean value for the number of 

eggs spawned was observed. Eclosion rate was also highest during the 

time of evening in which the majority of spawns occurred—January and 

February only. 

When the elapsed time was used to measure the effect of noc

turnal variation in spawning time on the quality of the spawns, it was 

found that the eclosion rate was negatively correlated with elapsed 

time (r=-0.56, o £ 0.001, Figure 4). Also, the number of eggs spawned 

was not correlated with elapsed time (Figure 5)• 

When eclosion rates for each month were singled out and com

pared to the elapsed time from copulation to spawning, the same general 

relationship that was observed for the overall eclosion rates was 

observed for each monthly eclosion rate; i.e., as more time elapsed 

from collection to spawning the eclosion rate decreased significantly 

(Figure 6). The proportion of failed spawns (zero eclosion rate) was 

plotted against the elapsed time and a highly significant positive 

correlation was revealed (r = 0.94, p <_ 0.01, Figure 7). 
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Table 5. Comparison of the number of eggs spawned, eclosion rate, 
and weight of PI and F1 Penaeus stylirostris brood stock 
over a two-month period 

t 

Number of eggs spawned 
(in 1000's) 

Eclosion rate (%) 

Weight (g) 

June 

Number of eggs spawned 
(in 1000's) 

Eclosion rate (%) 

Weight (g) 

PI* F1 

303 + 177 

47 + 32 

71 + 10 

92 + 34 

51 + 45 

73 + 12 

231 + 164 

44 + 36a 

70 + 9.5 

122 + 105 

26 + 31b 

71 + 12.3 

1. Values across rows which have different superscripts are signific
antly different as determined by Students' t test (p <_ 0.05). 

* n (PI) = 67 shrimp 

n (Fl) = 27 shrimp. 

+ Values are means plus or minus standard deviations. 



Table 6. Number of eggs spawned and eclosion rate as a function of spawning 
time and month 

Spawning 
Time (h): 

Month 

2100 2200 2300 2400 0100 0200 AM1 

Number of Eggs Spawned (in 1000's) 

January"*" 205+201 226+148 225+101 213+224 110+89 196+152 

n = 3 7 3 5 6 13 

February 182+104 179 308+8 152 34 

n = 7 1 3 1 1 

March 204+90 238+91 127+73 237 129+75 134+103 

n = 6 10 7 1 3 10 

Eclosion Rate of Eggs (%) 

January 35+32 53+28 4±7 35+27 10+16 0 

n = 4 7 3 5 6 12 

February 72+11 24 18+32 0 

n = 7 1 3 3 

March 69+24 14+26 . 17+30 0 6+10 6+14 

n = 6 10 7 1 3 9 

1. AM = spawns which occurred later than 0300 hours. 
2. Values are means plus or minus standard deviations. 
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Multiple spawning was investigated in P. stylirostris. Fif

teen cases of multiple spawning were observed in this experiment (five 

are reported in Table 7). In this small sample, the number of eggs 

spawned and the eclosion rate showed no clear pattern of increase or 

decrease between one spawn and the "next." The "next" spawns occurred 

as early as 6 days to as long as 42 days from the first reported spawn. 

Spatial Requirements 

No ovarian development occurred in either of the round tanks 

over the 5.5 month period. In another 1500 ~ tank, ovarian matura

tion was observed at a later date. Spermatophore development appeared 

normal in the males maintained in the round tank; however, there were 

no signs of mating behavior or spermatophore transfer throughout the 

observation period. Ovarian development occurred in both the parti

tioned and unpartitioned mini-raceways. Spermatophore transfer and 

spawning only occurred in the unpartitioned raceways. 

Discussion and Conclusion 

Reproduction characteristics were determined to set a base

line for future experiments on the effects of various treatment regimes 

on the known reproductive rates of both Pl and Fl spawners. The re

sults of this study indicated that the quality of the spawns decreased 

due to culturing, i.e., Pl spawns were larger and had significantly 

greater eclosion rates than Fl spawns. This phenomenon was further 

supported by the observation that the number of eggs spawned by Fl 

brood stock was numerically higher in SBS spa~vners, but the eclosion 
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Table 7. The number of eggs spawned, eclosion rate and the elapsed 
time between spawns of individual Penaeus stylirostris 
reared under controlled environment conditions 

- - - Initial Spawn"'" - - - - - - -"Next Spawn1 „2 

Number of Eggs 
Spawned 

(in 1000's) 

Eclosion 
Rate 
(%) 

Number of Eggs 
Spawned 

(in 1000's) 

Eclosion 
Rate 
(%) 

Elapsed 
Time 
(days) 

207 0 310 0 6 

120 T 102 0 42 

121 0 117 51 14 

179 24 243 T 16 

0* 0 170 18 16 

1. Each spawn represents one animal. 

2. The shrimp could have spawned, unobserved, in the raceways; 
therefore, the "next" spawn was defined as the next detected 
spawn. 

* Spawn did not include eggs, only follicular tissue. 

t Temperature of the hatching tank fell below 25°C; therefore, no 
eggs hatched. 
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rate was significantly lower than FBS spawners. This improved quan

tity of eggs may simply reflect the greater size of the SBS shrimp. 

P_. stylirostris also appeared to spawn later in the evening 

as its "normal" breeding season approached, with the highest propor

tion of successful spawns occurring from one to three hours after 

collection. The terms, collection and copulation, could have been 

interchanged in this study, since it has been demonstrated that copu

lation in penaeids occurs from one-half to one hour after sunset [13] 

and in all cases the shrimp were collected within an hour of sunset. 

Multiple spawnings in .P. stylirostris and P_. vannamei were 

reported to occur from within 5- to 8-day intervals and for P_. monodon 

at approximately one-month intervals [10]. Similarly, Aquacop [10] 

reported that 14 P_. stylirostris spawned 46 times in two months and 

6 ]?. monodon spawned 18 times in 3 months. Therefore, the observed 

ovarian regeneration time of six days probably marks the lower limit 

for _P. stylirostris reared in a controlled environment aquaculture 

system. Martosubroto [34] suggested that more eggs might be produced 

in successive spawnings, a fact which was not demonstrated here, but 

might be explained by the increase in weight of the maternal parent. 

Tank size and tank shape were demonstrated to influence the 

quality of the spawned eggs, the onset of ovarian maturation, and the 

transfer of the spermatophore. It appears that although density and 

shape requirements were fulfilled in the partitioned mini-raceways, 

there was still something lacking for spermatophore transfer to occur. 



Quite possibly, a minimum straight line "run" distance was required 

for successful transfer of the spermatophore. The small tanks not 

only limited a straight line "run," but it appears that the small 

2 
volume (1100 £,) and the high initial stocking (22 shrimp/m ) had an 

inhibitory effect on the development of the ovaries. A run distance 

of at least 3.0 meters is suggested for ovarian development and sper

matophore transfer. 



CHAPTER 3 

NUTRITIONAL COMPONENTS OF REPRODUCTION 

Introduction 

Nutritional requirements for some life stages of penaeid shrimp 

have been extensively investigated (see New [38] for the most recent 

bibliography on shrimp and prawn nutrition, and New [39, 40], and Wil-

kins [51] for reviews). However, there is a paucity of information on 

the nutritional requirements of shrimp of reproductive size [35, 42]. 

Studies in the area of nutrition have typically focused on shrimp 

requirements for protein [28, 29, 43-51], fat [44, 45, 49, 52, 53, 54], 

carbohydrates [44, 45, 49, 55], vitamins [56-59], minerals [44, 45, 

59, 60], sterols [61, 62], and attractants [44]. One aspect of nutri

tion which has been neglected, however, concerns differences in 

nutritional requirements for each sex. 

A survey of the available literature on the reproduction of 

penaeid shrimp maintained under controlled aquaculture conditions re

vealed that in most cases a fresh or frozen marine food was used to 

stimulate ovarian maturation. Mussel (Mytilus edulis and Modiolus 

metcalfei) [4, 11, 14, 15, 16]; shrimp tail (Crangon crangon and 

Penaeus spp) [11, 15, 18]; troca meat (Trocus niloticus) [10, 13]; 

chopped raw shark [3]; trash shrimp and tuna fish [25] ; oysters, squid 

and polychaete worms [35, 63]; and frozen squid [13, 19] have all been 

31 
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used to stimulate ovarian development with varying degrees of success. 

Marine meats are an excellent source of protein [64] , and Middleditch 

et al. recommended supplementing diets for penaeid brood stock with 

annelids because of their high levels of polyunsaturated fatty acids 

and suggested "... strong circumstantial evidence to suggest that 

the 20:4, 20:5, and 22:6 acids are involved in some capacity in the 

reproductive process" [42, p. 65]. Therefore, it would appear that 

the ovarian development factor (ODF) and/or the growth factor lies 

within the protein and/or fat fractions of the marine supplement. 

Marine decapod zooplankton are capable of significant synthesis 

14 
of polyunsaturated fatty acids (PUFA) from labeled ( C) palmitic acid 

(16:0) [66]. However, limited biosynthesis of linoleic (18:2 co6) and 

linolenic (18:3 co3) and «3 long chain PUFA's have been demonstrated 

in penaeids [67] and enhanced growth has been observed with the addition 

to the diet of 18:2 co6 [68-73], 18:3 0)3 [68-74], eicosapentaenoic acid 

(20:5 gj3.) [69] and docosahexaenoic acid (22:6 oj3) [69, 70]. The ratios 

of specific groups of fatty acids (co3/cu6) have also been implicated as 

a factor responsible for growth effects of diets [73]. 

Nutritional deficiencies appear to play a role in the inhibition 

of ovarian development of penaeid shrimp [31]. A marginal diet might 

allow the ovaries to develop, but the quality of the developing eggs 

could suffer. Changes in the dietary lipid sources of penaeid shrimp 

have been shown to modify their fatty acid profiles [73, 75, 76]. Diet 

could, therefore, influence the fatty acid profiles of the fertilized 

eggs, a correlation which, to this date, has not been shown. 
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It was the purpose of this study to: (1) determine the sexual 

differences in the nutritional requirements for crude protein and fat 

of brood stock shrimp; (2) elucidate the factors in squid which are 

responsible for the improvement in growth rate and the stimulation of 

ovarian maturation; and (3) determine the influence of selected fatty 

acids on the growth and ovarian development of brood stock and correlate 

reproductive success with the biochemical profiles of the eggs. 

Materials and Methods 

First-generation (Fl) f· stylirostris reared from eggs group-

spawned at the ISC facility were grown to approximately 20 g in a 

growout raceway system before being transferred to an experimental 

reproductive physiology facility. Water quality parameters were main-

tained at: 0 temperature, 24-27 C; ammonia, 4-17 ppb; pH 7.0-7.8; salinity, 

40 ppt; and dissolved oxygen 5-6 ppm. Debris and excess algae were 

removed as needed. Photoperiod was ambient light conditions. Tanks 

were covered with shade cloths to reduce incident light by 25-50%, as 

dictated by their position in the facility. 

Sex-Specific Nutritional Requirements 
for Crude Protein and Fat 

Six hundred and forty shrimp were individually tagged around 

the eyestalk (males, left eyestalk; females, right) using monel bands, 

and twenty of each sex were placed into each of fifteen 1.5 diameter, 

1100 ~ round fiberglass flow-through seawater tanks at a stocking den

sity of 1 kg/1000 ~or 22 shrimp/m
2

. Diets were manufactured using 
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a cold extrusion process [28, 29] and were formulated to vary the pro

tein, fat and protein/calorie ratio as follows: protein 24-40%, fat 

1.5-5.6%, and protein/calorie ratio 5.4-10.0 (Table 8). Protein/fat 

ratios were also calculated (Table 8). Diets were compared to determine 

sexual differences in growth and survival. 

Survivor counts and individual weights were determined at 0, 

7, 11, 15, 20, and 25 weeks. Shrimp were fed 2.5% of their body weight 

per day, one-third in the morning and two-thirds in the evening. Anal

ysis of Variance (ANOVA) or the Students' t test was used to determine 

statistical differences [36]. 

Diet Supplements for Ovarian Maturation and Growth 

In an effort to eliminate crude protein and/or fat levels of 

the supplement as the factor responsible for stimulating ovarian matur

ation and growth, several diets with equal protein and fat levels were 

compared for their effects on growth, survival and ovarian development 

of P_. stylirostris. Diets were: (1) cold extruded feeds (CEF's) ; (2) 

CEF's supplemented with frozen squid; and (3) CEF's with freeze-dried 

squid as one of its components. 

Diets were separated into high-protein (60%) treatments, and 

low-protein (40%) treatments. The former included a CEF diet supple

mented with an equal proportion (1:1 dry weight) of frozen squid, a 

CEF diet alone, and a CEF diet which included squid at 50% (dry weight) 

of its ingredients (Table 9). The low protein treatments included a 

CEF diet supplemented with squid in 3:1 (dry weight) ratio, a CEF diet 

alone, and a CEF diet which contained 25% (dry weight) squid. Analyses 



Table 8. Composition of crude protein and fat diets. -- Protein/calorie ratio and 
protein/fat ratio were calculated. 
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9.2 

0.0 

Alpha 
Cellulose 

0.0 

0.0 

6.0 

0.0 

5.5 

0.0 

0.0 

0.0 

0.0 

0.0 

6.2 

0.0 

9.5 

0.0 

1.0.5 

Prot/Cnl Ratto 
(% Proteln/ 

l<cnl/g df<>t) 

7.6 

6.5 

9.5 

6.2 

6.3 

8.6 

9.0 

5.8 

8.6 

10.0 

5. '• 

7.4 

8.5 

7.4 

8.5 

I' rote lu/ Fat 
Ratio 
(%/%) 

1.0.0 

14.7 

2].] 

5.6 

15.3 

7.6 

2).] 

5.1 

7.8 

12.9 

6.7 

5.4 

2 J • '• 

1). 7 

9. 7 

L. All tllt~ts Hlf:m l~nntalned thP fnllnwln~ pn>portlons of lngredl<'nts: suu-d.-led shrltnpnH'al, 
t'l.O%; dried ~1c>nhadPn fish soluhlcs, 2.0:~; tricaldum pltospltatP, l.'i%; sotiJum alglnitlt•, L.O%; 
sodium hc~xametaphospltate, L.O%; anti a vltmnln premlx, 2.0% whlch provttiPB the following 
vitamins/kg final feed product: A, ltlt,052 l.U.; u3 , 6,608 [.tJ.; E, ft,406 l.ll.; ascot·hlc acid, 
lt,OOO mg; l'lhox.ycpdn, ])0 mg; dl!dlne chl.orlde, 220 mg; hlntin, l20 mg; niacin, l/6 mg; 
rl-pant:olht•ttlc acid, RB.2 m1~; rl.hoflavln, U1.J mg; tltfamln, 8.8 mg; pyrot!oxltw IICI, a.R mg; 
1111'11<1111 OIH'. H. n 1111~; anti u 12' l 7 ') "1' •• 

w 
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Table 9. Composition of squid supplement diets 

- - - - - - - - - -  -  I n g r e d i e n t s ^  ( %  C o m p o s i t i o n )  - - - - - - - - - - -

Wheat, Whole Soybean Menhaden Cod Liver Isolated Freeze-Dried 
Treatment Ground Oil Meal Fish Meal Oil Soy Protein Squid 

High Protein 

1. 1:1 CEF* diet: 
squid supplement 

2. CEF diet includes squid 
as 50% (dry weight) 

3. CEF diet alone 

Low Protein 

4. 3:1 CEF diet: 
squid supplement 

5. CEF diet alone 

6. CEF diet includes squid 
as 25% (dry weight) 

46.5 20.0 10.0 1.0 0.0 0.0 

10.0 0.0 0.0 2.2 15.3 50.0 

18.0 0.0 19.5 6.0 34.0 0.0 

49.6 16.0 10.8 1.1 0.0 0.0 

34.7 10.0 7.0 0.8 0.0 25.0 

26.0 20.0 18.0 3.5 10.0 0.0 

1. All diets also contained the following proportions of ingredients: sun-dried shrimp meal, 
15.0%; dried Menhaden fish solubles, 2.0%; tricalcium phosphate, 1.5%; sodium alginate, 1.0%; 
sodium hexametaphosphate, 1.0%; and a vitamin premix, 2 .0 which provides the following vitamins/kg 
final feed product: A, 44,052 I.U.; D3, 6,608 I.U.; E, 4,406 I.U.; ascorbic acid, 4,000 mg; 
ethoxyquin, 300 mg; choline chloride, 220 mg; biotin, 220 mg; niacin, 176 mg; d-pantothenic 
acid, 88.2 mg; riboflavin, 26.1 mg; thiamin, 8.8 mg; pyrodoxine HC1, 8.8 mg; menadione, 8.8 

mg; and Bj_2» 175 Mg. 

* CEF = cold extrusion feed. 
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of the protein and fat levels of the diets were done by an analytical 

laboratory (Agri Science Laboratories, Inc., Los Angeles, California), 

and the results are listed in Table 10. Protein/fat ratios were also 

calculated (Table 10). 

Two hundred ninety-four 37 g ~· stylirostris brood stock 

were placed, 46-60, into each of six 1.8 m diameter, 1600 ~ fiberglass 

flow-through tanks. Each shrimp was tagged around the eyestalk with a 

monel band. 

Survival, ovarian development and individual weights were 

determined at 0, 6, 10, 15, 19, and 24 weeks. Shrimp were fed 2.5% of 

their body weight per day, one-third in the morning and two-thirds in 

the evening. Those diets which were supplemented with frozen squid 

received the squid portion at mid-day in order to insure the complete 

consumption of the CEF portion of the diet. Students' t test and 

k~OVA were used to determine differences between values [36]. 

Dietary Fatty Acid Profiles and Biochemical 
Analyses of Spawned Eggs 

In this experiment, a determination was made of the influence 

of selected fatty acids on the growth and ovarian development of brood 

stock. Reproductive success was correlated with biochemical profiles 

of the eggs. 

Samples of the diets and shrimp eggs were stored in a deep 

freezer (-20°C) until analyses were conducted. Protein was determined 

by the colorometric method of Lowry et al. [77]. Fat content (%) of 

the diets was determined by extractions using chloroform-methanol-water 
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Table 10. Analyzed values for percent composition of crude 
protein and fat of the squid supplement diets. — 
Protein/fat ratios were calculated. 

Analyzed Values 
,b 

Squid Protein Fat Protein/Fat 
Treatment (%) (%) (%) Ratio (%/%) 

High Protein 

1. 1:1 CEF:squid 50 52 4.0 13 

2. CEF (50% squid) 50 62 3.1 21 

3. CEF 51 7.0 7 

Low Protein 

4. 3:1 CEF:squid 25 35 4.0 9 

5. CEF 40 5.0 8 

6. CEF (25% squid) 25 40 3.3 12 

a. Agri Science Laboratories, Inc., Los Angeles, California. Values 
for supplemented squid treatments are calculated on the basis of 
diet and squid. 

b. Squid contains 75% protein, 5% fat, and a protein/fat ratio of 15. 
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[78], then drying to constant weight. Fatty acids were determined 

using a gas liquid chromotagraphy (Varian Model 3700). Diet and egg 

lipid extracts were transesterified using the method of Doss and Oette 

[79], and one microliter of the fatty acid methyl esters in hexane 

was injected onto a column of 15% 0V 275 100/120 Chromosorb-PAW-DMCS 

(Supelco column) at 208°C with the injector and detector temperatures 

at 240 and 250°C, respectively. The fatty acid esters were detected 

by a flame ionization detector (FID). 

Results 

Sex-Specific Nutritional Requirements 
for Crude Protein and Fat 

Males fed diets containing 30% protein were unaffected by 

changes in the fat content of the diets; however, females, grew better 

when they were fed diets containing 3.0% fat, rather than 1.5 or 5.6% 

(Table 11). Similarly, when males were fed diets with 35% protein, 

they did not respond to changes in the fat content of the diets. 

Females did respond with better growth when they were fed 1.5 rather 

than 4.6% fat in their diets. In very few cases, survival of the fe

males were significantly lower than the males (Table 12, and Appendix 

2). Growth rates decreased when the females reached 35 grams if they 

were fed on the treatments which produced equal growth to males (Table 

13), and growth rates/treatment for the male shrimp did not change 

throughout the experiment. 

Sex-specific differences were detected in weight gain (Appen

dix 3). A composite diet was formulated which characterized all 
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Table 11. Sex-specific effects on growth (overall weight) as a 
function of the crude protein and fat levels of the diet 

Sex Overall Weight (g) 

Male 

Female 

Constant: 

Dietary Fat (%) 

1.5 

1.5 

- - Variable: Dietary Protein (%) - -

20 23 30 35 40 

38 + 4 

45 + 5 

39 + 3 

45 + 4 

Male 

Female 

3.0 

3.0 

38 + 3 

39 + 3£ 

40 + 3 

50 + 3 

40 + 4 

46 + 3 

Male 

Female 

4.5 

4.5 

35 + 3 

38 + 3e 

37 + 4 

44 + 3 

Constant: 

Dietary Protein (%) 

Male 23 

Female 23 

- - - Variable: Dietary Fat (%) - - -

3.0 4.5 5.6 1.5 

39 + 3 

45 + 4 

35 + 2 

38 + 3 

Male 

Female 

30 

30 

3 8 + 2  4 0 + 3  

41 + 2a 50 + 3b 

39 + 4 

42 + 2° 

Male 

Female 

35 

35 

37 + 5 

47 + 2C 

40 + 3 

39 + 7 

1. Values across rows with different superscripts are significantly 
different as determined by either the Students' t test or AN0VA 
(p < 0.05). 

2. Values represent means plus or minus standard deviations. 
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Table 12. Comparison of the composition of the composite diets 
which resulted in either female growth (overall weight) 
equal to male growth or female growth greater than 
male growth 

F = M F > M 

Overall Weight (g) : 38 + 2 39 + 2 46 + 3a 39 + 2b 

Composite diet 

2 
Crude protein (%) 26.9 + 5.1a 32.2 + 5. lb 

Crude fat (%) 3.9 + 1.3a 2.5 + 1.  lb 

Protein/calorie ratio 6.8 + l.la 8.5 + 1.  lb 

Protein/fat ratio 7.8 + 3. 5a 15.4 + 6. 5b 

1. Values across rows with different superscripts are significantly 
different as determined by the Students' t test (p £ 0.05). 

2. Values represent means plus or minus standard deviations. 



Table 13. The effect of diet composition on growth rate of female 
Penaeus stylirostris brood stock as a function of weight 

2 
Diet Weight Dietary Dietary Growth 
Group Group Protein Fat Rate 

(g) (%) (%) Ag/wk 

A  2 0 - 3 5  2 0 - 4 0  1. 4  -  5. 6  0 . 7 4 a  

35 - 50 20 - 40 1.4 - 5.6 0.57b 

B  2 0 - 3 5  3 2  2 . 5  0 . 8 1  

35 - 50 32 2.5 0.76 

C  2 0 - 3 5  2 7  3 . 9  0 . 6 7 a  

35 - 50 27 3.9 0.36b 

1. A = All diets 

B = Diets which resulted in sex-specific growth 

C = Diets which did not result in sex-specific growth. 

2. Values within diet groups which have different superscripts are 
significantly different as determined by the Students' t test 
(p < 0.05). 
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the treatments which resulted in equal overall growth between the sexes 

and it was calculated to contain 27% crude protein, 3.9% crude fat, a 

protein/calorie ratio (% protein/kcal/g diet) of 6.8, and a protein/fat 

ratio (% protein/% fat) of 7.8 (Table 14). Likewise, a composite diet 

which characterized all the treatments which resulted in significantly 

better growth in female shrimp was calculated to contain 32% crude pro

tein, 2.5% crude fat, a protein/calorie ratio of 8.5 and a protein/fat 

ratio of 15.4 (Table 14). 

Diet Supplements for Ovarian 
Maturation and Growth 

Treatment diet regimes which either contained squid as an in

gredient or included squid as a supplement produced better growth 

than the CEF treatments without squid (Appendix 4). Females were 

larger than males over the total experimental period regardless of the 

diet, except in two rare cases (Appendix 4). No losses in the value 

of the frozen squid were observed as a result of either lyophilization 

or feed manufacture, i.e., shrimp which were fed squid incorporated at 

50% (dry weight) into the CEF diet grew equally as well as shrimp which 

were fed the CEF diet supplemented with frozen squid at 50% (dry weight) 

of the daily feed requirement. 

When diets were arranged in order of increasing crude fat, an 

interesting pattern emerged: the higher the level of fat in the diet, 

the smaller the growth rate of the female shrimp (Table 15) . A similar 

result was found in the previous experiment (Table 11). Males fed the 



Table 14. Comparison of the composition of the composite diets 
which resulted in either male survival equal to female 
survival or male survival greater than female survival 

- - -M = F
1

- - -

Overall Survival (%): 57 + 13 45 + 13 

Composite Diet 

Crude protein (%) 30.3 + 5.0 

Crude fat (%) 3.0 + 1.4 

Protein/calorie ratio 7.8 + 1.2 

Protein/fat ratio 12.3 + 6.0 

--- M> F 

56 + 12a 22 + lOb 

28.2 + 7.9 

3.4 + 1.5 

7.3 + 2.0 

10.6 + 8.6 

1. Values across rows with different superscripts are significantly 
different as determined by the Students' t test (p ~ 0.05). 
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Table 15. Change in the growth rate of Penaeus stylirostris brood 
stock as a function of dietary levels of crude fat 

- - - - Male - - - - - - - Female - - -
Crude 
Fat Growth Correlation Growth Correlation 

1 1 Level Rate Coefficient Rate Coefficient 
Treatment (%) Ag/wk (r) Ag/wk (r) 

CEF (50% squid) 3.1 0.98 0.994 0.56 0.988 

CEF (25% squid) 3.3 0.98 0.985 0.58 0.953 

1:1 CEF:squid 3.6 0.95 0.998 0.54 0.990 

3:1 CEF:squid 3.9 0.43 0.876 0.51 0.985 

CEF (low protein) 5.0 0.58 0.958 0.37 0.959 

CEF (high protein) 7.0 0.39 0.967 0.26 0.892 

1. Linear regression was used to determine the slope (growth rate) 
and correlation coefficient (r) of the line which represents 
the relationship between weight versus time. 



higher protein diet were unaffected by increases in the fat content of 

the diet; however, males fed the lower protein diets exhibited depressed 

growth as the crude, fat levels of the diet increased (Table 16) . Diet 

composition affected the survival of the male and female shrimp differ

ently: female mortality was significantly higher in two treatments 

(Table 17). 

The factor in squid which is responsible for the stimulation of 

ovarian maturation was not determined in this study since no ovarian 

maturation occurred. However, the growth factor related to diets sup

plemented with squid was thought to be its high protein/fat ratio 

(Table 10). 

Dietary Fatty Acid Profiles and Biochemical 
Analysis of the Spawned Eggs 

The fatty acid profiles of the diets which were used to de

scribe the effects of fatty acid composition on the growth of brood 

stock P^. stylirostris are shown in Appendix 5. The percent composition 

of the fatty acids: 18:1 co9, 18:2 co6, 18:3 0)3, 20:1 0)9, 20:5 w3, and 

22:6 oj3, were compared between the top three diets which produced the 

best growth and the bottom three diets which produced the poorest 

growth (Table 18). The dietary levels of 20:5 co3 were correlated 

positively with the weight gain of male shrimp, but no other relation

ships between other fatty acids were observed. Female shrimp were 

unaffected by the fatty acid profiles of the diets. By ordering the 

diets from poorest to best growth, the following pattern emerged: the 

dietary composition (%) of 20:5 co3 was significantly positively 
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Table 16. Sex-specific overall weight gain as a function of the 
crude protein and fat levels of the diet 

Dietary Fat 
Level (%): 

(40%) 

3.1 3.3 3.6 3.9 5.0 7.0 

a Treatment ______ Overall Weight Gain (g) 

High Protein^ 

(51 - 62%) 

Male 46 + 3 46 + 4 41 + 4 

Female 58 + 9a 56 + 7a 48 + 4b 

Low Protein 

Male 51 + 7a 46 + 4b 45 + 6b 

Female 62 + 10a 55 + 7a 54 + 7b 

1. Values across rows which have different superscripts are signific-
significantly different as determined by ANOVA (p <_ 0.05). 

2. Values represent means plus or minus standard deviations. 



Table 17. Sex-specific survival as a function of diet 
composition in Penaeus stylirostris brood stock 

Overall Survival (%)1 

Treatment Male Female 

1:1 CEF:squid 39 46 

CEF (50% squid) 55 34 

CEF (high protein) 35 54 

3:1 CEF:squid 6la 27b 

CEF (low protein) 7la 40b 

CEF (25% squid) 63 71 

1. Values across rows with different superscripts are significantly 
different as determined by the Students' t test (p < 0.05). 
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Table 18. Comparison of the fatty acid composition of six diets 
which resulted in the three best and three poorest 
growth rates in male and female Penaeus stylirostris 
brood stock fed fifteen crude protein and fat treatment 
diets 

- - - - % Composition - -

Fatty Acids Best Poorest 

Males^ 

18:1 0)9 17.6 (± 1.6) 21.8 (± 4.5) 

18:2 co5 23.8 (± 1.8) 25.7 (+ 15.5) 

20:1 u9 4.8 (± 0.7) 5.9 (± 4.1) 

18:3 0)3 1.8 (± 0.2) 1.8 (+ 1-0) 

20:5 0)3 7.6 (± 1.4)a 3.3 (± 1.3) 

22:6 0)3 8.1 (± 1.6) 5.0 (± 4.1) 

Females 

18:1 0)9 17.2 (± 1.3) 18.8 (± 1.8) 

18:2 0)6 30.0 (± 12.0) 27.6 (+ 12.9) 

20:1 0)9 3.3 (± 2.1) 5.0 (± 3.1) 

18:3 0)3 2.6 (± 1.6) 2.1 (± 0.7) 

20:5 0)3 6.2 (± 3.6) 5.4 (± 3.6) 

22:6 0)3 6.0 (± 4.1) 7.4 (± 4.4) 

1. Values across rows with different superscripts are significantly 
different from each other as determined by the Students' t test 
(p < 0.05). 

2. Values represent means plus or minus standard deviations. 
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correlated with growth in males (Table 19 and Figure 8); growth in

creased as 18:2 0)6 decreased slightly and growth was not correlated to 

concentration of 18:3 0)3 (Table 20). The co3/w6 ratios of the diets 

were calculated and compared between the top and bottom three growth-

stimulating diets and no correlation was found (Table 20). 

Protein content of the eggs fell into the range of 22 to 75% 

protein on a dry weight basis (Figure 9). There appeared to be no cor

relation between the protein levels of the eggs and either the eclosion 

rate or the number of eggs spawned (Figures 9, 10). The fatty acid 

composition of the eggs were correlated to both the number of eggs 

spawned and the eclosion rate of F1 spawns and only the number of eggs 

spawned of PI spawns (Tables 21 and 22). As the level of 20:1 co9 

increased, so did the number of eggs spawned. In the eggs spawned from 

PI shrimp, the level of 18:2 ^6 was correlated negatively with the 

number of eggs spawned. The fatty acid, 22:6 <*)3, was correlated posi

tively with the eclosion rate of F1 eggs. 

Discussion and Conclusions 

Significant differences in the nutritional requirements of 

male and female P_. stylirostris brood stock were observed. Composite 

diets, which were constructed from the treatments which produced sig

nificant differences in growth between the sexes, revealed a higher 

dietary protein requirement in females (32 versus 27% protein), a 

lower crude fat requirement (2.5 versus 3.9% fat), a higher dietary 

protein/calorie ratio (8.5 versus 6.8% protein/kcal/g), and a much 
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19. Relationship between the fatty acid composition of the diets and the order of the final 
weights of male and female Penaeus stylirostris fed fifteen crude protein and fat diet 
treatments 

- - - - - - - - -  M a l e s  - - - - - - - - -  _ _ _ _ _ _ _ _  - F e m a l e s -  - - - - - - - -

Final Final 
Weight 18:2w6 18:3w3 20:5w3 22:6w3 Weight 18:2w6 18:3w3 20:5w3 22:6w3 
(g) (g) 

34.5 41.8 2.9 2.2 2.4 37.7 41.8 2.9 2.2 2.4 

34.9 24.3 2.8 4.7 9.7 37.8 24.3 1.8 4.7 9.7 

37.1 Not Available 38.6 16.7 1.5 9.3 10.2 

37.2 10.9 0.8 3.1 2.9 38.6 Not Available 

37.4 43.7 4.1 2.1 1.7 38.9 Not Available 

37.6 26.0 1.9 5.8 9.2 41.4 26.0 1.9 5.8 9.2 

37.9 Not Available 42.2 11.2 0.9 4.3 5.3 

38.3 35.1 2.7 2.6 2.4 42.2 25.2 1.8 6.2 7.8 

38.8 11.2 0.9 4.3 5.3 44.2 10.9 0.8 3.1 2.9 

39.0 39.4 1.5 0.9 0.6 44.6 35.1 2.7 2.6 2.4 

39.6 21.9 1.9 8.5 9.0 44.7 39.4 1.5 0.9 0.6 

39.9 16.7 1.5 9.3 10.2 45.6 21.9 1.9 8.5 9.0 

40.1 25.2 1.8 6.2 7.8 47.0 43.7 4.1 2.1 1.7 

40.2 24.5 2.0 7.7 6.6 48.9 21.7 1.5 8.9 9.8 

41.3 21.7 1.5 8.9 9.8 50.0 24.5 2.0 7.7 6.6 
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Table 20. Comparison of the a)3/co6 ratios of six diets which 
resulted in the three best and three poorest overall 
growth rates of fifteen treatments in male and female 
Penaeus stylirostris brood stock 

Best Poorest 

Males"'" 

0)3/oo6 0.74 + 0.20 0.49 + 0.24 

Females 

0)3/ cu6 0.43 + 0.25 0.70 + 0.54 

1. Values represent means plus or minus standard deviations. 
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Table 21. Relationship between the number of eggs spawned 
of PI and F1 Penaeus stylirostris and the fatty 
acid composition of the eggs 

Fatty Acids -----% Composition" 

PI 

Number of Eggs Spawned (in 1000's) : 0-100 101-200 201-300 301-807 

18:1 gj9 25.5 24.5 24.4 24.7 

18:2 co6 10.4^ 9. 2a 8. 9a 9.2a 

20:1 0)9 3.1ab 3. 0a 3.1ab 3.4bc 

20:5 0)3 6.2 5.9 5.5 5.5 

22:6 w3 8.1ab 6.8a 8.4bc 8.1ab 

II 

Number of Eggs Spawned (in 1000's) : 0-100 101-240 

18:1 co9 26.4 24.0 

18:2 0)6 9.0 9.0 

20:1 co9 3.5a 3.1b 

20:5 w3 6.0 6.4 

22:6 w3 8.9 9.8 

1. Values across rows with different superscripts are significantly 
different as determined by the Students' t test and ANOVA (p < 0.05). 
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Table 22. Eclosion rate of eggs spawned from PI and F1 Penaeus 
stylirostris as a function of the fatty acid profiles 
of the eggs 

1 
Fatty Acids -----% Composition 

PI 

Eclosion Rate (%): 0 2 68 79 

18:1 «9 24.6 24.8 24.4 24.8 

18:2 0)6 9.5 9.7 8.8 8.9 

20:1 0)9 3.1 3.1 3.2 3.3 

20:5 co3 6.0 6.2 5.2 5.2 

22:6 w3 7.8 8.8 7.9 7.6 

11 

Eclosion Rate (%): 6 48 79 

18:1 0)9 25.1 26.6 23.4 

18:2 0)6 9.4 9.0 7.8 

20:1 0)9 3.2 3.5 3.1 

20:5 0)3 6.3 5.7 6.3 

22:6 0)3 8.9a 9. 0a 10.7b 

1. Values across rows with different superscripts are significantly 
different as determined by ANOVA (p <_ 0.05). 
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higher dietary protein/fat ratio requirement (15.4 versus 7.8% protein/ 

%fat). Diets for male brood stock can now be formulated with lower 

protein levels and therefore at less expense, than diets for females. 

These studies have demonstrated an increased nutritional demand 

corresponding to the onset of sexual maturation and ovarian development 

in female shrimp. Ovarian development has been shown to occur in 30 

to 40 g f· stylirostris [13]. The shrimp in this study which were 

under dietary regimes which already depressed growth rates, demonstrated 

even lower growth rates when they reached the weight range between 30 

and 35 g. A changeover in the metabolic pathways from growth to egg 

production could explain these observations. 

Improved growth response and stimulation of ovarial develop

ment have all been attributed to the marine food supplements added to 

the diets of brood stock penaeid shrimp. Only improved growth was 

observed in this experiment. In both the high protein and low protein 

treatments, the best growth occurred in the CEF diets which either con

tained squid as an ingredient or was supplemented with squid at 50% of 

the daily feed requirement. The CEF diet which was supplemented with 

squid at 25% did not result in significantly better growth than the 

CEF diet alone. This was thought to be due to an unusually high loss 

of the frozen squid down the drain before the shrimp could get at it. 

Numerous studies on the requirements for specific fatty acids 

for growth and reproduction have suggested that 18:2 w6, 18:3 w3, 

20:5 w3 and 22:6 w3 are essential for shrimp. This study demonstrated 

a correlation between the dietary concentration of 20:5 w3 and the growth 
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of male stylirostris brood stock. Female growth was influenced by 

the amounts of fat in the diet rather than the type of fatty acids 

which the fat contained. 

There has only been one study which reported the fatty acid 

content of spawned eggs from penaeid shrimp [5]. The eggs were either 

gathered from wild gravid brood stock or from shrimp matured in cap

tivity. This study reports the fatty acid content of eggs spawned 

from wild stock matured in captivity (PI) and the fatty acid profiles 

of F1 generation eggs. The percent composition of 20:1 0)9 in the eggs 

was correlated positively with the number of spawned eggs from both 

the PI and F1 shrimp. However, the level of 18:2 co6 was correlated 

negatively with only the number of eggs spawned from the PI shrimp. 

Another obseirved difference between the F1 and PI spawned eggs was the 

positive correlation between the amount of 22:6 co3 in the F1 eggs and 

the observed eclosion rate. There was no such correlation in the eggs 

spawned from PI shrimp. 

The protein content of the spawned eggs was found to be in the 

range of 22-75% (dry weight). Lawrence et al. [5] used the same method 

for determining the protein level of P. setiferus, P^. stylirostris and 

P. vannamei ova and found a range of 37.3-43.3% protein (dry weight). 



CHAPTER 4 

SUMMARY 

The most significant conclusions of this study were the demon

stration of sex-specific nutritional requirements of P^. stylirostris 

brood stock, the demonstration of a nutritional demand associated with the 

onset of ovarian maturation, and the correlation between the PUFA con

tents of the eggs and the quality of the spawn. No previous information 

has been- reported for any of these areas of penaeid nutrition. 

Data on reproduction were collected to set a base-line for 

future experiments. The number of eggs spawned and the eclosion rate 

were higher in PI shrimp as compared to F1 shrimp. Also, FBS spawners 

had higher quality spawns than SBS spawners. A general reduction in 

the quality of the spawns was therefore implicated as a result of the 

culture system. 

P_. stylirostris, in the Gulf of California, are reported to 

reproduce and spawn during specific seasons while cultured P_. styliros

tris reproduce the year round. In this study, spawning times occurred 

later in the evening as summer approached and the highest proportion 

of successful spawns occurred from one to three hours after collection, 

i.e., copulation. By only using the eggs which were spawned earlier 

in the evening, a higher, more consistent quality spawn would be as

sured. Also, since multiple spawning was observed in this species, with 
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no apparent qualitative or quantitative differences between spawns, 

reproductively successful females could be separated and used repeatedly. 

Tank size and shape were demonstrated to influence the onset of 

ovarian maturation and the transfer of the spermatophore. An apparent 

"run" distance of greater than three meters was recommended for the 

development of the ovaries and the successful transfer of the spermato

phore. 

Significant differences in nutritional requirements of male and 

female P_. stylirostris brood stock were observed. Female shrimp re

quired diets which had higher protein (32 versus 27%), lower fat (2.5 

versus 3.9%), higher protein/calorie ratios (8.5 versus 6.8 % protein/ 

kcal/g) and much higher protein/fat ratios (15.4 versus 7.8 % protein/ 

% fat) than males. Survival appeared to be unrelated to treatments 

although it was numerically higher in male shrimp. 

Nutritional requirements of female shrimp were not only sex-

specific, but they also appeared to be weight-dependenr.. Significant 

depression in weight gain over time was observed in female shrimp when 

they attained a mass which corresponded to the onset of ovarian matur

ation. This phenomenon was only observed when the female shrimp were 

fed deficient diets, i.e., diets which did not produce significant dif

ferences in growth between the sexes. 

CEF diets supplemented with squid, and diets which included 

squid as one of the ingredients in the formulations stimulated better 

growth in both male and female brood stock as compared to CEF diets of 

equal protein and fat contents without squid. Fat levels of the diets 
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were the best indicators of growth performance, i.e., as the fat levels 

of the diet increased, growth decreased, regardless of the presence of 

squid. It was postulated that the protein/fat ratio of squid provided 

the optimal dietary characteristics for growth, especially in female 

brood stock. 

Not only was the growth of brood stock influenced by the quan

tity of dietary fat; the quality of the fat also appeared to play a 

role. Dietary levels of 20:5 co3 were shown to correlate positively 

with growth in males. Female brood stock were uninfluenced by the 

fatty acid composition of the diets. The aj3/o)6 ratio of the diet has 

been reported to be a good indicator of the quality of a diet for 

growth in other species of penaeid shrimp; however, there did not 

appear to be a correlation between the co3/o)6 levels of the treatment 

diets and growth in ]?. stylirostris brood stock. 

The protein levels of the spawned eggs were determined and 

there appeared to be no correlation between the amount of protein and 

either the eclosion rate or number of eggs spawned. The fatty acid 

content of the eggs did correlate with the eclosion rate of the F1 

eggs but not the PI eggs. The linoleic acid (18:2 co6) content of the 

eggs was correlated negatively with the number of eggs spawned by the 

PI shrimp, and 20:1 w9 correlated positively with the number of 

eggs spawned by both the PI and F1 shrimp. 

Areas for future investigation include: (1) the determination 

of the factors responsible for the reduction in the eclosion rate of 

F1 versus PI and SBS versus FBS eggs; (2) the factors in squid which are 



responsible for the stimulation of ovarian maturation; (3) the require

ments for specific fatty acids in the reproduction of penaeid shrimp; 

and (4) the maternal influence on the quality of the spawns, especially 

her nutritional status. 



APPENDIX 1 

NUTRITIONAL, ENVIRONMENTAL AND HORMONAL FACTORS 
AFFECTING THE REPRODUCTION OF PENAEID SHRIMP 
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Nutritional, environmental and hormonal factors affecting the 
reproduction of penaeid shrimp 

Species Conditions* 
Results/Comments/ 
References 

Penaeus californiensis F = prepared diet, supplem
ented with raw shark and 
Tetra Marin ̂  

Maturation and 
spawning 

(Moore et al. [3]) 
P = Natural, May-September 
T 

= 22-28°C 
S = 35 ppt 
PH = 8.0-8.3 
0 = >70% 
IL = 20% 

P. japonicus T = 24°C 
p. aztecus P = 14.75 hrs 
p. vannamei PH = 8.1-8.3 
p. monodon 0 = saturation 
p. stylirostris Sb = sand 
p. merguiensis W = 450 fc/hr 

E = cylindrical, 2.9 m 
diameter 1.5 m high 

F = mussel flesh 

p. merguiensis T = 25-31°C 
S = 25-36 ppt 

PH = 7.5-8.1 
0 = 70% saturation 

NH,N = 0.07-1.6 (mg N/Jl) 
NO^N = 0.01-0.16 (mg N/Jl) 
NO^N = 9-14 
PO^P = 0.7-1.6 (mg P/ ) 

Total Inorganic Carbon = 

Induced spawning 

(Aquacop [13]) 

Cultured through 
three generations 

(Beard et al., 
[11]) 

17-40 (mg C/A) 
Organic Carbon = 6-26 (mg C/&) 
Light = 1,000-3,000 (lumens/m^) 

P = Natural daylength, except 
October-February = 16 hr/day 

P. monodon D = eyestalk ablation 
F = salted mussel 

(Modiolus metcalfei) 
T = 23.8-26.2°C 
S = 30-34 ppt 
pH = 7.8-8.1 

Inducing matura
tion and spawning 

(Primavera [17]) 
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Species Conditions* 
Results/Comments/ 
References 

Alkalinity = 123.5-144.5 ppm CaCO 
Wt = 104.4 g 
Age — 5 months 

F 
= Marine works, squid, 
mussels, and oyster 

1,500,000 eggs 
but no fertiliza

P = Approximate natural tion 

T 
S 

= 
environment 15 hr-16 hr 
22-29°C 
22-30 ppt 

lack of spermato-
phore transfer 

pH 
= 
7.5-8.0 (Lawrence et al. 

[5]) 

* T = temperature; P = photoperiod; 0 = dissolved oxygen; Sb = substrate; 
W = waterflow; E = environment; F = food; D = dissection; S = salinity 
ppt (tank, etc.); IL = incident light. 



APPENDIX 2 

COMPARISON OF THE MEAN SURVIVAL PER WEIGH PERIOD OF 
MALE AND FEMALE PENAEUS STYLIROSTRIS BROOD STOCK 

FED THE CRUDE PROTEIN AND FAT TREATMENT 
FOR 25 WEEKS 
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Comparison of the mean survival per weigh period of male and female Penaeus stylirostrls brood stock 
fed the crude protein and fat treatment diets for 25 weeks 

-----
Time (weeks): 7 11 15 20 25 

Sex (M or F): M F M F M F M F M F 

Treatment (Protein/ 
- -- - - - - - - - - - - - - Mean Survival (%)

1 
Fat Levels) 

--

1. 30/3.0 95 95 70 85 65 56 50 55 40 39 

2. 25/1.7 95 88 75 75 65 56 55 38 45 31 

3. 35/1.5 85 94 85 71 80 59 80 47 603 l8b 

4. 25/4.5 89 94 89 94 84 76 74 76 74 53 

5. 23/1.5 90 94 85 88 65 76 65 59 60 47 

6. 35/Lt.6 94 84 88 80 88 71 71
8 29b 53

3 24b 

7. 35/1.5 68 89 58 84 53 68 47 63 47 42 

8. 23/4.5 100 65 95 65 84 53 58
3 29b 42a 12b 

9. 35/4.5 100 100 95 94 81 59 . 67 47 48 47 

10. 40/ '• .1 100 93 100 87 95 80 76 67 61 67 

11. 20/3.0 95 95 85 75 80 65 70 40 70
3 35b 

12. 30/5.6 89 94 83 88 67 76 50 60 44 24 

13. 30/1.4 100 100 95 95 95 95 63 58 63 42 

llt. 30/3.1 90 95 85 90 85 70 75 60 65 40 

15. 30/3.1 95 100 90 95 90 84 80 84 75 63 
------
l. Values across rows and within weigh periods with different superscripts are significantly 

different as determined by the Students' t test (p ~ 0.05). 
0'\ 
00 



APPENDIX 3 

COMPARISON OF MEAN WEIGHTS PER WEIGH PERIOD OF 
MALE AND FEMALE PENAEUS STYLIROSTRIS BROOD STOCK 

FED THE CRUDE PROTEIN AND FAT TREATMENT 
DIETS FOR 25 WEEKS 
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Comparison of mean weights per weigh period of male and female Penaeus stylirostris brood stock fed 
the crude protein and fat treatment diets for 25 weeks 

Time (weeks): - - 0 - - - - 7 - - - - 11 - - - - 15 - - - - 20 - - - - 25 

Sex (M or F): M F M F M F M F M F M F 

Treatment (Prot./ 1 
Fat Levels) - - - - - - - - - - - - - - - - Mean Weight {g) - - - - - - - - - - - - - - - - -

1. 30/3.0 23.5a 27.lb 28.8a 32.8b 31.2a 36.3b 35.4a 41.6b 39.0a 46.3b 40.2a 5o.ob 

2. 25/1.7 23.4 24.9 26.3 28.1 28.3 30.4 31.0 33.6 33.2 37.6 34.5 37.7 

3. 35/1.5 24.1 25.2 29.5 30.8 32.5 34.9 35.la 39.3b 36.8a 42.2b 38.3a 44.6b 

4. 25/4.5 25.0 24.0 28.9 29.0 31.8 32.4 33.5 34.5 35.9 39.0 37.1 38.9 

5. 23/1.5 24.0 25.5 28.4 30.0 30.0 32.0 33.4 36.0 37.0a 41.8b 39.0a 44.7b 

6. 35/4.6 23.8 26.1 28.7 30.9 31.2 33.8 34.4 37.4 37.7 37.0 39.9 38.6 

7. 35/1.5 24.2 25.7 29.7a 33.6b 31.7a 36.9b 32.9a 38.9b 36.0a 44.2b 37.4a 47 .ob 

8. 23/4.5 21.6a 26.8b 26.6a 31.3b 29.6a 34.5b 31.9a 36.5b 34.5 37.4 34.9 37.8 

9. 35/4.5 23.2a 26.6b 28.6a 32.5b 30.6a 35.lb 33.3a 38.5b 37.0a 43.0b 37.2a 44.2b 

10. 40/4.1 24.9 24.6 30.1 30.6 32.0 34.1 34.7a 37.8b 37.4a 42.6b 39.6a 45.6b 

11. 20/3.0 23.6 25.0 28.3 29.8 30.3 32.5 33.0 34.4 36.3 35.8 37.9 38.6 

12. 30/5.6 24.6 26.6 30.1 31.9 32.5 34.6 34.8 37.1 38.3 39.8 38.8 42.2 

13. 30/1.4 24.7 25.8 28.4 30.0 3l.Oa 33.4b 33.7a 36.2b 36.4a 39.2b 37.6a 41.4b 

14. 30/3.1 26.3 26.6 30.7 31.0 33.0 33.8 35.5 36.7 38.3 40.1 40.1 42.2 

15. 30/3.1 25.6 28.0 29.3 32.9 32.5 36.6 35.8a 41.6b 38.7a 45.6b 41.3a 48.9b 

1. Values across rows and within weigh periods with different superscripts are significantly ....... 
0 

different as determined by Students' t test (p ~ 0.05). 



APPENDIX 4 

COMPARISON OF THE MEAN WEIGHTS PER WEIGH PERIOD 
OF MALE AND FEMALE PENAEUS STYLIROSTRIS BROOD 

STOCK FED THE SQUID SUPPLEMENT TREATMENT 
FOR 24 WEEKS 
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Comparison of the mean weights per weigh period of male and female Penaeus stylirostris brood stock 
fed the squid supplement treatment diets for 24 weeks 

Time (weeks): - - 0 - - - - 6 - - - - 10 - - - - 15 - - - - 19 - - - - 24 - -

Sex (M or F): M F M F M F M F M F M F 

Treatment - - - - - - - - - - - - - - - - Mean Weight (g) 

High Protein 

1. 1:1 CEF:squid 34.7 
a a 37.8 37.6 43.0 4l.Oa 47.3ab 44.5bc 53.6bc 45.6ab 56.2c 47.5abc 60.7bc 

2. CEF (50% squid) 33.8 
a b 40.0 38.7 46.5 40.7a 50.2bcd 42.2ab 56.8c 45.Sab 57.9c 48.4bc 

3. CEF 34.4 38.1 38.4a 43.3ab 38.8a 44.8a 39.7a 46.9a 40.7a 48.2a * 

Low Protein 

4. 3:1 CEF:squid 34.5 40.4 38.3a 45.4ab 40.6a 47.5abc 44.0b 52.0ab 45.7ab 50.7ab 46.5ab 

5. CEF 34.9 39.3 39.4a 45.5ab 40.7a 48.labcd42.6ab 52.0ab 42.7a 52.2bc 44.9a 

6. CEF (25% squid) 35.5 39.0 43.lb 45.4ab 45.0b 52.0d 47.8c 56.2bc 49.lb 60.5c 50.9c 

1. Values down columns and within weigh periods with different superscripts are significantly 
different as determined by the Students' t test (p ~ 0.05). 

* All shrimp in this treatment died due to equipment failure. 

64.9c 

* 

54.6ab 

53.8a 

62.lbc 

......... 
N 



APPENDIX 5 

FATTY ACID COMPOSITION OF CRUDE PROTEIN AND 
FAT TREATMENT DIETS 
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Fatty acid composition of crude protein and fat treatment diets. — The w3/w6 ratios were calculated. 

Treatment 1 2 3 5 6 7 8 9 10 12 13 14 15 

Protein/Fat Content 
30/3. 0 35/1. 5 35/4. 6 23/4. 5 40/3. 1 30/1. 4 30/3.1 

Protein/Fat Content 
30/3. 

25/1. 7 23/1. 5 35/1. 5 35/4. 5 30/5. 6 30/3.1 
Fatty Acids - % Composition -

14:0 3.5 1.5 2.4 1.0 3.8 1.5 2.6 5.2 4.2 4.9 2.6 2.9 3.9 

15:0 (14:1) 0.3 0.2 0.3 0.2 0.3 0.2 0.2 0.6 0.3 0.4 0.3 0.3 0.3 

16:0 19.2 23.4 24.0 24.7 18.6 20.2 17.2 22.6 21.3 21.2 18.6 18.6 20.2 

16: la)7 5.6 2.0 3.6 1.9 5.9 1.9 5.3 26.7 15.5 24.7 17.8 18.8 15.8 

18:0 3.3 3.5 4.3 3.8 3.5 4.0 2.9 3.9 4.4 3.8 3.2 3.2 3.6 

18: lo)9 18.2 17.9 19.6 21.3 17.6 17.7 20.8 26.7 15.5 24.7 17.8 18.8 15.8 

18:2o)6 24.5 41.8 35.1 39.4 16.7 43.7 24.3 10.9 21.9 11.2 26.0 25.2 21.7 

20: lo)9 4.7 1.4 1.6 1.7 6.6 0.9 6.9 9.5 3.4 9.2 5.2 5.6 4.2 

18:3o)3 2.0 2.9 2.7 2.9 1.5 4.1 1.8 0.8 1.9 0.9 1.9 1.8 1.5 

23:0 ND 0.0 0.1 ND ND ND 3.7 0.4 1.3 0.9 1.5 1.4 3.2 

20:2co6 ND ND 0.3 0.2 ND ND ND 4.1 1.4 3.8 2.0 2.2 ND 

24:0 1.0 ND 0.3 ND 0.6 ND ND ND 0.4 ND 0.4 0.3 ND 

20:5o)3 7.7 2.2 2.6 0.9 9.3 2.1 4.7 3.1 8.5 4.3 5.8 6.2 8.9 

22:10)1 ND ND ND ND ND 1.8 ND ND 0.4 ND ND ND ND 

22:50)3 ND ND ND ND 0.8 ND ND ND 0.6 ND 0.6 ND 0.7 

22:60)3 6.6 2.4 2.4 0.6 10.2 1.7 9.7 2.9 9.0 5.3 9.2 7.8 9.8 

w3/w6 ratio: 0.67 0.18 0.22 0.11 1.26 0.22 0.67 0.45 0.86 0.70 0.63 0.58 0.96 

Note: ND = non-detected. 
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